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Building Autonomous Agents with
Harness, Hermes, and Loop
Engineering
About this book: This book teaches you how to design, build, and deploy
production-grade multi-agent AI systems using C# and the .NET platform.
Through three complementary approaches – theMicrosoft Agent Framework’s
batteries-included Harness runtime, Hermes Agent’s open-source orches-
tration layer, and the Loop Engineering paradigm for self-prompting au-
tonomous workflows – you will learn to create intelligent agent systems that
reason, collaborate, and operate independently. Every chapter includes com-
plete, production-ready code examples, architectural patterns, and hands-on
projects designed to take you from your first agent to a fully deployed multi-
agent application.



Introduction: The Agent Revolution
In early 2026, the landscape of artificial intelligence shifted in a way that few
predicted. It was not the release of a smarter model or a breakthrough in
training methodology. It was something subtler and more profound: agents
stopped being toys and started becoming infrastructure.

A year earlier, most developers who worked with large language models
built chatbots. You typed a prompt, the model generated a response, and you
moved on to the next prompt. The interaction was fundamentally reactive
– the model waited for you to ask. By mid-2026, that pattern had evolved
into something entirely different. Agents began observing their environment,
reasoning about what to do next, taking actions through tools, and repeating
this cycle autonomously until a goal was achieved. They did not wait for you to
prompt them. They prompted themselves.

This transition from reactive chatbots to autonomous agents represents
one of the most significant shifts in software development since the move
from monolithic applications to microservices. And just as microservices re-
quired new patterns for service discovery, communication, and orchestration,
autonomous agents demand a fundamentally different approach to system
design.

Why Multi‐Agent?

A single agent, however capable, has inherent limitations. It has a finite context
window, a single perspective, and a sequential mode of operation. When you
face a complex problem – analyzing a codebase for security vulnerabilities,
coordinating a customer support operation across multiple time zones, or
building a software feature from specification to deployment – no single agent
can efficiently handle all dimensions of the task simultaneously.

Multi-agent systems solve this by decomposing complex problems into
specialized roles. One agent researches while another analyzes. One writes
code while another reviews it. One monitors for anomalies while another
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generates reports. These agents communicate, coordinate, and collaborate to
produce results that no single agent could achieve alone.

The analogy to human organizations is deliberate. A company does not hire
one person to do everything. It creates specialized roles – engineers, designers,
product managers, testers – and establishes communication channels and
processes that allow them to work together effectively. Multi-agent systems
apply the same principle to AI: specialization, coordination, and collaboration.

The Three Pillars

This book is organized around three complementary approaches that, together,
form a complete stack for building multi-agent AI systems in C#.

Harness refers to the runtime scaffolding that turns a language model into
an agent capable of real action. A model on its own generates text. A harness
wraps that model with tool calling, context management, memory, planning,
approval gates, and observability. The Microsoft Agent Framework provides a
batteries-included HarnessAgent that gives you all of these capabilities out of
the box, tuned for long-running autonomous work in C# and .NET.

Hermes represents the orchestration layer that coordinatesmultiple agents
working together. Built by Nous Research as an open-source project, Hermes
Agent provides multi-agent coordination through patterns like the Kanban
board – a shared statemechanismwhere tasks are represented as cards, agents
claim and process them in parallel, and results flow back to an orchestrator.
Hermes is Python-first but integrates seamlessly with C# applications through
its API server, which exposes OpenAI-compatible endpoints and REST APIs.

Loop Engineering is the design paradigm that makes agents truly au-
tonomous. Coined by industry leaders like Addy Osmani and Boris Cherny
in 2026, loop engineering describes the practice of designing systems that
prompt and supervise AI agents automatically, rather than requiring a human
to type every prompt. A loop consists of automations that discover work on
a schedule, skills that codify project knowledge, connectors that integrate
with external tools, sub-agents that split maker and checker roles, and state
management that persists across runs.

These three pillars are not competing approaches. They address different
layers of the same problem. The harness gives an individual agent its ca-
pabilities. Hermes provides patterns for coordinating multiple agents. Loop
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engineering makes the entire system self-sustaining. Together, they form a
complete architecture for production-grade multi-agent AI applications.

Who This Book Is For

This book is written for C# developers who want to build multi-agent AI
systems. You should be comfortable with C#, async/await, and the .NET
ecosystem. You do not need prior experience with AI or machine learning,
though familiarity with concepts like embeddings, vector search, or prompt
engineering will help you move through the early chapters more quickly.

