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Let’s Get Started!

Software architecture is fundamental to the success

of your system. This chapter demystifies software architecture. You'll
gain an understanding of architectural dimensions and the differences between
architecture and design. Why is this important? Because understanding and
applying architectural practices helps you build more effective and correct
software systems—systems that not only function better, but also meet the
needs and concerns of the business and continue to operate as your business
and technical environments undergo constant change. So, without further delay,

let's get started.

Building your understanding of software architecture 2
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architectural characteristics
Know Your Capabilities

What does your architecture need to support? Architectural
characteristics (the capabilities of an architecture) are the fundamental

building blocks of any system. Without them, you cannot make architectural
decisions, select an architectural style, or in many cases even create a logical
architecture. In this chapter you’ll learn how to define some of the more common

characteristics (like scalability, reliability, and testability), how they influence a

software architecture, how they help you make architectural decisions, and how to

identify which ones are important for your particular situation. Ready to add some

capabilities to your software architecture?
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Everything’s a Trade-Off

What happens when there are no “best practices”? The nice thing
about best practices is that they’re relatively risk-free ways to achieve certain goals. They're
called “best” (not “better” or “good”) for a reason—you know they work, so why not just use
them? But one thing you’ll quickly learn about software architecture is that it has no best
practices. You'll have to analyze every situation carefully to make a decision, and you’ll need

to communicate not just the “what” of the decision, but the “why.”

So, how do you navigate this new frontier? Fortunately, you have the laws of software architecture
to guide you. This chapter shows you how to analyze trade-offs as you make decisions. We'll
also show you how to create architectural decision records to capture the “hows” and “whys” of

decisions. By the end of this chapter, you’ll have the tools to navigate the uncertain territory that is

software architecture.
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logical components
The Building Blocks
Ready to start creating an architecture? its not as easy as

it sounds—and if you don’t do it correctly, your software system could come

crumbling to the ground, just like a poorly designed skyscraper or bridge.

In this chapter we’ll show you several approaches for identifying and creating
logical components, the functional building blocks of a system that describe how its
pieces all fit together. Using the techniques described in this chapter will help you
to create a solid architecture—a foundation upon which you can build a successful

software system.

Put on your hard hat and gloves, get your tools ready, and let’s get started.

Logical components revisited 124
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Categorization and Philosophies

There are lots of different architectural styles out
there. Each one exists for a reason and has its own philosophy about how
and when it should be used. Understanding a style’s philosophy will help you
judge whether it’s the right one for your domain. This chapter gives you a
framework for the different kinds of architectural styles (which we’ll be diving
into for the remainder of this book), to help you make sense of these and all

the other architectural styles you’ll encounter as a software architect.

Let’s fill in that final piece of the puzzle, shall we?
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Separating Concerns

What if your problem is simple and time is of the

essence? Should you even bother with architecture? It depends on how long

you want to keep what you build. If it's disposable, throw caution to the wind

If not, then choose the simplest architecture that still provides some measurable

organization and benefit, without imposing many constraints on speed of delivery. The

layered architecture has become that architecture because it's easy to understand and

implement, leveraging design patterns developers already know. Let’s peel back the

layers of this architecture.
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Driven by the Domain

There’s more than one way to build a monolith. so far,
you’ve encountered the layered architecture, which aligns things technically.
You can go a long way with a layered monolith, but when changes begin to involve
lots of communication and coordination between different teams, you might need a
litle more horsepower under the hood—and perhaps even a different architectural
style.

This chapter looks at the modular monolith architectural style, which divides
applications up by business concerns as opposed to technical concerns. You'll
learn what this means, what to look out for, and all the trade-offs associated with

this style. Let’s take the modular monolith for a spin, shall we?
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You can craft custom experiences, one capability at a

time. Some architecture styles are particularly well suited for some capabilities,

and the microkernel architecture is the world champion at customization. But it's

also useful for a bewildering range of applications. Once you understand this

architectural style, you’ll start seeing it everywhere!
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Ready to extend your journey into software
architecture? in this chapter, you’re the software architect. You'll
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making architectural decisions, and deciding whether to use a layered,
modular, or microkernel architecture. The exercises in this chapter will give
you an end-to-end view of what a software architect does and show you
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TripEZ’s user workflow

Planning the architecture

The architects’ roadmap

Step 1: Identify architectural characteristics
Step 2: Identify logical components

Step 3: Choose an architectural style

Step 4: Document your decision

Step 5: Diagram your architecture

There are no right (or wrong) answers

278
279
280
281
282
284
286
288
290
292



table of

microservices architecture
Bit by Bit

How do you make an architecture easier to change?

Business is changing faster than ever, and software architectures need to

keep up. In this chapter you'll learn how to create a flexible architecture that

can change as your business changes, scale as your business grows, and
remain operational even when system failures occur. Intrigued? We hope

so, because in this chapter we’re going to show you microservices—an

architectural style that solves all of these problems and more. Let’s get started

on our journey through microservices, bit by bit.
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How micro is “micro”?
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Why should you make microservices smaller?
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Asynchronous Adventures

What if your architecture could do lots of things at the
same time? As businesses grow and become more successful, they need to
be able to handle more and more users, without slowing down or crashing systems.
In this chapter, you'll learn how to design high-performance systems that can scale
as a business grows. Get ready for event-driven architecture, a highly popular
distributed architecture style. It’s very fast, highly scalable, and easy to extend—but
it's also quite complex. You'll be learning about lots of new concepts in this chapter,
including things like events, messages, and asynchronous communication, so you
can create an architectural that can do many things at once. Fasten your seatbelt,

and let’s go on an asynchronous adventure through event-driven architecture.
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Speeding things up 351
Der Nile flows faster than ever 352
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Testing Your Knowledge

Ready to test your skills in creating a distributed
architecture? In this chapter, you're the software architect. You'll be
determining architectural characteristics, building a logical architecture, making
architectural decisions, and deciding whether to use microservices or event-driven
architecture. The exercises in this chapter will give you an end-to-end view of what
a software architect does and show you how much you've learned. Get ready to
create an architecture for a student standardized test-taking system called Make

the Grade. Good luck—we hope you get an A on your architecture!

