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Executive Summary 
The transition from localized, single-agent coding assistants to autonomous, multi-agent 
software delivery platforms requires a foundational shift in task control, verification, and 
governance. Current paradigms largely treat version control simply as terminal file storage, 
capturing only the final output of an agent's generation process. To safely coordinate hundreds 
of concurrent, multi-provider autonomous agents across complex enterprise repositories, the 
system must leverage Git as an active state machine, an immutable evidence ledger, and a 
distributed coordination layer. 
The resulting Git-native task-management system binds every autonomous action to explicit, 
cryptographically verifiable technical evidence. This is achieved by utilizing advanced Git 
features such as native worktree isolation, sparse-checkouts, namespaced Git notes, and 
commit trailers. By decoupling the execution environment from a shared mutable state, agents 
can operate in parallel without filesystem collisions. Furthermore, the introduction of a 
Semantic Intent Graph resolves logical contradictions that textual Git merges cannot detect. 
Analysis indicates that an Event-Sourced Hybrid Architecture provides the optimal foundation: 
an external orchestrator maintains authoritative workflow intent and state transitions via an 
event store, while the Git repository acts as the absolute, objective authority for code state, 
checkpoint evidence, and test provenance. This comprehensive report details the structured 
schemas, formal state machines, conflict resolution protocols, and deterministic recovery 
algorithms required to build a resilient, provider-neutral agent orchestration harness. 

1. Implementation Architecture 
Designing a robust multi-agent orchestration platform requires determining the authoritative 
boundary between the orchestration layer and the version control system. Three primary 
architectures emerge when evaluating this division. 
Architecture A represents a purely Git-centric approach where all task metadata, state 
transitions, and coordination locks are stored directly within repository branches, commits, Git 
notes, and pull requests. While this ensures perfect portability and offline operation, it suffers 
from severe scalability limitations. Relying solely on Git for distributed locking introduces high 
latency, and continuous metadata updates lead to severe merge conflicts within the git notes 
namespace, making it unsuitable for high-throughput parallel execution environments. 
Architecture B utilizes an Orchestrator-centric model where a central relational database is the 
absolute authority for all tasks, state, and coordination, treating Git merely as a dumb storage 
target for code. This approach scales easily but breaks down when manual developer 



interventions occur in Git, immediately causing a split-brain scenario where the database and 
the repository disagree on the true state of the codebase. 
The recommended default for both small teams and enterprise multi-project platforms is 
Architecture C: the Event-Sourced Hybrid. In this architecture, a dedicated task event store is 
authoritative for workflow history, scheduling, and ephemeral distributed locks, while Git 
remains the absolute authority for code state, checkpoint evidence, and test provenance. The 
system achieves eventual consistency through bidirectional reconciliation. If a developer 
manually merges a pull request, a repository webhook emits an event that the orchestrator 
consumes to advance the task state. Conversely, if an agent fails, the orchestrator reconstructs 
the task solely from the immutable Git evidence. This hybrid approach guarantees high 
observability, strict auditability, and provider neutrality while mitigating the performance 
bottlenecks of treating Git as a high-frequency transactional database. 
Reference Data Model 

To support the Event-Sourced Hybrid architecture, the external task database must maintain a 
rigorous relational or document-oriented data model. 

Entity Primary Key Foreign Keys Description Constraints & 
Indexes 

Project project_id None Bounding 
context for 
multiple 
repositories 
and shared 
schemas. 

Unique 
project_name. 

Repository repo_id project_id Remote Git 
repository 
configuration 
and forge 
credentials. 

Indexed on 
repo_url. 

Task task_id repo_id Canonical 
workflow 
entity tracking 
objectives and 
overall status. 

Indexed on 
status, 
base_commit. 

TaskAttempt attempt_id task_id, 
agent_id 

Represents 
one execution 
run by a 

Unique 
composite 
(task_id, 



specific model 
provider. 

attempt_id). 

TaskDepende
ncy 

dep_id task_id 
(parent), 
task_id (child) 

DAG node 
representing 
execution 
sequencing. 

Cyclic 
constraints 
enforced at 
application 
level. 

Agent agent_id None Registry of 
available 
models, 
capabilities, 
and provider 
routing. 

Indexed on 
provider. 

Worktree worktree_id attempt_id Ephemeral 
local 
filesystem 
state linked to 
an executing 
agent. 

Unique path. 

ChangeIntent intent_id task_id Semantic 
declaration of 
planned 
modifications. 

Indexed on 
task_id. 

PathReservati
on 

lock_id intent_id Distributed 
lock lease for 
specific file 
globs or 
modules. 

Expiration 
timestamp 
index for 
automated 
reclamation. 

TestRun test_id task_id Execution 
record of a CI 
or local test 
suite. 

Indexed on 
commit_sha. 

AuditEvent event_id task_id, Immutable Append-only. 



agent_id ledger of all 
state 
transitions and 
governance 
actions. 

Timestamp 
sorted. 

