
Autonomous Technical Decision-Making 
and Question-Avoidance System: 
Architectural Design and Escalation 
Framework 
1. Foundations of Technical Autonomy and the 
Resolution Objective 
The deployment of autonomous AI agents within software engineering and enterprise 
environments has fundamentally shifted the operational bottleneck from execution to 
supervision. When autonomous agents encounter uncertainty, their default behavior frequently 
defaults to halting execution and querying a human operator. If left unchecked, this tendency 
degrades system value, replacing automated execution with a high-friction question-and-answer 
cycle that depletes the organization's "question budget".1 The core architectural challenge is 
establishing a system where agents autonomously resolve technical uncertainty through 
structured evidence gathering, specialist consultation, safe experimentation, and reversible 
decision-making, while escalating to a human only when genuinely necessary and bounded by 
strict policy constraints.2 

1.1 Defining Technical Autonomy 

Technical autonomy must be rigorously defined as bounded independence. It is the 
demonstrable capacity of an agent to independently inspect available evidence, identify the 
precise nature of encountered uncertainty, determine whether resolution is possible within its 
permission scope, execute bounded research or safe experimentation, select a safe and 
reversible implementation, and record its assumptions without unnecessarily halting its 
execution loop.3 

Technical autonomy explicitly does not equate to unrestricted agency or human replacement. It 
does not grant permission to invent absent business intent, modify production systems without 
audit, treat model confidence as empirical proof, or bypass organizational governance.6 A 
high-confidence technical solution derived by a model cannot override a mandatory 
organizational approval requirement.7 Technical autonomy must be distinguished from the 
freedom to take irreversible actions; rather, it is the capacity to navigate ambiguity safely within 
deterministic constraints. 
1.2 Maturity Model for Technical Autonomy 

To measure and enforce this capability, technical autonomy within an agentic harness operates 



across a predefined maturity model 4: 
●​ Level 0 (Human-Dependent): The agent halts and asks the human operator about nearly 

every ambiguity. No autonomous evidence gathering occurs. 
●​ Level 1 (Repository Inspection): Resolves obvious structural questions by reading 

adjacent files, searching local documentation, and following established project 
conventions. 

●​ Level 2 (Memory & Documentation): Consults broader project memory, Architectural 
Decision Records (ADRs), and official external documentation to resolve API or 
implementation uncertainties. 

●​ Level 3 (Specialist & Test): Consults specialist peer agents and runs localized, safe 
tests to verify assumptions empirically before proceeding.3 

●​ Level 4 (Reversible Defaulting): Selects safe, easily reversible defaults when multiple 
valid technical paths exist, formally recording assumptions for future invalidation. 

●​ Level 5 (Bounded Escalation): Performs multi-step autonomous technical investigations 
across several domains with rigorous, policy-bound escalation triggers. 

●​ Level 6 (Governed Orchestration): Coordinates multiple agents, models, strategies, and 
ephemeral environments while respecting strict deterministic approval gates and dynamic 
token/question budgets.3 

2. Taxonomy of Uncertainty and Decision Risk 
Ambiguity encountered during agentic execution is not uniform. Categorizing uncertainty is the 
prerequisite for deterministic policy routing, dictating whether an agent investigates 
autonomously or triggers a human escalation.2 

2.1 Classifications of Ambiguity 

1.​ Technical Uncertainty: Ambiguity regarding code structure, API usage, or error 
reproduction (e.g., determining which library version is active or how to resolve a 
dependency conflict). The default policy is to resolve autonomously through repository 
evidence, documentation, consultation, or safe experimentation.9 

2.​ Implementation Preference Uncertainty: Ambiguity concerning naming conventions, file 
locations, or logging formats. The default policy is to follow existing project conventions 
and choose the least invasive, reversible option without ever escalating. 

3.​ Architectural Uncertainty: Decisions impacting system design, such as introducing an 
event bus or splitting a monolithic module. The default policy requires gathering strong 
evidence, consulting an architecture specialist agent, comparing alternatives, and 
recording a formal ADR. Escalation is only permitted when options have materially 
different business, operational, or financial consequences. 

4.​ Business or Product Uncertainty: Ambiguity surrounding customer priorities, 
user-visible behaviors, or market scope. The default policy dictates immediate escalation, 
as agents are strictly prohibited from inventing business intent.6 

5.​ Policy Uncertainty: Doubts regarding compliance, such as third-party data transmission 
rules or open-source licensing. The default policy is to consult organizational system 



instructions and fail closed if the applicable rule cannot be established. 
6.​ High-Risk Operational Uncertainty: Actions involving production data deletion, live 

infrastructure modification, or security control disablement. The default policy mandates 
explicit human approval regardless of technical confidence.6 

7.​ Legal, Financial, and Regulatory Uncertainty: Ambiguity involving contractual terms, 
significant API cost incursions, or PII exposure. The default policy requires escalation to 
an authorized human or professional review process.8 

8.​ Missing Factual Information: Unavailability of required data, such as a missing API 
credential or inaccessible repository. The agent must search all authorized vaults first, 
escalating only when the information genuinely does not exist.3 

9.​ Artificial Ambiguity: Occurs when an agent claims uncertainty despite sufficient 
evidence being available (e.g., asking for a test command that is explicitly documented in 
the repository's CI configuration). The system must identify and penalize this by rejecting 
the question and forcing a repository inspection hook.3 

2.2 Decision Framework Comparisons 

Category Technical Uncertainty Business Uncertainty 

Origin Missing execution details, 
API behavior, compilation 
errors. 

