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Preface 

Who This Book Is For 

This book is written for .NET developers who want to build AI-powered agent systems 

without abandoning the tools and patterns they already know. You should be 

comfortable with C# fundamentals, have written at least one ASP.NET Core service or 

console application, and have a working relationship with dependency injection. If you 

can write a class, use LINQ, and navigate your IDE without a tutorial, you’re ready. Prior 

AI or machine learning experience is not required. 

You will also find this book valuable if you are: 

• A Semantic Kernel user looking to migrate to the unified Microsoft Agent 

Framework 

• A Python developer who has built with AutoGen and wants to move the same 

patterns into .NET 

• A tech lead evaluating the Microsoft Agent Framework for your team’s next 

project 

• A solution architect responsible for adding an AI tier to an existing .NET platform 

• A senior developer filling in the gaps in your agentic AI mental model 

Every code example in this book compiles, runs, and solves a realistic problem. 

Exercises use a three-tier support system — hints in the chapter, full worked solutions 

in Appendix E, and runnable code in the companion repository. What you see on the 

page is what you will run in your IDE. 

Prerequisites 

Prerequisite Level required Where to brush up 

C# language Intermediate Chapter 2 of this book 

.NET SDK .NET 10 installed https://dot.net/download 

IDE VS 2026 / VS 

Code / Rider 
Official setup guides 

LLM provider Azure / OpenAI / 

GitHub / Ollama 
Chapter 4 walks all four 



async/await Comfortable daily 

use 
Chapter 2 refresher 

Dependency injection IServiceCollection 

familiarity 
Chapter 2 refresher 

 

What This Book Covers 

Building AI Agents with C# and .NET 10 is organized into five parts spanning nineteen 

chapters. Each part builds on the previous one, taking you from your first call to an LLM 

in C# to a production-hosted, observability-instrumented, safety-filtered multi-agent 

system. 

Part I — Foundations (Chapters 1–4). Context for why agentic AI matters in .NET, a 

focused refresher on the modern C# features you’ll use throughout the book, a 

developer’s mental model of how LLMs actually work, and a complete setup that gets 

your machine ready for every subsequent chapter. 

Part II — Your First Agents (Chapters 5–7). You’ll build your first ChatClientAgent , 

give it a persona, expose it as a Minimal API endpoint, solve the amnesia problem with 

AgentSession  and context providers, and get typed responses instead of strings you 

have to regex. 

Part III — Giving Agents Superpowers (Chapters 8–10). Tools and function calling, 

the Model Context Protocol (MCP), and retrieval-augmented generation — the three 

capability layers that turn a chatbot into an agent. 

Part IV — Multi-Agent Collaboration (Chapters 12–13). Orchestration patterns — 

sequential pipelines, hub-and-spoke specialists, and branching workflows with human-

in-the-loop approvals. 

Part V — Going to Production (Chapters 14–19). ASP.NET Core hosting with 

AddAIAgent()  and .NET Aspire, OpenTelemetry observability, the middleware pipeline 

for guardrails and safety, packaging domain expertise as portable Agent Skills, 

evaluation with LocalEvaluator and FoundryEvals so you know how good your agent is, 

and a send-off pointing at where MAF and the agent ecosystem go next. 

Five appendices follow: a pinned NuGet reference (A), a Semantic Kernel-to-MAF 

migration map (B), an AutoGen-to-MAF migration map (C), a glossary (D), and worked 

solutions for every exercise in the book (E). 



By the final chapter, you will have built the Contoso FAQ agent — a small but real 

production system — and developed the intuition to design, build, and ship your own. 

Get the Most Out of This Book 

Development environment 

To follow along with the examples, you will need: 

• IDE: Visual Studio 2026, Visual Studio Code with the C# Dev Kit, or JetBrains 

Rider 

• SDK: .NET 10 SDK (download from https://dot.net/download) 

• At least one LLM provider: an Azure OpenAI resource, an OpenAI API key, a 

GitHub Models token, or Ollama running locally 

• Optional, for later chapters: Docker Desktop for Aspire-hosted scenarios in 

Chapter 14 

All examples are tested on Windows 11. The code is standard, cross-platform .NET, so it 

runs on macOS and Linux too, but Windows is the reference platform for this book. 

Platform-specific differences are noted inline where they exist. 

How to read this book 

• If you’re new to agentic AI. Read sequentially. Each chapter builds on the 

previous one, and Chapters 1–4 establish a mental model you’ll rely on for the 

rest of the book. 

• If you’ve built with Semantic Kernel or AutoGen. Skim Chapter 1 for context, 

read Appendix B or C for the migration map, then dive into Part III (tools, MCP, 

RAG), where the new capabilities are concentrated. 

• If you’re using this as a reference. Each chapter is self-contained enough for 

targeted lookups. Use the cross-references and the glossary in Appendix D to 

navigate directly. 

Exercise approach 

Every chapter ends with three exercises: 

• Basic — direct application of one concept 

• Intermediate — combines multiple concepts from the chapter 

• Challenge — extends toward real-world complexity 

Each exercise includes a brief hint in the chapter, a complete worked solution in 

Appendix E, and runnable code in the companion repository. My recommendation: 

attempt each exercise before reading the hint. If you’re stuck for 15–20 minutes, read 



the hint. If you’re still stuck, read the solution — then close the book and try the 

exercise again from memory. 

Callout box guide 

Throughout this book, you will encounter highlighted boxes: 

•       Pro Tip — practical shortcuts and best practices from experience. 

•     Warning — pitfalls that will cost you hours of debugging. 

•     Going Deeper — optional deep-dives for curious readers. Skippable. 

•    Real-World Scenario — production stories connecting theory to practice. 

•           Key Takeaway — the one thing to remember from a dense section. 

•    Cross-Reference — pointers to related chapters, docs, or code. 

•       Try It — a short hands-on exercise inside the chapter flow. 

•          Agent Pattern — names a reusable agent or multi-agent design pattern 

worth recognizing. 

•    Cost Awareness — flags where tokens and API cost add up, and how to keep 

them down. 

Download 

All source code is available on GitHub: 

    https://github.com/RachidD68/building-ai-agents-with-csharp-and-dotnet-

10 

Clone the entire repository: 

git  clone  https: //github.com/RachidD68/building - ai - agents - with - csharp - and - dotnet -
10.git  
cd  building - ai - agents - with - csharp - and - dotnet - 10  

 

The repository is organized by chapter. Paths referenced in code listings — for example, 

src/Ch05.HelloAgent/Ch05.BasicAgent/Program.cs  — match the repository structure 

exactly. The solution file is AgenticAI.slnx ; open it once and every chapter’s projects 

load as a group. 

Supplementary materials 

• Exercise solutions — complete, explained, organized by chapter (also printed 

in Appendix E) 

• Extended examples — bonus content beyond the main text 

• Errata — corrections, clarifications, and version-compatibility notes 



• NuGet package reference — Appendix A, pinned to the exact versions used in 

the book 

Feedback 

Found a bug? Spotted a typo? Have a suggestion? 

• Open an issue: https://github.com/RachidD68/building-ai-agents-with-csharp-

and-dotnet-10/issues 

• Your feedback makes this book better for every reader who follows. 

Conventions Used 

Typographic conventions 

• Bold — new terms, important concepts, UI elements 

• Italic — emphasis, book titles, first-use terms with their definitions 

• Inline code — class names, methods, variables, file paths, NuGet packages, shell 

commands 

Code blocks 

Code blocks use Visual Studio’s default Light theme: 

• Blue — C# keywords (public , class , async , var , record ) 

• Teal — type names (String , IChatClient , ChatClientAgent , AgentSession ) 

• Green — comments (// single - line , /* multi - line */ ) 

• Brown / Dark Red — string literals ("Hello, agent!" ) 

• Golden Brown — method calls 

• Dark Green — numeric literals 

• Black — operators and punctuation 

File-path headers indicate companion repository locations. Ellipses (... ) indicate 

omitted code with an explanatory comment. 

Command-line conventions 

Terminal commands are shown without a prompt prefix; type them exactly as printed: 

dotnet  new console  - n MyAgent  
cd  MyAgent  
dotnet  run  

 

Program output is shown separately, in a dark terminal-styled block.



Introduction 

Why This Book Exists 

Agentic software is not the thing you built five years ago. It is not even the thing you 

built last year. Between the launch of ChatGPT in late 2022 and the release of the 

Microsoft Agent Framework 1.0 GA in April 2026, a new class of .NET applications has 

emerged — programs that hold a language model in one hand and a set of tools in the 

other, and decide for themselves how to string them together to reach a goal. This is not 

a small change. Tools like Semantic Kernel, AutoGen, and the Model Context Protocol 

have reshaped what a .NET developer can build. And with MAF 1.0, what used to be a 

frontier has become a platform. 

The pace of that change is exciting — and keeping up is genuinely hard. Microsoft 

documentation is excellent for individual APIs, but it rarely tells you the story of how 

those APIs connect. Conference talks go deep on one pattern but rarely show you the 

full system. Blog posts explain the syntax but skip the production nuances. And the 

samples you find on GitHub are often tied to one provider, one scenario, or one preview 

version that was breaking last Tuesday. 

That is the gap this book fills. Instead of bouncing between a dozen blog posts and three 

GitHub repositories, this book walks you end to end — from your first LLM call in .NET 

to a production-hosted, observability-instrumented, safety-filtered multi-agent system. 

Each chapter tells a story: why this capability exists, how it fits with what came before 

it, and what it means for the code you will write tomorrow morning. 

Think of it this way. If release notes, API docs, and scattered blog posts are individual 

puzzle pieces, this book is the picture on the box. You can still use the pieces. But you 

finally know what you are building. 

How This Book Is Structured 

The book is organized into five parts that mirror the arc of a real project: understand 

the problem space, refresh your tools, build your first agent, give the agent 

superpowers, collaborate across multiple agents, and finally ship the whole thing to 

production. This progression is deliberate, and it is the reason this book exists in its 

current form. Instead of grouping features by their NuGet package — 

Microsoft.Agents.AI, Microsoft.Extensions.AI, ModelContextProtocol, and so on — we 

group them by the capability they unlock in your application: tools, memory, structured 



output, multi-agent orchestration, hosting, observability, safety. When you read a 

chapter, you are reading about one capability, not one package. 

Every chapter in this book follows a consistent three-step pattern. Once you have seen 

it a few times, you will know exactly what to expect, which frees your mental energy for 

learning the content itself rather than figuring out the book's structure. 