2. Git-Native Task Model 
A provider-neutral agent harness requires a canonical structured representation of an agent 
task. This task record must encapsulate identity, objective, dependencies, and explicit Git 
evidence. The task schema dictates how the orchestrator communicates context to the agent 
and how the agent reports verifiable progress back to the system. 
Metadata storage mechanisms significantly impact system stability. Storing task metadata as 
YAML or JSON files committed directly to the branch modified by the task is an anti-pattern. 
This pollutes the codebase, generates frequent merge conflicts, and disrupts the agent's 
context window with orchestrator administrative data. Instead, task metadata must be 
distributed across appropriate Git abstractions based on mutability. Immutable point-in-time 
metadata, such as the task_id, agent_id, and exact token consumption at the time of a commit, 
should be permanently embedded into the repository history using standard Git commit 
trailers.1 Conversely, mutable metadata—such as evolving test results, continuous integration 
(CI) status, and independent peer review findings—should be stored outside the commit hash 
using Git Notes under custom namespaces like refs/notes/ci and refs/notes/reviews.1 For 
fleet-scale operations involving millions of automated actions where standard Git notes face 
scalability limitations, the implementation should utilize a tree-based metadata tracking model 
such as git-meta. This allows granular, mergeable JSON properties to be linked to specific 
object SHAs within dedicated refs/meta/* branches.3 

Canonical Task Schema 

The following table outlines the essential schema fields for a Git-native task, delineating their 
structural type and storage authority. 

Field Type Storage Authority Description 

task_id String Orchestrator DB Immutable global 
identifier. 

objective String Orchestrator DB The prompt 
payload and 
semantic goal. 



acceptance_criteria Array Orchestrator DB Deterministic, 
verifiable 
conditions for 
completion. 

risk_level Enum Orchestrator DB Dictates human 
approval 
requirements and 
CI gates 
(Low/Med/High). 

base_commit String (SHA-1) Git The exact, 
immutable starting 
point of the task. 

branch String Git The isolated branch 
tracking the 
implementation. 

worktree String Orchestrator DB Local absolute path 
to the active Git 
worktree. 

assigned_agent String Git Trailers / DB The specific actor 
(e.g., 
claude-3-opus) 
executing the task. 

reserved_paths Array Orchestrator DB File globs 
exclusively locked 
by this task to 
prevent collisions. 

latest_checkpoint Object Git Reference to the 
most recent 
recoverable 
commit and its 
metadata. 



tests Object Git Notes 
(refs/notes/ci) 

Struct containing 
required_suites, 
status, and 
results_uri. 

review Object Git Notes 
(refs/notes/review) 

Struct containing 
pending review 
gates and approved 
cryptographic 
signatures. 

budget Object Orchestrator DB Ephemeral 
execution limits 
(token_budget, 
maximum_runtime). 

handoff_packet Object Git Notes 
(refs/notes/handoff) 

Serialized context 
bundle enabling 
seamless transfer 
between provider 
models. 

3. Task State Machine and Lifecycle Orchestration 
Autonomous tasks must traverse a rigid, formally defined state machine. To ensure verifiable 
progress, transitions between these states must be strictly gated by objective Git evidence 
rather than an agent's self-reported claims. For instance, an agent cannot transition a task to 
REVIEW_PENDING merely by outputting a completion token; the orchestrator must verify that 
the working tree is clean, a commit exists, and the corresponding CI webhook has reported a 
success for that exact commit SHA. 
State transitions are governed by an optimistic concurrency model within the orchestrator's 
database. When a webhook or Git polling mechanism detects a state change, the orchestrator 
utilizes compare-and-swap operations to update the state, emitting an immutable event to the 
audit ledger. 
Formal State Definitions 

State Entry Conditions & 
Required Evidence 

Allowed Agent 
Actions 

Valid Next States 



DRAFT Task record 
created; No Git 
state provisioned. 

None. Awaiting 
orchestration 
scheduling. 

QUEUED, 
CANCELLED 

QUEUED Dependencies 
satisfied; Git 
repository 
reachable. 

Intent planning, 
Scope estimation. 

PROVISIONING 

PROVISIONING base_commit 
resolved; Branch 
name reserved. 

Worktree 
instantiation; 
Dependency 
hydration. 

ASSIGNED, FAILED 

ASSIGNED git worktree add 
complete; Locks 
acquired. 

File reads; 
Change-Intent 
declaration. 

IMPLEMENTING 

IMPLEMENTING Scope locks 
explicitly granted by 
orchestrator. 

Local code editing; 
Local testing; 
Checkpointing. 

CHECKPOINTED, 
PAUSED 

CHECKPOINTED Clean working tree; 
Pushed commit 
with required 
trailers. 

Handoff generation; 
Awaiting CI. 

TESTING, 
CI_RUNNING 

CI_RUNNING Webhook 
acknowledgment 
from CI pipeline. 

None. Agent 
execution is 
suspended. 

CI_FAILED, 
REVIEW_PENDING 

CI_FAILED CI pipeline reports 
failure for specific 
SHA. 

Log inspection; 
Debugging. 

IMPLEMENTING 

REVIEW_PENDING CI passed; Pull 
Request formally 
opened via API. 

None. Awaiting 
peer/human review. 

REVISION_REQUIRE
D, APPROVED 



REVISION_REQUIR
ED 

Blocking findings 
logged in 
refs/notes/review. 

Scope unlock; 
Targeted patching. 

IMPLEMENTING 

MERGE_READY All findings 
resolved; Approval 
signatures verified. 

None. Placed in 
automated merge 
queue. 

MERGING 

MERGING Orchestrator 
initiates Git 
merge/rebase 
command. 

None. 
Orchestrator-exclu
sive action. 

MERGED, FAILED 

MERGED Remote main 
advanced to target 
commit SHA. 

None. Triggers 
downstream CI. 

