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Foreword

In the year leading up to the first release of Dapr as an open source project in October 

2019, Haishi Bai (my partner in co-founding Dapr) and I observed just how much the 

cloud-native space had matured. It had grown to provide ops and infrastructure teams 

with first-class tools to run their workloads either on premises or in the cloud.

With the rise of Kubernetes (K8s), an entire ecosystem of platforms has sprung up 

to provide the missing pieces for network security, traffic routing, monitoring, volume 

management, and more.

Yet, something was missing.

The mission statement to make infrastructure “boring” was being realized, but for 

developers, many if not all of the age-old challenges around distributed computing 

continued to exist in cloud-native platforms, especially in microservice workloads where 

complexity grows with each service added.

This is where Dapr comes in. First and foremost a developer-facing tool, Dapr focuses 

on solving distributed systems challenges for cloud-native developers. But just like any 

new technology, it’s critical to be able to understand its uses, features, and capabilities.

This book by Radoslav Gatev is the authoritative, technical, hands-on resource you 

need to learn Dapr from the ground up. Up to date with version 1.0 of Dapr, this book 

gives you all you need to know about the Dapr building blocks and APIs (Application 

Programming Interfaces), when and how to use them, and includes samples in multiple 

languages to get you started quickly. In addition to the Dapr APIs, you’ll also find 

important information about how to debug Dapr-enabled applications, which is critical 

to running Dapr in production.

Radoslav has extensive, in-depth knowledge of Dapr and is an active Dapr 

contributor, participating in the Dapr community and helping others learn to use it 

as well. He makes the project better by working with maintainers to report issues and 

contribute content.

You really can’t go wrong with this book, and I highly recommend it to anyone who 

wants to start developing applications with Dapr.

Yaron Schneider

Principal Software Engineer and Dapr Co-founder, Microsoft
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Introduction

Being able to work on various projects, one should be able to identify the common set 

of issues every project faces. It doesn’t mean you can always apply the same solution 

over and over again, but it puts a good structure. I was very lucky that early in my career, 

I was pointed to the proper things to learn. I have already been using object-oriented 

programming (OOP) for some time, but I was stunned when I read the book Design 

Patterns: Elements of Reusable Object-Oriented Software by Gamma, Helm, Johnson, 

and Vlissides for the first time. It gave me the answers to some of the questions I’d been 

asking myself. From there on, I am a strong believer that patterns do not only serve as 

reusable solutions to common problems, they become a common lingo and teach you 

how to think in an abstract way. Being able to work at a conceptual level, instead of 

focusing too much on the details, I believe made me a better professional.

I heard of Distributed Application Runtime (Dapr) for the first time when it was 

announced at Microsoft Ignite 2019, Microsoft’s annual conference for developers 

and IT professionals. At first, the idea of it resonated within me but I didn’t completely 

understand it, and so I decided to start playing with it. In September 2020, a transition 

to an open governance model was announced to ensure that the project is open and 

vendor neutral. Fast-forward to February 2021 when Dapr v1.0 was released. Now that 

Dapr is stable and production-ready, it is also in the process of being donated to the 

Cloud Native Computing Foundation (CNCF) as an Incubation project. By the time you 

read this, it may be finalized.

Dapr greatly simplifies the development of Microservices applications. It works with 

any language and any platform. You can containerize your applications or not, you can 

use Kubernetes or not, you can deploy to the cloud or not. You can sense the freedom 

here. From a development perspective, Dapr offers a number of capabilities grouped 

and packaged as building blocks. Let’s face it. You will have to use some services that are 

external to the application you are aiming to build. It is very normal to not try to reinvent 

the wheel and build everything from scratch. By using the building blocks provided 

by Dapr, you use those external services without thinking about any SDKs or specific 

concepts imposed by the external service you are trying to integrate with. You just have 

to know how to work with the building block. This simplifies the operations you want to 
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execute on the target external services, and Dapr serves as the common denominator. 

That’s why you can swap one technology with another in the scope of the building block, 

that is, reconfiguring Dapr from persisting state to, say, Redis to MySQL, for example.

Some believe Dapr is the service mesh but done right. The reason for that is that 

service meshes rely on the sidecar architecture as Dapr does. However, service meshes 

are for network infrastructure, while Dapr provides reusable patterns that are easy to 

apply and repeatable. In the future, I expect building blocks to expand in functionality 

and maybe new building blocks to come to Dapr. With that, the reach to potential 

external services will become so wide. For greenfield projects, this will mean that Dapr 

can be put on the foundational level of decisions. Once you have it, you can, later on, 

decide what specific message broker or what specific persistence medium to use for state 

storage, for example. This level of freedom unlocks many opportunities.

