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   foreword
 

  
 

   

   Even skilled software architects and development teams face challenges, such as scaling, updating data, and maintaining system stability. Kafka can help solve these complex problems, but it can feel like a powerful tool without enough instructions, so empathy and practical advice are essential. This is where Katya Gorshkova’s book Kafka for Architects stands out.
 

  
 

   

   With twenty years of experience as a software engineer and architect, and a gift for teaching even during tough times, Katya makes Kafka easy to understand and learn. She focuses on what architects care about most: big ideas, hard choices, and useful advice. The book takes you from the basics of EDA in chapter 1 through to real-world enterprise challenges, helping you feel confident using Kafka.
 

  
 

   

   Katya is open about what Kafka is really like, talking about both its strengths and its delays and challenges, so readers feel understood. Chapters on data and practical patterns help teams avoid expensive mistakes. Other chapters give clear advice on governance and scaling, and her look at AI-powered streams helps readers feel confident about Kafka’s future.
 

  
 

   

   Many Kafka books focus on the step-by-step technical details. This book is different because it helps you see the big picture and make smart architectural choices. It stands out by guiding leaders to support EDA with a realistic approach, using real stories and showing both the pros and cons. After reading this book, you’ll feel ready to build not just systems, but ecosystems that can grow and last.
 

  
 

   

   Event-driven design shapes modern architecture. With Katya’s guidance, Kafka becomes more than just a tool. It’s a strategic foundation for the future!
 

  
 

   

   —Viktor Gamov, Principal Developer Advocate, Confluent, coauthor of Kafka in Action
 

  


 

   

   preface
 

  
 

   

   One day, my team leader came to me with a simple question: “Hey, there’s a new messaging system out there. Can you check if it could be useful for us?” That was how my journey with Apache Kafka began.
 

  
 

   

   At first glance, Kafka’s architecture felt clean and elegant. But implementing that first project was anything but seamless. It was too distributed, too low-level, and it lacked the tooling we take for granted today. I quickly learned that while Kafka had immense potential, it also demanded a deeper understanding than most systems I had worked with before.
 

  
 

   

   The next chapter in my relationship with Kafka began when I was asked to create a course explaining its concepts. Teaching forced me to find clear ways to communicate the ideas behind event-driven architecture—not just how Kafka works, but how to think about it. And I discovered that most people weren’t as interested in the implementation details as they were in the bigger question: How can we incorporate Kafka into our project?
 

  
 

   

   The Kafka community has done a great job of building documentation, but most tutorials stop at “how to get Kafka running.” Very few address the harder questions: Should we even use Kafka for this project? How can we fit it into our existing architecture? What patterns will help us design Kafka systems that stand the test of time? When I started, answers to these questions were scattered, incomplete, or hard-won through trial and error.
 

  
 

   

   I kept encountering the same challenges over and over again—how to model events effectively, how to evolve schemas safely, how to balance throughput, ordering guarantees, and fault tolerance without overengineering, and, when something went wrong, how to trace responsibility and find the root cause.
 

  
 

   

   Kafka for Architects grew out of those experiences. Its goal is to explore the questions that are often left untouched—the ones that sit between “Kafka is installed” and “Kafka is delivering real business value.” It’s about design decisions, trade-offs, and the mental models that guide successful implementations.
 

  
 

   

   If you’re holding this book, you’ve probably already decided that Kafka could play a role in your systems. My hope is that the following pages will help you not only make it work, but make it work well—for your architecture, your team, and the years ahead.
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   about this book
 

  
 

   

   An architect’s role involves choosing how systems communicate, and one proven method for coordinating distributed work is through events. Several technologies exist, each with trade-offs in reliability, flexibility, and integration complexity. Apache Kafka is a widely adopted, open source event-streaming platform that started as a messaging system and has grown into an ecosystem for real-time processing, backed by durable event storage. But while Kafka is powerful, its adoption isn’t straightforward. Most tutorials and books focus on code and configuration, neglecting architectural and design questions crucial for success. This book fills that gap by focusing on architectural choices—fit, event design, patterns, and governance—ensuring deliberate Kafka adoption.
 

  
 

   

   Who should read this book
 

  
 

   

   Kafka for Architects is for software architects, technical leads, and developers who need to understand Kafka at a system level—how it operates and how to fit it into broader architectures. You do not need to know any specific programming language or technology stack to benefit from this book, but a basic grasp of distributed systems concepts, general architecture principles, and some experience delivering enterprise projects will be helpful.
 

  
 

   

   My goal is to equip you with the insight to evaluate Kafka’s role in your architecture, make informed trade-offs, and design solutions that last, regardless of the tools or languages you use.
 

  
 

   

   How this book is organized: A road map
 

  
 

   

   This book begins by introducing the main concepts and ideas that underpin Apache Kafka, and it’s divided into three parts. 
 

  
 

   

   Part 1 (chapters 1–4) provides a foundational understanding: the key architectural principles, the organization of a Kafka cluster, and a detailed exploration of how producing and consuming messages work. These chapters also cover how Kafka fits into the broader ecosystem, giving you the context needed to reason about it as part of a larger system.
 

  
 

   

   With this groundwork in place, part 2 (chapters 5–8) moves into applied architecture. Here, we’ll explore real-world use cases, strategies for defining and managing data contracts, and architectural patterns (and anti-patterns) for integrating Kafka into diverse environments.
 

  
 

   

   After exploring how Kafka is applied across various architectures, chapter 8 shifts focus to one of its most impactful uses—processing data in real time. This chapter discusses data transformation with Kafka Streams and other technologies designed to handle information in motion.
 

  
 

   

   Part 3 (chapters 9–12) starts with the organizational and operational aspects of running Kafka and concludes with a look at emerging trends and the future of the platform. Chapter 9 discusses how to integrate Kafka into the enterprise infrastructure, chapter 10 covers organizing and managing Kafka projects, and chapter 11 dives into day-to-day operations, maintenance, and monitoring. Chapter 12 concludes the book by exploring emerging trends, upcoming features, and possible directions for Kafka’s future.
 

  
 

   

   liveBook discussion forum
 

  
 

   

   Purchase of Kafka for Architects includes free access to liveBook, Manning’s online reading platform. Using liveBook’s exclusive discussion features, you can attach comments to the book globally or to specific sections or paragraphs. It’s a snap to make notes for yourself, ask and answer technical questions, and receive help from the author and other users. To access the forum, go to https://livebook.manning.com/book/kafka-for-architects/discussion. 
 

  
 

   

   Manning’s commitment to our readers is to provide a venue where a meaningful dialogue between individual readers and between readers and the author can take place. It is not a commitment to any specific amount of participation on the part of the author, whose contribution to the forum remains voluntary (and unpaid). We suggest you try asking the author some challenging questions lest her interest stray! The forum and the archives of previous discussions will be accessible from the publisher’s website as long as the book is in print.
 