📝  Key Takeaway 

Explain–Demonstrate–Practice Pattern 

1. Explain — a short, plain-English description of the capability, its motivation, and the analogy 

that makes it stick. 

2. Demonstrate — a focused, runnable code example from the companion repository, with the 

important lines called out in prose. 

3. Practice — a Try It box or end-of-chapter exercise that puts the capability in your fingers, not 

just your head. 

Throughout the book, you will also encounter Going Deeper callout boxes. These 

provide senior-level material — architectural trade-offs, performance notes, production 

pitfalls — for readers who want the advanced perspective. They are designed to be 

skippable without losing the main narrative. If you are reading this book for the first 

time and an airplane is about to board, skip them. Come back on the second pass. 

A note on the five-part progression. Parts I and II are foundational and intentionally 

small in surface area. Part III is where the book becomes technical: tools, MCP, retrieval, 

and multimodal input are the capabilities that make agents genuinely useful, and each 

gets its own chapter. Part IV is where we stop thinking about one agent at a time and 

start thinking in systems — multi-agent collaboration and workflow graphs. Part V is 

the part most agent books skip: hosting, observability, and safety. A demo is easy; a 

production system is a different conversation, and the last six chapters of this book are 

that conversation. 

The Companion Projects 

Reading about code is not the same as writing code — and this book knows it. Every 

chapter from Chapter 2 onward is paired with one or more standalone, runnable 

companion projects that you can clone, build, and experiment with. These are not toy 

examples. Each project is a focused, realistic application in a specific domain, chosen 

because that domain naturally exercises the features covered in its chapter. 

Part Companion projects Why these domains 



Part I (Ch 2–4) ConsoleApp, MinimalApi, 

TokenExplorer, FirstLlmCall 
Warm-up patterns. A C# refresher, a 

Minimal API starter, a tokenizer 

visualizer, and your first LLM call — 

deliberately minimal, so the only new 

idea on screen is the model itself. 

Part II (Ch 5–7) BasicAgent, StreamingAgent, 

MinimalApiAgent, 

AgentSessionDemo, 

PersistentSession, 

ContextProviderDemo, 

TypedResponses, EntityExtraction 

Every flavor of single-agent scenario — 

conversational, streaming, HTTP-

exposed, stateful, typed, and schema-

extracted. Keeps the focus on the 

agent's contract, not distracting 

application concerns. 

Part III (Ch 8–11) WeatherTool, CalculatorTool, 

DatabaseLookupTool, McpServer, 

McpConsumer, 

KnowledgeBaseMcp, 

EmbeddingsDemo, RagPipeline, 

FaqAgent, VisionBasics, 

ImageToTypedData 

Concrete, non-toy tools, retrieval, and 

vision: weather with graceful 

degradation, multi-step math, a DI-

driven product catalog, an MCP-

exposed knowledge base, the Contoso 

FAQ agent grounded on a real 

document set, and a vision agent that 

turns an invoice image into a typed C# 

record. 

Part IV (Ch 12–13) SequentialPipeline, 

OrchestratorPattern, 

ContentPipeline, 

SequentialWorkflow, 

ConditionalWorkflow, 

ApprovalWorkflow 

Multi-agent and workflow topologies: 

chained specialists, hub-and-spoke 

orchestration, branching graphs, 

human-in-the-loop approval loops. 

Each project isolates one structural 

pattern without the noise of a full 

application. 

Part V (Ch 14–19) AspNetCoreHost, 

AspireOrchestration, A2APreview, 

OpenTelemetryAgent, 

MiddlewarePipeline, 

InputSanitization, CriticAgent, 

AgentSkills, EvalSuite, EvalTests, 

FaqEval, NextSteps 

Production scaffolding. ASP.NET Core 

hosting with AddAIAgent(), .NET Aspire 

orchestration, an A2A protocol preview, 

OpenTelemetry instrumentation, three 

layers of safety middleware, agent skills 

packaging, an evaluation suite, and a 

closing Next Steps guide. The patterns 

you will copy into your real project. 

 



🔍  Going Deeper 

Each project is fully self-contained with its own .csproj, a README, and a runnable entry point. 

You can clone any single project without downloading the others. Simply run dotnet run from the 

project folder to see it work. The shared AgenticAI.Common library provides a provider-agnostic 

AddLlmChatClient() extension that every chapter reuses — you configure it once in 

appsettings.json or User Secrets, and it works across Azure OpenAI, OpenAI, GitHub Models, and 

Ollama without touching the calling code. 

A Note on Versions 

This is Version 1.0 of Building AI Agents with C# and .NET 10, built on Microsoft Agent 

Framework 1.11. It targets the stable, generally available surface: every code listing 

runs against MAF 1.11, and every API it uses is supported and documented by 

Microsoft. There is no preview ceremony, no alpha-only attributes, no shifting 

namespaces, no breaking weekly changes. As the framework evolves, errata and 

version-compatibility notes will track any changes in the companion repository. 

Let's Begin 

Agentic AI on .NET has never been more accessible, more production-ready, or more 

worth your time. Whether you are here to fill a specific gap, catch up after a year of 

preview churn, or deepen your expertise with multi-agent and workflow patterns, this 

book has something for you. 

Open your editor. Pick the companion project that interests you most. And let us start 

building. 

 

🔗  Cross-Reference 

Chapter 1 — The AI Revolution in .NET. Chapter 1 is conceptual: the shift from procedural 

software to agentic software, the Microsoft AI ecosystem, and the consolidation story that 

produced MAF 1.0 GA. If you read nothing else before diving into code, read the first chapter. It is 

the mental model every subsequent chapter assumes. 

Contents 

A map of the book — by Part, then Chapter, with each chapter’s sections and page 

numbers listed beneath it. 
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Chapter 1 — The AI Revolution in .NET 

The shift, the ecosystem, and why your C# skills are worth more today than they 

were a year ago. 

🌍  Real-World Scenario 

A year ago, I got a message from a lead at a mid-size logistics company. Their internal help desk 

was drowning. Four people, ten thousand tickets a month, half of them variations of the same five 

questions: “How do I reset my VPN password?”, “Where’s the expense policy?”, “Why is my 

corporate card declined on Uber?” Their director had sent everyone a Slack message that 

morning: “Can we put AI in this?” He wanted a demo by Friday. 

You’ve probably had that message too. Maybe not the Friday deadline. But the question — can we 

put AI in this? — has landed in every serious .NET shop I’ve talked to in the last eighteen months. 

And the people answering it tend to fall into two camps: the ones who say “we’ll need to hire 

Python developers,” and the ones who open Visual Studio. 

This book is for the second camp. If that’s not you yet, it will be by Chapter 5. 

From software you write to software you delegate to 

For the last twenty years, every line of code you and I have written has been an 

instruction. Load this row from the database. If the status is “pending,” change it to 

“approved.” Send an email. You describe the steps, the machine runs the steps, and if 

the machine does the wrong thing, it’s because you wrote the wrong steps. 

Agentic software flips that contract. Instead of writing the steps, you describe the goal 

and give the program a set of capabilities. The program — which is now holding a large 

language model in its hand like a tool — decides which capability to use, when to use it, 

and how to string the results into an answer. You no longer tell it “first call the database, 

then format the row, then return JSON.” You tell it “answer the user’s question about 

their recent orders,” hand it a database lookup tool, and let it figure out the shape of the 

work. 

That’s a big change, and I want to be honest about what it does and doesn’t do. 

What does change: 



• You write fewer branches. The if/else trees that fan out across customer-support 

chatbots get replaced with one prompt and three tools. A feature that used to 

take a week of cases takes an afternoon. 

• You think in capabilities, not flows. “What does this agent know how to do?” 

becomes more important than “what happens after step 3?” 

• You spend time on prompts, evaluation, and guardrails. I’ll show you all three 

later in the book. The first time I shipped an agent, I spent more time tuning the 

system prompt than writing the tools. 

What doesn’t change: 

• The rest of your stack. Your API is still ASP.NET Core. Your database is still SQL 

Server or Postgres. Your auth is still whatever it was on Monday. Agents are a 

component that plugs into systems you already know how to build. 

• Testing matters more, not less. A non-deterministic system is harder to assert 

on, and the engineers I’ve seen succeed with agents are the ones who already 

cared about automated tests before the model showed up. 

• Operational discipline. Logging, tracing, rate limits, retries. You’ll find that most 

of the production headaches in Chapter 15 are variations of problems you 

already solve in distributed systems. 

If you’ve built a web API, a Windows service, or a Blazor app, you’ve already got 80% of 

what you need to ship an agent. The remaining 20% is what this book is about. 

📝  Key Takeaway 

Agentic software isn’t a replacement for the .NET you know. It’s a new component class — one 

that consumes a language model, exposes tools, and makes small decisions on your behalf. You’ll 

still write the API around it, the data access underneath it, and the tests above it. 

What makes software agentic: the agent loop 

I called the agent a program that makes small decisions on your behalf. Let me make 

that precise, because the mechanism is the whole game — and it’s simpler than the 

marketing makes it sound. 

Here is the loop. Your program sends the user’s goal and a list of available tools to the 

model. The model reads the goal and decides: can I answer this now, or do I need to call 

a tool first? If it needs one — say, a database lookup — it doesn’t run the tool itself; it 

tells your program “call the order-lookup tool with this customer ID.” Your program 

runs the tool, gets the rows back, and hands the result to the model. The model looks 

again: do I have enough now? If yes, it writes the answer. If not, it asks for another tool 



call. Your program runs that, feeds the result back, and the loop continues until the 

model decides the goal is met. Then it returns the answer. 

Read that again with one detail in mind: you wrote the goal and the tools, but you did 

not write the order of the steps. In a normal method, you write the control flow — first 

this, then that, branch here. In an agent, the model owns the control flow. You supply 

capabilities; it decides which to use and when. 

Make it concrete. The goal is “answer the user’s question about their recent orders,” and 

you give the agent one tool: look up orders by customer ID. The user asks “did my 

January order ship?” The model decides it needs data, calls the lookup tool, gets three 

rows back, reads them, and composes “Yes — your January 14th order shipped on the 

16th and was delivered on the 19th.” That question took one trip around the loop. A 

vaguer one might take three tool calls; a question the model can answer from the 

conversation alone takes zero. The loop runs as many times as the model judges it 

needs, and not one more. 

That’s the core. Tools are Chapter 8, and you’ll watch a real ChatClientAgent run this 

exact loop in Chapter 5. Everything else in this book — memory, structured output, 

multi-agent systems, workflows — is built on top of this one cycle. 