If you are a beginner, start from Chapter 1 and work through every chapter
in order. Each chapter builds on the previous one, and the code examples are
designed to be cumulative – you will extend the same project throughout the
book, adding capabilities as you learn them.

If you are an experienced developer who already works with AI agents, use
this book as a reference. Jump to the chapters that address your specific needs:
Chapter 4 for Harness deep dive, Chapter 7 for Hermes integration, Chapter 9
for loop engineering patterns, or Chapter 12 for durableworkflows and human-
in-the-loop design.

What YouWill Build

Throughout this book, you will build a progressively more sophisticated multi-
agent application. It starts as a simple chat agent in Chapter 2 and evolves into
a complete customer support platform by Chapter 17, featuring:

• Multiple specialized agents (triage, research, resolution, escalation)
• Tool integration via the Model Context Protocol
• Retrieval-Augmented Generation over a knowledge base
• Durable workflows with human approval gates
• Observability through OpenTelemetry tracing
• Deployment to Azure Container Apps

Each chapter contributes a piece of this puzzle. By the end, you will have a
production-ready application that demonstrates every concept covered in the
book.
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How This Book Is Organized

The book is divided into seven parts:

Part I: Foundations (Chapters 1-3) establishes the theoretical and practi-
cal groundwork. You will learn what multi-agent systems are, set up your
development environment, and understand the core concepts that underpin
everything that follows.

Part II: Harness Deep Dive (Chapters 4-6) covers the Microsoft Agent
Framework’s HarnessAgent in detail. You will learn to create agents with tool
calling, memory, context compaction, RAG, and structured outputs.

Part III: Hermes Deep Dive (Chapters 7-8) introduces Hermes Agent and
its multi-agent orchestration capabilities. You will learn to coordinate multiple
specialized agents using the Kanban board pattern and integrate Hermes from
C#.

Part IV: Loop Engineering (Chapters 9-10) explains the loop engineering
paradigm and shows you how to implement self-prompting agent loops in C#
using MAF’s looping evaluators and .NET background services.

Part V: Advanced Orchestration (Chapters 11-13) covers the five built-in
orchestration patterns inMAF, durable workflowswith checkpointing, human-
in-the-loop approval gates, and cross-framework communication protocols.

Part VI: Production Engineering (Chapters 14-16) addresses the concerns
that separate prototypes from production systems: security, testing, observ-
ability, deployment, and scaling.

Part VII: Capstone Project (Chapter 17) brings everything together in a
comprehensive multi-agent customer support platform.

A Note on Code Examples

All code examples in this book are written for C# and the .NET platform,
targeting .NET 8 or later. The Microsoft Agent Framework packages used
are based on version 1.x, released as generally available in April 2026. Where
package APIs differ between preview and stable releases, I note the differences
explicitly.
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Code examples assume you have access to a large language model API,
such as OpenAI, Azure OpenAI, or a local model through Ollama. Environment
variables are used for API keys throughout the examples, and I never hardcode
credentials in source code.

Every code listing is designed to be complete and runnable. If you copy the
code from a listing into your project, it should compile and run with minimal
modification (typically just adding your own API key). Where a listing omits
boilerplate for brevity, I note what was omitted and where to find the complete
version in the accompanying sample repository.

The Road Ahead

The field of multi-agent AI is evolving rapidly. New frameworks, protocols,
and best practices emerge monthly. This book captures the state of the art
as of mid-2026, but the underlying principles – specialization, coordination,
autonomy, observability – will remain relevant regardless of which tools are in
fashion.

My goal is not just to teach you how to use specific libraries, but to give you
a deep understanding of whymulti-agent systems work the way they do, what
trade-offs you face at each architectural decision point, and how to evaluate
new tools and patterns as they emerge.

Let us begin.



Chapter 1: The Age of Multi‐Agent
Systems

What Are AI Agents and Why Multi‐Agent?

An AI agent is a system that uses a large languagemodel as its reasoning engine
to perceive its environment, make decisions, take actions through tools, and
pursue goals autonomously. Unlike a traditional chatbot that generates text in
response to a prompt, an agent operates in a loop: it observes, reasons, acts,
evaluates the result, and repeats until its task is complete.