  
 

 

   

   about the author
 

  
 

   

   [image: ] 

  
 

   

   Ekaterina Gorshkova graduated from the University of Saint Petersburg with a degree in Applied Mathematics but shifted her focus to software engineering early in her career. Starting as a Junior Software Engineer, she specialized in the Java stack and data-intensive applications. She later pursued a PhD in Computer Science and moved to the Czech Republic.
 

  
 

   

   Katya has extensive experience in the FinTech sector, serving as both a Software Engineer and a Solution Architect. About seven years ago, she developed a proof-of-concept project using Apache Kafka, sparking a deep passion for the technology. This led her to become a Kafka engineer, providing consultancy services for messaging systems architecture and developing applications for real-time data processing.
 

  


 

   

   about the cover illustration
 

  
 

   

   The figure on the cover of Kafka for Architects is “Il Galantariaro,” or “a petty trader,” taken from Usi e Costumi di Napoli e Contorni Descritti e Dipinti by Francesco de Bourcard, published in 1853. Each illustration is finely drawn and colored by hand. 
 

  
 

   

   In those days, it was easy to identify where people lived and what their trade or station in life was just by their dress. Manning celebrates the inventiveness and initiative of the computer business with book covers based on the rich diversity of regional culture centuries ago, brought back to life by pictures from collections such as this one.
 

  


 

   

   
Part 1 Exploring Kafka building blocks

 

  
 

   

   Kafka’s architecture is the outcome of intentional design decisions that balance scalability, reliability, and simplicity. In this part of the book, we’ll uncover how Kafka really works and why those choices matter for architects.
 

  
 

   

   In chapter 1, we’ll discuss Kafka from a high-level architectural perspective, looking at its design principles, ecosystem components, and how it shapes enterprise architecture. Chapter 2 dives into the internals of the Kafka cluster, examining its structure and the role of topics and partitions and showing how configuration settings influence system behavior. We’ll then turn to Kafka clients: chapter 3 explores producers, with strategies for partitioning, acknowledgments, and batching, while chapter 4 focuses on consumers, highlighting how they subscribe, manage offsets, and rebalance to ensure reliable processing at scale.
 

  


 

   

   
1 Getting to know Kafka as an architect

 

  
 

   

   This chapter covers
 

    

    	
Principles of event-driven architecture

 

    	Overview of the Kafka ecosystem
 

    	Utilizing Kafka in enterprise environments
 

   
 

  
 

   

   Apache Kafka has grown from a high-throughput messaging system into a critical component of modern data architectures. The Kafka ecosystem now powers event-driven systems, large-scale data pipelines, and real-time analytics. It is a widely adopted, open-source streaming platform and its capabilities are impressive. But making the most of Kafka requires more than just getting it to run—it demands thoughtful architectural design.
 

  
 

   

   Kafka plays a crucial role because it bridges the gap between event and action: producers publish once, and many consumers react, with Kafka providing low latency. That decoupling enables business systems to respond to events quickly and without brittle point-to-point integrations. Consider real-time order processing in ­e-commerce, for instance, where one event, a customer placing an order, gets published to a service, and many independent consumers—such as inventory, payment, shipping, and analytics—react in real time without any direct integrations. Kafka’s strength lies in enabling real-time event processing, which has become a business imperative across industries, especially in critical functions where delays mean lost value—like fraud detection, personalized recommendations, and predictive maintenance.
 

  
 

   

   To decide if Kafka is right for a project, and then to make the most of it, architects, engineers, tech leads, and even managers need to know how Kafka works, why it behaves the way it does, and how they can design systems that take full advantage of its strengths. That is what we’ll examine in this book. We’ll address the architectural questions that determine whether Kafka will bring long-term value, exploring its advantages and risks, as well as patterns and anti-patterns observed in real-world systems. You will find discussions on event modeling, schema evolution, integration strategies, and the trade-offs between performance, ordering, and fault tolerance. What you won’t find is a lot of code showing you how to write Kafka applications or exploring client APIs in detail. Here, we are focused on the big-picture decisions that influence the design, architecture, and sustainability of distributed systems.
 

  
 

   

   
1.1 How an architect sees Kafka
 

  
 

   

   In the past, when a new business requirement for systems integration arose, teams would typically create a new service. The architects had to decide how this service would talk to other services. Typically, communication was synchronous, and each service handled a specific business task. 
 

  
 

   

   For instance, a microservice dedicated to processing orders placed through the website might need the customer’s shipping address, which was provided by another service. The typical approach for services was to communicate directly and synchronously via HTTP. In this setup, each time an order was placed, the OrderService would send a request to the CustomerService with the customer identifier, and it would receive the address in the response. This process is illustrated in figure 1.1.
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   Figure 1.1 Request-response design pattern


  
 

   

   These architectural styles—with Representational State Transfer (REST) being the most popular—are straightforward, well-documented, and supported by a variety of tools. However, for many scenarios, REST no longer meets business requirements. Using multiple synchronous calls to implement workflows can lead to potential difficulties with coordination, consistency, and resilience—especially in REST, where chained dependencies increase fragility and the risk of cascading failures. Project requirements now call for more flexible system interactions that allow each component to respond to events independently, thereby enhancing autonomy.
 

  
 

   

   Event-driven architecture (EDA) reduces this coupling but does not eliminate consistency concerns; they shift toward managing eventual consistency, idempotency, and out-of-order events. Let’s explore the concepts behind EDA and how they can be implemented with the assistance of Kafka.
 

  
 

   

   
1.1.1 Event-driven architecture
 

  
 

   

   Nowadays, more companies are embracing EDA. Instead of using the traditional request-response approach, we now rely on events to let us know when something happens in the system. When an event of interest occurs, the system sends a notification message to an intermediary channel. Later, another system consumes the message from this channel and processes it independently. 
 

  
 

   

   EDA is a design pattern in which the production, detection, consumption, and reaction to events play a central role in the architecture. Kafka is a distributed streaming platform ideally suited for implementing EDA.
 

  
 

   

   Following on from our example in figure 1.1, we no longer make direct calls to Customer­Service. Instead, our OrderService listens to notifications. Whenever the address changes, it receives an event and stores the data locally on its side. This style of communication is shown in figure 1.2.
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   Figure 1.2 The EDA style of communication: systems communicate by publishing events that describe changes, allowing others to react asynchronously.


  
 

   

   In EDA, multiple services often express interest in a particular event. The event containing the new address data can be broadcasted to every service that wishes to be informed about this change. These subscribed services can dynamically appear or disappear, and the system can readily adapt to these fluctuations.
 

  
 

   

   One advantage of the event-driven style is its ability to accommodate systems that may not always be up and running. To ensure robust communication, messages are sent asynchronously, assuming that the recipient might not be online at the time. This asynchronous communication must be reliable, ensuring that messages are not lost and can be processed later. Consequently, the senders and receivers are entirely decoupled, allowing them to function independently without being aware of each other. This decoupling enhances system flexibility, scalability, and resilience, as each component can evolve or scale without impacting others.
 