Welcome to Make The Grade 404
Student testing workflow 405
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appendix: lettovers

The Top Six Topics We Didn’t Cover

There’s a lot more to be said about software
architecture. we promise you're done with this book. But reading this
book is just the first step in your journey to thinking architecturally, and we

couldn’t in good conscience let you go without a little more preparation. So,

we’'ve gathered a few additional juicy bits into this appendix. Each of the topics

that follow deserves as much attention as the other topics we’ve covered.

However, our goal here is just to give you a high-level idea of what they're

all about. And yes, this really is the end of the book. Except for the index, of

course—it’s a real page-turner!

#1 The coding architect
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#5 Knowledge depth versus breadth
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how to use

Who is this book for?

If you can answer “yes” to both of these:

o Do you want to learn what software architecture is all
about?

e Do you prefer stimulating dinner-party conversation to
dry, dull academic lectures?

This book is for you.

Who should probably back away from this book?

If you can answer “yes” to any of these:
o Are you completely new to the tech industry?

(While we firmly believe that software developers should understand
the basics of software architecture, you might want to get a bit of
experience developing software before diving into this book.)

e Are you a seasoned software architect looking for a
reference book?

e Are you afraid to try something new? Would you rather
sit in a corner licking 9-volt batteries than advance your
career? Do you believe that a technical book can’t be
serious if it uses zoo animals to explain architectural
characteristics like scalability and fault tolerance?

This book is not for you.

[Note from marketing: This book is
gor anyone with a evedit card.]
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We know what you're thinking

“How can #his be a serious book on software architecture?” TH

“What’s with all the graphics?”
“Can I actually learn it this way?” \[

We know what your brain is thinking

Your brain craves novelty. It’s always searching, scanning, waiting for
something unusual. It was built that way, and it helps you stay alive.

So what does your brain do with all the routine, ordinary, normal things you
encounter? Everything it can to stop them from interfering with the brain’s real
job—recording things that matter. It doesn’t bother saving the boring things;
they never make it past the “this is obviously not important” filter.

How does your brain now what’s important? Suppose you'’re out for a day
hike and a tiger jumps in front of you. What happens inside your head and
body?

Neurons fire. Emotions crank up. Chemicals surge.

And that’s how your brain knows...

ouY oramn nin
. . - on T Wo¥ t. Only 450
This must be important! Don’t forget it! ™S on & G;\iie dur;ly dry
But imagine you’re at home, or in a library. It’s a safe, warm, tiger-free zone. Savm‘}\ boring pages.
You’re studying, Getting ready for an exam. Or trying to learn some tough Q

technical topic your boss thinks will take a week, 10 days at the
most.

Just one problem. Your brain’s trying to do you a big favor. It’s
trying to make sure that this obviously unimportant content
doesn’t clutter up scarce resources. Resources that are better
spent storing the really big things. Like tigers. Like the danger
of fire. Like how you should never have posted those “party”
photos on your Facebook page. And there’s no simple way

to tell your brain, “Hey brain, thank you very much, but no
matter how dull this book is and how little I'm registering on
the emotional Richter scale right now, I really do want you to
keep this stuff around.”

xXiii
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how to use

We think of a “Head First’ reader as a learner.

So what does it take to learn something? First you have to get it, then
make sure you don’t forget it. It’s not about pushing facts into your head.
Based on the latest research in cognitive science, neurobiology; and
educational psychology, learning takes a lot more than text on a page- We

know what turns your brain on.
some of the Head First learning principles:

Make it visual. Images are far more memorable than words alone and make learning much

more effective (up to 89% improvement in recall and transfer studies). They also make things more
understandable. Put the words within or near the graphics they relate to, rather than on the
bottom or on another page, and learners will be up to twice as likely to be able to solve problems related
to the content.

Use a conversational and personalized style. In recent studies, students performed up

to 40% better on post-learning tests if the content spoke directly to the reader, using a first-person,
conversational style rather than taking a formal tone. Tell stories instead of lecturing. Use casual language.
Don't take yourself too seriously. Which would you pay more attention to: a stimulating dinner party
companion, or a lecture?

Get the learner to think more deeply. Unless you actively flex your neurons, nothing much
happens in your head. A reader has to be motivated, engaged, curious, and inspired to solve problems,
draw conclusions, and generate new knowledge. And for that, you need challenges, exercises, and
thought-provoking guestions, and activities that involve both sides of the brain and multiple senses.

Get—and keep—the reader’s attention. We've all had the”! really want to learn this but | can't
stay awake past page one” experience. Your brain pays attention to things that are out of the ordinary,
interesting, strange, eye-catching, unexpected. Learning a new, tough, technical topic doesn't have to be
boring. Your brain will learn much more quickly if it's not.

Touch their emotions. We now know that your ability to remember something is largely dependent
on its emotional content. You remember what you care about. You remember when you feel something.
No, we're not talking heart-wrenching stories about a boy and his dog. We're talking emotions like
surprise, curiosity, fun, “what the...?” and the feeling of “l rule!” that comes when you solve a puzzle, learn
something everybody else thinks is hard, or realize you know something that“I'm more technical than
thou” Bob from engineering doesn't.
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T wonder how
T can trick my brain
into remembering
this stuff...

Metacognition: Thinking about thinking

If you really want to learn, and you want to learn more quickly and more
deeply, pay attention to how you pay attention. Think about how you think.
Learn how you learn.

Most of us did not take courses on metacognition or learning theory when we
were growing up. We were expected to learn, but rarely taught to learn.

But we assume that if you’re holding this book, you really want to learn what
software architecture is all about. And you probably don’t want to spend a

lot of time on it. If you want to use what you read in this book, you need to
remember what you read. And for that, you've got to understand it. To get the most
from this book, or any book or learning experience, take responsibility for your
brain. Your brain on #us content.

The trick is to get your brain to see the new material you're learning as Really
Important. Crucial to your well-being. As important as a tiger. Otherwise,
you’re in for a constant battle, with your brain doing its best to keep the new
content from sticking

So just how DO you get your brain to treat software
architecture like it’s a hungry tiger?

There’s the slow, tedious way, or the faster, more effective way. The slow way is about
sheer repetition. You obviously know that you are able to learn and remember even

the dullest of topics if you keep pounding the same thing into your brain. With
enough repetition, your brain says, “This doesn’t fee/ important, but they keep looking
at the same thing over and over and over, so I suppose it must be.”