Introducing Distributed Application Runtime (Dapr) aims to be your guide to 

learning Dapr and using it for the first time. Some previous experience building 

distributed systems will be helpful but is by no means required. The book is divided 

into three parts. In the first part before diving into Dapr, a chapter is devoted to set the 

ground for the basic concepts of Microservices applications. The following chapter 

introduces Dapr: how it works and how to initialize and run it locally. The next chapter 

covers the basics of containers and Kubernetes. Then all that knowledge is combined in 

order to explore how Dapr works inside Kubernetes. The part wraps up by exploring the 

various options to develop and debug Dapr applications, by leveraging the proper Visual 

Studio code extensions – both locally and inside Kubernetes.

The second part of the book has a chapter devoted to each building block that 

explores it in detail. The building blocks are:

• Service Invocation

• Publish and Subscribe

• State Management

• Resource Bindings

• The Actor model

• Secrets

• Observability

InTroduCTIon
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The final part of the book is about integrating Dapr with other technologies. The 

first chapter outlines what middleware can be plugged into the request pipeline of Dapr. 

Some of the middleware enable using protocols like the OAuth2 Client Credentials and 

Authentication Code grants and OpenID Connect with various Identity Providers that 

support them. The examples in the chapter use Azure Active Directory. The following 

chapter discusses how to use Dapr with ASP.NET Core by leveraging the useful attributes 

that come from the Dapr .NET SDK. The last two chapters cover how to combine Dapr 

with the runtimes of Azure Functions and Azure Logic Apps.

Code samples accompany almost every chapter of the book. Most of them are 

implemented in C#, but there are a few of them in Node.js, to emphasize the  

multiple- language approach to microservices. You can find them at https://github.

com/Apress/introducing- dapr. You will need to have .NET and Node.js installed. Some 

of the tips and tricks in the book are applicable only to Visual Studio Code (e.g., the 

several extensions that are covered in Chapter 5: Debugging Dapr Applications), but you 

can also use any code editor or IDE like Visual Studio. For some of the examples, you will 

also need Docker on your machine and any Kubernetes cluster – either locally, as part of 

Docker Desktop, or somewhere in the cloud.

I hope you enjoy the book. Good luck on your learning journey. Let’s start Dapr- 

izing! I am happy to connect with you on social media:

LinkedIn: www.linkedin.com/in/radoslavgatev/

Twitter: https://twitter.com/RadoslavGatev

Feel free to also check my blog: www.gatevnotes.com.
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CHAPTER 1

Introduction 
to Microservices
Digitalization drives businesses in such a direction that every system should be 

resilient and available all the time. In order to achieve that, you have to make certain 

decisions about the application architecture. In this chapter, you will learn how systems 

evolved from calculation machines built to serve a specific purpose to general-purpose 

computers. Making the same parallel but on the software side, we will discuss what 

Monolithic applications are along with their pros and cons. Then, we will go through the 

need of having distributed applications dispersed across a network of computers. You will 

also learn about the Microservices architecture as a popular way for building distributed 

applications – how to design such applications, what challenges the Microservices 

architecture brings, and some of the applicable patterns that are often used.

 A Brief History of System Design
It’s always good to take a look back at history to understand how the concepts have 

evolved over time making almost every innovation by building on the existing knowledge 

and experience. There has been a long way for computers until you could walk with a 

computing device in the pocket or on the wrist.

The first computing devices were entirely mechanical,1 operating with components 

like levers, belts, gears, and so on to perform their logic. That’s a lot of moving parts that 

1 The first mechanical computer is considered to be the Difference Engine that was designed 
by Charles Babbage in the 1820s for calculating and tabulating the values of polynomial 
functions. Later on, he devised another machine called the Analytical Engine that aimed to 
perform general-purpose computation. The concepts it was to employ can be found in modern 
computers, although it was designed to be entirely mechanical.

https://doi.org/10.1007/978-1-4842-6998-5_1#DOI
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take a lot of space. Apart from the slowness of their operation, each of them was a point 

of failure on its own. But over time, the mechanical parts started getting replaced by their 

electric counterparts.