POST_MERGE_VALI
DATION 

DONE Post-merge 
validation 
succeeds. 

None. Task formally 
closed. 

ARCHIVED 

PAUSED Graceful 
suspension; 
Uncommitted work 
stashed. 

None. Releasing 
execution 
resources. 

RECOVERING, 
TRANSFER_PENDIN
G 

RECOVERING Agent crash 
detected; 
Heartbeat timeout. 

State 
reconstruction 
from remote Git. 

IMPLEMENTING, 
FAILED 

Preventing invalid transitions requires multiple layers of enforcement. Local Git hooks (such as 
pre-commit or pre-push) improve the developer experience by catching errors early, but they 
cannot be trusted as the final enforcement boundary for autonomous agents, which can easily 
bypass them via --no-verify flags or arbitrary shell execution. Robust enforcement mandates 
server-side pre-receive hooks that reject pushes lacking proper cryptographic signatures, 
coupled with orchestration-layer validation that intercepts Pull Request API calls to ensure all 
prerequisite states are strictly verified. 

4. Task-to-Branch Mapping and Worktree Isolation 



A standard convention for mapping tasks to branches establishes predictability and ensures 
clean cleanup routines. The recommended convention is hierarchical, separating the intent 
from the identity: agent/<agent_role>/<task_id>-<brief_description>. For example, 
agent/backend/TASK-042-api-refactor. While the default policy mandates a strict one-to-one 
mapping between a task and a branch, legitimate exceptions exist. Stacked pull requests 
require a sequential chain of branches, and cross-repository tasks necessitate multiple 
synchronized branches sharing the same task_id across different Git remotes. 
Worktree Architecture 

To maximize fleet throughput, multiple agents must operate on the same repository 
concurrently. The severe anti-pattern of having all agents work within a single cloned directory 
leads to immediate filesystem collisions, context bleeding, and catastrophic failure when one 
agent accidentally reverts another's uncommitted work.5 Conversely, executing a full git clone 
for every task consumes massive amounts of disk space and incurs unacceptable network 
latency. 
The optimal architecture utilizes native Git worktrees. By invoking git worktree add <path> 
<branch>, the orchestrator provisions an isolated working directory that shares a single 
underlying .git object database.6 This provides absolute filesystem isolation, enabling parallel 
agents to modify package.json or core modules simultaneously on their respective branches 
without runtime interference.7 

However, filesystem isolation alone does not yield a fully reproducible environment. The 
orchestrator must actively manage the worktree lifecycle to mitigate operational risks: 

1.​ Configuration and Port Isolation: Shared configuration files, such as a root .env, will 
cause conflicts. The orchestrator must inject an uncommitted .env.local file into each 
worktree, explicitly overriding database connection strings and dynamically allocating 
unique TCP ports (e.g., PORT=3001 for Agent A, PORT=3002 for Agent B) to prevent dev 
server collisions.8 

2.​ Database Isolation: Parallel agents executing schema migrations against a shared local 
database will corrupt each other's state. The orchestrator must provision unique SQLite 
files via the .env.local path, or orchestrate isolated database branches using services like 
Neon.8 

3.​ Monorepo Sparse-Checkout: In vast enterprise monorepos, populating thousands of 
irrelevant files into a worktree exhausts token budgets during repository scanning. The 
orchestrator must execute git worktree add --no-checkout, followed immediately by git 
sparse-checkout set <paths>, hydrating only the specific microservices and shared 
libraries the agent strictly requires.9 

4.​ Cleanup and Archival: When a task reaches the ARCHIVED state, the orchestrator 
invokes git worktree remove --force <path> and executes git worktree prune to eliminate 
stale metadata.6 Idempotent recovery scripts are essential to address scenarios where a 
process crashes and leaves a locked worktree (git worktree unlock), ensuring execution 
hosts do not run out of disk space over time. 



5. Base Commits and Reproducibility 
An autonomous task must be immutably anchored to a specific base_commit (a concrete 
SHA-1 hash) rather than a moving branch tip like main. Declaring a static base commit 
guarantees that the agent's execution environment is perfectly reproducible, allowing human 
reviewers or subsequent agents to accurately evaluate the context in which architectural 
decisions were made. 
When a task executes over a long duration, the current remote main branch will inevitably 
diverge from the task's declared base commit. The orchestrator continuously monitors the 
repository topology. If the base commit becomes vulnerable (e.g., a critical security patch is 
merged upstream) or an expected API contract is altered by another merged task, the 
orchestrator detects the divergence. Agents must be explicitly prohibited from executing 
arbitrary git pull operations, which frequently result in corrupted conflict resolutions. Instead, 
the orchestrator triggers an explicit Integration Phase: the task is temporarily paused, an 
emergency checkpoint is pushed, and a specialized Integration Agent is dispatched to perform 
a structural git rebase against the new validated integration commit. Crucially, because textual 
application of Git patches does not guarantee semantic correctness, the entire test suite must 
be fully invalidated and re-executed post-rebase. 