The faster way is to do anything that increases brain activity, cspecially
different fypes of brain activity. The things on the previous page are a big part of the
solution, and they’re all things that have been proven to help your brain work in your
favor. For example, studies show that putting words within the pictures they describe (as
opposed to somewhere else on the page, like a caption or in the body text) causes your
brain to try to make sense of how the words and picture relate, and this causes more
neurons to fire. More neurons firing = more chances for your brain to get that this is
something worth paying attention to, and possibly recording.

A conversational style helps because people tend to pay more attention when they
perceive that they’re in a conversation, since they’re expected to follow along and
hold up their end. The amazing thing is, your brain doesn’t necessarily care that the

“conversation” is between you and a book! On the other hand, if the writing style is
formal and dry, your brain perceives it the same way you experience being lectured to
while sitting in a roomful of passive attendees. No need to stay awake.

But pictures and conversational style are just the beginning. ..

XXV
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Here’s what WE did

We used visuals, because your brain is tuned for visuals, not text. As far as your brain’s
concerned, a visual really «s worth a thousand words. And when text and visuals work
together, we embedded the text i the visuals because your brain works more effectively
when the text is within the thing the text refers to, as opposed to in a caption or buried in a
paragraph somewhere.

We used redundancy, saying the same thing in different ways and with different media types,
and multiple senses, to increase the chance that the content gets coded into more than one area
of your brain.

We used concepts and visuals in unexpected ways because your brain is tuned for novelty,
and we used visuals and ideas with at least some emotional content, because your brain

1s tuned to pay attention to the biochemistry of emotions. That which causes you to fee/
something is more likely to be remembered, even if that feeling is nothing more than a little
humor, surprise, or interest.

We used a personalized, conversational style, because your brain is tuned to pay more
attention when it believes you’re in a conversation than if it thinks you’re passively listening
to a presentation. Your brain does this even when you’re reading.

We included dozens of activities, because your brain is tuned to learn and remember more
when you do things than when you read about things. And we made the exercises challenging
yet doable, because that’s what most people prefer.

We used multiple learning styles, because you might prefer step-by-step procedures, while
someone else wants to understand the big picture first, and someone else just wants to see

an example. But regardless of your own learning preference, everyone benefits from seeing the
same content represented in multiple ways.

We included content for both sides of your brain, because the more of your brain you
engage, the more likely you are to learn and remember, and the longer you can stay focused.
Since working one side of the brain often means giving the other side a chance to rest, you
can be more productive at learning for a longer period of time.

And we included stories and exercises that present more than one point of view,
because your brain is tuned to learn more deeply when it’s forced to make evaluations and
judgments.

We included challenges, with exercises, and we asked questions that don’t always have

a straight answer, because your brain is tuned to learn and remember when it has to work at
something, Think about it—you can’t get your body in shape just by watching people at the
gym. But we did our best to make sure that when you’re working hard, it’s on the right things.
That you’re not spending one extra dendrite processing a hard-to-understand example
or parsing difficult, jargon-laden, or overly terse text.

We used people. In stories, examples, visuals, etc., because, well, because you’re a person.
And your brain pays more attention to people than it does to things.
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Cut this out and stick it

on Your vc«crigera{:or.

Slow down. The more you understand, the
less you have to memorize.

Don’t just read. Stop and think. When the book asks
you a question, don’t just skip to the answer. Imagine
that someone really is asking the question. The

more deeply you force your brain to think, the better
chance you have of learning and remembering.

Do the exercises. Write your own notes.
We put them in, but if we did them for you, that
would be like having someone else do your workouts
for you. And don’t just look at the exercises. Use a
pencil. There’s plenty of evidence that physical
activity w/ule learning can increase the learning;

Read the “There Are No Dumb Questions.”
That means all of them. They’re not optional
sidebars, they’re part of the core content!
Don’t skip them.

Make this the last thing you read before bed.

Or at least the last challenging thing.

Part of learning (especially the transfer to long-term
memory) happens g/ you put the book down. Your
brain needs time on its own, to do more processing. If
you put in something new during that processing time,
some of what you just learned will be lost.

Talk about it. Out loud.

Speaking activates a different part of the brain. If
you’re trying to understand something, or increase
your chance of remembering it later, say it out loud.
Better still, try to explain it out loud to someone else.
You’ll learn more quickly, and you might uncover
ideas you hadn’t known were there when you were
reading about it.

o

7

the

Here’s what YOU can do to bend
Your brain into subwmission

So, we did our part. The rest is up to you. These tips are a
starting point; listen to your brain and figure out what works
for you and what doesn’t. Try new things.

Drink water. Lots of it.

Your brain works best in a nice bath of fluid.
Dehydration (which can happen before you ever
feel thirsty) decreases cognitive function.

Listen to your brain.

Pay attention to whether your brain is getting
overloaded. If you find yourself starting to skim
the surface or forget what you just read, it’s time
for a break. Once you go past a certain point, you
won’t learn faster by trying to shove more in, and
you might even hurt the process.

Feel something.

Your brain needs to know that this matters. Get
involved with the stories. Make up your own
captions for the photos. Groaning over a bad joke
1s still better than feeling nothing at all.

Apply it every day!

There’s only one way to learn how to really
understand software architecture: apply it

every day. You are going to be doing software
architecture a lot in this book, and like with any
other skill, the only way to get good at it is to
practice. We’re going to give you a lot of practice:
every chapter has exercises that pose problems for
you to solve. Don’t just skip over them—a lot of the
learning happens when you solve the exercises. We
included a solution to each exercise—don’t be afraid
to peek at the solution if you get stuck! (It’s easy
to get snagged on something small.) But try to solve
the problem before you look at the solution. And
definitely get it working before you move on to the
next part of the book.
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Read me

This is a learning experience, not a reference book. We deliberately stripped out
everything that might get in the way of learning whatever it is we’re working on at
that point in the book. And the first time through, you need to begin at the beginning,
because the book makes assumptions about what you've already seen and learned.

We break things down, then build them back again.

We are fans of teasing things apart. This gives us the chance to focus on one aspect
of software architecture at a time. We use a lot of visuals to explain various aspects of
software architecture. We make sure you have a deep understanding of each aspect,
and have the confidence to know when and how to use them. Only #en do we start to
bring things together, to explain the more complex ideas in software architecture.