This definition matters because it distinguishes agents from the simpler AI
applications that preceded them. A chat completion API call takes a prompt
and returns text. Retrieval-Augmented Generation (RAG) adds a knowledge
retrieval step before generation. Tool calling lets the model request actions
from external systems. All of these are still fundamentally reactive: they
respond to a single input with a single output.

An agent changes the dynamic entirely. It initiates its own actions. It plans
multi-step strategies. It remembers what it has done and adapts when things
go wrong. It can hand work off to other agents and wait for their results. The
transition from reactive to autonomous is not incremental; it is architectural.

The case for multi-agent systems follows naturally from the limitations of
single agents. Consider a software development task: analyzing a pull request
for bugs, security vulnerabilities, and style violations. A single agent could
attempt all three analyses sequentially, but it would face several problems:

• Contextwindow limits: Loading an entire codebase plus analysis instruc-
tions for three different review types may exceed the model’s context
window.

• Cognitive overload: Asking one agent to be simultaneously a security ex-
pert, a performance reviewer, and a style checker dilutes its effectiveness
in each role.
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• Sequential bottlenecks: Running three analyses one after another takes
three times as long as running them in parallel.

• Confirmation bias: The samemodel that wrote code is often too forgiving
when reviewing it.

A multi-agent system addresses each concern. Three specialized agents
– a security reviewer, a performance analyzer, and a style checker – can run
in parallel, each with its own focused context and expert instructions. Their
results are aggregated by an orchestrator that produces a unified review. The
total time is determined by the slowest agent, not the sum of all three.

This pattern – decompose, specialize, parallelize, aggregate – is the funda-
mental insight behind multi-agent systems. It mirrors how human organiza-
tions solve complex problems, and it turns out to be equally effective for AI.

From Chatbots to Autonomous Systems: The Evolution

The evolution from chatbots to autonomous agents has proceeded through
several distinct phases, each building on the capabilities of the previous one.

Phase 1: Conversational Interfaces (2022-2023). The first wave of gen-
erative AI applications were conversational interfaces – essentially advanced
autocomplete systems that could maintain context across multiple turns.
ChatGPT demonstrated the power of this approach in late 2022, and within
months every major technology company had released their own chat-based
AI product. These systems were impressive but fundamentally limited: they
could only generate text, and they required a human to drive every interaction.

Phase 2: Tool-Augmented Models (2023-2024). The second wave added
tool calling – the ability for models to request actions from external systems.
OpenAI introduced function calling in March 2023, and by mid-2024 most
major model providers supported some form of structured tool invocation.
This was a critical step because it gave models agency: they could do things,
not just talk about doing things. A model could look up the weather, query a
database, send an email, or run a code analysis tool. But the model still needed
a human to initiate each interaction and interpret the results.

Phase 3: Single-Agent Autonomy (2024-2025). The third wave introduced
agent loops – systems where a model repeatedly calls tools, observes results,
and decides its next action without human intervention. Frameworks like
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LangChain, Semantic Kernel, and AutoGen provided the scaffolding for build-
ing these loops. A single agent could now plan a multi-step task, execute it tool
by tool, and produce a final result. This was where the concept of an “agent”
became real rather than theoretical.

Phase 4: Multi-Agent Systems (2025-2026). The current wave is about
coordination between multiple agents. Microsoft’s Agent Framework (released
in preview form in late 2025 and reaching general availability in April 2026)
provides a production-ready platform for building multi-agent workflows in
.NET and Python. Hermes Agent by Nous Research offers open-source multi-
agent orchestration with its Kanban board pattern. The Model Context Pro-
tocol (MCP), standardized across the industry, enables agents to discover and
use tools from any compatible server. And the A2A (Agent-to-Agent) protocol,
backed by a consortium including AWS,Google, Microsoft, and others, provides
cross-framework agent communication.

This evolution is not linear; each phase coexists with the ones that preceded
it. Many production systems today combine all four phases: conversational
interfaces for user interaction, tool-augmented models for specific tasks,
single-agent loops for autonomous work, and multi-agent orchestration for
complex operations. Understanding where your system fits on this spectrum
is the first step in designing it effectively.

Introducing Harness, Hermes, and Loop Engineering

The three approaches covered in this book address different layers of themulti-
agent stack. Understanding their relationship is essential before diving into
implementation.

Harness: The Agent Runtime

A harness is the scaffolding that surrounds a language model and turns it
into an agent capable of real action. The term comes from horse harnesses –
the equipment that connects a horse to a carriage, giving it something useful to
pull. Similarly, an agent harness connects a model to tools, memory, planning
capabilities, and safety controls, giving it something useful to do.