🤖  Agent Pattern 

The agent loop: your program calls the model with a goal and a set of tools; the model decides 

whether to answer or to call a tool; your program runs the tool and feeds the result back; repeat 

until the model judges the goal met. You own the goal and the tools. The model owns the path. 

This is the core pattern every later chapter builds on. 

Agents, workflows, and plain LLM calls 

“Agent” gets stretched to cover everything from a single chatbot reply to a swarm of 

cooperating bots. It’s worth pinning down where an agent actually sits, because the 

wrong choice here is the most common — and most expensive — mistake I see. 

Picture four rungs, lowest autonomy to highest. The first is a single LLM call: one 

prompt in, one answer out, no loop and no decisions — “summarize this paragraph.” 

The second is a fixed chain you orchestrate: you write the steps — extract entities, then 

look each one up, then format the result — and the model fills in the content at each 

step. You still own every step. The third is a workflow: a graph of steps with branches 

and conditions that you define, where each node may be model-powered but the path 

between nodes is yours. The fourth is an agent: you hand over the goal and the tools, 

and the model decides which tools to call and in what order. 



The line that matters runs between the third rung and the fourth. In a workflow, you 

decide the path; in an agent, the model decides the path. That is the whole distinction, 

and MAF treats the two as first-class and deliberately separate — so you pick the one a 

given problem deserves rather than reaching for the most autonomous option by reflex. 

This book teaches agents first, in Parts II and III, because the loop is the foundation 

everything else stands on. Workflows get their own treatment in Chapter 13. And real 

systems mix them constantly: a deterministic workflow that calls an agent at one node, 

or an agent whose tools are themselves small workflows. You’ll build both, and learn to 

feel which one a problem is asking for. 

🔗  Cross-Reference 

Multi-agent systems — several agents collaborating on one job — are Chapter 12. Workflows, 

where you draw the graph and the model powers the nodes, are Chapter 13. Read them as two 

answers to the same question: how much of the control flow do you want to own? 

Where .NET sits in the AI world 

Let me say the quiet part out loud: Python got to AI first, and by a wide margin. In 2022, 

when ChatGPT came out, the majority of tooling, tutorials, and open-source libraries 

were Python-native. Microsoft Research built AutoGen in Python. LangChain was 

Python. The HuggingFace ecosystem was Python. If you were a .NET developer in early 

2023, you felt that you were showing up to a party where everyone had already found 

the snacks. 

Three things have happened since, and together they’ve closed the gap. 

First, the underlying APIs are language-agnostic. When you talk to GPT-4 or Claude or 

Llama, you’re sending JSON over HTTPS. The SDK is a convenience wrapper around a 

REST call. Python had nicer wrappers early; that was the whole lead. Wrappers are 

cheap to write, and Microsoft has written excellent ones in C#. 

Second, Microsoft has been shipping AI primitives in .NET with genuine intent. The 

Microsoft.Extensions.AI abstractions (IChatClient, IEmbeddingGenerator) shipped in 

2024 with the same design sensibility as ILogger and IHttpClientFactory: small 

interfaces, provider-agnostic, built for dependency injection. If you’ve used 

IServiceCollection, these feel like home. 

Third, the Microsoft Agent Framework went GA in April 2026, consolidating what used 

to be two separate frameworks. This matters more than it sounds. I’ll unpack it in the 

next section. 



Here’s a quick map of the pieces you’ll meet in this book. Not a shopping list — you 

won’t need all of these on day one — just the lay of the land. 

• Microsoft Foundry. Microsoft’s unified platform for deploying models, 

managing keys, governance, and production observability (formerly Azure AI 

Foundry; renamed January 2026). You’ll use it if you work in a regulated 

industry or you want Azure’s identity and compliance story. 

• OpenAI SDK for .NET (the OpenAI NuGet package). Official client for OpenAI’s 

REST API. Straight, direct, no ceremony. 

• Azure.AI.OpenAI. The Azure-flavored OpenAI SDK, with Entra ID auth and 

support for Azure-hosted deployments. 

• Microsoft.Extensions.AI. The abstraction layer. IChatClient, ChatMessage, 

IEmbeddingGenerator. Provider-agnostic, so your code doesn’t care if the model 

is from Azure, OpenAI, GitHub Models, or Ollama. This is the base you’ll use 

every day. 

• Semantic Kernel. Microsoft’s first SDK for building AI applications in .NET and 

Python. Still maintained, still good. As of MAF 1.0 GA, it’s the orchestration layer 

for enterprise scenarios that need plugins, planners, and memory connectors, 

and you can migrate to MAF piece by piece. Appendix B walks through the move. 

• AutoGen. Microsoft Research’s multi-agent framework, born in Python. 

Pioneered patterns like group chat, role-based collaboration, and agents talking 

to other agents. Its ideas are now in MAF, with the research-project sharp edges 

sanded down. 

• Microsoft Agent Framework (MAF). The unified, GA SDK for building agents 

and multi-agent systems in .NET and Python. This is the spine of the book. 

• Model Context Protocol (MCP). An open protocol for exposing tools to any 

agent framework. Not Microsoft-specific. You’ll use it in Chapter 9. 

• Ollama. Run open-weight models locally on your laptop. Great for development, 

for demos where the cloud is a nuisance, or for regulated environments that 

don’t let data leave the building. 

If some of those names feel alphabet-souped, that’s fine. You’ll touch each one in a real 

exercise before Chapter 14. 

How Semantic Kernel and AutoGen became the 

Microsoft Agent Framework 

This is a short history, but it’s worth knowing, because it explains why the framework 

you’re about to learn has the shape it does. 



2023. Microsoft ships Semantic Kernel. The pitch: a production-minded SDK for 

building AI applications in .NET (and later Python), with first-class plugins, planners, 

and memory. SK was the right bet for its era — treat the model as a sophisticated API, 

orchestrate capabilities around it, keep it close to the .NET idioms developers already 

knew. Enterprise teams liked it. I built three production systems on SK between 2023 

and 2025, and it paid rent. 

Also 2023. Microsoft Research releases AutoGen, a Python-first framework focused on 

multiple agents collaborating. Different pitch: what if you have a “Researcher” agent, a 

“Writer” agent, and a “Critic” agent, and they talk to each other? AutoGen proved that 

patterns like group chat, role-based collaboration, and reflective critique were not just 

academic — they shipped real work. It was, frankly, more exciting than SK for a while, 

because the demos were flashier. 

The problem. You had two frameworks. Semantic Kernel was production-shaped but 

single-agent. AutoGen was multi-agent but research-shaped. If you were building a 

serious .NET system that needed both, you were gluing things together. I watched a 

team spend six weeks writing a bridge between SK’s plugin model and AutoGen’s agent 

model. Six weeks that should have been feature work. 

By mid-2025, it was clear inside Microsoft that this had to consolidate. The two teams 

started talking. SK’s IChatClient abstraction merged with AutoGen’s agent concepts. The 

plugin model became tools. The Python and .NET implementations got realigned so that 

the surface area was the same in both languages. In April 2026, the Microsoft Agent 

Framework 1.0 shipped, generally available. 

🔍  Going Deeper 

MAF is not a rewrite of SK, and it’s not a wrapper around AutoGen. It’s a genuinely unified 

framework where the single-agent primitives (ChatClientAgent, AgentSession) and the multi-

agent primitives (WorkflowBuilder, AgentWorkflowBuilder) share the same foundation. If you’ve 

used SK, you’ll recognize the DI story, the configuration model, and the observability hooks. If 

you’ve used AutoGen, you’ll recognize the collaboration patterns. Appendices B and C map every 

SK and AutoGen concept to its MAF equivalent. 

The practical upshot for you: one SDK, one mental model, two languages if you want 

them, and it’s out of preview. You can build on it and not wake up every Monday to a 

breaking change in the alpha. 

One more note on the consolidation, because this is the kind of thing I wish someone 

had told me on day one: the Python and .NET versions of MAF are genuine siblings, not 

cousins. If you build a team where half the people are C# and half are Python, you’ll be 

having the same conversations about the same abstractions, and you’ll read each 



other’s code with no surprises. That’s rarer than it should be in Microsoft frameworks, 

and the team deserves credit for it. 

Figure 1.1 captures that convergence at a glance — two separate Microsoft efforts 

collapsing into a single framework. 

 

Figure 1.1 — Two Microsoft efforts, one destination. Semantic Kernel and AutoGen converged into MAF 1.0 

GA in April 2026. 

Where agents fit in your career 

Let me be concrete about what this means for your next twelve months. 

The skill delta is smaller than people pretend. If you know C#, async, DI, and how to 

read a REST response, you’re at 80%. The remaining 20% is: how LLMs behave 

(Chapter 3), how to wire them into your app (Chapter 4), and a handful of patterns — 

tools, memory, structured output, multi-agent — that you’ll pick up across Chapters 5 

through 12. That’s it. The hard part isn’t learning; the hard part is putting it into 

production without breaking things, which is Part V of the book. 

The market wants this, and it’s uneven about where. Internal tooling, customer 

support, document processing, and developer productivity are the four use cases that 

I’ve seen eat budgets in 2025 and early 2026. Not self-driving robots. Not generalized 

“AGI.” Boring, high-value internal systems that save someone’s team forty hours a week. 

If you pitch your manager “let me rebuild the triage queue as an agent,” you’re going to 

get a yes a lot faster than if you pitch “let me build an autonomous research scientist.” 

.NET shops will move second, and that’s an opportunity. Most .NET shops I’ve 

worked with are cautious. They want GA frameworks, not previews. They want Entra 



ID, not service accounts. They want an audit trail and a compliance story, not a GitHub 

repo and a vibe. MAF 1.0 GA is the green light a lot of those teams have been waiting for. 

That means: the demand for developers who can build agents in .NET is going to spike 

in 2026 and 2027, and the supply is going to lag. If you’re reading this book in 2026, 

you’re early. Early is a good place to be. 

I don’t want to oversell it. Agents won’t replace your job. They won’t replace the CRUD 

endpoints, the cron jobs, the background workers. They will add a new tier to your 

architecture, somewhere between “the API” and “the user,” and being the person on 

your team who can build that tier is a career-positive move. 

💡  Pro Tip 

If you’re interviewing for agent-related roles in 2026, the fastest way to stand out is not a 

sprawling multi-agent demo. It’s a small, boring, well-instrumented internal tool. A single agent 

that replaces a ticket triage queue, with logs, traces, and evaluations. Hiring managers have seen 

a thousand RAG chatbot demos. They’ve seen very few agents with a coherent observability story. 