  
 

   

   For instance, if the OrderService is temporarily unavailable, it will receive the address notification from the channel once it is back online. On the other hand, if the Customer­Service experiences downtime, it won’t impact the OrderService, because the latter has copies of the data stored locally.
 

  
 

   

   But what about data consistency? When systems communicate through events, there’s a delay between when the address is updated and when the new address is received by the OrderService. This delay introduces the concept of eventual consistency, meaning that different parts of the system may temporarily be in different states until all events are fully processed. This leads to further questions: Could the order be sent to the old address? Can we ensure that events arrive in the correct order on our event channel? Could the same message be processed multiple times?
 

  
 

   

   The EDA style comes with its own set of trade-offs, which the architect must carefully consider. Latency and higher operational overhead are common challenges, and eventual consistency requires careful handling. These factors should be weighed against the system’s requirements when you determine if EDA is the right fit.
 

  
 

   

   
1.1.2 Handling myriads of data
 

  
 

   

   Architects have the flexibility to choose a style for service interactions, but often an event-based approach is the only practical solution. Many scenarios generate a volume of data, which is sent asynchronously from various sources and analyzed later. Consider, for instance, tracking user activities for analyzing user behavior or collecting logs for system administration. Other situations, like fraud detection or predicting hardware failure, not only involve handling many events but also require them to be delivered to the subscriber with minimal latency so that the target system can react in time.
 

  
 

   

   As the volume of data grows, event processing systems excel at efficiently utilizing resources, guaranteeing the required throughput and low latency. For an architect, Kafka represents a robust and reliable solution that helps them organize communications between services in an event-driven manner and handle high-rate message communications efficiently.
 

  
 

   

   
1.2 Field notes: Journey of an event-driven project
 

  
 

   

   Throughout this book, we’ll follow a fictional company called Northwind Insurance, a mid-sized insurer operating across several regions. Over the years, its internal systems have become increasingly fragmented—policy management, claims processing, and customer service each run on separate, aging platforms. The company’s leadership has noticed growing inefficiencies: delays in claim updates, inconsistent customer data, and difficulties integrating new digital services. These “Field notes” sidebars capture moments from Northwind’s internal discussions as the engineering team works to modernize their systems and address these challenges by creating a new operational data store (ODS)
 

  
 

   

   The stage is set for a paradigm shift as the team contemplates the potential of an event-driven architecture, with Kafka at its core, for their transformative ODS. The journey into a new era of data processing begins. 
 

  
 

   

    

    Field Notes: Creating a new ODS from scratch
 

   
 

    

    Max Sellington, the account manager, enters the meeting room, greeting Rob Routine, the lead architect, and Eva Catalyst, the senior data engineer.
 

   
 

    

    Rob: What news do you have for us, Max?
 

   
 

    

    Max: Got a bunch of change requests for the warehouse.
 

   
 

    

    Rob: Let me guess. Pipeline performance, reconciliations of complex queries, and so on. I’m tired of this routine.
 

   
 

    

    Max: Then, you’re on the same page as them, Rob. They insist that with all the upgrades, the warehouse should perform at least as fast as it did a couple of years ago.
 

   
 

    

    Rob: But we’ve done everything right. Automation, monitoring, the warehouse methodology—­all up to date. They agreed to all of it. It’s the best data processing platform I’ve ever seen.
 

   
 

    

    Max: They argue that 14 hours for the overnight batch is too much. I understand their frustration—the aggregated results arrive in the afternoon, making the data appear outdated or inconsistent.
 

   
 

    

    Rob: But how can we speed it up when the data volume has increased by more than five times in the last couple of years? And the data quality in the source systems is abysmal. Do you agree, Eva?
 

   
 

    

    Eva starts to respond, but Max interrupts. 
 

   
 

    

    Max: Anyway, that’s not the big news. They also want something new—an operational data store called the Customer 360 project. Customer 360 aims to provide a comprehensive view of each customer by consolidating data from various touchpoints and interactions. They want insights into customer profiles and their relationship with the company. Business and marketing are fully on board. The expectations are sky-high.
 

   
 

    

    Rob: That will only add to the complexity. They’ll need new hardware.
 

   
 

    

    Max: They want to go cloud-based, Rob. And we need this project. I’ll send you the RFP.
 

   
 

    

    Eva (finally getting a word in): I have some thoughts on all this but let me switch to presentation mode.
 

   
 

    

    She clicks a button, and an article appears on their screens, starting with, “If you’re tired of dealing with the complexity and inflexibility of traditional request-response architectures, it might be time to consider event-driven architecture.”
 

   
 

    

    Max reads the first paragraph but remains skeptical.
 

   
 

    

    Max: Sounds like a lot of buzzwords. How exactly is it faster than the warehouse. What do we gain?
 

   
 

    

    Eva: Think events first. Kafka gives us low-latency fan-out and a durable event log. Customer 360 subscribes to the stream and builds whatever projections it needs. I’m wondering how Customer 360 could look with Kafka. I’d like to prepare something. Can I present it at our next meeting?
 

   
 

    

    Rob: Oh, come on, Eva . . . 
 

   
 

    

    Max: Please, Rob. We need to pivot. Eva, if it brings us the project, and the estimates are at least on par with the traditional approach, I’m willing to consider it. Let’s at least try it out.
 

   
 

  
 

   

   
1.3 Key players in the Kafka ecosystem
 

  
 

   

   Sometimes the best solution to multiple problems (as in the “Field notes” sidebar) is not to address each problem individually, but to introduce a whole new system. A radical decision like this comes with costs, of course, so it’s important to understand as much about the new system as possible—before you implement it.
 

  
 

   

   Let’s look first at Kafka’s components from a high-level perspective. Currently, Kafka positions itself as a distributed platform for processing real-time events. Throughout this book, we’ll explore various ways to work with Kafka. However, it’s essential to keep Kafka’s roots as a message broker in mind—regardless of its various applications, the core function of transporting messages lies at the heart of all Kafka’s use cases.
 

  
 

   

   
1.3.1 Brokers and clients
 

  
 

   

   The central component of the Kafka platform is a cluster of message brokers. When systems communicate through messages, they don’t interact directly but instead exchange information through an intermediary point. Applications that interact with brokers are called clients. A client can either send messages to Kafka as a producer or receive them as a consumer. The key components of the Kafka ecosystem—producers, brokers, and consumers—are depicted in figure 1.3.
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   Figure 1.3 The key components in the Kafka ecosystem are producers, brokers, and consumers.