Missing user intent, product 
priority, or market strategy. 

Evidence Location Codebase, documentation, 
sandbox experiments, 
specialist agents. 

Product Requirements 
Documents (PRDs), human 
stakeholders. 

Agent Action Autonomous resolution via 
the investigation ladder. 

Immediate suspension and 
escalation via gateway. 

Confidence Requirement High to Verified. N/A (Cannot be resolved by 
technical confidence). 

 

Action Type Reversible Actions Irreversible Actions 

Definition Can be undone by reverting 
a Git commit or altering a 
local variable. 

Results in data loss, 
financial cost, or external 
communication. 



Verification Automated unit/integration 
tests within temporary 
worktrees. 

Requires dry-runs, 
shadowing, and explicit 
human sign-off. 

Autonomy Level Full autonomy permitted 
under standard question 
budget policies. 

Zero autonomy; strictly 
gated by deterministic 
policy hooks. 

 

Scope Routine Implementation Architectural Decision 

Impact Component-level, isolated 
to a specific module or 
function. 

System-level, affecting 
cross-service 
communication or storage. 

Debate Policy Zero debate. Single agent 
executes and verifies via 
tests. 

Structured debate. 
Proposer and reviewer 
agents synthesize options. 

Documentation Lightweight assumption log 
or inline code comment. 

Formal Architectural 
Decision Record (ADR) 
committed to repo. 

3. The Autonomous Technical Decision Layer 
Architecture 
To enforce question-avoidance, the Autonomous Technical Decision Layer must be 
implemented as a hybrid architecture: a deterministic state machine serving as the harness, 
governing a non-deterministic model-based reasoning engine.3 While the Large Language 
Model (LLM) proposes classifications and decisions based on the ReAct (Reason + Act) pattern, 
the deterministic harness strictly enforces investigation stages, question budgets, experiment 
limits, and loop termination.3 

Implementing this layer purely as prompt instructions (Option A) is fundamentally flawed, as 
models suffer from sycophancy and context degradation, inevitably bypassing instructions to 
ask questions.3 Option C (Policy engine plus durable workflow) is optimal for multi-agent fleets 
managing long-running tasks, utilizing durable execution platforms to pause processes for 
months if necessary without consuming active compute.7 However, Option B (Harness-enforced 
state machine) represents the pragmatic ideal, enforcing policy via strict execution hooks.3 

 



 

 

Code snippet 
graph TD​
    A --> B[Uncertainty Classifier]​
    B --> C[Autonomy and Escalation Policy Engine]​
    C --> D​
    ​
    D --> E{Evidence Gathering}​
    E -->|1| F​
    E -->|2| G​
    E -->|3| H​
    E -->|4| I​
    E -->|5| J​
    E -->|6| K​
    ​
    F & G & H & I & J & K --> L​
    L --> M[Verification]​
    M --> N​
    N --> O{Controller Gateway}​
    ​
    O -->|Resolved| P[Continue Execution]​
    O -->|Stagnation Detected| Q​
    O -->|Policy Blocked| R[Escalate to Human]​
 
 
 
 
Code snippet 
graph TD​
    A[Agent encounters unknown variable] --> B[Generate UncertaintyCase Payload]​
    B --> C{Classifier Hook}​
    C -->|Business/High-Risk| D​
    C -->|Technical/Implementation| E​
    E -->|Irreversible| D​
    E -->|Reversible| F​
    F --> G​
 

4. The Uncertainty Classification Contract 
Before an agent may request external input, trigger a sub-agent, or execute an experiment, the 
harness requires a serialized classification of the ambiguity. This ensures the model has 



processed the context before acting. 
UncertaintyCase Schema: 

●​ uncertainty_id: Unique identifier (e.g., unc_89234a). 
●​ task_id / agent_id: Traceability linkages. 
●​ summary: Concise description of the ambiguity. 
●​ category: Restricted enum (e.g., technical, business, high_risk_operational). 
●​ affected_decision: The specific execution step blocked. 
●​ known_facts: Array of verified data points (cannot be empty).3 

●​ unknown_facts: The specific data required to unblock. 
●​ evidence_available / evidence_missing: Documented context. 
●​ potential_impact: Enum (low, moderate, high, critical). 
●​ reversibility: Enum (high, moderate, low, none). 
●​ risk_level / business_impact / operational_impact / security_impact / financial_impact: 

Matrix scoring. 
●​ proposed_resolution_path: Array of planned ladder steps. 
●​ escalation_required: Boolean, evaluated against policy. 
●​ escalation_reason: Populated if true. 
●​ confidence: Enum (very low, low, moderate, high, verified). 
●​ status: Current lifecycle state (detected, classified, investigating, consulting, 

experimenting, deciding, verifying, resolved, escalated, superseded, abandoned). 
The harness strictly validates this payload. If known_facts is empty, the harness rejects the 
classification, forcing the agent to execute a repository read tool before proceeding, thereby 
eliminating artificial ambiguity.3 

5. Technical Uncertainty Resolution Ladder 
To systematically dismantle technical uncertainty without human intervention, the agent must 
ascend a formal resolution ladder. Every step represents an escalating cost of compute, time, or 
token expenditure, and the harness requires chronological progression. 