6. Semantic Conflict Prevention and Work Ownership 
Git worktrees successfully prevent filesystem collisions during the development phase, but 
they offer no protection against semantic conflicts. A semantic conflict occurs when Agent A 
refactors a shared utility function on Branch A, while Agent B implements a new feature relying 
on the old function signature on Branch B. Textual Git merges will succeed without warning, but 
the resulting integrated codebase will fail compilation or runtime execution.12 

To eliminate this vulnerability, the system implements a rigorous Semantic Consensus 
Framework.14 This framework shifts conflict detection from the final integration phase to the 
initial planning phase. 
The Semantic Intent Graph (SIG) 

Before any file modifications begin, the designated Planner Agent must generate a structured 
Change-Intent Manifest. This document declares the files expected to change, the public APIs 
affected, anticipated database schema mutations, and updated dependency lockfiles. The 
orchestrator ingests these manifests into a project-wide Planned-Change Registry, 
constructing a Semantic Intent Graph (SIG).14 

The SIG continuously evaluates overlapping scopes and predicts conflicts across three specific 
typologies: 

1.​ Type 1 - Contradictory Intent: Two agents attempt to claim exclusive, mutually 
incompatible states for the identical resource (e.g., Agent A schedules the deletion of a 
database column that Agent B intends to index). The orchestrator rejects the later lock 
request, forcing the tasks to be sequenced serially.15 



2.​ Type 2 - Resource Contention: Two agents require overlapping read/write access. This 
is resolved via hierarchical advisory locks based on exact files or directory globs. When 
an agent requests a reserved_path, it is granted an expiring lease. If a lease expires due 
to an agent crash, the orchestrator reclaims the lock.15 

3.​ Type 3 - Causal Violation: Agent B's task depends on an API that Agent A is actively 
modifying. The SIG identifies the causal chain, automatically converting Agent A's 
successful completion into a hard dependency for Agent B, suspending Agent B until the 
updated contract is merged.15 

Scope Expansion Control 

Agents frequently discover that implementing a feature requires modifying files outside their 
initial Change-Intent Manifest. If an agent attempts to edit outside its reserved_paths, the 
action is blocked. The agent must submit a formal scope expansion request detailing the newly 
requested paths and the justification for the expansion. The orchestrator re-evaluates the SIG. 
Low-risk expansions (e.g., updating a shared .gitignore) are granted automatically as 
shared_paths. High-risk expansions that collide with another agent's reserved scope trigger an 
arbitration protocol. The orchestrator compares task priority; the lower-priority agent is 
paused, yielding its lock, and is automatically scheduled for a rebase once the higher-priority 
task is merged. 

7. Task Dependency Graph and Progress Estimation 
Enterprise multi-agent deployments must manage complex tasks that span multiple 
components. The orchestrator maintains a Directed Acyclic Graph (DAG) Engine to coordinate 
task decomposition. A single architecture requirement is decomposed into a schema migration 
task, an API implementation task, and a UI implementation task. 
Dependency satisfaction is strictly evaluated in terms of verifiable Git evidence rather than 
arbitrary agent signals. A soft dependency permits a downstream task to transition to 
PROVISIONING as soon as its prerequisite task reaches the CHECKPOINTED state, allowing 
overlapping execution. A hard dependency strictly requires the prerequisite task to achieve 
MERGED and POST_MERGE_VALIDATION before the downstream agent receives its 
base_commit assignment. If a completed prerequisite task is subsequently reverted from the 
main branch, the DAG engine triggers cascading invalidation, transitioning all dependent tasks 
back to a BLOCKED or FAILED state until a re-planning phase is completed. 
Objective Progress Estimation 

Non-developer operators require progress visibility that does not rely on false precision (e.g., 
"Progress: 72%"). Raw agent estimates are notoriously unreliable due to LLM hallucination and a 
lack of holistic architectural awareness. Progress must be computed objectively based on the 
DAG completion state, verifiable milestones, and test assertions. An evidence-backed progress 
interface translates Git state into business-readable status, such as: "Implementation: 
substantially complete. Tests: 8 of 12 passing. Merge readiness: blocked pending security 
review." This ensures operators act on verified reality rather than optimistic agent 



self-reporting. 

8. Checkpoint Commits and the Commit Policy 
Long-running autonomous tasks are vulnerable to model provider outages, context window 
exhaustion, and execution host crashes. To ensure resilience, agents are mandated to serialize 
their state to the remote repository through recoverable checkpoint commits. 
Checkpoint Frequency and Convention 

Checkpoints are triggered by token budget thresholds, time intervals, or specific event 
milestones (e.g., a test suite passing for the first time). Because checkpoints capture 
intermediate, often syntactically invalid code or failing tests, they must be strictly isolated to the 
task's dedicated branch and explicitly labeled. 
The commit policy mandates atomic, conventional commits utilizing machine-readable Git 
trailers to preserve provenance.1 A standard checkpoint commit message is structured as 
follows: 
checkpoint(TASK-042): core runtime module implementation partial 
The API gateway correctly parses incoming schemas, but the validation logic is currently failing 
existing integration tests. 
Task-ID: TASK-042 Checkpoint-Type: implementation_partial Agent-ID: backend-agent-v3 
Provider: anthropic Tests-Passed: 14 Tests-Failed: 6 Known-Issues: schema validation regex 
timeout Handoff-Ready: yes 
To prevent sensitive credentials from polluting the checkpoint history, a strict pre-push secret 
scanning binary executes against the worktree index before remote serialization is permitted. 
Prior to a final pull request, the orchestrator executes a Git-native squash operation, 
condensing the granular, noisy checkpoint history into a single cohesive semantic commit. The 
rich provenance data captured during the checkpoints is extracted and preserved permanently 
in the refs/meta/ tree. 
Uncommitted Work Policy 

Agents are strictly prohibited from terminating or transferring a task with uncommitted 
changes in the worktree. If an agent receives a preemption signal or exhausts its cost budget, it 
executes a graceful pause procedure, culminating in an automatic checkpoint. In the event of a 
catastrophic process crash, an independent recovery daemon inspects the orphaned 
worktree. If untracked files or uncommitted modifications are detected, the daemon 
constructs an emergency filesystem snapshot, executes git commit -m "emergency stash" 
--no-verify, and pushes the bundle to the remote, ensuring zero data loss before the worktree 
is destroyed. 