  
 

   

   Producers are applications responsible for sending (pushing) messages to the message brokers. The message brokers play a key role in message processing and persistence. Their primary responsibilities include notifying the producer when a message has been successfully delivered, ensuring the message’s reliable storage, and making it available for consumers. Message brokers operate in a fault-tolerant cluster, distributing workloads and ensuring cluster health through regular heartbeat reports. Finally, the consumers read messages from the brokers. Kafka operates on a pull-based model, which means that consumers need to actively subscribe to specific topics and request messages. It’s important to note that an application can act as both a producer and a consumer, allowing it to send and receive messages within the same system.
 

  
 

   

   In Kafka, messages are always persistent and are initially stored on durable local storage. It is also possible to use tiered storage, so that older data can be offloaded to slower, cost-effective storage tiers, while recent data remains on faster, local storage.
 

  
 

   

   
1.3.2 Controllers: Managing cluster metadata
 

  
 

   

   To ensure high availability, we need to have a cluster of brokers with a control plane that maintains the cluster structure. We need, for instance, a way to detect if one of the brokers has failed and become unavailable.
 

  
 

   

   In Kafka, a controller within the cluster manages metadata and coordinates broker operations. Servers, within a Kafka cluster, can play two roles: they can act as brokers (as we’ve discussed) interacting with clients and handling tasks such as message processing, storage, and replication, or they can act as controllers, coordinating cluster activities, monitoring broker health, and managing cluster metadata. A server can even take on both roles, depending on the cluster’s specific configuration and requirements.
 

  
 

   

   Kafka controllers are often called KRaft controllers because they implement the KRaft protocol—a specialized protocol for managing metadata and coordinating activities within the Kafka cluster. Among the controllers, one is designated as the active controller, while the others remain in a hot standby state, ready to take over if the active controller fails. In the event of a failure, a new active controller is elected from the pool of healthy controllers.
 

  
 

   

   KRaft controllers have two primary responsibilities:
 

  
 

   

   	
Storing and replicating metadata—The controllers manage the metadata log, which records all changes to the Kafka cluster state, such as topic creation, partition assignments, and broker registrations.
 

   	
Detecting broker failures—Each broker in the cluster regularly sends heartbeat messages to the active controller to indicate it is healthy and operational. If a broker does not send a heartbeat within a defined timeout, it is considered failed and may be removed from the cluster.
 

  
 

   

   An example Kafka cluster setup is shown in figure 1.4. 
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   Figure 1.4 Structure of a Kafka cluster: brokers handle client traffic; KRaft controllers manage metadata and coordination.


  
 

   

   
1.4 Applying Kafka’s architectural principles
 

  
 

   

   When designing enterprise systems around events, messaging platforms often provide the backbone for communication. Over the decades, many such systems have emerged—each offering its own balance of scalability, reliability, and fault tolerance.
 

  
 

   

   In this book, our focus is on building architectures with Apache Kafka. Kafka is more than just another messaging system—it introduces a unique set of design principles that shape how systems communicate, store, and react to data.
 

  
 

   

   Let’s explore the principles that make Kafka Kafka—the ideas that define its architecture and influence how it’s applied in real-world enterprise solutions.
 

  
 

   

   
1.4.1 The publish-subscribe pattern
 

  
 

   

   Kafka implements a publish-subscribe pattern. Producers, also known as publishers, send messages in a “fire-and-forget” manner, optionally receiving acknowledgment about delivery, and they are typically unaware of the consumers, who are referred to as subscribers. Each message can be received by several consumers, each processing it independently.
 

  
 

   

   Returning to our example from section 1.1, when a customer changes their address, CustomerService stores the new address value in the database and sends a notification about the change. In this case, the microservice acts as a producer, and all applications interested in receiving this notification must subscribe to this type of event. For example, a BillingService, which handles payments, an AnalyticalService, which creates various reports, and an OrderService, which needs accurate delivery information could all subscribe to the events published by CustomerService, and each would receive the messages with the new address. This scenario is illustrated in figure 1.5.
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Figure 1.5 Publish-subscribe example: CustomerService publishes a “customer updated” event to a channel; all subscribers receive it independently. 



  
 

   

   If producers and consumers are unaware of each other, how does the producer know which events are of interest to other services? Usually, within a corporate setting, producers don’t indiscriminately broadcast events; instead, they respond to explicit business requirements that dictate which notifications a consumer needs, thereby informing the producer what to emit. The potential consumers of an event are known. However, since the producer owns the data, it is responsible for the event structure, and it strives to make these notifications reusable. 
 

  
 

   

   Questions regarding data governance—specifically, where all these event pipelines are stored—are crucial, and we’ll explore them in chapter 6.
 

  
 

   

   
1.4.2 Reliable delivery
 

  
 

   

   The fundamental feature of Kafka is the reliable delivery of messages. To ensure this reliability, Kafka needs a cluster of servers, meaning that several message brokers will cooperate. Messages are replicated between the brokers so that there are always multiple copies of the messages, allowing the cluster to survive a server failure.
 

  
 

   

   To ensure reliable message delivery, the Kafka cluster works closely with clients (both producers and consumers) to prevent message loss between the producer and the broker, to preserve messages, even in the event of broker failures, and to ensure message delivery to consumers, even if they experience temporary disconnections.
 

  
 

   

   When a producer sends a message to Kafka, it awaits acknowledgment from the broker confirming successful message delivery. If the acknowledgment is not received, the producer retransmits the message. This process is depicted in figure 1.6.
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   Figure 1.6 Acknowledgments: once the cluster accepts a message, it sends an acknowledgment to the service. If no acknowledgment arrives within the timeout, the service treats the send as failed and retries.


  
 

   

   Note In chapters 3 and 4, we’ll look at various configuration settings on the client side and explore how to strike a balance between performance and reliability. We’ll also cover some of the tricky aspects of working with producers and consumers, delving into best practices and potential pitfalls.
 

  
 

   

   In Kafka, messages are persistent, which means they are stored on the brokers in the cluster. Kafka replicates messages between brokers, ensuring fault tolerance even if a node goes down. In the case of a broker failure, other brokers in the cluster take responsibility for the messages stored on the failed instance.
 

  
 

   

   In cases of consumer failure, it is crucial that they receive all messages, including those sent while they were disconnected. Kafka tracks the messages that have been read and acknowledged by consumers. When a consumer reconnects after a failure, it resumes processing undelivered messages. Additionally, Kafka implements a feature often referred to as “replaying,” where consumers can re-read stored messages from Kafka and reprocess them as needed—either after a failure or by design. The messages are stored for a specified retention period.
 

  
 

   

   
1.4.3 The commit log
 

  
 

   

   One of Kafka’s most powerful architectural concepts is the commit log. It’s a familiar idea in the database world, where systems record every change before applying it to tables, ensuring durability and traceability. Kafka applies this same principle to messaging.
 

  
 

   

   Note In a database, a “commit” finalizes a transaction—changes are saved and become visible. In Kafka, the term “commit” usually means either that the cluster is confirming it has safely stored the messages you sent, or that a consumer has processed those messages and moved past them.
 