We don’t exhaustively cover everything.

We use the 80/20 approach. We assume that if you are going for a PhD in

software architecture, this isn’t going to be your only book. So, we don’t talk about
everything—just the stuff that you’ll actually use, and that you need to hit the ground
running. We want to hit the ground running:

The activities are NOT optional.

The exercises and activities are not add-ons; they’re part of the core content of the
book. Some of them are to help with memory, some are for understanding, and some
will help you apply what you've learned. Don’t skip the exercises. The crossword
puzzles are the only thing you don’t ave to do, but they’re good for giving your brain a
chance to think about the words and terms you’ve been learning in a different context.



the

The redundancy is intentional and important.

One distinct difference in a Head First book 1s that we want you to really get it. And
we want you to finish the book remembering what you’ve learned. Most reference
books don’t have retention and recall as a goal, but this book is about learning, so you’ll
see some of the same concepts come up more than once.

The examples are as generic as possible.

To teach you software architecture, we have to use business problems—otherwise, the
concepts we introduce in this book would be too abstract and hard to follow. We’ve
deliberately made the examples in this book generic, yet also interesting, fascinating,
and downright fun. No matter your background, we are certain you will be able to
relate to them when practicing software architecture, whatever kind of work you do.

The Brain Power exercises don’t always have answers.

For some of them, there is no right answer, and for others, part of the learning
experience is for you to decide if and when your answers are right. In some of the
Brain Power exercises, you will find hints to point you in the right direction.

0°Reilly online learning

o o  For more than 40 years, O’Reilly Media has provided
O REILLY technology and business training, knowledge, and insight to help

companies succeed.

Our unique network of experts and innovators share their knowledge and expertise
through books, articles, and our online learning platform. O’Reilly’s online learning
platform gives you on-demand access to live training courses, in-depth learning
paths, interactive coding environments, and a vast collection of text and video from
O’Reilly and 200+ other publishers. For more information, visit Attp://oreilly.com.
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Do it yourself chapters

A unique aspect of this particular Head First book is what we
call “do it yourself” chapters. These chapters (there are two of
them) are entirely exercise-based and give you a chance to create
an architecture from beginning to end, applying all the concepts
you've learned up to that point.

In these chapters, you’re the software architect. You'll
determine architectural characteristics, build a logical architecture,
and make architectural decisions, including what kind of
architectural style to use. Doing the exercises in these chapters
gives you an end-to-end view of what a software architect does
and shows you how much you’ve learned.

In Chapter 9, the first “do it yourself” chapter, you’ll create

an architecture for a trip-management system called TripEZ
(pronounced like “trapeze”) that aims to make travel easier,
especially for road warriors. This new online trip-management
dashboard app will allow travelers to see and manage all of their
travel reservations, organized by trip, through a browser or on their
mobile devices.

In Chapter 12, the second “do it yourself” chapter, you’ll
create an architecture for a standardized-testing system called
Make the Grade. All Dataville Public School students in
specific grade levels take the same test to determine how well
students, teachers, and the school are doing. This chapter will
be a great way for you to test your knowledge (so to speak).

XXX
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The technical review team »
Nate Sehutts i“v Qhvistine

Meet our review team!

We were lucky enough to round up a powerhouse
team of people to review this book, including
senior developers, software architects,

renowned public speakers, and prolific

book authors.

These experts read every chapter, did the exercises, Venkat

corrected our mistakes, and provided detailed Subramania ek

commentary on every single page of this book. " \‘ja‘{',ElC
1avore

They also acted as our sounding board, letting

us work through ideas, analogies, and narratives.
They even helped us think through how this book
should be organized.

Every single reviewer here made

huge contributions to this book and
vastly improved its quality. We deeply
appreciate the countless hours they
spent poring over the manuscript. We

remain indebted to them. S

Thank you! ¢, /i3 thanks also %
NTOS‘{:&?. Sanad for inding
lots oF our {:\/?os!

Max Sehubert

Dcsyi{:e our (and our
veviewers) best efforts, any
and all ervors and omissions
are ours and ours alone.

you are here » XXXi
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software architecture demystitied

Let’s Get Started!

Software architecture is fundamental to the success of your
system. This chapter demystifies software architecture. You’ll gain an understanding
of architectural dimensions and the differences between architecture and design. Why
is this important? Because understanding and applying architectural practices helps
you build more effective and correct software systems—systems that not only function
better, but also meet the needs and concerns of the business and continue to operate
as your business and technical environments undergo constant change. So, without

further delay, let’s get started.



software architecture

Building your understanding of
software architecture

To better understand software architecture, think about a typical home in your

neighborhood. The structure of the home is its architecture—things like its The buifdin3 '"CfaPh or
shape, how many rooms and floors it has, its dimensions, and so on. A house ' 3 very popular one
1s usually represented through a building plan, which contains all the lines and o understandin
boxes necessary to know how to build the house. Structural things like those % tware architeeture
shown below are hard and expensive to change later and are the important stuff '
about the house.

This house has a ROO‘F Chimncy
nice avchitecture. — 4\/

Load—bearing

tolumn

Not only is +his house
ug\\/, it's not very
‘(:vmcﬁona\ either.

Architecture is essential for building a house. Can you imagine building one without
an architecture? It might turn out looking something like the house on the right.

Architecture 1s also essential for building software systems. Have you ever come
across a system that doesn’t scale, or is unreliable or difficult to maintain? It’s likely
not enough emphasis was placed on that system’s architecture.

Gardening is another useful metaphor for describing software architecture. Using the space below, can you describe

how planning a garden might relate to software architecture? You can see what we came up with at the end of this
chapter.

———— Solution on page 29




Building plans and software architecture

software architecture

You might be wondering how the building plans of your home relate to software
architecture. Each is a representation of the thing being built. So what does the

“building plan” of a software system look like? Lines and boxes, of course.

A building plan specifies the structure of your home—the rooms, walls, stairs, and Fun pacf\ 3 bui]
so on—in the same way a software architecture diagram specifies its structure (user :’o be Calleq , I:(Ibdlhﬂ Plan ys d
interfaces, services, databases, and communication protocols). Both artifacts provide uT that term : /“CPw}.f} ”
guidelines and constraints, as well as a vision of the final result. oosolet, € leg 'Z o
id; ST wi
ding 5 Chitee r-e')éhm

CLOSET

/\Bo{:h of these diagramij

vepresent building plans:

en your penci]

What features of your home can you list that are structural and related
to its architecture? You can find our thoughts at the end of this chapter.