9. CI Gatekeepers, Test Evidence, and Objective 
Status 
Autonomous agents possess the capacity to "hallucinate progress," falsely claiming a task is 



complete while tests silently fail or code relies on mocked logic. The system must treat the 
agent as an untrusted actor; task status is computed solely from objective signals evaluated by 
an independent Status Evaluation Engine. Only when the working tree is clean, the branch is 
pushed, and all required cryptographic test signatures are present can a task advance. 
Continuous Integration as a Mandatory Gatekeeper 

The CI pipeline serves as an immovable enforcement boundary. Agents cannot unilaterally 
decide that testing is unnecessary. The orchestrator enforces a Risk-Based Gate Matrix. A 
low-risk documentation task requires only formatting and link-checking gates. A high-risk 
authentication change requires static analysis, unit tests, integration tests, mutation testing, 
dependency vulnerability scans, and an explicit human approval gate. 
To prevent agents from gaming metrics—such as bypassing tests by deleting assertions or 
disabling lint rules—test result provenance must be guaranteed. The test runner executes in an 
isolated, immutable container outside the agent's permission boundary. Upon completion, the 
runner generates a structured payload detailing the test_run_id, the exact commit SHA-1 
tested, the environment digest, and the exit codes. The runner cryptographically signs this 
payload and attaches it to the commit using git notes --ref=ci-evidence.1 The orchestrator 
verifies this signature; if an agent attempts to forge a test pass or submit a stale result tied to a 
previous commit, the transition to REVIEW_PENDING is categorically denied. 

10. Pull-Request Workflow and Merge Governance 
The Pull Request (PR) acts as the central review artifact and integration chokepoint. The 
agent-native PR process completely removes the implementation agent from the approval 
hierarchy. 
Separation of Duties and Agent Roles 

High-performing AI deployments distribute responsibilities across specialized roles to enforce 
strict Separation of Duties (SoD). Utilizing the identical model prompt and instance for both 
writing and reviewing code introduces dangerous correlated failure risks. The architecture 
defines discrete roles: 

1.​ Repository Analyst: Inspects existing architecture, branch policies, and ownership files. 
2.​ Planner: Generates the change-intent manifest and reserves scope. 
3.​ Implementation Agent: Confined to the worktree; modifies only authorized scope; 

pushes checkpoints. 
4.​ Test Agent: Independently verifies acceptance criteria; adds missing assertions; 

publishes signed test evidence. 
5.​ Security Reviewer: Specialized model trained on threat modeling; audits diffs for 

injection risks, IAM escalation, and trust-boundary alterations. 
6.​ Code Reviewer: Evaluates architecture, regressions, and API compatibility. 
7.​ Merge Agent: A deterministic script (not an LLM) that validates all cryptographic gates 

prior to merging. 
The Implementation agent generates a machine-readable PR template that maps the original 



Change-Intent Manifest against the actual files changed, explicitly justifying any deviations. 
Review agents do not engage in unstructured conversational feedback. Instead, they generate 
structured tasks representing review findings (e.g., finding_id: REVIEW-188, severity: high, 
required_action: Add a validated down migration). These findings are committed to 
refs/notes/review.1 The orchestrator ingests these notes, converting them into blocking 
dependencies. The Implementation Agent must push subsequent revision commits until all 
specific finding IDs are marked resolved by the Review Agent. 
Merge Authority and Post-Merge Verification 

Merge authority rests exclusively with the Orchestrator's automated Merge Controller. An 
agent may never approve or merge its own pull request. Before executing the merge, the 
controller verifies that the target branch is up to date, no unresolved semantic conflicts exist in 
the SIG, required CI passed on the exact HEAD commit, and all blocking review findings are 
closed. This guarantees that the merged commit is mathematically identical to the commit that 
was approved, eliminating race conditions. 
Upon a successful merge, the task transitions to MERGED but is not immediately classified as 
DONE. The system initiates a Post-Merge Verification phase, triggering a comprehensive 
end-to-end integration suite and package build against the main branch. Only upon successful 
deployment validation does the task reach the final DONE state. If post-merge verification fails, 
the orchestrator automatically generates a high-priority critical incident task, dispatching a 
specialized Revision Agent to generate an immediate rollback commit. 

11. Task Recovery and Provider-Neutral Transfer 
Because agent processes are ephemeral, they routinely experience budget exhaustion, host 
loss, or upstream model provider outages. The platform ensures seamless continuity across 
these failures by utilizing Git as an immutable recovery ledger, ensuring that a receiving agent 
does not rely on hidden state or proprietary memory formats from the original provider. 
Crash-Recovery Runbook 

When the orchestrator detects a lost heartbeat, the deterministic crash-recovery procedure is 
executed: 

1.​ Task Freeze and Isolation: The orchestrator transitions the task to RECOVERING. All 
associated SIG locks are frozen to prevent preemption by other agents. 