  
 

   

   When a message arrives at a broker, it is appended to the end of a log file. This arrangement ensures that messages are recorded in the order they arrive, preserving their sequence. To go back to our example of updating addresses, each notification of a new address is appended in sequence, forming a log of changes. Consumers can replay this log to reconstruct the current state.
 

  
 

   

   Kafka messages are immutable—they cannot be changed or removed individually. Instead, messages remain available for a period defined by the system’s retention settings. If a service sends incorrect data, it cannot delete or overwrite the message; the only way to correct it is to send a new one.
 

  
 

   

   
1.5 Designing and managing data flows
 

  
 

   

   Kafka is well-suited as a backbone for microservice communication. But in event-driven architectures, the focus often shifts from services to the data itself. Instead of calling APIs, we emit and react to data as messages whose structure and meaning act as a contract between systems. This shift requires us to treat data as a first-class citizen—something that must be modeled, validated, versioned, and understood across service boundaries.
 

  
 

   

   This leads to deeper questions:
 

  
 

   

   	What guarantees do we make about the structure of the messages?
 

   	How do producers and consumers stay in sync as messages evolve?
 

   	Can we use Kafka not just to emit events, but to replicate data between systems at scale?
 

   	When a message needs to be transformed, where should that transformation happen?
 

  
 

   

   These questions go beyond simple messaging. They touch on integration, schema governance, and stream processing—all of which are crucial for building robust Kafka-­based systems.
 

  
 

   

   That’s where Schema Registry, Kafka Connect, and streaming frameworks come into play. Together, they form a supporting trio that helps you define data structures, move data between systems, and transform it as it flows through your architecture. We’ll look at each briefly here and explore them in more depth in later chapters.
 

  
 

   

   
1.5.1 Schema Registry: Handling data contracts
 

  
 

   

   Kafka’s ability to efficiently handle high volumes of messages stems from a key architectural choice: Kafka brokers don’t look inside messages. They treat each one as an opaque array of bytes—storing it as-is and passing it along to consumers without deserialization or interpretation.
 

  
 

   

   This design keeps Kafka fast and flexible, but it also means that Kafka itself doesn’t enforce structure. If producers and consumers need to agree on what a message contains—­­­a common need in distributed systems—that structure must be defined and managed elsewhere.
 

  
 

   

   That’s where the schema registry comes in. A schema registry is a companion service in the Kafka ecosystem, designed to store and manage data schemas—formal definitions of what particular message types look like. It acts as a central source of truth for producers and consumers who want to share structured data without hard dependencies. While there are several implementations of schema registries, this book primarily refers to the Confluent Schema Registry, as it is the most widely used and best integrated with Kafka. Figure 1.7 shows how it works.
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Figure 1.7 Working with Schema Registry: schemas are managed by a separate Schema Registry cluster; messages carry only a schema ID, which clients use to fetch (and cache) the writer schema. 


  
 

   

   As you can see, when a producer sends a message, it checks to see if the schema is already registered. If it’s new, the schema is uploaded to the registry and is assigned a unique identifier. That identifier is embedded in the message. The consumer then uses the ID to retrieve the schema from the registry and deserializes the message accurately.
 

  
 

   

   Because schemas are immutable, they can be safely cached and reused. When changes are needed, a new version must be registered—Kafka’s schema registry supports versioning and compatibility checks to ensure that evolving data models don’t break existing consumers.
 

  
 

   

   We’ll explore schema design, versioning strategies, and compatibility rules in detail in chapter 6, but throughout the book, we’ll also return to key questions architects must ask:
 

  
 

   

   	Who owns the definition of each message?
 

   	How granular should events be?
 

   	What happens when contracts evolve?
 

   	How do teams stay aligned as schemas change?
 

  
 

   

   Schema Registry helps answer these questions—but using it effectively requires thinking about data contracts not just as implementation details, but also as architectural building blocks.
 

  
 

   

   While Schema Registry focuses on ensuring that messages have predictable structures, Kafka Connect addresses another critical challenge in event-driven systems: moving large volumes of data between Kafka and external systems.
 

  
 

   

   
1.5.2 Kafka Connect: Data replication without code
 

  
 

   

   When teams first explore Kafka, they often begin with a simple proof of concept: a producer sends notifications when local database data changes, and a consumer picks up those messages and writes them to its own store. As more services follow this pattern, custom logic tends to grow, and so does the complexity.
 

  
 

   

   But do these notifications always need to be coded into each application? Take our earlier example. If CustomerService stores addresses in a database, and OrderService needs to consume updates, do we really have to build a producer and consumer just to keep the two in sync? Or is there a more automated way to move data from one system to another?
 

  
 

   

   That’s where Kafka Connect comes in. As shown in figure 1.8, it represents a powerful architectural option: integrating systems through configuration, not code. Kafka Connect is a framework for replicating data between Kafka and external systems—such as databases, data warehouses, or cloud storage—without writing custom code. It runs as a separate cluster and uses connector plugins (Java libraries specific to external systems), from which connectors (instances with specific configurations) are created. These plugins act as adapters, enabling Kafka to either pull data from a source system or push data to a target system.
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   Figure 1.8 The Kafka Connect architecture: connectors integrate Kafka with external systems, moving data in and out.


  
 

   

   A wide selection of plugins—both open source and commercial—are available on the Confluent Hub (www.confluent.io/hub). Once a plugin is installed, you can create and configure one or more connectors, each representing a specific data pipeline between Kafka and an external source or sink.
 

  
 

   

   In our case, we could do the following:
 

  
 

   

   	Use a source connector (based on the JDBC source plugin) to stream address changes from the CustomerService database into Kafka.
 

   	Use a sink connector to push those updates from Kafka into OrderService’s database.
 

  
 

   

   This approach avoids writing custom producer and consumer code, relying instead on Kafka Connect’s configuration-driven pipelines.
 

  
 

   

   We’ll explore this in more depth in chapter 7, including the operational concerns and design patterns. 
 

  
 

   

   
1.5.3 Streaming frameworks: Processing data in real time
 

  
 

   

   In the publish-subscribe pattern, multiple consumers receive the same event, but they may not all need it in the same form. A common question in event-driven architecture is where and how to transform messages so they’re useful to different services. 
 

  
 

   

   You might start with simple transformations. Kafka Connect, for example, supports basic stateless operations—like renaming fields or filtering values—during data transfer. But Connect has limits: it can’t perform complex logic or transformations that depend on previous events or external context.
 

  
 

   

   Suppose CustomerService emits address change events. Both BillingService and OrderService consume them, but with different needs: one wants billing address updates, and the other only cares about shipping changes. Kafka brokers can’t help here—they don’t inspect message content. So where should the logic live?
 

  
 

   

   You have several options:
 

  
 

   

   	
In the producer—CustomerService could send two different messages to two topics, but that adds complexity to upstream logic.
 