1.​ Re-read Context: Parse task and acceptance criteria locally. 
2.​ Policy Inspection: Check organizational instructions and security constraints. 
3.​ Memory Retrieval: Query vectorized project memory for historical precedents.10 

4.​ Repository Inspection: Parse abstract syntax trees (ASTs) or grep existing codebase.9 

5.​ Historical Review: Inspect previous Git PRs, issues, and ADRs. 
6.​ Specialist Consultation: Trigger a bounded query to an expert sub-agent (e.g., Security 

Agent).3 

7.​ External Research: Search official documentation via restricted internet tools. 
8.​ Safe Experimentation: Execute code in a zero-copy database fork or ephemeral 

microVM.10 

9.​ Safe Default Selection: Choose the least destructive, reversible option via weighted 
scoring. 

10.​Record and Continue: Log the assumption in the register and proceed with execution. 
11.​Escalation: Ask the human operator only if the preceding steps fail or trigger hard policy 



limits. 
 
 
 
Code snippet 
graph TD​
    A --> B​
    B --> C​
    C -->|Evidence Found| H​
    C -->|Insufficient| D​
    D -->|Evidence Found| H​
    D -->|Conflicting Data| E​
    E -->|Verified| H​
    E -->|Inconclusive| F​
    F -->|Irreversible Constraint| G[Escalate to Human]​
    F -->|Reversible| H​
 
The system verifies that a stage was genuinely attempted by mandating the generation of a 
ResolutionAttempt record. This record captures the stage, action_performed, query_used (e.g., 
the exact grep string or API call), cost (tokens), duration, and outcome. The harness hashes the 
tool outputs; if the agent fabricates claims of research without executing the requisite system 
tools, the deterministic controller halts execution and logs a guardrail violation.3 

6. Harness Enforcement and Lifecycle Hooks 
The technical autonomy described above is enforced via deterministic lifecycle hooks integrated 
into the agentic loop.3 These hooks intercept model tool calls before they execute, evaluating 
state against the policy engine. 
Key hooks include: on_uncertainty_detected, before_uncertainty_classification, 
before_resolution_stage, after_safe_experiment, before_human_question, and 
before_strategy_switch. 
For example, when an agent attempts to execute the ask_human tool, the 
before_human_question hook intercepts the payload. The hook deterministically verifies that: 

1.​ The uncertainty has been formally classified. 
2.​ The resolution ladder logs contain entries for repository inspection, memory search, and 

safe experimentation. 
3.​ The escalation condition matches the policy matrix. 

If these conditions are not met, the harness intercepts the execution, rejecting the tool call with 
a hard-coded system prompt: "Action rejected by harness policy. You must attempt a safe 
experiment in a sandbox before escalating this technical uncertainty." This ensures agents 
cannot satisfy policy through superficial prompt compliance. 
 



Feature Prompt-Enforced 
Autonomy 

Harness-Enforced 
Autonomy 

Mechanism Natural language 
instructions in system 
prompts. 

Deterministic state machine 
intercepting tool calls. 

Reliability Low. Models suffer from 
sycophancy and context 
drift. 

Absolute. Code execution 
blocks unauthorized 
actions. 

Auditability Poor. Requires parsing raw 
LLM output traces. 

High. State transitions 
logged natively in the 
system. 

Escalation Model decides when it feels 
"confused." 

Matrix-driven budget 
thresholds dictate 
escalation.3 

7. Question Budget Mechanism and the Human 
Gateway 
Human attention must be modeled as a strictly finite, consumable resource to force autonomous 
problem-solving.1 The architecture implements a formal question-budget configuration bound to 
the specific task context. 
 
 
 
YAML 
uncertainty_policies:​
  routine_implementation:​
    human_question_budget: 0​
    technical_escalation_rounds: 3​
    peer_agent_consultations: 2​
    web_research_attempts: 2​
    safe_experiment_attempts: 3​
    strategy_switches: 2​
 
A human_question_budget of zero mandates that the agent may not ask technical questions 
unless a deterministic escalation rule (e.g., destructive production action) explicitly grants a 



temporary override.12 If an agent exhausts its safe experiment budget without success, the task 
fails and cascades to a specialized triage queue rather than generating an immediate 
notification interrupt.3 

7.1 Human Question Gateway 

When an escalation bypasses the budget via a valid policy trigger, it enters the Human Question 
Gateway. This gateway prevents notification fatigue by algorithmically evaluating the proposed 
question.2 

 

 

 

Code snippet 
graph TD​
    A[Agent Proposes Question] --> B{Gateway Classification}​
    B --> C​
    C --> D​
    D --> E{Gateway Decision}​
    E -->|Approved| F​
    E -->|Deferred| G​
    E -->|Rejected| H​
 
If the proposed question is poor (e.g., "Which database should I use?"), an auxiliary lightweight 
LLM rewrites the escalation packet to maximize human efficiency.8 The gateway ensures the 
question contains the exact decision required, options considered, evidence gathered, 
consequences, a recommended default, and whether work can continue in parallel.13 

 

Scenario Autonomous Decision Human Escalation 

Trigger Evidence supports a 
reversible path. 

Irreversible action, budget 
exhausted, missing 
business intent. 

Execution Flow Logs ADR/assumption, 
continues immediately. 

Pauses thread, evaluates 
parallel work, awaits 
webhook input.7 

Review Standard Post-execution Pull 
Request review. 

Pre-execution explicit 
authorization. 