2.​ State Capture and Emergency Checkpoint: An independent recovery daemon mounts 
the agent's execution environment. It runs git status. If uncommitted changes exist, it 
captures the untracked files, generates an emergency commit (git commit -m "recovery 
snapshot"), and pushes to the remote repository. 

3.​ Handoff Packet Generation: The daemon compiles a comprehensive, 
machine-readable HandoffPacket. This JSON payload contains the objective, base 
commit, current diff, test results, open review problems, consumed budget, and explicit 
paths currently being modified. The packet is serialized and appended to 
refs/notes/handoff. 



4.​ Worktree Teardown: The corrupted local worktree is aggressively destroyed using git 
worktree remove -f. 

5.​ Agent Reassignment and Resumption: The orchestrator provisions a new worktree on 
a healthy host. It pulls the remote checkpoint branch and assigns a replacement agent 
(potentially switching from Anthropic to OpenAI to bypass a provider outage). The new 
agent ingests the HandoffPacket, reclaims the scope locks, and resumes execution 
seamlessly. 

Multi-Attempt Execution 

For complex, high-risk architectural tasks, the orchestrator can leverage multiple model 
providers simultaneously. The task is branched into isolated parallel attempts (e.g., 
attempt-A/openai, attempt-B/anthropic, attempt-C/local-model). Each agent executes within a 
strictly isolated worktree. Upon completion, the orchestrator compiles a comparative interface 
displaying implementation completeness, normalized test pass rates, algorithmic complexity, 
architectural quality, and total token cost. An integration agent or human operator evaluates 
the metrics, selects the optimal implementation for merging, and safely archives the losing 
branches, preserving their logic in the repository history for future reference. 

12. Cross-Repository Coordination and Monorepo 
Scalability 
Enterprise architectures rarely exist within a single isolated repository. Tasks frequently demand 
coordinated modifications across an infrastructure repository, a backend schema repository, 
and a frontend client repository. The orchestrator represents this as a Parent Task with discrete, 
repository-specific Child Tasks. Coordination is achieved via Contract-First development. The 
schema repository child task is prioritized; its modifications are merged and published to a 
shared mock server. The frontend child task remains in a BLOCKED dependency state until the 
schema updates are verifiably deployed, preventing mismatched API expectations. 
Cross-repository pull request groups guarantee that all associated branches are merged 
atomically or rolled back collectively. 
Monorepo Considerations 

In massive monorepo environments, standard repository management techniques fail. 
Executing a full repository clone or checkout for every task saturates network bandwidth, 
exhausts disk space, and overwhelms the agent's context window.16 The orchestration 
architecture mandates the use of sparse checkouts integrated with the build graph. When a 
task is assigned, the orchestrator queries the internal build system (e.g., Bazel, Nx) to identify 
the affected project directories. It executes git worktree add --no-checkout, followed 
immediately by git sparse-checkout set <directories>.9 This surgically hydrates only the specific 
microservices and shared libraries required by the agent, ensuring lightning-fast search 
operations and minimal disk consumption. 



13. Security Model, Governance, and Failure Modes 
Authorizing autonomous agents to write and commit code introduces severe security vectors. 
The system mandates a zero-trust security posture. Agents execute within heavily restricted, 
ephemeral sandboxed containers without direct internet egress, routing requests strictly 
through an auditing proxy. 
Permissions are managed via short-lived, repository-scoped tokens restricted explicitly to the 
agent's reserved branch. Force-pushing to protected branches is cryptographically blocked at 
the server level. 
Failure-Mode and Effects Analysis (FMEA) 

A comprehensive analysis of system failures dictates the requisite detection and recovery 
mechanisms. 
 

Failure Mode Detection 
Mechanism 

Containment & 
Recovery 

Audit Evidence 

Malicious Code / 
Prompt Injection 

Security Review 
Agent detects 
unauthorized 
subprocesses or 
IAM changes. 

Pull Request 
automatically 
rejected. Agent 
quarantined. 
Operator notified. 

Structured review 
notes; PR 
comments. 

Secret Exfiltration Local pre-push and 
server-side 
pre-receive secret 
scanners trigger on 
commit content. 

Push blocked. 
Agent token 
instantly revoked. 
Worktree frozen for 
forensic analysis. 

Blocked push logs 
in CI; Audit event. 

Semantic Collision Semantic Intent 
Graph identifies 
Type 3 causal 
violation between 
active branches.15 

Lower priority 
agent paused; 
automated rebase 
scheduled once 
higher priority task 
merges. 

Intent Graph edges; 
Reservation lock 
state. 

Worktree 
Corrupted / 
Locked 

git fsck fails or git 
worktree list shows 
inaccessible locked 
state.6 

Force removal of 
worktree (git 
worktree remove 
-f). Reconstruct 

Orchestrator 
daemon logs. 



from last pushed 
remote SHA. 

Agent Bypasses 
Tests 

Cryptographic 
signature 
verification on 
refs/notes/ci-eviden
ce fails or is 
missing. 

Task transition to 
REVIEW_PENDING 
categorically 
denied. Status 
reverted to 
TEST_FAILED. 

Missing or invalid 
Git note signature. 

Stale Review 
Approval 

Orchestrator 
detects new 
commit SHA 
pushed after review 
approval signature 
timestamp. 

All previous 
approvals 
invalidated. Task 
reverted to 
REVIEW_PENDING. 

SHA-1 mismatch in 
event ledger. 