   	
In each consumer—Every service could filter the messages it receives—but that’s inefficient because many services must handle irrelevant data.
 

   	
In a processing layer—A standalone service could read the raw event, apply routing logic, and publish tailored messages to downstream topics.
 

  
 

   

   This is where stream processing frameworks come in. An example of a streaming application, RoutingService, is shown in figure 1.9.
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Figure 1.9 An example of a streaming application. RoutingService implements content-based routing, consuming messages from Addresses and, based on their contents (e.g., address type), publishing them to ShippingAddresses or BillingAddresses.



  
 

   

   Frameworks like Kafka Streams and Apache Flink help you build applications that consume, transform, and re-emit data, whether you’re filtering, aggregating, joining, or maintaining state across time windows. These tools integrate directly with Kafka and support exactly-once semantics, making them well-suited for everything from simple routing logic to complex event pattern detection.
 

  
 

   

   We’ll explore these frameworks and their architectural patterns in chapter 8. For now, what matters is this: Kafka isn’t just about moving events—it’s about shaping them into something meaningful, at the right place in the pipeline.
 

  
 

   

   
1.6 Addressing operations and infrastructure
 

  
 

   

   When architects design a system, they must find a solution that not only meets functional requirements but also ensures operability, supportability, and maintainability throughout its lifecycle. Efficient operational and support practices are vital for ensuring the long-term success and sustainability of systems, while also managing costs effectively. Processes for proactive monitoring and preventive maintenance play a crucial role in preventing costly system failures and repairs.
 

  
 

   

   A critical decision architects face today is whether to deploy a solution in the cloud or on-premises. This decision entails considering factors such as cost, scalability, performance, security, and compliance. It’s essential to assess the specific needs and objectives of the project and to carefully weigh the advantages and disadvantages of each deployment option.
 

  
 

   

   
1.6.1 Kafka tuning and maintenance
 

  
 

   

   Operational questions are frequently left to the domain of DevOps engineers, who specialize in managing the operational aspects of software systems. Nonetheless, it’s essential for architects to comprehend the implications of integrating Kafka into the enterprise’s infrastructure. In chapter 9, we’ll explore different deployment options, trying to identify the most suitable solution. We’ll also address security and data protection issues, discussing the safeguarding of data both in motion and at rest.
 

  
 

   

   Another important aspect of implementing a successful Kafka project concerns gathering requirements. Both functional and non-functional requirements play a crucial role in estimating the solution’s cost. What are the hardware requirements for the cluster? What do client applications need in terms of hardware? What key metrics are necessary to define the right service level agreement? These questions are important in determining the project budget, and the architect’s job is to find answers to these questions. We’ll delve into various aspects of Kafka testing, including functional testing, performance testing, and preparation for disaster recovery.
 

  
 

   

   While architects typically aren’t directly involved in maintenance issues, they aim to create sustainable solutions. We strive for systems to be decoupled, but this increases complexity, posing challenges for debugging. If an incident occurs, how can we pinpoint the exact problem? If data doesn’t reach the target system, how can we trace where it was lost? What tools do we need for monitoring the system’s behavior? 
 

  
 

   

   For long-term infrastructure planning, it’s crucial to understand opportunities for extending the solution. Requirements may evolve, and if the existing setup cannot adapt, restructuring the cluster may become necessary. Later in the book, we’ll explore the process of strategizing for infrastructure changes.
 

  
 

   

   
1.6.2 On-premises and cloud options
 

  
 

   

   Nowadays, deploying Kafka on-premises remains the prevailing approach. This gives you control over the cluster, but it also entails responsibility for monitoring, maintenance, and potential troubleshooting. While it might be perceived as somewhat old-fashioned in the current landscape, opting for this method can be a cost-­effective solution, especially if the company has a proficient team of system administrators. However, it’s important to consider the costs associated with on-premises deployment, such as hardware procurement, infrastructure setup, physical security, and ongoing maintenance by in-house personnel.
 

  
 

   

   The opposite solution is to opt for Kafka as a managed service from a cloud provider. This significantly simplifies provisioning and administration, eliminating the need for hardware maintenance, and it ensures service level agreements are guaranteed by the provider. However, this approach comes with certain limitations: 
 

  
 

   

   	You are stuck with the provided Kafka version; upgrading or downgrading is not within your control.
 

   	Some components of the Kafka ecosystem, like Schema Registry, are distributed under commercial licenses and may not be available as a managed service for every provider.
 

   	Often, you’ll lack the ability to fine-tune the low-level configuration of the brokers, although the provider is responsible for ensuring baseline performance.
 

   	You have limited freedom to choose tools for managing your cluster. 
 

  
 

   

   
1.6.3 Solutions from other cloud providers
 

  
 

   

   While Kafka was a pioneer among the systems capable of handling messages at scale, other companies are not standing still and now offer competing solutions. Some provide options for on-premises installation, while others are exclusively available in the cloud. Notable solutions include Apache Pulsar (https://pulsar.apache.org), Amazon Kinesis (https://aws.amazon.com/pm/kinesis/), Google Pub/Sub (https://cloud.google.com/pubsub), and Azure Event Hubs (https://azure.microsoft.com/en-us/products/event-hubs), each with its own set of advantages and disadvantages. Moreover, because Kafka’s protocol is open, some of these services support communication using the Kafka protocol, allowing for greater flexibility and interoperability.
 

  
 

   

   The decision on whether a company should opt for a managed service, an on-premises solution, or perhaps a hybrid approach is crucial. It directly ties to the functionality available within your enterprise and raises financial considerations. This book aims to thoroughly explore the pros and cons to assist you in selecting the most suitable solution.
 

  
 

   

   
1.7 Applying Kafka in enterprise
 

  
 

   

   Kafka is not a universal solution for every scenario, and one of the primary tasks of an architect is to assess whether this technology is appropriate for the project at hand. This book delves into the architectural intricacies of Kafka, but let’s first take a high-level look at two use cases where Kafka can be effectively applied: message delivery and state storage.
 

  
 

   

   
1.7.1 Using Kafka for sending messages
 

  
 

   

   In event-driven architectures, an event serves as a signal indicating that something has occurred. Within an enterprise context, the primary application of an event-driven architecture arises when a service notifies subscribers of a change in its internal state. This event is stored persistently and replicated across the brokers in the cluster to ensure availability in the case of a system failure. Once all subscribers have consumed and processed the event, it becomes irrelevant to the consumers.
 

  
 

   

   In Kafka, events are stored persistently for a duration specified by the configuration. The rationale behind this is to maintain accessibility to these events should a subscriber encounter a failure and need to reprocess them. 
 

  
 

   

   
1.7.2 Using Kafka for storing data
 

  
 

   

   If we retain an event for a specific duration, is it possible to store it indefinitely, transforming Kafka into an immutable storage solution? By configuring Kafka to retain data permanently, we can adopt this approach in event-sourcing scenarios, where every change in application state is recorded as an immutable event rather than overwriting the current state.
 