8. Human Escalation Policy and Handoff Preservation 



A formal Human Escalation Policy overrides autonomous execution when the threshold of 
irreversible impact is crossed. Human approval is strictly mandatory when 6: 

●​ Production data may be deleted or live infrastructure modified. 
●​ Credentials, private information (PII), or security controls are implicated. 
●​ Meaningful external financial costs will be incurred. 
●​ Business intent is genuinely absent, or two valid technical options hold substantially 

different commercial consequences. 
8.1 Human Escalation Packet 

To preserve context across the human-AI boundary and prevent the operator from reading raw 
execution logs, the system synthesizes a HumanEscalationPacket.8 

Schema Extract: 
●​ decision_required: Explicit statement of the required authorization. 
●​ why_human_input_is_required: Mapping to the specific policy trigger (e.g., "Production 

schema modification"). 
●​ evidence_gathered: Summary of sandbox results and repository norms. 
●​ alternatives / recommended_option: Specific implementation paths. 
●​ consequences_of_each_option: Reversibility and risk profiles. 
●​ work_paused: The specific thread halted. 
●​ work_that_can_continue: Sub-tasks executing asynchronously. 

 
 
 
Code snippet 
graph TD​
    A --> B​
    B --> C​
    C --> D​
    D --> E​
    E --> F{Human Decision}​
    F --> G​
    G --> H​
 
8.2 Partial Work Preservation 

When an escalation pauses the system, the harness compiles a handoff package containing the 
current Git diff, workspace checkpoint, research citations, and assumptions.3 This prevents the 
agent from re-analyzing the repository from scratch upon human resumption, ensuring 
maximum token efficiency and contextual continuity.4 

9. Agent-to-Agent Consultation Protocol 
To resolve complex uncertainties autonomously, agents consult specialized peers (e.g., an 



Implementation Agent querying an Architecture Agent). However, without strict protocols, 
multi-agent systems devolve into "consensus theater," consuming vast token budgets on circular 
debates without producing executable code.3 

9.1 Consultation Schemas and Routing 

The process utilizes a standardized ConsultationPacket containing the specific unknown, 
repository evidence, constraints, and a strict token budget.14 The receiving agent replies with a 
ConsultationResponse dictating a recommended solution, rejected alternatives, confidence 
level, and verification recommendation. 
 
 
 
Code snippet 
graph LR​
    A[Implementation Agent] -->|Packet| B[Architecture Agent]​
    B -->|Insufficient Data| C​
    C -->|Evidence| B​
    B -->|Response| A​
    A -->|Propose Action| D​
    D -->|Approve/Block| A​
 
Routing policies prevent endless fan-out loops. The harness dictates that recursive delegation is 
strictly prohibited; max_consultation_depth is capped at 2. If Agent A consults Agent B, Agent B 
cannot consult Agent C for the same specific uncertainty. Furthermore, specialist agents must 
cite evidence; heuristic opinions unsupported by repository or test data are structurally 
down-weighted by the decision owner. 

Feature Specialist Consultation Multi-Agent Debate 

Format Asynchronous, single-turn 
query and response. 

Synchronous, multi-turn 
adversarial discussion. 

Use Case Targeted knowledge 
extraction (e.g., asking a 
Security Agent if an 
encryption library is 
approved). 

High-impact architectural 
synthesis (e.g., monolith vs. 
microservices). 

Cost Low token overhead, tightly 
bounded. 

High token overhead, 
requires strict round limits. 



10. Decision Ownership, Disagreement, and Dissent 
Every uncertainty resolved autonomously requires a definitive decision owner to eliminate 
execution ambiguity. Local refactoring decisions belong to the Implementation Agent; 
infrastructure choices belong to the Architecture Agent; and high-risk operational actions 
ultimately map to a Human Operator via the gateway. 
10.1 Disagreement Resolution 

When specialists disagree (e.g., an Implementation Agent prioritizes execution speed while a 
Security Agent mandates heavy encryption overhead), simple majority voting fails due to model 
sycophancy or shared faulty assumptions.3 

The deterministic resolution process requires the agents to isolate the factual disagreement 
from preference disagreement. The harness then demands an objective test: running a safe 
experiment to measure latency versus encryption overhead empirically.11 If an experiment 
cannot run, the system defaults to the safest reversible option, guided by the decision owner. 
 
 
 
Code snippet 
graph TD​
    A --> B​
    B --> C{Empirical Test Possible?}​
    C -->|Yes| D​
    D --> E​
    C -->|No| F​
    F --> G​
    G --> H​
 

Execution Model One-Agent Execution Independent Proposals 

Workflow Single model analyzes, 
plans, and writes code. 

Multiple models generate 
isolated plans, reviewed by 
a judge. 

Speed/Cost Fast, lowest token 
consumption. 

Slower, 3x-5x token 
consumption. 

Best For Routine bug fixes, 
reversible implementation 

Irreversible architecture, 
complex migrations, 



details. security logic. 

When a decision is forced by an owner despite specialist concern, the TechnicalDecisionRecord 
must preserve the minority dissent. If a destructive migration proceeds but an architecture agent 
flags a data integrity risk, this dissent acts as a crucial audit trail. If the task subsequently fails, 
the system retrieves the dissent record during the post-mortem to automatically formulate a 
rollback strategy.8 

11. Internet Research and Evidence Hierarchy 
Resolving technical uncertainty frequently requires external data. However, the dedicated 
Internet Research Agent must not merely return raw search snippets; it must synthesize a 
structured ResearchResult.15 

ResearchResult Schema: 
●​ research_question / software_or_service / relevant_version: Contextual mapping. 
●​ authoritative_sources / supporting_sources: Ranked URLs. 
●​ findings / conflicting_findings: Extracted technical truths. 
●​ outdated_information_detected: Flags for deprecated APIs. 
●​ citations: Line-item verification for factual claims. 