———— Solution on page 29

Did you notice that the floor plan for
the house above doesn’t specify the
details of the rooms—things like the
type of flooring (carpet or hardwood),
the color of the walls, and where a bed
might go in a bedroom? That’s because
those things aren’t structural. In other
words, they don’t specify something
about the architecture of the house,
but rather about its design.

DOh’f worry—vou'l] |
about this Zis y . A d lot more

tinetion later i thi
chapter. Right now, Just £°c:s onls
the S'lzrucfwc o‘: somc'l:hiha-—in other
words, its architeeture.
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The dimensions of software architecture

Most things around us are multidimensional.

For example, you might describe a particular
room in your home by saying it is 5 meters long
and 4 meters wide, with a ceiling height of 2.5
meters. Notice that to properly describe the room
you needed to specify all three dimensions—its
height, length, and width.

W C\S\‘*’

You can describe software architecture by its
dimensions, too. The difference is that software
architecture has four dimensions.

0 Architectural characteristics

This dimension describes what aspects of the

— architectural characteristics —]

system the architecture needs to support—things § s
like scalability, testability, availability, and so on. - a
§ :’E
. & ®

e Architectural decisions s Q

This dimension includes important decisions that 2 ss

have long-term or significant implications for ‘%' %

the system—for example, the kind of database it g &

uses, the number of services it has, and how those o o

services communicate with each other. 5

L I——_ 1 4

e Logical components logical components

This dimension describes the building blocks of the system’s

functionality and how they interact with each other. For

example, an ecommerce system might have components for

inventory management, payment processing, and so on. You'l |

u
"’OS{ C::rn abOu-é 'F‘iVC o.p _6‘)
° m
e Architectural style styles |34, ‘1*6 itectug)
" Thi
This dimension defines the overall physical shape and structure of a J s book.
software system in the same way a building plan defines the overall shape

and structure of your home.
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Puzzling out the dimensions

You can think of software architecture as a puzzle, with each dimension representing a
separate puzzle piece. While each piece has its own unique shape and properties, they must
all fit together and interact to build a complete picture.

We've going 4o help you take the Puzzle )

Pieces and build 3 omplete piet
\/ what softwave archi{:cc'tu\rcFis al;lr :;i'l;

 ARCHITECTURAL CHARACTERISTICS — Everything is interconnected.

Did you notice how the pieces of this puzzle are joined in the

middle? That’s exactly how software architecture works: each
dimension must align.

The architectural style must align with the architectural
characteristics you choose as well as the architectural decisions

you make. Similarly, the logical components you define must
align with the characteristics and the architectural style as well
as the decisions you make.

— SNOISID3a IWANLO3LIHOZY
— 37ALS WANLOSLIHOZY

LOGICAL COMPONENTS

therejare no o
Dumb Questions

Q: Do you need all four dimensions when creating an architecture, or can you skip some if you don’t have time?

A: Unfortunately, you can't skip any of these dimensions—they are all required to create and describe an architecture. One common
mistake software architects make is using only one or two of these dimensions when describing their architecture. “Our architecture is
microservices” describes a single dimension—the architectural style—but leaves too many unanswered questions. For example, what
architectural characteristics are critical to the success of the system? What are its logical components (functional building blocks)? What
major decisions have you made about how you'll implement the architecture?
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The first dimension: Architectural characteristics

Architectural characteristics form the foundation of the architecture
in a software system. Without them, you cannot make architectural
decisions or analyze important trade-offs.

N ARCHITECTURAL CHARACTERISTICS —

Imagine you’re trying to choose between two homes. One home is
roomy but is next to a busy, noisy motorway. The other home is in a
nice, quiet neighborhood, but is much smaller. Which characteristic is more important to you—
home size or the level of noise and traffic? Without knowing that, you can’t make the right choice.

The same is true with software architecture. Let’s say you need to decide what kind of database to use
for your new system. Should it be a relational database, a simple key/value database, or a complex
graph database? The answer will be based on what architectural characteristics are critical to you. For
example, you might choose a graph database if you need high-speed search capability (we’ll call that
performance), whereas a traditional relational database might be better if you need to preserve data
relationships (we’ll call that data integrity).

H HH ah“\“‘v . .
pe\r{orm’o\?“"‘_" tokes Availa bi ”'Y sca\'s ability 10 wainta
he amount we it «a € amount of Uptime of The SYS."“‘M rosponse fime v .
T{ " dho systen 1o proce :stem- Usual measureda 2 CONSISTE s the auwber of use
or 4 ines” (s g9 in o 1ate &
pusiness redV ree “nipgg”) % Would be eor reguests ¢ 0ases

Here are some of the more common arthitectural
chavactevisties. \/ou'll be |ca\rnin5 all about these
in Chapter 2.

Check the things you think might be considered architectural characteristics—something that the structure of the
software system supports.

|| Changing the font size in a window on the user interface screen
|| Making changes quickly

|| Handling thousands of concurrent users

|| Enerypting user passwords stored in the database

|| Interacting with many external systems to complete a business request

——— Solution on page 30




The term architectural characteristics might not be familiar
to you, but that doesn’t mean you haven’t heard of them before.
Collectively, things like performance, scalability, reliability, and
availability are also known as nonfunctional requirements, system
quality attributes, and simply “the -ilities” because most end with
the suffix -tlity. We like the term architectural characteristics because
these qualities help define the character of the architecture and
what it needs to support.

Arch‘\{cl‘,{wa\ chavackcris{:'\cs are

. itieal
capabilities that ave et j Z‘\r\c system.

im‘?or{;an{: 1o the suetess

software architecture

LY

To architect software you mus
first address:

Capabilities key to the new app’s
success

Who Does Whétt?

Here’s your chance to see how much you already know about many common architectural characteristics. Can you
match up each architectural characteristic on the left with its definition on the right? You'll notice there are more
definitions than characteristics, so be careful—not all of the definitions have matches.