  
 

   

   When CustomerService sends notifications containing updates regarding a customer’s address, these events collectively form a log of state changes. When a consumer needs to reconstruct the actual state, it can read the entire log from the beginning. In this setup, the entity’s state isn’t explicitly stored; instead, it’s modeled as a sequence of changes, and Kafka serves as the definitive source of truth for the entity’s state. Micro­services aware of customer addresses can replay this log, storing the final entity state in memory or a local database.
 

  
 

   

   Kafka’s capability to retain events indefinitely finds extensive application in real-time processing scenarios. For instance, consider a stream of orders that need to be enriched with customer address information. A streaming application can consume the orders and join them with the address details from the change log topic. In chapter 8, we’ll delve into the architecture and implementation of such applications.
 

  
 

   

   But given that we already possess a reliable storage solution for the system’s state, is there a necessity for databases at all? In practice, Kafka’s architecture has notable limitations that hinder its complete replacement of databases. Efficiently processing queries like “Select all customer addresses close to a specified location” is challenging, as clients would need to read, deserialize, and then apply business logic to messages from the broker. We’ll explore these distinctions further when evaluating if Kafka is the right fit for a project.
 

  
 

   

   
1.7.3 How Kafka is different
 

  
 

   

   We’ll explore the unique aspects of Kafka’s architecture throughout this book, but we’ve already discussed some fundamental concepts that shed light on what sets Kafka apart:
 

  
 

   

   	Unlike most other brokers, Kafka was conceived as a distributed commit log, storing messages as an immutable sequence of events. Its implementation of this log-centric approach enables Kafka to handle substantial data volumes and high-throughput workloads efficiently. 
 

   	Message replication between brokers and the persistence of the messages enhance its durability and fault tolerance, distinguishing it from some traditional message brokers. 
 

   	Kafka’s capability to retain historical data makes it a good choice for event-­sourcing use cases.
 

   	Kafka brokers are integral components of an actively evolving ecosystem, complemented by connectors for integration with external data sources and frameworks for building real-time stream-processing applications.
 

  
 

   

   These characteristics make Kafka not just a messaging system, but a foundational platform for building reliable, scalable, and data-centric architectures.
 

  
 

   

    

    Field notes: Getting started with a Kafka project
 

   
 

    

    After Eva’s presentation at their next meeting, the team—Max Sellington (sales), Rob Routine (architect), and Eva Catalyst (data engineer)—pauses, glancing at the whiteboard covered in notes. 
 

   
 

    

    Max: Appreciate the presentation, Eva—good coverage of the Kafka pieces we need. It looks promising; let’s start small and stay within budget. What’s the next move?
 

   
 

    

    Rob: First things first, we’ll need to define the key use cases for Kafka in our architecture. What are the primary events we want to capture and process for a holistic view of our customers?
 

   
 

    

    Eva: I’d suggest we start by identifying the data sources. What kind of data are we dealing with? Transactions, customer interactions, social media mentions—we need to understand the variety of events we’ll be streaming through Kafka. 
 

   
 

    

    Rob: Absolutely, Eva. And that brings us to our second question: how are we going to model these events within Kafka? What should our event schema look like to ensure compatibility and scalability?
 

   
 

    

    Max (taking notes): Event schema—got it. Now, I’ve heard Kafka can handle massive volumes of data. But how do we make sure that its performance and scalability align with our project as its demands grow?
 

   
 

    

    Rob: Great question, Max. We’ll have to consider the number of topics, partitions, replication factors, and Kafka cluster sizing. And speaking of clusters, Eva, any thoughts on how we’ll manage and deploy our Kafka clusters?
 

   
 

    

    Eva: Certainly, Rob. We need a plan for monitoring, scaling, and maintaining these clusters. Plus, we’ll have to decide if we want to go with a self-managed setup or explore the benefits of a managed Kafka service.
 

   
 

    

    Max (writing furiously): Alright, so we’ve got data sources, event schema, performance considerations, and cluster management. Anything else?
 

   
 

    

    Eva: Security, Max. How are we going to secure our Kafka ecosystem? Encryption, authentication, authorization—we can’t afford any breaches in our customer data.
 

   
 

    

    Rob: Spot on, Eva. Security is paramount. And lastly, let’s not forget about integrating Kafka with our existing systems. How do we ensure smooth data flow between Kafka and our databases, applications, and analytics tools?
 

   
 

    

    Max: Perfect, team. We’ve got our marching orders—use cases, data sources, event schema, performance, cluster management, security, and integration. Now, before we dive deep, we should also consider the estimations and costs involved. Rob, any insights on estimating the infrastructure costs?
 

   
 

    

    Rob: Absolutely, Max. We need to calculate the hardware, storage, and network requirements based on our projected data volumes. Also, consider potential costs for third-party tools or managed services we might use.
 

   
 

    

    Max: And Eva, from a data engineering perspective, any thoughts on the development and operational costs?
 

   
 

    

    Eva: We’ll need to estimate the development time for building Kafka producers and consumers, as well as ongoing operational efforts for monitoring, troubleshooting, and updates.
 

   
 

    

    Max: Great, so infrastructure, development, and operational costs—let’s factor those into our plan. Anything else on the financial front we need to consider?
 

   
 

    

    Rob: License costs for Kafka, Max. Depending on the features we require, we might need to explore different licensing options. It’s important to align our needs with the licensing model.
 

   
 

    

    Max: Excellent point, Rob. Let’s get a comprehensive understanding of the costs involved in adopting Kafka for our Customer 360 project. With that, we’ll have a holistic view—just like our approach to customer data! 
 

   
 

  
 

   

   
1.8 Online resources
 

  
 

   

   	Apache Kafka documentation: https://kafka.apache.org 
 The official reference for Kafka’s configuration, APIs, and operations—essential for anyone building or managing Kafka systems.
 

   	Confluent platform documentation: https://www.confluent.io 
 Produced by Confluent, the company founded by Kafka’s original creators, this documentation covers Confluent’s products that accompany Kafka and serves as a major source of knowledge promoting Kafka and event streaming.
 

   	“The Data Streaming Event”: https://current.confluent.io 
 This Confluent conference features talks from practitioners and Kafka experts—it’s great for exploring real-world streaming use cases.
 

   	
Kafka: The Definitive Guide: https://www.confluent.io/resources/kafka-the-definitive-guide/ 
 A comprehensive book by Kafka community members covers architecture, APIs, and best practices.
 

   	
Apache Kafka in Action, by Anatoly Zelenin and Alexander Kropp (Manning, 2025): https://www.manning.com/books/apache-kafka-in-action 
 This practical book is full of examples and modern Kafka design patterns.
 

   	“Microservices, Apache Kafka, and Domain-Driven Design”: https://www.confluent.io/blog/microservices-apache-kafka-domain-driven-design/ 
 This post explains how Kafka supports domain-driven, event-based microservice architectures.
 