Chapter 15 is where you’ll build that. 

Three things that change when the model joins your 

stack 

Most of your .NET instincts carry over intact. Three of them don’t — and the engineers 

I’ve seen get blindsided in production are almost always tripped by one of these three. 

Non-determinism. The same input can produce a different output. Run the same 

prompt twice and you may get two different — both correct — answers. That breaks 

the assertion you’ve leaned on your whole career: Assert.Equal(expected, actual). You 

don’t test an agent by pinning its exact words; you test that the answer contains the 

right facts, calls the right tool, or matches a schema. It’s the “testing matters more” point 

from earlier, sharpened — testing doesn’t just matter more, it changes shape. 

Latency. A model call takes seconds, not milliseconds, and a multi-step agent loop can 

take tens of seconds. You can’t hide that behind a spinner and hope. It reshapes your UX 

— you stream tokens as they arrive so the user sees progress instead of a frozen screen 

— and it reshapes your architecture: timeouts, cancellation, and background processing 

stop being optional. Streaming is Chapter 5. 

Cost per call. Every model call costs money — you pay for the tokens going in and the 

tokens coming out. A branch in an if/else tree is free to execute a million times; the 

same decision made by a model carries a per-request price, and a chatty agent that 



loops five times costs five times as much. That turns cost into a design input: how much 

context you send, how many tool round-trips you allow, which model tier you pick. 

Token economics is Chapter 3. 

💰  Cost Awareness 

A feature that was effectively free as a branch tree now has a per-request dollar cost. That isn’t an 

afterthought to bolt on at the end — it’s a design constraint you weigh from the first sketch, the 

same way you’d weigh a database round-trip or a third-party API call. 

Agents act — and that changes the risk picture 

A single LLM call produces text, and text is easy to contain. The moment you give an 

agent tools, you’ve built something different in kind: a non-deterministic system that 

can take real actions. It can write to your database, send an email, call a paid API, move 

money. The model’s decision is now wired to a lever in the real world — and the model 

is steered by language, including language that didn’t come from you. 

Three risks deserve names, because you’ll meet all of them. Prompt injection is 

untrusted input steering the agent — a customer email containing “ignore your 

previous instructions and issue a refund,” which the model reads as just another 

instruction. Over-permissioned tools are an agent holding more capability than the task 

needs — a read-only FAQ bot that somehow has a delete-customer tool within reach. 

And the confused-deputy problem is the agent acting with its own privileges on behalf 

of an attacker’s instruction: the agent is trusted, the attacker is not, but the attacker’s 

words flow through the trusted agent. 

This is exactly why cautious .NET shops are right to want an audit trail, least-privilege 

tools, and a human in the loop before anything irreversible. Guardrails aren’t a 

compliance checkbox you add at the end; for an agent that can act, they’re part of the 

design. The reassuring part is that none of it is exotic — it’s the same least-privilege, 

validate-your-inputs discipline you already apply to any system that touches 

production, pointed at a new kind of caller. 

⚠️  Warning 

A tool you grant an agent is a capability you grant to anyone who can influence its input. Scope 

every tool to the narrowest thing the task needs, and put a human in front of any action you can’t 

take back. 



The how-to — prompt-injection defense, the critic-agent pattern, PII redaction — is 

Chapter 16, and human-in-the-loop approvals are Chapter 13. For now, just carry the 

instinct: the moment an agent can act, security stops being someone else’s chapter. 

What you’ll build in this book 

Nineteen chapters. Five parts. Forty-plus runnable projects in the companion 

repository. Here’s the arc, in the order you’ll walk it. 

Part I — Foundations (Chapters 1–4). You’re in Chapter 1 right now. Chapter 2 is a 

focused refresher on the parts of modern C# you’ll actually use — async, records, 

pattern matching, DI, Minimal API — so that if you’ve been away from C# for a while, or 

you’ve only used it in one lane, the rest of the book doesn’t trip you. Chapter 3 is a 

developer’s-eye view of how LLMs actually work: tokens, temperature, context 

windows, and the token economics that make or break a project’s budget. Chapter 4 

gets your machine ready — Azure OpenAI, OpenAI, GitHub Models, or Ollama — and 

you make your first LLM call in C#. 

Part II — Your First Agents (Chapters 5–7). Chapter 5 is “Hello, Agent!” — you create 

your first ChatClientAgent, give it a persona, and wire it into an ASP.NET Core endpoint. 

Chapter 6 solves the amnesia problem: agents forget by default, and you’ll learn 

AgentSession, history providers, and context providers to fix it. Chapter 7 shows you 

how to get typed responses out of an agent — not strings you have to regex — using 

RunAsync<T>(). 

Part III — Giving Agents Superpowers (Chapters 8–10). Chapter 8 is tools and 

function calling, which is where agents start feeling useful instead of impressive. 

Chapter 9 introduces MCP, the open protocol that lets your agent talk to tools written in 

any language. Chapter 10 is retrieval-augmented generation: embeddings, cosine 

similarity, and a real FAQ agent grounded on a real knowledge base. 

Part IV — Multi-Agent Collaboration (Chapters 12–12). Chapter 12 is where you 

build a Researcher → Writer → Editor pipeline and learn the orchestrator-and-

specialists pattern. Chapter 13 steps up to workflows: conditional edges, fan-out, and 

human-in-the-loop approvals. 

Part V — Going to Production (Chapters 14–18). Chapter 14 hosts your agents in 

ASP.NET Core with AddAIAgent() and .NET Aspire. Chapter 15 is observability — the 

three pillars, OpenTelemetry, and the GenAI semantic conventions. Chapter 16 is safety: 

middleware, prompt-injection defense, PII redaction, the critic-agent pattern. Chapter 

17 packages domain expertise as Agent Skills — portable SKILL.md bundles with 

progressive disclosure. Chapter 18 is evaluation: LocalEvaluator, FoundryEvals, and the 



EvaluateAsync orchestration that turns “I shipped an agent” into “I know how good my 

agent is.” Chapter 19 is a send-off, pointing you at the frontier: A2A, AG-UI, enterprise 

governance, and where to contribute. 

There’s a running character in the book: Contoso, a fictional retailer. You’ll build a FAQ 

agent for them in Chapter 10, wire it into a real multi-agent system in Chapter 12, 

deploy it in Chapter 14, and instrument it for observability in Chapter 15. By the end, 

the Contoso FAQ agent is a small but real production system, not a set of disconnected 

snippets. 

Every chapter has companion code in the companion repository. Open it now if you 

haven’t — it’s alongside this book’s folder. The solution file is AgenticAI.slnx. There’s 

also an exercises/ folder with two or three hands-on challenges per chapter. Hints are 

in the book; full solutions are in Appendix E. 

🔗  Cross-Reference 

If you’re coming from Semantic Kernel, skim Appendix B before Chapter 5 — it maps every SK 

concept to its MAF equivalent and saves you from relearning what you already know. If you’re 

coming from AutoGen in Python, Appendix C does the same for you. 

A first glimpse of the code 

Chapter 1 is the one chapter in this book with almost no code, by design — it’s the map 

before the territory. But let me break that rule once, with about fifteen lines, so the 

abstract has something concrete to hang on. You are not expected to understand this 

yet. Every piece of it is explained by Chapter 5; the host and dependency injection 

arrive in Chapter 4. Read it the way you’d glance at the photo on a recipe — just to see 

the shape of the finished thing. 

HostApplicationBuilder  builder  = Host . CreateApplicationBuilder (args);  
builder. Services . AddLlmChatClient (builder. Configuration );  

  
using  IHost  host  = builder. Build ();  
IChatClient  chatClient  = host. Services . GetRequiredService<IChatClient> ();  

  
// Instructions define the persona, applied to every call.  
ChatClientAgent  agent  = new(  
    chatClient,  
    instructions:  "You are a friendly assistant for .NET developers. Be concise." ,  
    name:  "FirstGlimpse" );  

  
// A session remembers the conversation; then we ask one question.  
AgentSession  session  = await  agent. CreateSessionAsync ();  



AgentResponse  response  = await  agent. RunAsync (  
    "In one sentence, what is an AI agent?" ,  
    session);  

  
Console . WriteLine ( $" { agent. Name} : { response. Text } " );  

Run it, and you get something like this: 

Windows PowerShell  –    □   ✕ 

=== Chapter 1: Your First Glimpse of an Agent ===  

  
FirstGlimpse: An AI agent is a software entity that perceives its environment 
through sensors, takes actions based on the data it receives, and learns to make 
decisions autonomously over time.  

The exact wording will be different every time you run it — that’s the non-determinism 

from a moment ago, not a bug. Five lines of setup, an agent with a persona, a session, 

one question, one answer: that’s the shape of nearly everything you’ll build. The full 

project is in the companion repo at src/Ch01.FirstGlimpse/ — run it once now if you 

like, and again after Chapter 5, when every line will read as obvious. 

A word on how this book treats you 

I’m going to assume you’re a working developer. That means I’m not going to define 

what a variable is, and I’m not going to pad the chapters with “now let’s explore the 

fascinating world of classes.” I’ll also take positions. When I think one approach is better 

than another, I’ll say so, and I’ll tell you why. If you disagree, that’s a good sign — it 

means you’re reading carefully, and the feedback inbox for this book is open. 

There are three kinds of callouts you’ll see throughout: 

•       Pro Tip — a shortcut, a gotcha-turned-lesson, something I wish someone 

had told me earlier. 

•     Warning — a real mistake that will bite you in production if you don’t know 

about it. 

•     Going Deeper — optional. Skip it on first read; come back when you’re 

curious. 

There are others — Real-World Scenario, Key Takeaway, Cross-Reference, Try It — but 

those three are the ones you’ll see most often. When I put a Try It box at the end of a 

section, it’s there because the concept sticks better if you type the code yourself. The 

companion repo has the working code if you want to compare. 

One last thing. The code in this book has been run. Not “should run.” Not “theoretically 

compiles.” Run, on my machine, against real providers, with real API keys, returning 



real responses. If something doesn’t work for you, it’s almost certainly a version 

mismatch or a missing API key, and I’ll tell you how to check both in Chapter 4. There’s 

a companion errata page, linked in the front matter, for the rare case where it’s actually 

the book. 

Let’s build something. 