Extensibility Taking into account time frames, budgets, and
developer skills when making architectural choices
N_ We did his
one for You. The system'’s ability to keep its other parts

Aqgility functioning when fatal errors occur

The ease with which the system can be enhanced to

Interoperability

support additional features and functionality

The amount of time it takes to get a response to the

user
Fault tolerance

The system’s ability to respond quickly to change
(a function of maintainability, testability, and

deployability)

Feasibility

The system’s ability to interface and interact with
other systems to complete a business request

————> Solution on page 30
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The second dimension: Architectural decisions

Avrchitectural decisions are choices you make about structural
aspects of the system that have long-term or significant
implications. As constraints, they’ll guide your development team
in planning and building the system.

Should your new home have one floor or two? Should the roof
be flat or peaked? Should you build a big, sprawling ranch house?
These are good examples of architectural decisions because they
involve the structural aspect of your home.

What should Your home look
like? This kind of detision

\/ is an architectural one.

— SNOISID3a WANLO3LIHDZY —,

You might decide that your system’s user interface should not
communicate directly with the database, but instead must go through
the underlying services to retrieve and update data. This architectural
decision places a particular constraint on the development of the user
interface, and also guides the development team about how other
components should access and update data in the database.

Heve's an example
of an avehiteetural

detision. Architectural
\ﬁ decision

This avehiteetural
detision imposes

a tonstraint and
atts as a gquide.

Data
/_\ Access

The user interface must
go through the data

access service to read Service

or write data; it cannot

communicate directly with

the database. ? \

This imagc
) j\ ) vepresents :?

You'll be learning a lot e ,g/:“lgffn
about avehiteetural j;ccmeook
detisions in Chapter 3. ' This is the

database.
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It’s not uncommon to have several dozen or more
documented architectural decisions within any system.
Generally, the larger and more complicated the
system, the more architectural decisions it will have.

i .. BE the architect

Your job 15 fo be the architect and identify

as many architectura] decisions as you
can in the diagram below. Draw a circle

) around anything that you think might he

an architectura] decision and write what

that decision might be.

Here's a hint—do Yyou have questions
about why cevtain things ave done

the way they are? E/

Y

Order Inventory Payv!nenf
Placement Adjuster Mediator

Credit Gift Reward
Card Card Points
ke e Payment Payment Paywment
Reporting Inventory
Patabase Patabase Patabase \ /

Paymen;r

——— Solution on page 31 Database
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The third dimension: Logical components

Thcsc rooms

Logical components are the up the bulp make
building blocks of a system, ocke oﬁw dms
much in the same way rooms are Your home.
the building blocks of your home. ¢
LOGICAL COMPONENTS A logical component performs el )
some sort of function, such as acssr ) [o B sEoROOM 3
processing the payment for an g ) _@_ﬂi{\
order, managing item inventory, or tracking orders. N m
Logical components in a system are usually represented through a BEDROOM ( i, /ik | seoroon 2
directory or namespace. For example, the directory app/order/
payment with the corresponding namespace app .order.

payment identifies a logical component named Payment Processing.
The source code that allows users to pay for an order is stored in this
directory and uses this namespace.

Order
Trackin
Al of Lhese boxes / g

al CO"‘Y°"°"J(’S'

/ ch\(cSCV\‘h \0‘5‘(‘ A
Order {\

Paywment Order

Placement Processing Shipping :’g;vc into the
etails of I°Sit‘—al

‘:°"‘P°hch{;s and
ow to treate

The Payment Protessing then
. logical COM?OV\CY\'{Z is B app min ChaP{:ﬂ' 4‘
Inventory identified through this [
Managewment divectory structure and is F= order
implemented {‘)wou%h these L
three sourte tode tiles. \___ 7 £ payment
——[E| pay_with_creditcard.py

Arthiteetural . .
tomponents are _E| pOY—Wlth_gl ftcard. py
language-agnostie. —E| process_refund.py

We \)us{; haFPch +o
be using Python

heve.

10
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'@ en your Penci]. - A logical component should always have a well-

N\ defined role and responsibility in the system—in

_ ‘ other words, a clear definition of what it does.
You've just created the following two components for a

new system, and your development team wants to start This component is vesponsible
writing class files to implement them. Can you create for © ickFand ack” |?£ locajw/]/
a directory structure for them so they can start coding? P pack

) , items in a warehouse (that’s the Order
Flip to the end of the chapter for our solution. “piek” part), then determines

the correet box size for the
items so they tan be shipped
rotile

Fulfillment

This is the vole and
vesponsibility statement
for the Order
Ful£i|lmcn{: Com‘?oncn{i-

Wn
Jnsweh y Our

L]
(]
Stick

Logica

~al Com
They h

Y hold the
Usinegg fUnCtISOour

————> Solution on page 32

therejare no o
Dumb Questions

Q,: What is the difference between the system functionality and the domain?

A: The domain is the problem you are trying to solve, and the system functionality is how you are solving that problem. In other
words, the domain is the “what,” and the system’s functionality is the “how.”

11



architectural

The fourth dimension: Architectural styles

Homes come in all shapes, sizes, and styles. While there
are some wild-looking houses out there, most conform to a

|
H] particular style, such as Victorian, ranch, or Tudor. The style Eath vpn:
2 . region of {),
g‘ of a home says a lot about its overall structure. For example, world ha ; L e
5| ranch homes typically have only one floor; colonial and home st ’ owh set
g Tudor homes typically have chimneys; contemporary homes ‘em out at z&:*éheck
5| typically have flat roofs. en-wikiped: ps://

- iPedia.org/yiki /
l ist_of

_housc“sfyl es.

Architectural styles define the overall shape and structure of a software system,
each with its own unique set of characteristics. For example, the microservices

architectural style scales very well and provides a high level of agility—the ability S'(Z)’lcs
to respond quickly to change—whereas the layered architectural style is less ter in the book. We'v
complex and less costly. The event-driven architectural style provides high levels evoted thapteys to ¢
of scalability and is very fast and responsive. €ath of thep,
é
microservices itestore Ve”fw .
ed A¥C Ty,
\ayer e 5.
Mﬁé’af
Ure

i

Theve ave a number of diffevent
avthitectural s{:\/lcs, but ﬁo\r{:una‘f:cly
not as many as there are house styles.