11.1 Source Hierarchy and Version Awareness 

Not all evidence is weighted equally. The harness enforces a deterministic source hierarchy to 
resolve conflicting claims: 

1.​ Official documentation and source repositories. 
2.​ Official issue trackers, pull requests, and release notes. 
3.​ Formal technical specifications (e.g., RFCs). 
4.​ High-quality community discussions. 

LLMs frequently hallucinate APIs from incorrect versions. The research agent extracts the local 
environment state (e.g., package.json, runtime version) and rejects external advice referencing 
incompatible major versions. If lower-ranked sources (e.g., community workarounds for 
undocumented bugs) are utilized, the harness demands verification via a controlled local 
experiment before implementation.3 

 

 

 

Code snippet 
graph TD​
    A --> B​
    B --> C​
    C --> D​
    D --> E​



    ​
    style A fill:#4CAF50,stroke:#388E3C,stroke-width:2px,color:#fff​
    style E fill:#F44336,stroke:#D32F2F,stroke-width:2px,color:#fff​
 
 

Source Type Official Documentation Community Sources 

Authority Primary truth for intended 
API behavior. 

Secondary truth for 
workarounds and 
undocumented edge cases. 

Agent Action Implement directly with 
standard tests. 

Mandatory sandbox 
reproduction before 
implementation.11 

Risk Outdated relative to latest 
minor versions. 

Hallucinated solutions, 
outdated context, security 
vulnerabilities. 

 

Evidence Type Repository Evidence External Evidence 

Context Exact, highly localized to 
the specific project. 

General, uncalibrated to 
current project architecture. 

Priority Highest. Defines existing 
conventions and patterns. 

Moderate. Fills gaps where 
repo lacks precedent. 

Conflict Resolution Existing repo convention 
overrides generic external 
best practice. 

External specification 
overrides flawed local logic 
if proven via test. 

11.2 Search-Result Poisoning 

External research exposes agents to SEO spam, typosquatted packages, and prompt 
injection.12 Defenses implemented within the research hook include strict domain allowlists for 
vendors, content sanitization (stripping hidden HTML injection vectors before ingestion), and 
absolute prohibitions against executing internet-sourced shell commands without microVM 
sandboxed analysis.9 



12. Safe Experimentation Framework 
When documentation and repository inspection are insufficient to resolve an ambiguity, the 
agent must generate its own empirical evidence.11 The SafeExperiment construct provides a 
framework for bounded testing. 
SafeExperiment Schema: 

●​ experiment_id / hypothesis / uncertainty_resolved: Core definitions. 
●​ environment / isolation_level: Sandbox requirements. 
●​ allowed_actions / prohibited_actions: Security constraints. 
●​ maximum_duration / maximum_cost: Hard budget limits. 
●​ expected_observation / rollback_plan / success_criteria: Verification logic. 

12.1 Ephemeral Sandboxing 

Autonomous agents possess catastrophic potential if allowed to experiment in stateful 
environments.6 Therefore, safe experiments demand strict ephemeral isolation.17 

●​ Database Sandboxing: Utilizing "Fluid Storage" and zero-copy database forking (e.g., 
Agentic Postgres) to provide the agent with instant, isolated clones of production data. If 
the agent executes a corrupting migration, the fork is instantly destroyed without affecting 
production.10 

●​ Compute Sandboxing: Utilizing microVM isolation (e.g., E2B, Daytona) to execute code 
in ephemeral environments that lack network access to internal production APIs.9 

●​ Git Isolation: Utilizing temporary Git worktrees (/work directories) to isolate experimental 
file modifications. Failed experiments are cleanly discarded without contaminating the 
primary repository index.11 

 

 

 

Code snippet 
graph TD​
    A[Hypothesis Formulated] --> B​
    B --> C​
    C --> D​
    D --> E[Execute Experimental Code]​
    E --> F{Evaluate Output against Criteria}​
    F -->|Success| G[Extract Verified Facts]​
    F -->|Failure| H​
    G & H --> I​
    I --> J​
 
 



Testing Scope Safe Experiment Production Test 

Environment Ephemeral microVMs, 
temporary Git worktrees, 
zero-copy DB forks. 

Live infrastructure, staging 
servers, shared databases. 

Data Scope Synthetic data or sanitized 
instant clones.10 

Real user data, live API 
endpoints. 

Agent Access Fully autonomous, 
self-provisioned, 
automatically destroyed. 

Strictly gated by human 
approval hooks.6 

12.2 Safe-Default Decision Framework 

When experimentation yields multiple valid approaches, the agent employs a deterministic 
weighted scoring model to select the default option. Hard constraints override scoring; if an 
option requires an unapproved dependency, it is instantly disqualified. 
Scoring Model: 

●​ Reversibility (20%): Can it be undone by reverting a single commit? 
●​ Consistency with current system (20%): Does it match adjacent module patterns? 
●​ Security (15%): Does it limit lateral network access? 
●​ Testability (15%): Is the behavior easily mocked? 
●​ Implementation scope (10%): Is it a localized change? 
●​ Operational simplicity (10%), Future migration cost (5%), Immediate cost (5%). 