Git and Task DB 
Disagreement 

Periodic 
background 
reconciliation 
polling detects 
remote branch 
missing but DB 
shows 
IMPLEMENTING. 

Git declared 
authoritative. DB 
state updated to 
FAILED/MISSING_BR
ANCH. Manual 
repair ticket 
generated. 

Reconciliation event 
log. 

Auditability and Event Sourcing 

Traditional audit tables that update in place obscure the sequence of autonomous actions. The 
orchestrator implements a strict event-sourcing model. Every transition emits a discrete, 
immutable event (e.g., BASE_COMMIT_SELECTED, SCOPE_EXPANDED, CHECKPOINT_PUSHED, 
MERGE_APPROVED). Each event contains a timestamp, task_id, agent_identity, 
provider_identity, the exact repository SHA, the action result, and a correlation ID. This 
immutable ledger provides an unbroken cryptographic audit trail connecting the initial 
non-developer prompt to the final production deployment, satisfying rigorous enterprise 
compliance requirements. 

14. Non-Developer Operator Control Centre 
To transition from an experimental script to an enterprise platform, the extensive underlying Git 
complexity—SHAs, detached HEADs, rebases, and sparse-checkout paths—must be 
abstracted away from product managers and operational staff. The non-developer Git 



command centre provides a high-level visual topology of the multi-agent fleet. 
The interface revolves around Task Cards. A task card displays verified, objective progress 
translated into business language (e.g., "Implementation complete; 3 tests failing"), the assigned 
model provider, the current scope expansion status, and conflict risk assessment. A DAG View 
visualizes bottlenecks across dependent tasks, while an Ownership Heatmap highlights 
repository modules experiencing high concurrent agent activity. 
Operator Safety and Approvals 

While the system is autonomous, high-risk actions explicitly require human approval gates. The 
orchestrator intercepts actions such as destructive database migrations, modifications to 
production infrastructure-as-code, and overrides of CI failures. The system translates these 
technical holds into business-readable language. For example, if an agent proposes removing a 
legacy column, the UI presents: "Approval Required: Task proposes destructive migration 
removing legacy_runtime_config. Potential impact: Existing deployments may lose data. 
Proposed safeguard: Create backup migration." The operator can securely approve, request an 
agent revision, or cancel the task entirely with a single click, maintaining total executive control 
over the autonomous fleet. 

15. Orchestrator Subsystems and Reference APIs 
The platform is decomposed into discrete, single-responsibility subsystems. The Task State 
Machine manages optimistic concurrency. The Git Adapter abstracts local worktree lifecycles 
and forge-specific APIs (GitHub, GitLab, Bitbucket), ensuring provider neutrality. The 
Change-Intent Registry evaluates path reservations and semantic collisions. The Execution 
Environment Manager handles container lifecycle and .env.local injection. 
Reference APIs 

Provider-neutral interfaces allow the orchestrator to manipulate the agent execution lifecycle 
regardless of the underlying LLM or deployment environment. 
Algorithm Pseudocode: Task Provisioning & Worktree Creation 
 
 
 
Python 
def create_task_worktree(task_id, base_commit, expected_paths):​
    # Verify lock and directory​
    if git_adapter.check_worktree_exists(task_id):​
        raise WorktreeExistsError​
    ​
    # Provision worktree without checking out files for performance​
    worktree_path = f"/worktrees/{task_id}"​
    git_adapter.execute(f"git worktree add --no-checkout -b agent/{task_id} {worktree_path} 
{base_commit}")​



    ​
    # Apply sparse checkout if in monorepo context​
    git_adapter.execute(f"git -C {worktree_path} sparse-checkout set {expected_paths}")​
    ​
    # Inject isolated environment configuration​
    env_config = generate_isolated_env(task_id)​
    write_file(f"{worktree_path}/.env.local", env_config)​
    ​
    return worktree_path​
 
Algorithm Pseudocode: Semantic Conflict Checking 
 
 
 
Python 
def reserve_scope(task_id, requested_paths):​
    active_locks = change_intent_registry.get_all_active_locks()​
    ​
    for lock in active_locks:​
        if path_overlap(lock.paths, requested_paths):​
            if is_type_1_conflict(task_id, lock.task_id):​
                return Reject(reason="Contradictory Intent")​
            elif is_type_3_causal_violation(task_id, lock.task_id):​
                dag_engine.add_hard_dependency(dependent=task_id, prerequisite=lock.task_id)​
                return Suspend(reason="Awaiting prerequisite API contract update")​
                ​
    # Issue expiring lease​
    lease_id = change_intent_registry.grant_lease(task_id, requested_paths, expiry=1_HOUR)​
    return Approve(lease_id)​
 

16. Reference Workflows and Practical Experiments 
To validate the architecture, comprehensive reference workflows and practical experiments 
must be executed. 
Workflow A: Normal Task Execution 

1.​ Orchestrator creates task and provisions worktree via sparse-checkout. 
2.​ Planner agent declares intended paths; orchestrator grants lease. 
3.​ Implementation agent edits code, pushing atomic checkpoints with trailers. 
4.​ Test agent confirms assertions; signs payload to refs/notes/ci. 
5.​ PR created; Security review agent approves. 
6.​ Merge agent validates state, executes merge, and prunes the worktree. 