When not to reach for an agent 

I’ve spent this chapter selling you on agents, so let me spend a few lines talking you out 

of them — because knowing when not to use one is what separates an engineer from a 

hype-follower. 

If the logic is deterministic and fully specifiable — clear rules, no natural-language 

ambiguity, a finite set of inputs you can enumerate — write a normal function or a 

workflow. It will be cheaper, faster, testable, and free to run. A tax calculation, a state 

machine, a validation rule: these have correct answers you can encode, and handing 

them to a probabilistic model just adds latency, cost, and a fresh failure mode for no 

benefit. Don’t make a model guess at something you already know how to compute. 

Reach for an agent when there’s genuine natural-language variability or open-ended 

reasoning that a branch tree handles badly — the wide, brittle if/else that fans out 

trying to cover every phrasing a human might use. Ticket triage, routing a messy 

support queue, pulling structure out of free-form text: that’s where a model earns its 

cost, because the alternative is a thousand lines of fragile string matching that breaks on 

the first input you didn’t anticipate. 

There’s a name for ignoring this line: agent-washing — wrapping a model around a 

problem a plain function would have solved better, because “AI” is on the roadmap. It’s 

a real and expensive mistake, and I’ve watched it burn budgets. The Basic exercise at 

the end of this chapter asks you to find a feature in your own code that genuinely wants 

an agent; the discipline it’s really teaching is the reverse — recognizing the far larger 

number of features that don’t. 

Summary 

A few things to carry out of this chapter. Agentic software is a new component class, 

not a replacement — you still write the API, the data access, and the tests, and the 

agent becomes a new tier between your system and your user. And .NET is a fully first-

class place to build it: Microsoft.Extensions.AI gives you provider-agnostic 

abstractions, and the Microsoft Agent Framework 1.0 GA is the unified SDK that folded 

Semantic Kernel’s production discipline together with AutoGen’s multi-agent ideas. The 

skill delta is smaller than the hype suggests — if you know modern C#, async, and DI, 



you’re most of the way there, and the rest is a handful of patterns this book walks you 

through. 

The demand is real and outpacing supply: internal tooling, customer support, document 

processing, and developer productivity are where the budgets sit, and a small, 

instrumented agent that ships beats a sprawling one that only demos. That’s what the 

rest of the book builds toward — nineteen chapters, dozens of runnable projects, one 

running Contoso FAQ example, and three levels of exercises per chapter. 

Key Terms 

• Agent — a program that uses a language model to decide which tools to call, in 

what order, to achieve a goal. 

• Agentic software — systems built primarily around one or more agents, as 

distinct from traditional procedural systems. 

• Large Language Model (LLM) — a model trained to predict the next token 

given a context; the “brain” your agent consults. 

• Microsoft Agent Framework (MAF) — Microsoft’s unified .NET and Python 

SDK for building agents, shipped 1.0 GA in April 2026. 

• Microsoft.Extensions.AI — the IChatClient / IEmbeddingGenerator abstraction 

layer that sits beneath MAF and makes your code provider-agnostic. 

• Semantic Kernel (SK) — Microsoft’s earlier SDK for AI apps in .NET and 

Python; still supported, now the enterprise orchestration layer adjacent to MAF. 

• AutoGen — Microsoft Research’s Python-first multi-agent framework whose 

ideas were folded into MAF. 

• Model Context Protocol (MCP) — an open protocol for exposing tools to any 

agent framework, covered in Chapter 9. 

Practice Exercises 

This chapter is conceptual, so the exercises are reflective rather than code-based. Grab a 

notebook or open a scratch file. 

Basic. Pick a system you’ve built or maintained in the last year. Identify one feature 

where the logic is “if the user’s input matches X pattern, do Y, otherwise do Z, otherwise 

fall back to W.” Write down, in two or three sentences, what that feature would look like 

as an agent with a goal and a set of tools instead of branches. 

Hint: you’re looking for a place where the branch tree is wide, brittle, and full of natural-

language variation — typically ticket triage, form validation, or routing queues. 

Intermediate. Look at the companion repository. Open the solution in Visual Studio or 

VS Code. Pick three projects from different chapters (say Ch05.BasicAgent, 



Ch08.WeatherTool, and Ch12.ContentPipeline), read the Program.cs of each, and write 

one paragraph per project describing what the code does in plain English. Don’t run 

anything yet. Just read. 

Hint: the three projects represent three milestones — a single agent, an agent with a tool, 

and multi-agent orchestration. Your paragraphs are mental anchors for the book ahead. 

Challenge. Write a one-page pitch for an agent you’d build at your current (or most 

recent) job. Include: the user, the goal, the tools the agent would need, and one failure 

mode you’re worried about. Don’t worry about being technically correct — the point is 

to get your “what would I do with this?” reflex warmed up before Chapter 5. 

Hint: the best first-agent pitches are unexciting. “Automate onboarding ticket triage for 

our internal IT team.” Boring is shippable. Exciting is a demo that never makes it to prod. 

Solutions to every exercise in the book — including these reflective ones, where I give 

example answers — are in Appendix E. 

What’s Next 

You’re going to be writing C# in every chapter from Chapter 3 onward, and the book 

assumes you’re comfortable with modern C# — not bleeding-edge, but current. Chapter 

2 is a focused refresher on the features that matter most for agent code: async/await, 

records and primary constructors, pattern matching, dependency injection, and a small 

Minimal API. If you’ve shipped a .NET 8 or .NET 10 service in the last year, you can skim 

it. If your last C# was framework-era, slow down and read it — the features we’ll rely 

on later all live there. 

See you in Chapter 2.



Chapter 5 — Hello, Agent! 

Your first ChatClientAgent: a persona, a session, a streamed response, and an HTTP 

endpoint. 

🌍  Real-World Scenario 

The first agent I ever shipped to production was a triage bot for an internal IT help desk. It was a 

wrapper around GPT-3.5, with a prompt I’d iterated on for three days, stapled to the front of every 

user message. Every new feature meant changing a magic string inside a method that had started 

life as a twenty-line prototype and now had four hundred lines of branching. Logging was 

Console.WriteLine. Memory was a List<string> of “previous messages” I appended to manually. 

Error handling was a try/catch wrapping the whole thing. 

It worked. Barely. The moment I needed a second agent — a “summarizer” bot for the same team 

— I realized I was about to copy-paste the whole four-hundred-line mess into a new project. 

That’s when a colleague pointed me at Semantic Kernel, which has since grown up into the 

Microsoft Agent Framework. The shape I’m going to show you in this chapter is the one I wish I’d 

had on day one. 

Three companion projects, all under src/Ch05.HelloAgent/: 

• Ch05.BasicAgent — a console app that creates an agent three different ways 

and sends a single message. 

• Ch05.StreamingAgent — the same agent, but streaming. Includes a side-by-side 

latency comparison. 

• Ch05.MinimalApiAgent — the same agent again, exposed over HTTP with a 

JSON endpoint and a Server-Sent Events endpoint. 

One agent, three surfaces. The whole point of MAF’s design is that those three surfaces 

share one mental model. 

What a ChatClientAgent actually is 

In Chapter 4 we called IChatClient.GetResponseAsync(prompt)  directly. That works, but 

it’s a low-level abstraction. Real agents need more: a persona (the system prompt), a 

name, a description, a consistent set of chat options (temperature, max tokens), a 

session that holds conversation state, and eventually — in later chapters — tools, 

memory, middleware, and tracing. 

ChatClientAgent  is the class in Microsoft.Agents.AI  that bundles all of that. It wraps an 

IChatClient and gives you an object that has: 



• An identity — Name and Description, which MAF uses when you wire multiple 

agents together (Chapter 12) or expose agents through the A2A protocol 

(Chapter 14). 

• Instructions — the system prompt, applied automatically to every call. 

• Chat options — temperature, top-p, MaxOutputTokens, and any provider-

specific options, set once and reused. 

• A RunAsync / RunStreamingAsync pair — the agent’s equivalent of 

IChatClient.GetResponseAsync / GetStreamingResponseAsync, but operating 

against a session so the agent can remember what it said earlier. 

• A middleware pipeline (Chapter 16) — hooks for logging, timing, content 

filtering, and guardrails. 

From this chapter forward, your code almost never talks to IChatClient  directly. It talks 

to ChatClientAgent , and the agent talks to the chat client on your behalf. That separation 

is the whole reason MAF exists. 

One thing to fix in your head before anything else: by default, an agent is stateless. 

Each run starts with no history. The agent doesn’t secretly remember your last question 

— every call is a clean slate unless you hand it the previous turns. That’s not a limitation 

to work around; it’s the default that keeps a single agent instance safe to share across 

thousands of concurrent requests. The mechanism for giving an agent memory — a 

session  — is the whole subject of Chapter 6. Knowing the default is stateless now is 

what makes the amnesia problem there land as something you already half-expected. 

It is worth tracing what actually happens on a single RunAsync call. Your message goes 

in; the agent prepends its instructions (the system prompt); any session history is 

added if you supplied a session; the whole thing goes to the IChatClient, then to the 

provider; and the response flows back to you as an AgentResponse. 

Three ways to create an agent 

The Ch05.BasicAgent  companion project demonstrates all three patterns. I’ll show each 

in the order I reach for them in my own code. 

Pattern 1 — The instructions constructor (the default) 

using  Microsoft . Agents . AI ;  
using  Microsoft . Extensions . AI ;  

  
string  pirateInstructions  = """  
    You  are  Captain  CodeBeard ,  a  legendary  pirate  who sailed  the  Seven  Seas  of  
Software .  
    You  speak  in  pirate  dialect,  love  puns  about  programming,  and  always  end  your  
    responses  with  a  pirate - themed  programming  tip.  



    Keep  your  answers  concise  — three  to  five  sentences  at  most.  
    """;  

  
ChatClientAgent  pirateAgent  = new(  
    chatClient,  
    instructions:  pirateInstructions,  
    name:  "CaptainCodeBeard" ,  
    description:  "A pirate - themed AI assistant for programming questions" );  

 

This is the form you’ll reach for 80% of the time. Hand the constructor an IChatClient, 

some instructions, and an identity. Done. No ceremony. 

Three things worth noting. 

First, I’m using a C# raw string literal ("""...""" ) for the instructions. That syntax 

preserves line breaks and lets me write multi-line prompts without concatenation or 

escape characters. Prompts get long. You’ll appreciate raw strings after the first time 

you try to debug a concatenated prompt with missing spaces. 