12



software architecture

Because the architectural style defines the overall shape and
characteristics of the system, it’s important to get it right the
first ime. Why? Can you imagine starting construction on

a one-story ranch home, and in the middle of construction
changing your mind and deciding you’re going to build a
three-story Victorian house instead? That would be a major
undertaking, and likely exceed your budget and affect when you
can move into the house.

Software architecture is no different. It’s not easy changing
from a monolithic layered architecture to microservices. Like
the house example, this would be quite an undertaking:

Later in the book, we’ll show you how to
properly select an architectural style based
on characteristics that are important to you.

Which brings us back to an earlier

story Vietoria,

wi . . .
very dif«cicult beaou’d be point—all of the dimensions of software
Struttures duse the architecture are interconnected. You
are so diff, erent.

can’t select an architectural style without
knowing what’s important to you.

The tightly wound tendons and muscles in a lion’s legs enable it to reach
speeds as fast as reach speeds as fast as 50 miles (80 kilometers) per hour
and leap up to 36 feet (11 meters) in a single bound. This characteristic
allows lions to survive by catching fast prey.

Look around you—what else has a structure or shape that defines its
characteristics and capabilities?

Fun faet: A lion doesn't have mueh
onl\/ run 1Cas‘l: in short buyrs
than the lion thasing you,

stamina and can
ts. |£ You tan last longcr
then You Jus{: might survive.
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putting the pieces

Who Does What

We were trying to describe our architecture, but all the puzzle pieces got mixed up. Can you help us figure out
which dimension does what by matching the statements on the left with the software architecture dimensions on
the right? Be careful—some of the statements don’t have a match because they are not related to architecture.

This is about availability-
This systew wwust be available for our overseas customers. ——— >

Customers are complaining about the background color
of the new user interface.

The produet owner insists that we get new features and
bug fixes out to our customers as fast as possible.

Qur system uses an event-driven architecture.

We need to support up to 300,000 concurrent users in
this system.

The single payment service will be broken apart into
separate services, one for each payment type we accept.

We are going to start offering reward points as a new
paywent option when paying for an order.

We are breaking up the orderPlacement class into
three smaller class files.

The user interface shall not communicate directly with
the database.

N ARCHITECTURAL CHARACTERISTICS —;,

We did this

one for Yyow

LOGICAL COMPONENTS

— 37ALS WENLOSLIROZY —

— SNOISID3a WANLO3LIHOZY —,

——— Solution on page 33
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If I'm responsible for the
design of a software system,
does that mean I'm responsible

for its architecture as well?
Aren’t those the same thing?

software architecture

No, architecture and design are different.

You see, architecture is less about appearance and more about structure,
while design is less about structure and more about appearance.

The color of a room’s walls, the placement of furniture, and the type of
flooring (carpet or wood) are all aspects of design, whereas the physical
size of the room and the placement of doors and windows are part of
architecture—in other words, the structure of the room.

Think about a typical business application. The architecture, or structure,
is all about how the web pages communicate with backend services and
databases to retrieve and save data, whereas the design is all about what
each page looks like: the colors, the placement of the fields, which design
patterns you use, and so on. Again, it becomes a matter of structure versus
appearance.

Your question is a good one, because sometimes it gets confusing trying to
tell what is considered architecture and what 1s considered design. Let’s
investigate these differences.

15



design vs. architecture

A design perspective

Suppose your company wants to replace its outdated order processing system with a new
custom-built one that better suits its specific needs. Customers can place orders and can
view or cancel orders once they have been placed. They can pay for an order using a
credit card, a gift card, or both payment methods.

Luky you. You've been put ;
put i
K~ charge of building the new o:‘rdcr
Protessing system. This is the bi
break Yo ;

)
uve been |oo|(ih5 for, and

\/ou'kc anxious to 3e‘l: stavted.

From a design perspective, you might build a Unified Modeling Language (UML) class diagram like the
one below to show how the classes interact with each other to implement the payment functionality.

While you could write source code to implement these class files, this design says nothing about the
physical structure of the source code—in other words, how these class files would be organized and deployed.

Ovdevrs tan have one or
two payment types, and
payment types an be
assotiated with zero or
movre ordevrs.

Order / \J PaymentMethod
+ viewOrder() 0. 1.2

+ placeOrder()
+ cancelOrder()

+ applyPayment()
+ refundPayment()

A The CreditCard and
GiftCard classes inherit
| behavior ‘(:rom the

PaymentMethod elass.
CreditCard GiftCard
+ addNewCard() + getBalance()
+ removeCard()

16 Chapter 1



software architecture

An architectural perspective

Unlike design, architecture is about the structure of the system—things like services, databases,
and how services communicate with each other and the user interface.

Let’s think about that new order processing system again. What would the system look like?
From an architectural perspective, you might decide to create separate services for each payment
type within the order payment process and have an orchestrator service to manage the
payment processing part of the system, like in the diagram below.

As a gentle veminder, _ The Faymey,

eath of these boxes service auowf /'chﬁij{;o,.
« . n u
vepresents a “sevvice. Order Payvglenf ;‘3’) O Your or gy
\ y | Placement >| Mediator £y 2 Credit eapg
Service Service P Card, o oy

Credit g::z
Card .
( 5 Service Service

Eath servite would have
its own tlass diagram
vepresenting the design

of the service.

>

Exercise

Check all of the things that should be included in a diagram from an architectural perspective.

|| How services communicate with each other

|| The platform and language in which the services are implemented
|| Which services can aceess which databases

|| How many services and databases there are

———— Solution on page 34

17



architecture—design

The spectrum between architecture and design

Some decisions are certainly architectural (such as deciding which architectural style to use),
and others are clearly design-related (such as changing the position of a field on a screen or
changing the type of a field within a class). In reality, most decisions you encounter will fall
between these two examples, within a spectrum of architecture and design.

Things on this side are Things on this side are
¢ more about arehitecture. more about design. ),

Don't worry i(: You
don’{‘, know all ‘U\C

Architecture —_—— Design  vsvers o this

You'“ £ind most of Your detisions £all r:irdse:\/‘;i” L
within the spectrum vight about here. carn more dbou

\c\ﬂ\is topie on the
en your penci]

next page.
A, Circle all of the things that you think fall somewhere in the middle of the spectrum between
architecture and design.

ace framework

) . ser interf
: class file database Selecting 2! .
Breaking up @ - use a graph d@ Migratin -
Deciding to Redesigning a web o eroservices
Choosi Breaki Page :
fra;:j;g?ka Persistence servai:;:;ng aparta Choosing an XML parsing library

———— Solution on page 34

Why should | care
where in the spectrum
between architecture and
design my decision lies?
Does it really matter that
much?