 Hardware Progress
To perform some logic, you need some way of representing state – like 1 and 0 in the 

modern binary computers. Likewise, the relay was identified as a viable component 

that was widely known and available to be utilized for performing the “on” and “off” 

switching. But still, relays were rather slow as they had a moving mechanical part – an 

electromagnet opens or closes a metal contact between two conductors. Then vacuum 

tubes gained traction as a way of switching. They didn’t have any moving parts; however, 

they were still big, expensive, and nonefficient. Then they got replaced by transistors. But 

imagine what is soldering thousands of discrete transistors in a complex circuit! There 

will be faulty wirings that are hard to discover. Later on, the need for soldering discrete 

transistors was avoided with integrated circuits where thousands of tiny transistors were 

placed on small chips. This ultimately led the way to modern microprocessor technology. 

These evolutionary steps were restricted by the speed, size, and cost of a single bit.

Early computers used to be expensive and could easily fill an entire room. Because 

they weighed a lot, they were usually moved around using forklifts and transported 

via cargo airplanes. Announced in 1956, IBM 305 RAMAC was the first computer to 

use a random-access disk drive – the IBM 350 Disk Storage Unit that incorporated 

50 24-inch- diameter rotating disks that could store 5 million 6-bit characters or the 

equivalent of whopping 3.75 MB of data. This is the ancestor of every hard drive 

produced ever since.

That’s how typically technology evolves. Advances of knowledge are being used to 

build new things on top of the old knowledge base. Every decision at a time is restricted 

by various boundaries we face – physical limits, cost, speed, size, purpose, and so on. 

If you think about the purpose of the early computers, in the beginning, they were 

devised with a sole purpose – from solving polynomial functions to cracking secret codes 

ciphered by machines such as the German Enigma machine. There was a long way until 

we could use general-purpose computers that are highly programmable.

Without making any generalizations, it will be highly inconvenient to build anything. 

You have to manage all of the moving parts right from the beginning, which is a lot of 

effort. For example, you had to either be a genius or be among one of the inventors to be 
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able to use the computer in the 1950s. With the introduction of personal computers, it 

started to get easier. The same applies to software development.

 Software Progress
While hardware tried to address the physical aspects of computer systems, kind of the 

same evolution happened with software. The early programs were highly dependent on 

the architecture of the computer executing them.

 Applications Development

When writing low-level code, you have to think about everything – machine instructions 

and what registers to use and how. With the advances of modern compilers, we have a 

comfortable abstraction to express just what the program should do without thinking 

about what instructions will be executed by the Central Processing Unit (CPU).

Programs used to be a self-sustainable piece of code without any external dependencies. 

Object-oriented programming is a paradigm that essentially gave us yet another powerful 

abstraction. By utilizing the power of interfaces, we can reuse a lot of code. Every piece 

of code that we use out of the box has an interface (or a contract that it serves). Software 

libraries emerged, and they became the building blocks of modern software. Let’s face it: 

system software, server software, frameworks, utilities, and all kinds of application software 

are all built using well-known and widely used libraries and components.

Some programs are still dependent on some operating system features or third-party 

components that were installed on the developer’s machine. And the typical case is that 

the program you just downloaded does not run on your machine. “But it works on my 

machine,” they would say.

A few years ago, containers started to gain more and more popularity. Containers are 

the solution to make your code easily transferable across machines and environments by 

packaging all application code along with all of its dependencies. By doing this, you are 

effectively isolating the host machines and their current state from your code.

 Infrastructure and Scalability

In the past, programs were running on a single machine and were used only on that 

same machine. This was until computers could be connected to networks where they 

could talk to each other. The machine that hosts applications is called a server, and the 

other machines that use the applications are called clients.

Chapter 1  IntroduCtIon to MICroservICes
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Over time what happened with some applications is that the number of clients 

started to outgrow the capacity of the servers. To accommodate the ever-increasing 

load resulted in adding more resources to each server, the so-called vertical scaling. 

The application code is still the same but running on a beefier machine with a lot more 

processing power and memory. At some point, the technological limits will be reached, 

or it will become too expensive to continue adding power to a single machine. And in 

case something happens with this machine, your application will become inaccessible 

for all clients. The number of options to alleviate the issue was pretty much exhausted.

Then it became obvious that the applications should be distributed across different 

servers. There are more instances of your applications running across a set of machines 

instead of relying on a single big machine. The incoming load is typically distributed 

across all machines. That’s called horizontal scaling.