Second, name and description  are not just metadata. name is what MAF uses when it 

announces the agent to other agents in a multi-agent workflow. description  is what it 

exposes to the orchestrator when one agent delegates to another. Get these right now; 

you’ll refer to them in Chapter 12. 

Third, I’m not setting ChatOptions  here. For a simple agent, the defaults are fine. When 

you need to pin temperature or cap output length, use the options constructor in 

Pattern 2. 

Pattern 2 — The options object 

ChatClientAgentOptions  options  = new()  
{  
    Name = "NavigatorNova" ,  
    Description  = "A space - explorer AI that explains concepts using space 
metaphors" ,  
    ChatOptions  = new ChatOptions  
    {  
        Temperature  = 0.7f ,  
        MaxOutputTokens  = 300  
    }  
};  

  
ChatClientAgent  spaceAgent  = new(chatClient,  options:  options);  

 

Reach for this when you have more to configure than the instruction constructor can 

express elegantly — custom chat options, history providers (Chapter 6), context 



providers (Chapter 6 again), or anything else you want to set once and reuse. The 

options object is a record , so you can with-expression it to produce variants. I use this 

pattern in production where I want to spin up three near-identical agents that differ 

only in their temperature setting. 

The trade-off is verbosity. Pattern 1 is one call; Pattern 2 is a record, an options type, 

and a constructor. Match the tool to the job. 

Pattern 3 — The AsAIAgent() extension method 

ChatClientAgent  quickAgent  = chatClient. AsAIAgent (  
    instructions:  "You are a helpful assistant. Be concise." ,  
    name:  "QuickHelper" );  

 

An extension method on IChatClient  that returns a ChatClientAgent . Functionally 

identical to Pattern 1, syntactically more fluent. I use it in one-off scripts and in test 

setup where a fluent one-liner reads better. For production code in a hosted service, I 

default to Pattern 1 because the constructor call is explicit about what’s happening. 

💡  Pro Tip 

Don’t overthink the three patterns. The instructions constructor is the right default for almost 

every new agent. Reach for options when you need chat-option pinning or history providers; reach 

for AsAIAgent when fluent reads better. The three patterns produce identical runtime behavior. 

Sessions are optional 
Here is the thing most people get wrong on day one: a session is optional. The RunAsync  

overloads take an AgentSession  you can simply omit. When you do, MAF spins up a 

throwaway session internally for that single call and discards it afterward. So for a one-

shot, self-contained question, you write nothing about sessions at all: 

// One - shot — no session needed. MAF makes a throwaway one internally:  
AgentResponse  oneShot  = await  agent. RunAsync ( "What is LINQ?" ,  cancellationToken:  
ct);  

 

You pass a session when you want the opposite: an agent that remembers across calls. A 

session is the agent’s memory of the current conversation — the list of past messages 

sent with every call so the model has context. Create one, thread it through each 

RunAsync , and the second turn can refer back to the first: 

// Multi - turn — pass a session so the agent remembers across calls (Chapter 6):  



AgentSession  session  = await  agent. CreateSessionAsync (ct);  
AgentResponse  first   = await  agent. RunAsync ( "My name is Alice." ,  session,  
cancellationToken:  ct);  
AgentResponse  second  = await  agent. RunAsync ( "What is my name?" ,   session,  
cancellationToken:  ct);  

  
Console . WriteLine (second. Text );  

 

With the shared session, the second answer recalls the first. Drop the session — run 

each line stateless — and it can’t: 

Windows PowerShell  –    □   ✕ 

With a shared session:  
Your name is Alice.  

  
Stateless (no session):  
I don't have access to your name. Could you tell me what it is?  

 

That contrast is the amnesia problem, and solving it properly — persistent sessions, 

history providers, dynamic context — is Chapter 6’s whole job. For the rest of this 

chapter the examples are single-turn, so most of them simply omit the session. 

Non-streaming: RunAsync 

Here’s the whole call in context, straight from Ch05.BasicAgent . It’s a single self-

contained question, so there’s no session — just the message and a cancellation token: 

string  userMessage  = "What is dependency injection and why should I use it?" ;  
Console . WriteLine ( $"You: { userMessage } \ n" );  

  
AgentResponse  response  = await  pirateAgent. RunAsync (  
    userMessage,  
    cancellationToken:  cts. Token );  

  
Console . WriteLine ( $" { pirateAgent. Name} : { response. Text } \ n" );  

  
if  (response. Usage  is  {  }  usage)  
{  
    Console . WriteLine ( $"[Usage: { usage. InputTokenCount  ??  0}  input, "  +  
                      $" { usage. OutputTokenCount  ??  0}  output, "  + 
                      $" { usage. TotalTokenCount  ??  0}  total tokens]" );  
}  

 



RunAsync  returns an AgentResponse  that wraps the underlying ChatResponse  you saw in 

Chapter 4 and adds agent-level context. The main properties you’ll use day-to-day: 

• response.Text  — the agent’s full response, concatenated from whatever 

segments the model emitted. 

• response.Usage  — input/output/total token counts, when the provider 

populates them. 

• response.Messages  — the raw ChatMessage list, useful when you need tool-call 

metadata or mid-stream role changes. 

Run the app — this output is a real run against a local llama3.2  through Ollama, the 

project’s default provider — and you’ll get a response in the agent’s persona: 

Windows PowerShell  –    □   ✕ 

You: What is dependency injection and why should I use it?  

  
CaptainCodeBeard: Arrr, matey! Dependency injection be a fine way o' handin'  
a class the tools it needs from the outside, rather than lettin' it forge 'em  
itself below decks. It keeps yer code loosely coupled, easy to test, and easy  
to swap a part without scuttlin' the whole ship.  
Remember: "A good dependency injection is like a sturdy anchor -  it keeps ye  
grounded in the midst of chaos!"  

  
[Usage: 91 input, 138 output, 229 total tokens]  

 

Ninety-one input tokens. The instructions (the pirate persona), the user’s question, and 

MAF’s internal message scaffolding together add up to that 91. You didn’t write or count 

a single one — the agent handled it. Run it yourself and your numbers will differ a little; 

token counts vary by model and by how the model phrases its reply. 

📝  Key Takeaway 

An agent is a persona plus a run loop. The persona is the system prompt. The run loop is RunAsync 

or RunStreamingAsync — with a session when you want memory, without one for a single self-

contained call. You will do 90% of your agent work through those two methods. 

Overriding options per call 
You pinned temperature and MaxOutputTokens  at construction with 

ChatClientAgentOptions . Those are the agent’s defaults. But sometimes you want the 

same agent to behave differently on one specific call — tighter for a factual lookup, 

looser for brainstorming — without building a second agent. That’s what 

ChatClientAgentRunOptions  is for. Construct it with a ChatOptions , and pass it to 



RunAsync . The per-call values are merged over the agent’s defaults for that invocation 

only: 

string  creativePrompt  = "Give me a name for a code review bot." ;  

  
// Near - deterministic — same answer every time:  
ChatClientAgentRunOptions  cool  = new( new ChatOptions  {  Temperature  = 0.0f  });  
AgentResponse  coolReply  = await  pirateAgent. RunAsync (  
    creativePrompt,  options:  cool,  cancellationToken:  cts. Token );  

  
// Loose and creative — different answer each run:  
ChatClientAgentRunOptions  warm = new( new ChatOptions  {  Temperature  = 1.0f  });  
AgentResponse  warmReply  = await  pirateAgent. RunAsync (  
    creativePrompt,  options:  warm,  cancellationToken:  cts. Token );  

 

Same agent, same prompt, two temperatures — and the difference shows: 

Windows PowerShell  –    □   ✕ 

Temp 0.0 - > Yer lookin' fer a name fer yer code review bot, eh? I'd suggest  
"CodeCrusher" or "SyntaxSquid". Both be clever names that'll make ye and yer  
crew smile.  

  
Temp 1.0 - > Matey! I'd recommend "Critter" for yer code review bot. It be a  
clever name that implies it'll sniff out any scurvy errors or flaws in yer  
code, savvy? Alternately, ye could call it "Debuggy".  

 

Set defaults at construction; override per request when you need to. The merge rule is 

worth remembering: a value you set in the run options wins over the agent default, and 

collections (like the tool list you’ll meet in Chapter 8) are unioned rather than replaced. 

When the call fails 

This is the first agent you run, so it’s exactly where you’ll meet your first real failures. So 

far we’ve only caught cancellation. That’s the polite case. The provider can also reject 

the call outright, and on a first run it often does. Three failures account for nearly all of 

them: 

• 429 — rate limited. You’re sending requests faster than your tier allows, or 

you’ve burned through a quota. Free tiers (GitHub Models especially) are easy to 

trip. 

• Content filter. The provider refuses to answer — usually surfaced as an HTTP 

400 with a content-policy reason. Your prompt, or the response the model was 

about to produce, tripped a safety rule. 



• Transient 5xx. A provider-side blip: an overloaded backend, a brief network 

fault. These are exactly the ones worth retrying. 

The OpenAI-compatible providers in this book — GitHub Models, OpenAI, and Azure 

OpenAI — all surface these the same way: a ClientResultException  from 

System.ClientModel , whose Status  property carries the HTTP status code. (Ollama, 

running locally, throws an HttpRequestException  instead — there’s no cloud service to 

rate-limit you.) Catch it, read the status, and log something a human can act on: 

try  
{  
    AgentResponse  response  = await  pirateAgent. RunAsync (  
        userMessage,  cancellationToken:  cts. Token );  
    Console . WriteLine ( $" { pirateAgent. Name} : { response. Text } " );  
}  
catch  ( ClientResultException  ex)  
{  
    string  reason  = ex. Status  switch  
    {  
        429        =>  "Rate limited. Back off and retry." ,  
        400        =>  "Content filter or bad request: the provider refused." ,  
        >=  500     =>  $"Transient server error (HTTP { ex. Status } ). Safe to retry." ,  
        _          =>  $"Provider returned HTTP { ex. Status } ."  
    };  
    Console . WriteLine ( $"[Agent call failed] { reason } " );  
}  
catch  ( OperationCanceledException )  
{  
    Console . WriteLine ( "[Cancelled by user]" );  
}  

 

A quick map from what you see to what it means: 

You see Means What to do 

HTTP 429 Rate limit 

/ quota 
Slow down; wait and retry. On free tiers, space out your 

calls. Real apps add backoff (Chapter 14). 

HTTP 400 (content_filter) Provider 

refused 
The prompt or the pending answer tripped a safety rule. 

Rephrase, or handle the refusal gracefully in your UI. 