Experiment: Crash Recovery & Provider Transfer 



●​ Setup: Agent (Claude) is implementing a feature in an active worktree. 
●​ Procedure: Simulate total network loss to the host. 
●​ Expected Behavior: Orchestrator detects heartbeat failure. Task state freezes. Recovery 

daemon extracts untracked files, commits as "emergency stash," and publishes a Handoff 
Packet to refs/notes. A new worktree is spun up on a secondary host, an OpenAI agent is 
assigned, ingests the Handoff Packet, and resumes the exact task. 

●​ Success Criteria: Zero loss of code; seamless continuation of execution. 
Evaluation Framework 

The system's efficacy is measured against strict benchmark metrics. The primary success 
criteria include the task completion rate, semantic conflict detection precision (minimizing 
false positive blocks), the checkpoint recovery success rate, and the false-DONE rate (the 
frequency with which an agent claims completion but post-merge verification fails). A 
production-ready system must demonstrate a false-DONE rate approaching absolute zero, 
underpinned by the inviolable cryptographic CI gates. 

17. Phased Implementation Roadmap 
Developing this architecture requires a deliberate, phased approach to manage complexity. 

●​ Phase 1 — Task, branch, and worktree foundations: Implement the core task schema, 
relational database, and the CLI Git Adapter to automate git worktree add and .env.local 
isolation.6 

●​ Phase 2 — Checkpoints and objective status: Establish the commit trailer policy, 
namespace git notes for metadata, and build the Status Evaluation Engine to compute 
progress devoid of agent hallucinations.1 

●​ Phase 3 — CI evidence and pull requests: Deploy the secure test-runner containers, 
enforce the CI Gate Matrix, and implement the automated machine-readable Pull 
Request generator. 

●​ Phase 4 — Ownership, locks, and conflict prediction: Develop the Change-Intent 
Registry and the Semantic Intent Graph (SIG) to preemptively block Type 1 and Type 2 
conflicts.14 

●​ Phase 5 — Dependency DAG and scheduling: Integrate the DAG engine to sequence 
tasks, handle soft/hard dependencies, and manage cascading invalidation when base 
commits shift. 

●​ Phase 6 — Recovery and provider-neutral transfer: Implement the deterministic 
crash-recovery daemon, emergency stash protocols, and the Handoff Packet JSON 
schema. 

●​ Phase 7 — Independent review and merge governance: Separate agent roles 
(Implementer vs. Security Reviewer) and deploy the deterministic Merge Controller to 
execute final validation gates. 

●​ Phase 8 — Fleet-scale and Non-developer command centre: Implement 
sparse-checkouts for massive monorepos 10, cross-repository PR coordination, and the 
visual operator dashboard with human approval controls. 



18. Decision Log and Final Synthesis 
The architecture relies on several foundational design decisions optimized for scale, security, 
and reproducibility. 
 

Architectural Question Recommended Default Reasoning & 
Disadvantages 

Authority Event-Sourced Hybrid Git acts as the unassailable 
evidence ledger for code 
and tests; DB handles 
high-frequency locks and 
state. Disadvantage: 
Requires split-brain 
reconciliation logic. 

Isolation Model Git Worktrees Shares the object DB, uses 
minimal disk space, and 
provides total execution 
isolation.6 Disadvantage: 
Requires strict port and DB 
allocation management.8 

Metadata Storage Trailers & Tree-Based Meta Trailers provide immutable 
provenance.1 git-meta 
branches handle 
high-frequency, complex 
JSON properties, avoiding 
the merge conflicts 
inherent in standard git 
notes.3 

Conflict Resolution Semantic Intent Graph Textual merges succeed 
even when API contracts 
break. The SIG predicts and 
resolves causal violations 
before code is written.14 
Disadvantage: High 
implementation complexity. 



Monorepo Handling Sparse Checkout Checking out 50GB 
monorepos per agent 
exhausts token budgets 
and disk space. Sparse 
checkout hydrates only 
necessary dependencies.9 

Final Synthesis 

What is the smallest practical Git-native task-control architecture that can safely 
manage autonomous coding agents today, and how should it evolve into a multi-project, 
multi-provider agent operating system capable of coordinating hundreds of concurrent 
tasks? 
The Minimum Viable Architecture consists of a localized CLI orchestrator that creates one git 
worktree per task, assigns a dedicated local port and SQLite database 8, and relies on standard 
Git commit trailers and basic CI webhooks for governance. This protects the main branch and 
isolates execution but places the immense burden of semantic conflict resolution and crash 
recovery entirely on the human operator. 
The Production-Ready Architecture introduces the Task Database and formal State Machine. 
It employs strict separation of duties across specialized agent roles (Planner, Implementer, 
Reviewer), enforces a rigorous CI Gate Matrix, utilizes namespaced git notes for cryptographic 
test provenance 1, and implements deterministic crash recovery via standardized Handoff 
Packets. 
Ultimately, the migration path leads to the Advanced Fleet-Scale Architecture: a true 
Multi-Agent Operating System. It manages massive enterprise monorepos using automated 
sparse-checkouts linked directly to build graphs.11 It completely abstracts conflict resolution 
using a distributed Semantic Intent Graph that dynamically predicts and resolves logical 
collisions across hundreds of parallel worktrees.15 Finally, it transitions from standard Git notes 
to a scalable git-meta tree architecture to handle millions of metadata mutations efficiently.3 
This framework provides the unyielding, provable governance necessary to deploy 
autonomous AI fleets safely into heavily regulated, mission-critical engineering environments. 
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