The Microsoft Agent Framework provides HarnessAgent, a batteries-
included implementation that wraps any IChatClient with a complete
agentic pipeline. Out of the box, a HarnessAgent includes:
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• Automatic tool-calling with configurable iteration limits
• Context-window compaction to prevent overflow during long conversa-
tions

• A persistent todo list for multi-step planning
• Plan/execute mode tracking that structures how the agent works
• File-based session memory for notes and artifacts
• Read/write file tools scoped to a working directory
• Approval gates with “don’t ask again” standing rules
• Built-in OpenTelemetry observability
• Web search capabilities
• Shell command execution (optional)
• Background sub-agent delegation (optional)

Each of these capabilities can be individually enabled, disabled, or cus-
tomized. You supply your own chat client and configure only the parts you
want to change. Everything else has sensible defaults.

The harness is foundational because agent quality depends heavily on the
environment in which the model operates. A strong model with poor tools,
weak context, and no controls will produce poor results. A well-designed
harness helps the agent act with the right information, the right capabilities,
and the right boundaries.

Hermes: The Orchestration Layer

If a harness gives an individual agent its capabilities, Hermes provides the
coordination layer that allowsmultiple agents towork together. Hermes Agent,
built by Nous Research and released as open-source in February 2026, is
designed as a self-hosted, persistent AI agent that grows with you over time.

Hermes introduced multi-agent orchestration in version 0.6.0 through its
Kanban board pattern. In thismodel, tasks are represented as cards on a shared
board. Each card has a title, an assignee (the agent profile that should work on
it), and a status. A dispatcher loop claims ready cards and spawns the assigned
agent in its own clean workspace. Agents read from and write to the board
rather than communicating directly with each other.

The Kanban board pattern has five advantages over naive multi-agent
setups:

1. Durability: The board survives restarts and crashes. If an agent dies mid-
task, the dispatcher reclaims the card and respawns the agent.
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2. Parallelism: Many agentswork simultaneously, coordinated by the shared
board.

3. Event-driven design: Work flows through the dependency graphwithout
polling loops.

4. Self-healing: Dead tasks are automatically reclaimed and respawned.
5. Auditability: Every claim, comment, and completion is logged, creating a

complete trace of what happened.

Hermes is Python-first, but its API server exposes OpenAI-compatible end-
points (/v1/chat/completions and /v1/responses) plus REST APIs under
/api/sessions/*. Thismakes it straightforward to integrateHermes fromC#
applications using standard HTTP clients. A C# application can spawn Hermes
agents, monitor their progress through the Kanban board API, and aggregate
results, all without writing any Python code.

Loop Engineering: The Autonomy Paradigm

Loop engineering, as a named discipline, emerged in early 2026 through the
writings of Addy Osmani, Boris Cherny, and others. It describes the practice of
designing systems that prompt and supervise AI agents automatically, rather
than requiring a human to type every prompt.

The insight behind loop engineering is simple but profound: the bottleneck
in AI-assisted development is not the model’s intelligence, it is the human who
has to keep prompting it. If you can design a system that generates its own
prompts, checks its ownwork, and iterates until a goal is satisfied, youmultiply
your leverage dramatically.

A loop consists of five core primitives:

1. Automations: Scheduled tasks that discover work and triage it on a
cadence. An automation might run every morning, scan for CI failures,
read open issues, and write findings to a task board.

2. Worktrees: Isolated working directories that allow multiple agents to
work in parallel without stepping on each other’s files. Git worktrees are
the canonical implementation, but any filesystem isolation works.

3. Skills: Codified project knowledge stored in structured documents (typ-
ically SKILL.md files). Skills capture the conventions, build steps, and
institutional knowledge that an agent would otherwise have to guess at
every session.
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4. Plugins andConnectors: Integrationswith external tools – issue trackers,
databases, APIs, messaging platforms. The Model Context Protocol is
the standard for connectors, allowing any MCP-compatible tool to be
discovered and used by any MCP-compatible agent.

5. Sub-agents: Specialized agents that split roles within a loop. The most
common pattern is maker/checker separation: one agent writes code, a
different agent reviews it against specifications and tests. The model that
wrote the code is too lenient grading its own work.

A sixth element ties these together: statemanagement. A loopmust persist
its progress somewhere outside the conversation context, because the model
forgets everything between runs. This state can be a markdown file, a Linear
board, a database, or any durable storage. The key principle is that the state
lives on disk, not in the agent’s context window.