HTTP 401 / 403 Auth Bad or missing API key, or no access to the model. Re-check 

your key and the model name. 

HTTP 5xx Transient Provider-side blip. Retry with backoff; if it persists, check 



the provider’s status page. 

HttpRequestException Local / 

network 
With Ollama: the server isn’t running or the model isn’t 

pulled. Run ollama serve and ollama pull llama3.2. 

 

This is deliberately just the shape: catch the right type, branch on the status, log 

something useful. It is not production resilience. Automatic retries with exponential 

backoff, jitter, circuit breakers, and timeouts belong in one place, configured once, not 

sprinkled into every call site. 

🔗  Cross-Reference 

Chapter 14 adds real resilience around this exact call — the standard .NET resilience pipeline 

(Polly under the hood) with retry, backoff, and a circuit breaker, wired through 

AddLlmResilienceHandler so 429s and transient 5xx recover automatically without a single 

try/catch at the call site. 

Streaming: RunStreamingAsync 

Streaming is one method away. Here’s the whole loop from Ch05.StreamingAgent : 

string  userMessage  = "Explain the SOLID principles in software engineering." ;  
Console . Write ( $" { pirateAgent. Name} : " );  

  
await  foreach  ( AgentResponseUpdate  update  in  pirateAgent. RunStreamingAsync (  
    userMessage,  
    cancellationToken:  cts. Token ))  
{  
    if  (update. Text  is  {  Length :  > 0 }  text)  
    {  
        Console . Write (text);  
    }  
}  

 

RunStreamingAsync  returns IAsyncEnumerable<AgentResponseUpdate> . Each update is a 

chunk — typically a token or two, occasionally a burst if the provider batches. Write 

each chunk to the console the instant it arrives, and the response appears to type out in 

front of you. 

The key benefit is time to first token. The companion project times both modes side by 

side: 



// Non - streaming: measure time to complete response  
var  nonStreamStart  = DateTime . UtcNow ;  
AgentResponse  fullResponse  = await  pirateAgent. RunAsync (  
    comparisonPrompt,  nonStreamSession,  cancellationToken:  cts. Token );  
var  nonStreamElapsed  = DateTime . UtcNow  -  nonStreamStart;  

  
// Streaming: measure time to first token  
var  streamStart  = DateTime . UtcNow ;  
TimeSpan ?  timeToFirstToken  = null ;  
await  foreach  ( AgentResponseUpdate  update  in  pirateAgent. RunStreamingAsync (  
    comparisonPrompt,  streamSession,  cancellationToken:  cts. Token ))  
{  
    if  (update. Text  is  {  Length :  > 0 }  text)  
    {  
        timeToFirstToken  ??=  DateTime . UtcNow  -  streamStart;  
        Console . Write (text);  
    }  
}  
var  streamElapsed  = DateTime . UtcNow  -  streamStart;  

 

On a local llama3.2 through Ollama, a typical run prints: 

Windows PowerShell  –    □   ✕ 

Non- streaming (time to complete response): 11540ms  

  
Streaming time to first token: 475ms  
Streaming total time: 9581ms  

 

Roughly the same total time. But the first visible token in under half a second instead of 

an eleven-second wait on a blank screen. A fast cloud model would shrink both 

numbers, but the gap is the same shape everywhere: streaming doesn’t make the work 

finish sooner — it makes the wait feel like it disappeared. 

One subtlety. Notice the ??=  operator on timeToFirstToken . That’s the null-coalescing 

assignment — it sets the variable only if it’s currently null, which is what “first token” 

means. Small operator, useful here. 

⚠️  Warning 

Don’t aggregate update.Text into a StringBuilder inside the streaming loop and then print the 

whole thing at the end. You’ve turned streaming back into non-streaming, with extra steps. Either 

stream to the user as you receive tokens, or use RunAsync for a single allocation. Mixed modes are 

the worst of both worlds. 



💰  Cost Awareness 

Streaming changes perceived latency, not cost. The model generates the same tokens whether you 

stream them or wait for the whole block — and you pay per token, not per request style. A 138-

token answer bills as 138 output tokens either way. So choose streaming for how it feels to the 

user, never as a way to save money. If you actually want a smaller bill, the lever is fewer tokens: a 

tighter system prompt and a sensible MaxOutputTokens cap. Chapter 3 covers the token-

economics side in full. 

When to pick which 

• Streaming — any user-facing chat surface. Web UIs, desktop chat clients, voice 

applications, CLIs. If a human is watching, stream. 

• Non-streaming — batch jobs, background workers, anywhere you need the full 

response before doing anything else. If a machine is consuming the output 

(typed responses in Chapter 7, tool calls in Chapter 8), non-streaming is simpler 

and equivalent in cost. 

Exposing the agent over HTTP 

The third companion project, Ch05.MinimalApiAgent , takes the same agent and wraps it 

in a Minimal API. This is where Chapter 2’s DI/middleware/endpoint refresher pays off 

— the code below should feel familiar. 

using  Microsoft . Agents . AI ;  
using  Microsoft . Extensions . AI ;  
using  AgenticAI . Common. Extensions ;  

  
WebApplicationBuilder  builder  = WebApplication . CreateBuilder (args);  

  
builder. Services . AddLlmChatClient (builder. Configuration );  

  
// Register the agent as a singleton so all requests share the same agent instance.  
builder. Services . AddSingleton (sp  =>  
{  
    IChatClient  chatClient  = sp. GetRequiredService<IChatClient> ();  
    return  new ChatClientAgent (  
        chatClient,  
        instructions:  """  
            You  are  Captain  CodeBeard ,  a  legendary  pirate  who sailed  the  Seven  Seas  
of  Software .  
            You  speak  in  pirate  dialect,  love  puns  about  programming,  and  always  end  
your  
            responses  with  a  pirate - themed  programming  tip.  
            Keep  your  answers  concise  — three  to  five  sentences  at  most.  
            """,  
        name:  "CaptainCodeBeard" ,  



        description:  "A pirate - themed AI assistant for programming questions" );  
});  

  
WebApplication  app  = builder. Build ();  

 

The agent is a singleton. That’s deliberate: ChatClientAgent  itself is stateless between 

calls — all the state lives in the session, which is per-request. Making the agent a 

singleton saves the cost of reconstructing instructions and options on every request, 

and the underlying IChatClient is already singleton-safe. 

The JSON endpoint 

app. MapPost ( "/chat" ,  async  (  
    ChatRequest  request,  
    ChatClientAgent  agent,  
    CancellationToken  cancellationToken)  =>  
{  
    if  ( string . IsNullOrWhiteSpace (request. Message ))  
    {  
        return  Results . BadRequest ( new {  error  = "Message is required."  });  
    }  

  
    AgentSession  session  = await  agent. CreateSessionAsync (cancellationToken);  

  
    AgentResponse  response  = await  agent. RunAsync (  
        request. Message ,  
        session,  
        cancellationToken:  cancellationToken);  

  
    return  Results . Ok( new ChatResponseDto (  
        Agent :  agent. Name ??  "Agent" ,  
        Message :  response. Text  ??  string . Empty ,  
        InputTokens :  ( int ?)response. Usage ?. InputTokenCount ,  
        OutputTokens :  ( int ?)response. Usage ?. OutputTokenCount ));  
});  

 

This should look nearly identical to the Ch02.MinimalApi  weather endpoint. JSON in via 

the ChatRequest  record, JSON out via the ChatResponseDto  record, the agent injected 

from DI, and the framework’s CancellationToken flowing through to the agent call so a 

client disconnect cancels the in-flight call. 



💡  Pro Tip 

That CancellationToken is doing more than tidy shutdown. Ch05.BasicAgent wires 

Console.CancelKeyPress to a CancellationTokenSource so Ctrl-C ends the program gracefully — 

but the real payoff is flowing the same token through to RunAsync. A language model bills per 

token as it generates. If the caller walks away — closes the browser tab, hits Ctrl-C — and the 

token is plumbed through to the provider, generation actually stops, and so does the meter. An 

abandoned request that keeps generating to completion is just money on fire. Pass the token 

through every agent call; it’s the cheapest cost control you have. 

Test it from another terminal: 

Windows PowerShell  –    □   ✕ 

curl - X POST http://localhost:5000/chat \  
     - H "Content - Type: application/json" \  
     - d '{"message": "What is LINQ in one sentence?"}'  

  
{  
  "agent": "CaptainCodeBeard",  
  "message": "Arrr, LINQ be the map - and - filter treasure hunt that lets ye query 
collections with the same syntax, regardless of what sea they sail in!",  
  "inputTokens": 83,  
  "outputTokens": 38  
}  

 

One POST, one response. That’s the whole non-streaming shape. 

The Server-Sent Events endpoint 

Streaming over HTTP is slightly more work, because HTTP is a request-response 

protocol by default and we want the server to keep sending data for a while. The web’s 

standard way of doing this is Server-Sent Events (SSE), a text protocol where the 

server emits data: <chunk> \ n\ n lines as they’re ready. Browsers and most HTTP clients 

handle it natively. 

app. MapGet ( "/chat/stream" ,  async  (  
    string ?  message,  
    ChatClientAgent  agent,  
    HttpContext  httpContext,  
    CancellationToken  cancellationToken)  =>  
{  
    if  ( string . IsNullOrWhiteSpace (message))  
    {  
        httpContext. Response . StatusCode  = 400 ;  
        await  httpContext. Response . WriteAsync ( "Query parameter 'message' is 
required." ,  



            cancellationToken);  
        return ;  
    }  

  
    httpContext. Response . ContentType  = "text/event - stream" ;  
    httpContext. Response . Headers . CacheControl  = "no - cache" ;  
    httpContext. Response . Headers . Connection  = "keep - alive" ;  

  
    AgentSession  session  = await  agent. CreateSessionAsync (cancellationToken);  

  
    await  foreach  ( AgentResponseUpdate  update  in  agent. RunStreamingAsync (  
        message,  
        session,  
        cancellationToken:  cancellationToken))  
    {  
        if  (update. Text  is  {  Length :  > 0 }  text)  
        {  
            await  httpContext. Response . BodyWriter . WriteAsync (  
                System . Text . Encoding . UTF8 . GetBytes ( $"data: { text } \ n\ n" ),  
                cancellationToken);  
            await  httpContext. Response . BodyWriter . FlushAsync (cancellationToken);  
        }  
    }  

  
    await  httpContext. Response . BodyWriter . WriteAsync (  
        System . Text . Encoding . UTF8 . GetBytes ( "data: [DONE] \ n\ n" ),  cancellationToken);  
    await  httpContext. Response . BodyWriter . FlushAsync (cancellationToken);  
});  

 

Three things to notice. 