13. Assumptions, Decisions, and Contextual Memory 
Instead of relying on vague commit messages, autonomous systems output structured, 
machine-readable records to inform future agent loops. 
13.1 TechnicalDecisionRecord (ADR) 

The TechnicalDecisionRecord logs the decision_owner, alternatives_considered, 
repository_evidence, and the specific verification_performed. 
 

Record Type Lightweight Decision Log Formal ADR 

Trigger Routine implementation 
choices, reversible API 
selections. 

Architectural changes, new 
dependencies, state store 
shifts. 



Format Appended JSON log in task 
history or inline code 
comments. 

Markdown file committed to 
/docs/architecture/decisions
. 

Visibility Used for immediate 
debugging and PR review 
context. 

Vectorized for long-term 
project memory retrieval.10 

13.2 Assumptions Register and Memory Interaction 

An agent inevitably operates on assumptions (e.g., "Assuming the legacy billing service returns 
a 404 on invalid IDs"). A central Assumptions Register tracks these, recording the statement, 
confidence, verification_method, and status (unverified, provisionally accepted, contradicted). 
These assumptions are explicitly surfaced during human review. If an assumption is later 
invalidated by an integration test, the agent retrieves the assumption record, invalidates all 
linked decisions, and triggers an autonomous rollback.8 Furthermore, by vectorizing previous 
decisions and runbooks into project memory, the system retrieves historical context to prevent 
the agent from asking humans identical questions across different task runs.10 A "memory 
poisoning" defense algorithms actively invalidate stale guidance referencing deprecated 
dependencies. 
 
 
 
Code snippet 
graph LR​
    A[Agent Formulates Assumption] --> B​
    B --> C[Execute Code]​
    C --> D{Automated Integration Tests}​
    D -->|Pass| E​
    D -->|Fail| F​
    F --> G​
 

14. The Productive Autonomous Loop and Stagnation 
Detection 
The core of agentic execution is the continuous workflow loop: Observe → Diagnose → 
Classify uncertainty → Research → Plan → Act → Verify → Record.3 

 

 

 



Code snippet 
graph TD​
    A --> B​
    B --> C[Classify Uncertainty]​
    C --> D​
    D --> E​
    E --> F​
    F --> G​
    G --> H​
    H --> I{Goal Met?}​
    I -->|Yes| J​
    I -->|No| K{Stagnation Detected?}​
    K -->|No| A​
    K -->|Yes| L​
 
Each phase possesses explicit entry and exit criteria. The harness strictly monitors this 
sequence, mathematically distinguishing between a productive iteration (a new file written, a 
novel error produced) and endless cyclic analysis (unproductive looping).3 

14.1 Loop and Stagnation Detector 

Agentic stagnation is the primary sink of compute resources.3 Common failure patterns include 
repeatedly identical search queries, rewriting plans without invoking execution tools, and 
oscillating between two mutually exclusive logic paths. 
To intervene, the harness utilizes Loop Fingerprinting. The system hashes each iteration's 
(tool_name, result_preview) tuple. If three identical fingerprints are detected sequentially, the 
loop is instantly classified as stagnating.3 Additionally, the harness enforces fixed thresholds: 
max_total_iterations: 20, max_no_progress_iterations: 3, and max_identical_tool_calls: 2.3 

 

 

 

Code snippet 
graph TD​
    A[Iteration Completed] --> B​
    B --> C{Compare to Previous 3 Hashes}​
    C -->|Match Found| D​
    C -->|No Match| E​
    E -->|Delta = 0| F[Increment No-Progress Counter]​
    E -->|Delta > 0| G​
    F --> H{Counter > 3?}​
    H -->|Yes| D​
    H -->|No| G​
 



14.2 Progress Measurement 

Objective progress measurement dictates whether the loop continues or halts.4 

●​ Positive Signals: Acceptance criteria satisfied, failing tests transition to passing, 
unknown facts convert to verified facts, blocking errors resolve. 

●​ Negative Signals: Identical stack traces returned, no files modified, unchanged 
confidence levels. 

The system logs a ProgressSnapshot every iteration, capturing the counts of passing/failing 
tests, unresolved uncertainties, and artifacts created. 

15. Strategy and Model Switching Policies 
When stagnation is confirmed, the system preempts simple infinite retries in favor of structural 
strategy changes.3 

15.1 Strategy Switching 

If an agent fails to implement a feature globally, the strategy switch restricts the agent to 
creating a minimal reproduction. If documentation research fails, the strategy switches to AST 
code inspection. The harness rolls back the Git worktree to the last known stable checkpoint 
and forcefully injects the new strategy into the prompt context via a StrategyChange record, 
demanding a divergent approach.11 

 

 

 

Code snippet 
graph TD​
    A --> B[Halt Current Agent Loop]​
    B --> C​
    C --> D[Analyze Failure Fingerprint]​
    D --> E​
    E --> F​
    F --> G​
 
15.2 Model Switching 

When persistent failure occurs across multiple strategies (e.g., a fast, small model repeatedly 
outputs invalid JSON schema), the harness executes a cross-provider model switch. Model 
switching is justified by repeated tool-call unreliability or insufficient context window capacities, 
but must not be used to bypass security permissions.3 The protocol transfers the Checkpoint, 
Decision Register, and Workspace State seamlessly to a heavier, more capable reasoning 
model to break the deadlock without abandoning the task budget. 
 



Outcome Continue Switch 
Strategy 

Rollback Escalate 

Trigger Positive 
progress 
snapshot delta. 

Stagnation 
detected via 
loop 
fingerprinting.3 

Test failure 
after safe 
experiment 
execution. 