To be able to achieve horizontal scaling, you have to make sure that every instance of 

the application doesn’t hold any internal state, that is, your application is stateless. This 

is needed because each application replica should be able to respond to any request. As 

you replicate software across more instances, you are starting to treat your servers more 

like cattle as opposed to much-loved pets. You don’t really care even if you lose an entire 

server if you have a couple of others that are still healthy and taking traffic. Of course, as 

with any decision, this comes with certain trade-offs.

Even if you achieve some level of scalability, it doesn’t mean that your application 

is prepared to withstand future requirements. Not only traffic can grow but also the 

application functionality evolves and extends. Respectively with functionality, team size 

is also a subject of change.

In the next sections of this chapter, I will walk you through the two popular 

architectural styles for building an application – the Monolithic and the Microservices 

architecture. It doesn’t make sense to explain one without mentioning the other because 

they have rather contradictory principles.

 Monolithic Architecture
According to the Merriam-Webster dictionary, the definition of the word monolith is  

“a single great stone often in the form of an obelisk or column” or “a massive structure.” 

Taking the broad meaning of a massive structure, a Monolithic application is built as a 

single unit. This single unit contains all your application logic. Internally, this Monolithic 

application can consist of different layers. One of the layers could be the presentation 
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layer, which deals with the user interface of the application; another layer can hold some 

business logic; a third layer can be used for accessing the database. But it doesn’t mean 

that those layers cannot be separated from one another in terms of a codebase. For 

example, the business logic layer can spread across numerous small modules, each of 

them implementing just a small part of the overall functionality. This generally improves 

the quality of the code; however, those modules are still living in the same layer of the 

application.

Figure 1-1 shows what typically happens when a user invokes Function A in a 

Monolithic application. Function A passes the control to Function B, which depends 

on Functions C and D (which depends on Function E), and when they return a result, 

Function B will be able to pass the result to the user. Although the functionality is 

separated into discrete functions, which are likely placed in separate class libraries, they 

are all sharing common resources like the database and are running inside the same 

process on the same machine.

 Benefits of the Monolithic Architecture
However, “monolith” can be used as defamation nowadays for an application that 

doesn’t follow modern trends that can result in a lot of prolonged discussions. At this 

point, we have to acknowledge that there are still loads of Monolithic applications out 

there that are business-critical. Developing monoliths has some benefits as well.

The first thing probably is the simplicity that comes with Monolithic applications. 

If you think about it, Integrated Development Environments (IDEs) and application 

frameworks are driving you in this direction. It’s very easy to create a new web project 

Figure 1-1. Functions inside a Monolithic application
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and implement its models, views, and controllers. You click the Run button of your IDE 

and voilà, it is up and running on your machine. Everything can be debugged end to end. 

It feels really natural and fast. The deployment is also easy – package the application and 

move it to the server that will host it. Done.

Later on, several other developers can join you and work on this application. And 

you probably won’t have serious conflicts for most of the things you are implementing, 

as long as the application is not very big and you are just a handful of people.

When your server starts facing pressure from traffic growth, you can probably 

replicate the application to multiple servers and put a load balancer in front. This way 

each replica will receive a portion of all requests, and it won’t get overwhelmed. This 

approach is the so-called horizontal scaling.

 Drawbacks of the Monolithic Architecture
However, as time goes by, your application will have more and more functionality 

implemented. The code will become more complex with every passing day and 

every new requirement that is implemented. Although the code could have been 

separated into different modules, it is very easy to miss the fact there are so many cross- 

dependencies in place.

This means that the Monolithic architecture is easy in the beginning and becomes 

trickier over time. The more team members you assign to the project, the slower they 

work together. The impact of each change that gets implemented is difficult to be 

understood because of the dependencies. As shown in Figure 1-1, Function A depends 

on Functions B, C, D, and E, which are interconnected.

Imagine there is a serious performance issue in Function B that makes your CPU and 

memory go crazy high. This will likely bring down the whole process that is hosting it. 

But wait. We have several other instances, right? Well, the same piece of code is running 

in all the replicas, so it means that you are also replicating all performance issues and 

bugs. Although the issue comes from a tiny function that lives in a small module of your 

application, it impacts the availability of your whole application.

Let’s say that your team fixed the issue in Function B. You cannot just deploy the 

changes made on Function B. Instead, you will have to package the whole application, 

deploy it, and wait for it to warm up and start serving again.