   	
Building Event-Driven Microservices, by Adam Bellemare (O’Reilly, 2020): https://learning.oreilly.com/library/view/building-event-driven-microservices/9781492057888/ 
 A practical book on designing microservices around event-driven architecture and modeling data as streams of events.
 

   	“What is Event Driven Architecture?” https://www.confluent.io/blog/journey-to-event-driven-part-1-why-event-first-thinking-changes-everything/
 This article introduces event-driven principles and their impact on modern system design.
 

  
 

   

   Summary
 

  
 

   

   	Two primary communication patterns between services are: request-­response and event-driven architecture. 
 

   	In the event-driven approach, services communicate by triggering events. 
 

   	The key components of the Kafka ecosystem include brokers, producers, consumers, Schema Registry, Kafka Connect, and streaming applications. 
 

   	Cluster metadata management is handled by KRaft controllers. 
 

   	Kafka is versatile and well-suited for various industries and use cases, including real-time data processing, log aggregation, and microservices communication. 
 

   	Kafka components can be deployed both on-premises and in the cloud.
 

   	The platform supports two main use cases: message delivery and state storage.
 

  


 

   

   
2 Kafka cluster data architecture

 

  
 

   

   
This chapter covers

 

    

    	Organizing related messages through topics
 

    	Utilizing partitions for parallel processing data
 

    	The composition of Kafka messages: keys, values, and headers
 

    	Using replication to ensure availability and fault tolerance
 

    	Working with compacted topics for persistent data storage
 

   
 

  
 

   

   Let’s step away from the business patterns for applying Kafka and explore the implementation of design ideas from an architectural perspective. We first need to understand Kafka’s core abstractions—topics and partitions. Then we can move toward how Kafka provides durability through replication and how data is ultimately stored on disk.
 

  
 

   

   We use topics and partitions to process data in parallel, preserve ordering where it matters, and replicate partitions. Think of topics as destinations where events are sent. They contain individual records—keys, values, and optional headers—and require many configuration decisions, such as batching, offsets, on-disk layout, retention policies, and the number of partitions.
 

  
 

   

    Topics retain messages for a predetermined period, based on time or size, and remove them after the retention period expires. These are called streaming topics and are used for event streaming. But for storing state, we also have the option of compacted topics, which retain at least the most recent message for each unique key. They are especially useful for storing externalized state, such as configuration data, or changelogs, where only the most recent value matters.
 

  
 

   

   With a solid understanding of these building blocks, you’ll have what you need to grasp Kafka’s architecture.
 

  
 

   

   
2.1 Inside the Kafka cluster
 

  
 

   

   The core components of Kafka are:
 

  
 

   

   	
Topics—Destinations events are dispatched to
 

   	
Partitions—Scalability and redundancy units
 

   	
Messages—Carriers of event information

 

  
 

   

   We use these three components to configure how data is processed and stored. You can see these pieces in context in figure 2.1 It depicts a cluster of brokers, topics that store the data, and messages sent to these topics. Additionally, it highlights the structure of a message, which is composed of keys, values, and headers. 
 

  
 

    

   [image: A screenshot of a computer  AI-generated content may be incorrect.] 

   
Figure 2.1 An illustration of how data is processed and stored in Kafka. Data is organized into topics, which are further divided into partitions. The basic units of information are messages, which contain keys, values, and headers.



  
 

   

    

    Diagram notation: Clarifying producer and consumer arrows
 

   
 

    

    In Kafka diagrams, arrows can be ambiguous. Do they show who initiates communication or the direction of data flow? In Kafka’s case, this can cause confusion, especially since producers push data, while consumers pull it.
 

   
 

    

    To make this distinction clear, this book uses a custom arrow notation in all architectural diagrams:
 

   
 

    

    	Arrow with a “P” (for Producer)—Indicates a system that sends data into Kafka
 

    	Arrow with a “C” (for Consumer)—Indicates a system that pulls data from Kafka
 

   
 

    

    This notation clarifies both the intent and data direction. For example, a consumer initiates a pull, but the data flows from Kafka to the consumer. The “C” arrow always points toward the consumer to emphasize that flow.
 

   
 

  
 

   

   With this overview of how data moves, we can begin to design a system for handling all this data on Kafka servers. 
 

  
 

   

    

    Field notes: From sketch to project—topics, partitions, and keys
 

   
 

    

    The meeting room buzzes with anticipation as Max Sellington, Rob Routine, and Eva Catalyst gather around the table, laptops open and minds focused on designing a proof of concept for their Customer 360 operational data store. The idea is to pull together customer info from various sources and present it in a dashboard with a unified view. Today, they’re diving into how to handle all this data on Kafka servers; they plan to tackle client applications later.
 

   
 

    

    Max: All right team, let’s dive into our proof of concept. Eva, as our data engineer, where do we begin when selecting topics for our Kafka setup?
 

   
 

    

    Eva: Good question, Max. In Kafka, “topics” group related messages and serve as the destination where data is sent and stored. We need to pinpoint the key events we want to capture. Customer interactions, transactions, website visits—each could potentially become a topic.
 

   
 

    

    Rob: But how do we determine the granularity of these topics? Using one topic per event type might be adequate for events that carry business information, such as financial transactions. However, for system events like log messages, how many topics are necessary? And what about scalability?
 

   
 

    

    Eva: Kafka’s scalability hinges on partitions—they’re just ways to split up a topic so the data can be handled more efficiently. Business data might need fewer partitions, while log data, with lots of volume, may need more partitions for parallel processing. Let’s start with a simple setup: a few key events, two topics, and an aggregated view.
 

   
 

    

    Max: Join like in SQL? I don’t see any database in your proposal thus far.
 

   
 

    

    Eva: We’re exploring various options. One of them involves using a real-time framework to join messages upon arrival. However, I’m currently more concerned with where we’ll store the aggregated data, ready for querying. One option is to store them directly in Kafka.
 

   
 

    

    Rob: Eva, let’s be clear—Kafka isn’t a database; it’s merely a commit log with sequential access.
 

   
 

    

    Eva: True, Rob, but it’s a commit log with exceptionally fast sequential access, capable of serving as reliable storage. And we will load data into memory for quick access.
 

   
 

    

    Rob: I’m not fully convinced about storage—let’s set it aside for now and come back with benchmarks.
 

   
 

    

    Max: Any other challenges we should address?
 

   
 

    

    Rob: In distributed systems like Kafka, ensuring the correct order of events is crucial, especially when dealing with related data. To maintain this order, Kafka divides data within a topic into partitions, which allows for parallel processing. However, if we want to ensure that related events are processed together and in order, they must reside in the same partition. Kafka uses keys for this purpose; for instance, if we use customer IDs as keys, events pertaining to the same customer will be grouped together in a partition, preserving their order.
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