Hard policy 
block, budget 
exhaustion. 

Action Next loop 
iteration 
proceeds. 

Inject new 
prompt 
directive, 
change tool 
focus. 

Destroy 
temporary 
worktree, 
return to clean 
state.11 

Suspend 
execution, 
compile 
packet, await 
human.13 

16. Security, Auditability, and Failure Modes 
Agentic execution introduces novel threat vectors requiring rigorous modeling.12 

16.1 Threat Modeling and Defenses 

●​ Approval Bypass: Agents attempting to manipulate the uncertainty classifier to mark a 
production-destructive action as "Low Risk." Mitigation: Deterministic string parsing of 
tool payloads (e.g., regex identifying DROP TABLE) rigidly overrides model classification, 
triggering the escalation gateway.6 

●​ Fabricated Research Claims: Agents claiming to have read documentation without 
invoking the search tool. Mitigation: The harness inspects the ResolutionAttempt logs; 
missing execution hashes result in immediate loop rejection.3 

●​ Denial of Service (Token Exhaustion): Agents stuck in deep multi-agent consultation 
cycles. Mitigation: Strict max_consultation_depth limits and global task cost ceilings.3 

16.2 Confidence Calibration and Risk Modeling 

Agents must not output hallucinated percentages for confidence. The system uses calibrated, 
evidence-backed levels. Confidence is only elevated to verified when backed by passing tests, 
reproducible sandbox behavior, or direct repository evidence.9 

Crucially, an agent possessing verified confidence regarding a destructive operation still cannot 
bypass the mandatory approval boundary.6 The system calculates risk dynamically across 
dimensions of reversibility, blast radius, and data impact, mapping directly to Approval 
Boundaries. Capabilities are decoupled: an agent may possess permission to design a 
production migration and test it in a zero-copy fork, but explicitly lack permission to execute the 
deployment to the live endpoint.10 

16.3 Observability and Metrics 



Every uncertainty-resolution process must be highly observable. The system generates 
structured traces logging the detected uncertainty, classification, ladder stages, token costs per 
turn, loop fingerprints, and strategy switches.3 Primary autonomy metrics include the 
Autonomous Resolution Rate (percentage of tasks completed without human input), Avoidable 
Questions Prevented (number of times the gateway rejected a poor question), and 
Stagnation-Detection Precision. Guardrail metrics strictly track Security Violations and 
False-Confidence Rates. 

17. Reference Execution Sequence and Architectures 

17.1 Reference Sequence for Technical Ambiguity 

1.​ Detect: Agent encounters an unknown API behavior during implementation. 
2.​ Classify: Generates UncertaintyCase. Harness validates it as Technical Uncertainty with 

a human_question_budget of 0. 
3.​ Ladder 1-4: Agent checks task criteria, policies, memory, and parses local repository 

AST. No definitive usage found. 
4.​ Ladder 5-7: Documentation Research Agent spawned. Returns conflicting version data 

from vendor site vs. community forum. 
5.​ Ladder 8 (Experiment): Agent requests a SafeExperiment sandbox. Harness provisions 

temporary Git worktree and mock server. 
6.​ Execute & Verify: Code compiles. Option A yields a 400 error; Option B yields a 200 

Success. 
7.​ Decide: Agent selects Option B, empirically verified by the experiment. 
8.​ Record: TechnicalDecisionRecord saved to context. 
9.​ Continue: Agent writes the implementation and completes the loop, having completely 

avoided interrupting the human operator. 
17.2 Pseudocode for the Resolution Controller 

 
 
 
Python 
def resolve_uncertainty(case: UncertaintyCase) -> Decision:​
    # 1. Deterministic Classification & Guardrails​
    classification = classify_and_validate(case)​
​
    if classification.risk_level in ["High", "Critical"]:​
        return trigger_escalation_gateway(case, reason="Mandatory risk approval")​
​
    # 2. Ascend the Resolution Ladder​
    for stage in get_resolution_ladder_policy(classification):​
        result = execute_harness_stage(stage, case)​



        log_telemetry(result)​
​
        if result.is_resolved:​
            decision = evaluate_decision(case, result.evidence)​
            ​
            # Policy override check post-decision synthesis​
            if decision.violates_security_policy:​
                return trigger_escalation_gateway(case, decision)​
                ​
            verification = execute_sandbox_verification(decision)​
            if verification.passed:​
                write_decision_record(decision, verification)​
                return continue_agent_execution(decision)​
​
        # 3. Loop Fingerprinting & Stagnation Defense​
        if detect_loop_fingerprint(case):​
            case = execute_strategy_switch(case)​
​
    # 4. Safe Default Fallback Mechanism​
    if can_apply_reversible_default(case):​
        decision = apply_reversible_default(case)​
        write_decision_record(decision)​
        return continue_agent_execution(decision)​
​
    # 5. Budget Exhaustion Escalation​
    return trigger_escalation_gateway(case, reason="Resolution budget exhausted")​
 
17.3 Minimum Viable Prototype (MVP) 

The optimal progression to production begins with deploying a Harness-Enforced State 
Machine (Option B) on a single, well-tested repository. The MVP demonstrates Scenario A 
(autonomous resolution of an API ambiguity via local sandboxing) and Scenario C (determining 
a correct database migration but deterministically pausing for explicit explicit human approval 
prior to live execution). 