First, the headers. text/event - stream  tells the client this is an SSE stream. no- cache  

prevents proxies from buffering. keep - alive  keeps the TCP connection open across 

multiple chunks. Skip any of them and you’ll get mysterious buffering behavior. 

Second, notice that every chunk goes through Response.BodyWriter  — the PipeWriter  — 

for both the write and the flush, rather than mixing it with the Response.Body  stream 

wrapper. Staying on the PipeWriter end to end is the high-performance path and keeps 

the two halves consistent: we write the UTF-8 bytes with BodyWriter.WriteAsync , then 

flush with BodyWriter.FlushAsync . The flush matters because, by default, ASP.NET Core 

buffers response writes; in a streaming endpoint that defeats the whole purpose — the 

user won’t see anything until the buffer fills — so we flush explicitly after every chunk. 

Prefer Response.BodyWriter.FlushAsync  over Response.Body.FlushAsync : the former 

cooperates with response filters such as GZip/Brotli compression and chunked 

encoding, while the latter pushes raw bytes to the transport and can break those filters 

— the client may stall waiting for compressed output that never arrives. (.NET 10 also 



ships built-in SSE result helpers, such as TypedResults.ServerSentEvents , that handle 

this framing for you; the manual approach here shows what they do under the hood.) 

Third, the trailing data: [DONE] \ n\ n. Not part of the SSE spec, but a widely-adopted 

convention (including OpenAI’s own streaming API) for signalling “the response is 

complete.” Your client code watches for it to know when to close the connection. 

Test it: 

Windows PowerShell  –    □   ✕ 

curl - N "http://localhost:5000/chat/stream?message=write+a+haiku+about+c - sharp"  

  
data: Curly  

  
data:  braces  

  
data:  hug  

  
data:  semicolons  

  
data:  to  

  
data:  rest  
...  
data: [DONE]  

 

- N disables curl’s response buffering so you can see tokens as they arrive. In a browser, 

new EventSource("/chat/stream?message=...")  gives you the same thing with automatic 

reconnection handling. 

🔍  Going Deeper 

SSE is simpler than WebSockets and it’s the right tool for agent streaming because traffic is one-

way (server → client). If you need bidirectional streaming — say, interrupting a response mid-

generation, or uploading audio chunks as the user speaks — reach for WebSockets or the newer 

gRPC streaming APIs. Chapter 14 returns to this when it hosts a streaming endpoint from a real 

service — the same one-way SSE, but produced by .NET 10’s TypedResults.ServerSentEvents 

helper — and weighs it against those two-way alternatives. 

Putting it together — the mental model 
Two lines capture the entire shape you need for Parts II–V: 



ChatClientAgent  agent  = new(chatClient,  instructions:  "..." ,  name:  "..." );  
AgentResponse  response  = await  agent. RunAsync ( "user message" ,  cancellationToken:  
ct);  

  
// ...and one more line the day you want the agent to remember across turns:  
AgentSession  session  = await  agent. CreateSessionAsync (ct);   // then pass it to 
RunAsync  

 

Everything else in the book is an extension of these lines. Chapter 6 adds a persistent 

session and real memory. Chapter 7 changes RunAsync to RunAsync<T>()  for typed 

responses. Chapter 8 adds tools to the agent’s capabilities. Chapter 12 wires multiple 

agents together. Chapter 14 moves the construction into DI and hosts it behind 

AddAIAgent() . Chapter 15 wraps it in observability. Chapter 16 adds the middleware 

pipeline the code comments in Ch05.BasicAgent mention. 

Same three-line shape every time. That’s the whole design. 

🔗  Cross-Reference 

Chapter 16 walks through adding middleware to the exact pirateAgent from this chapter. By the 

end of Chapter 16 the same agent will have logging, timing, and content-filter middleware — all 

added non-invasively around the RunAsync call. Same agent, more production-ready. That’s what 

agent.Use(loggingMiddleware).Use(timingMiddleware) looks like in MAF. 

Summary 

This is the chapter the rest of the book stands on. ChatClientAgent is the object you’ll 

work with from here on — it wraps an IChatClient with a persona, an identity, and a 

pipeline. You have three ways to create one: the instructions constructor (the default), 

the options object, and the AsAIAgent extension — reach past the first when you need 

more configuration or a fluent style. RunAsync and RunStreamingAsync are the two 

calls you’ll make, streaming for user-facing surfaces and non-streaming for batch work. 

The agent is stateless by default: a session is optional, omitted for the single-turn calls 

in this chapter and supplied — and made persistent — in Chapter 6 when you want it to 

remember. You can also override chat options per call with 

ChatClientAgentRunOptions, and you now know which exceptions a failed call throws 

and that full resilience waits in Chapter 14. 

The shape that matters most: an agent is identical in a console app and behind HTTP. 

You register it in DI, inject it into an endpoint, and call RunAsync exactly the same way 

— with SSE as the right protocol when you stream over HTTP. 



Key Terms 

• ChatClientAgent — MAF’s default agent implementation: an IChatClient plus a 

persona, identity, chat options, and a pipeline. 

• AgentSession — the per-conversation state an agent can operate against. Holds 

message history. Optional: omit it for one-shot calls; supply it for memory across 

turns. Covered deeply in Chapter 6. 

• AgentResponse — the result of a non-streaming RunAsync; wraps the 

underlying ChatResponse with agent metadata. 

• AgentResponseUpdate — a single chunk in a streaming response; the 

streaming analogue of AgentResponse. 

• Instructions — the system prompt applied to every agent call. Sets persona, 

format rules, and refusal policy. 

• ChatClientAgentOptions — the options record used for the options-constructor 

pattern; supports chat options, history providers, and context providers. 

• ChatClientAgentRunOptions — per-call run options wrapping a ChatOptions; 

override temperature, MaxOutputTokens, and the like for a single RunAsync 

invocation, merged over the agent’s defaults. 

• AsAIAgent() — extension method on IChatClient that returns a ChatClientAgent; 

a fluent alternative to the constructor. 

• ClientResultException — the System.ClientModel exception the OpenAI-

compatible providers throw on an HTTP error; its Status property is the status 

code (429, 400, 5xx). 

• Server-Sent Events (SSE) — a simple text-based protocol for one-way server-

to-client streaming over HTTP; the standard transport for chat streaming. 

Practice Exercises 

Exercises are in exercises/Ch05.Exercises/. Solutions in Appendix E. 

Basic — Ex01.PersonaSwitcher. Build a console app that lets the user type a persona 

description (e.g., “sarcastic support engineer”) followed by a question, and spins up a 

fresh ChatClientAgent with those instructions for each question. Reuse the IChatClient 

across calls; only the agent changes. 

Hint: the instructions constructor accepts any string. Users providing their own prompts 

introduces an injection vector — for this exercise don’t worry about it, but Chapter 16 

shows how to sanitize. 

Intermediate — Ex02.StreamingComparison. Run the same prompt through 

RunAsync and RunStreamingAsync and plot the token-arrival timings. For streaming, 



record the timestamp of each update. Print a simple console bar chart showing when 

each token arrived. You should be able to eyeball the provider’s output rate. 

Hint: Stopwatch.Elapsed gives you millisecond precision. A bar chart is just new string('#', 

elapsedMs / 50) per token. Don’t over-engineer the visualization. 

Challenge — Ex03.MultiPersonaApi. Extend Ch05.MinimalApiAgent so the /chat 

endpoint accepts a persona field in the request body (“pirate”, “navigator”, “helper”). 

Resolve a different ChatClientAgent per persona using keyed DI ([FromKeyedServices]). 

Add a /personas endpoint that returns the list of available personas and their 

descriptions. 

Hint: builder.Services.AddKeyedSingleton<ChatClientAgent>(“pirate”, (sp, _) => ...) 

registers a keyed agent. In the endpoint, inject [FromKeyedServices(“pirate”)] 

ChatClientAgent pirate — or for dynamic selection, inject IServiceProvider and call 

sp.GetRequiredKeyedService<ChatClientAgent>(key). 

What’s Next 

Your agent works. It has a persona, it streams, and it’s wrapped in an HTTP surface. 

What it doesn’t do — at all — is remember what you said on the previous turn. That’s 

by design, as you saw: the agent is stateless by default, and the single-turn calls in this 

chapter either omit a session or throw a fresh one away after one message. That’s the 

amnesia problem, and it’s what Chapter 6 exists to solve. You’ll learn AgentSession  at 

depth, plug in an InMemoryChatHistoryProvider, persist sessions across process 

restarts, and use AIContextProvider to inject dynamic context before each call. By the 

end of Chapter 6, Captain CodeBeard will actually remember what you asked him a 

minute ago.



 

End of the Free Sample 

Thanks for reading this preview of Building AI Agents with C# and .NET 10. You've seen 

the why — the shift to agentic software and the rise of the Microsoft Agent Framework 

(Chapter 1) — and you've built your first real, runnable agent (Chapter 5). That's the 

on-ramp. The rest of the book is where it becomes a production skill. 

What the complete book covers 

Nineteen chapters, five parts, and 60+ runnable companion projects. Beyond the 

foundations you've just sampled, you'll go on to: 

• Tools, MCP, and RAG — let an agent call your C# methods (with approval gates 

and the new FileAccessProvider), speak the Model Context Protocol, and ground 

its answers in your own documents. 

• Multimodal agents — send images to an agent and turn a picture into a typed 

C# record, with no OCR. 

• Multi-agent systems and workflows — sequential pipelines, hub-and-spoke 

orchestration, group chat, and durable human-in-the-loop graphs. 

• Production — ASP.NET Core + .NET Aspire hosting, OpenTelemetry 

observability, a five-layer safety pipeline, agent skills, and evaluation. 

By the final chapter you'll have built the Contoso FAQ agent end-to-end — a small but 

real production system — and earned the intuition to ship your own. Every line of 

companion code is on GitHub, and the appendices map Semantic Kernel and AutoGen 

onto the Microsoft Agent Framework so you can bring existing work across. 

 

 

➔  Get the full book on Leanpub:  leanpub.com  (search “Building AI Agents with C# 

and .NET 10”) 

https://leanpub.com/buildingAIAgentsWithCSandNet10
https://leanpub.com/buildingAIAgentsWithCSandNet10