The Three‐Layer Architecture: Runtime, Orchestration,
Autonomy

These three approaches form a coherent stack when combined:

1 +--------------------------------------------------+
2 | Layer 3: Loop Engineering (Autonomy) |
3 | Automations, Skills, Connectors, Sub-agents |
4 | State Management, Self-Healing |
5 +--------------------------------------------------+
6 | Layer 2: Hermes / Orchestration (Coordination) |
7 | Multi-Agent Patterns, Kanban Board, |
8 | Parallel Execution, Result Aggregation |
9 +--------------------------------------------------+
10 | Layer 1: Harness (Runtime Capabilities) |
11 | Tool Calling, Memory, Compaction, |
12 | Approval Gates, Observability |
13 +--------------------------------------------------+
14 | Foundation: Language Model |
15 | OpenAI, Azure OpenAI, Anthropic, Ollama, etc. |
16 +--------------------------------------------------+

Layer 1 (the harness) gives each individual agent the capabilities it needs to
do useful work. Layer 2 (orchestration) coordinates multiple agents working
on a shared goal. Layer 3 (loop engineering) makes the entire system self-
sustaining, running autonomously without human intervention.



Chapter 1: The Age of Multi-Agent Systems 13

You do not need all three layers for every application. A simple single-
agent chatbot only needs Layer 1. A multi-agent research pipeline benefits
from Layers 1 and 2. An autonomous coding assistant that runs overnight and
delivers results in the morning needs all three.

The key insight is that these layers are composable. You can start with a
harness and add orchestration when you need multiple agents. You can add
loop engineering on top when you want autonomy. Each layer adds capability
without invalidating the ones below it.

What This Book Will Build

Throughout this book, you will build a multi-agent customer support platform
called SupportHub. The final system will include:

• A Triage Agent that classifies incoming support requests by category,
urgency, and complexity

• A Research Agent that searches a knowledge base using RAG to find
relevant documentation

• A Resolution Agent that drafts responses based on research findings and
company policies

• An Escalation Agent that identifies cases requiring human intervention
and routes them appropriately

• A Human Reviewer approval gate where support managers can approve
or modify automated responses before they are sent

The system will use the Microsoft Agent Framework for agent runtime ca-
pabilities, integrate with Hermes-style orchestration patterns for multi-agent
coordination, and implement loop engineering principles for autonomous
operation. It will be deployed to Azure Container Apps with OpenTelemetry
observability and structured outputs throughout.

You will build this system incrementally, adding one capability per chapter.
By the end, you will have a production-ready application that demonstrates
every concept covered in the book.
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Chapter Summary

In this chapter, we explored the evolution from chatbots to autonomousmulti-
agent systems. We introduced the three pillars of modern agent development:
Harness (the runtime), Hermes (orchestration), and Loop Engineering (auton-
omy). We described how these layers compose into a complete architecture
and outlined the SupportHub application you will build throughout the book.

Key Takeaways:

• AI agents operate in loops of observe-reason-act-evaluate, unlike reactive
chatbots

• Multi-agent systems decompose complex problems into specialized roles
for parallel execution

• The three-layer stack (runtime, orchestration, autonomy) is composable
and incremental

• The SupportHub applicationwill demonstrate all concepts through a real-
world use case

Review Questions:

1. What distinguishes an AI agent from a traditional chatbot?
2. Why are multi-agent systems more effective than single agents for com-

plex tasks?
3. What are the five core primitives of loop engineering?
4. How do the three layers (harness, orchestration, autonomy) relate to each

other?

Further Reading:

• Microsoft Agent Framework documentation: https://learn.microsoft.com/en-
us/agent-framework/

• AddyOsmani on LoopEngineering: https://addyosmani.com/blog/loop-
engineering/

• HermesAgent byNousResearch: https://hermes-agent.nousresearch.com/docs/
• TheModel Context Protocol specification: https://modelcontextprotocol.io/

Exercises:
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1. Identify a complex task in your current work that could benefit from
multi-agent decomposition. Sketch how you would break it into special-
ized agent roles.

2. Research the OWASP Agentic Top 10 security risks. Which ones are most
relevant to the SupportHub application?

3. Set up a free account with an LLM provider (OpenAI, Azure OpenAI, or
Ollama for local models) and make your first API call using the provider’s
SDK.
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