18. Critical System Answers 
The research explicitly resolves the foundational inquiries required to implement this 
architecture: 

●​ Which technical questions should agents never need to ask humans? Agents must 
never ask questions concerning implementation preferences, syntax, locational file 
conventions, or resolvable API behaviors. These must be handled via repository 
inspection or safe-default heuristics. 



●​ How can the harness prove the resolution ladder was followed? By utilizing 
cryptographic hashing of tool-call inputs and standard outputs, ensuring the model cannot 
hallucinate evidence without triggering deterministic execution functions.3 

●​ How should uncertainty be classified? Via a strict, machine-readable UncertaintyCase 
contract that maps ambiguity to a predefined taxonomy (Technical, Business, High-Risk), 
enforced by a classification hook before any action is taken. 

●​ What is the correct default question budget for routine technical tasks? Zero. 
Routine technical tasks must exhaust all autonomous resolution ladders and fail gracefully 
rather than acting as a continuous notification generator.1 

●​ How can the system detect artificial ambiguity? By evaluating the known_facts 
against vectorized repository context. If the answer exists in the adjacent files and the 
agent asks a question, the gateway rejects the prompt and forces an AST inspection. 

●​ When should an agent consult another agent, and how many rounds? Consultation 
is triggered for architectural or security uncertainties, strictly limited to a 
max_consultation_depth of 2 and 1 debate round to prevent consensus theater token 
bloat.3 

●​ Who owns the final decision? The agent specifically assigned to the operational domain 
(e.g., Implementation Agent for code, Architecture Agent for design). Consulted agents 
provide strictly advisory input unless possessing designated blocking permissions (e.g., 
Security). 

●​ How should disagreement be resolved? By separating factual disputes from 
preferences, and mandating an empirical, sandboxed test. If a test is impossible, the 
decision owner applies the safe-default heuristic and records the minority dissent. 

●​ How should official and community evidence be weighted? Official documentation 
and repository precedence reign supreme. Community evidence acts as a fallback and 
strictly requires verifiable sandbox reproduction before implementation.11 

●​ When is a safe experiment preferable to more research? When official documentation 
conflicts with observed behavior or when evaluating undocumented internal legacy APIs. 
An experiment is genuinely safe when isolated in an ephemeral microVM, temporary Git 
worktree, or zero-copy database fork.9 

●​ How should reversible defaults be chosen? Through a weighted matrix heavily 
prioritizing reversibility (20%) and consistency with current project architecture (20%) over 
generic optimization. 

●​ How should assumptions be recorded and invalidated? Logged in a central 
Assumptions Register. Invalidated automatically when downstream automated integration 
tests contradict the recorded assumption.8 

●​ How can stagnation be measured objectively? Via loop fingerprinting (hashing iteration 
results) and tracking the delta of a ProgressSnapshot. Zero delta across 3 iterations 
triggers a stagnation classification.3 

●​ When should the system change strategy or switch models? Strategy changes occur 
upon confirmed stagnation. Model changes occur upon repeated schema failures, 
complete tool-call unreliability, or context window exhaustion.3 



●​ How can useful partial work be preserved before escalation? By serializing the 
current Git diff, research citations, and exact blocker into a HumanEscalationPacket, 
allowing the agent to rehydrate context instantly upon human approval.8 

●​ How should mandatory approval boundaries be enforced? By decoupling capabilities 
and utilizing short-lived approval tokens within a deterministic, blocking lifecycle hook that 
cannot be overridden by model instructions.6 

●​ How can unnecessary questions be reduced without increasing risk? By routing all 
escalations through an algorithm gateway that rewrites queries into high-value option 
selections and aggressively blocks questions answerable by existing project context. 

●​ What information must be included in every human escalation? The decision 
required, policy trigger, options considered, reversibility risk, and whether parallel tasks 
can continue asynchronously.8 

●​ What are the highest-risk failure modes? Fabricated research claims, prompt-injected 
payload execution, approval boundary bypass, and destructive endless looping. 

●​ What is the simplest architecture that enforces these behaviors reliably? A 
Harness-Enforced State Machine (Option B) that wraps LLM tool calls in synchronous 
Python/TypeScript lifecycle hooks, maintaining strict control over execution boundaries 
and budgets.3 

19. Final Synthesis 
Achieving genuine question-avoidance in agentic systems requires abandoning the reliance on 
probabilistic prompt instructions in favor of deterministic architectural constraints. The 
Autonomous Technical Decision-Making and Question-Avoidance System designed herein 
achieves this by implementing a rigorous hybrid architecture: an LLM-driven reasoning engine 
strictly governed by a deterministic state-machine harness.3 

By defining a formal taxonomy of uncertainty, the system structurally delineates between 
technical ambiguity—which must be resolved autonomously via a rigid resolution ladder—and 
business/operational ambiguity, which triggers structured, high-context human escalation via a 
specialized gateway. The implementation of ephemeral microVMs, temporary Git worktrees, and 
zero-copy database forks provides agents with the critical safety boundaries required to conduct 
empirical experimentation without risking production stability.9 

Through the stringent mechanisms of zero-allowance question budgets, loop fingerprinting, and 
deterministic strategy switching, the harness actively prevents the stagnation and circularity that 
plague naive agentic workflows.3 Ultimately, technical autonomy is not an emergent property of 
foundational models; it is an engineered reality derived from the unyielding structure of the 
execution harness surrounding it. This architecture creates a scalable, highly auditable, and 
resilient infrastructure capable of resolving complex technical challenges independently, 
preserving the most vital constraint in the modern enterprise: human attention. 
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