What if at some point in time you identify that most of the load in the application 

goes to a particular feature that the majority of clients use? You start wondering how to 
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scale out only the pieces of functionality in question to achieve a fine-grained density 

with the hardware you have at hand.

Or maybe you want to start implementing new features with some new technology 

that makes sense for the application you have and some of the team members are 

knowledgeable about it. Let’s say it’s a different framework in a different language than 

the ones you have based your Monolithic application on. Unfortunately, utilizing such 

technology won’t be possible as you are locked in a certain execution model that spans 

the whole application. And generally speaking, attempts for mixing various technologies 

that bring different concepts don’t end well in the long term.

It’s a monolith. You cannot easily dismantle it as its components are tightly coupled. 

If you waited too long, it might be that your application is a homogeneous mixture of 

functions. Let’s see what is the case with the popular Microservices architecture.

 Microservices Architecture
The Microservices architecture is an architectural pattern for building distributed 

systems in such a way that they are comprised of different loosely coupled components 

called services that run in different processes and are independently deployed.

Figure 1-2 shows how the Monolithic application you saw earlier in Figure 1-1 can 

be shaped in the Microservices world. Each of the functions has its own service. The 

services can be independently deployed and distributed across different machines. 

But still, they are part of the same application and work as a whole. The services 

communicate with each other by using a clearly defined Application Programming 

Interface (API) via protocols such as HTTP, gRPC, AMQP, and others.
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For the sake of the example, I have oversimplified the process of converting a 

Monolithic application to one based on the Microservices architecture. It’s not a straight 

two-step process. It takes careful analysis and thorough design beforehand.

 Designing Microservices
Now that you know that an application should be split into multiple pieces, how do 

you define how big those pieces are? There are various approaches to tackle this. But 

designing microservices is pretty much a piece of art. You can start by understanding 

how the business that you are digitalizing works and what are its processes and rules. 

And then identify what are the business capabilities that the application should provide. 

You can probably group them into several categories and identify the main objects.

Alternatively, you can use some of the tactics from Domain-Driven Design. You 

can decompose the main domain into subdomains and identify the Bounded Contexts 

we have. This is a strategy to split a large problem into a set of small pieces with clear 

relationships. Instead of defining a large ubiquitous model that will end up representing 

a lot of perspectives, the Bounded Contexts enable you to project small parts of the 

whole domain from different lenses. Having outlined the Bounded Contexts and the 

Figure 1-2. The Monolithic application translated into a Microservices 
application
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models, it’s easier to start thinking about the functionality of the service. Let me give you 

an example. Let’s say we are designing an online store. We may have a Cart microservice, 

a Payment microservice, and a Shipment microservice, among others. When a customer 

purchases an item from the store, the underlying work will be performed by those 

microservices. But each service sees the customer from a different perspective. The 

Cart microservice sees the user as a Customer who added some product into the cart. 

Customer is the entity representing the user in the context of managing a cart. To the 

Payment service, the user is a Payer who uses a specific payment method to remit the 

money. From the perspective of the Shipment service, the user is an entity named 

Receiver that contains the user’s address. All three entities share the same identifier of a 

user but have different attributes depending on the problem being addressed.

The goal of identifying the boundaries of a service is not just to make it as small as 

possible. In the example in Figure 1-2, Function D and Function E are placed in the 

same microservice as their functions belong to the same business capability. You should 

not aim to create a microservice for the smallest piece of functionality. But ideally, a 

microservice should comply with the Single-Responsibility Principle.

The first design of your microservices won’t stay forever. As the business evolves, you 

will likely do some refactoring to refine the size and granularity of the services. Getting 

back to the example with the online store, if you find yourself constantly merging the 

information about the user from Payment and Shipment services, for example, Payment 

calls the Shipment service upon every operation, there is a huge chance those two 

should be merged into one service.

Each service is responsible for storing its data in some persistence layer. Depending 

on the nature of data, it can be persisted in various types of databases. Some of the 

data can be cached to offload the performance hit on the services and their respective 

databases. The potential of using different technologies in each service depending on 

the case is enormous. In contrast to monoliths, you can choose whatever programming 

languages, frameworks, or databases that fit best the problem you are solving or the 

expertise of the team.

 Benefits
The drawbacks of Monolithic applications, in general, are addressed by the 

Microservices architecture.
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