Yes, it matters a lot. You sce, knowing where along the spectrum
between architecture and design your decision lies helps determine who
should be responsible for ultimately making that decision. There are some
decisions that the development team should make (such as designing the
classes to implement a certain feature), some decisions that an architect
should make (such as choosing the most appropriate architectural style for
a system), and others that should be made together (such as breaking apart
services or putting them back together).

18



software architecture

Where along the spectrum does your decision fall?

Is it strategic or tactical?

Strategic decisions are long term and influence future actions or
decisions. Tactical decisions are short term and generally stand
independent of other actions or decisions (but may be made in the
context of a particular strategy). For example, deciding how big your
new home will be influences the number of rooms and the sizes of those
rooms, whereas deciding on a particular lighting fixture won’t affect
decisions about the size of your dining room table. The more strategic
the decision, the more it sits toward the architecture side of the spectrum.

Somclc;\vncS wa\(\“‘}
. Vﬁo““’"‘% ' .
w " ““‘a \ot of How wuch effort will it take to construet or change?
w.}m‘fi’/wcy\\ eall , Architectural decisions require more effort to construct or
ii‘o: « avt\\\{:cd’/""c change, while design decisions require relatively less. For
05!

e example, building an addition to your home generally requires
morniny \% a high level of effort and would therefore be more on the
architecture side of the spectrum, whereas adding an area rug

to a room requires much less effort and would therefore be more
on the design side.

Does it have significant trade-offs?

Trade-offs are the pros and cons you evaluate as you are making a
decision. Decisions that involve significant trade-offs require much more
time and analysis to make and tend to be more architectural in nature.
Decisions that have less-significant trade-offs can be made quicker, with
less analysis, and therefore tend to be more on the design side.

/t_Wc)rc 9oing 1o walk you through
the details of all three of these
fattors in the next several pages.

Can you think of a decision that doesn’t involve a trade-off, no matter how small or insignificant? Here’s a hint:
if you think you've found a decision that doesn’t involve a trade-off, keep looking.

19



level of

Strategic versus tactical

The more strategic a decision is, the more architectural it becomes. This is an important
distinction, because decisions that are strategic require more thought and planning and

are generally long term.

Strategic <= > Tactical

Architecture

How
can | determine
whether a decision
is more strategic or
moretactical?

Good questlon. You can use these three questions to help
determine if something is more strategic or tactical. Remember, the
more strategic something is, the more it’s about architecture.

1. How much thought and planning do you need to
put into the decision?

If making the decision takes a couple of minutes to an hour, it’s more
tactical in nature. If thought and planning require several days or weeks,
it’s likely more strategic (hence more architectural).

2. How many people are involved in the decision?
The more people involved, the more strategic the decision. A decision
you can make by yourself or with a colleague is likely to be tactical.
A decision that requires many meetings with lots of stakeholders is
probably more strategic.

3. Does your decision involve a long-term vision or a
short-term action?
If you are making a quick decision about something that is temporary
or likely to change soon, it’s more tactical and hence more about design.
Conversely, if this is a decision you’ll be living with for a very long time,
it’s more strategic and more about architecture.

20



software architecture

en your penci]

Oh dear. We've lost all of our marbles and we need your help collecting them and putting them
back in the right spot. Using the three questions on the previous page as a guide, can you figure
out which jar each marble should go in?

Q Q. o)

Picking a Deciding o get Peploying in the
icking 2 your first dog cloud or on prewmises
programwing
language for your
hew project g
@ Choosing a &
parsing library
.. Migrating Using a design
Ked“‘?ﬂ'j{"ﬂ;"’"" your systew to pattern
user iertace wicroservices

i i
Py gy —Ades iy e

‘‘‘‘‘

x| = I = =
Strategic Somewhere in Tactical
bhetween

————> Solution on page 35
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level of

High versus low levels of effort

Renowned software architect and author Martin Fowler once wrote that “software Mavtin
architecture is the stuff that’s hard to change.” You can use Martin’s definition & (h‘H:Fs: /
to help determine where along the spectrum your decision lies. The harder
something is to change later, the further it falls toward the architecture side of the
spectrum. Conversely, the easier it is to change later, the more it’s probably related

to design.

Fowler’s website
/mavrtinfowler.
tom/arthitecture) has

lo'l:s o‘c usc(:ul s‘l:u‘“ abou{:
avchiteeture.

Architecture [

High effort < > Low effort

Suppose you are planning on moving from one architectural style to another; say, from a
traditional n-tiered layered architecture to microservices. This migration effort is rather
difficult and will take a lot of time. Because the level of effort is high, this would be on
the far end of the architecture side of the spectrum.

- o the \3\[0\4{',
hanon
%azac %'\C\ds on 3
web Ya%g s move

te
about appeavan
than strueture=YC

anokher veason

why this WO"\d_bc
deved desiyr

.

Loy\s\

22

Oh degay. thi

4 hlS is i
C"aﬁgfs s oF el
archite, {:(Aka'[h?: that are

HCF,',:(‘I-[:_

Now suppose you're rearranging fields on a user interface screen. This
task takes relatively less effort, so it resides on the far end of the design
side of the spectrum.

[ 18] [ 18I
From Depart From: | |V|
| | v | | dd/mm/yy | To: | I vl
To Return S
| [w] [ aammyy | Depart: [ da/mmiyy | Return: [de/mmyyy |
| Find Flights | | Find Flights |




Code Magnets

software architecture

We had all of these magnets from our to-do list arranged from high effort to low effort, and somehow
they all fell on the floor and got mixed up. Can you help us put them back in the right order based on the
amount of effort it would take to make each change?

{ ort .
arrows \m{: the \\\g\n—caifc‘d 1 ‘- ngh effor‘r
E,;?s' at the to? ok the ‘:ia?;,c e °£
S|
\owcr—c“ov{: ones towa¥ \ A
khe 7392

Migrating Your system to
a cloud environment

Renaming a method or
function

art a single

preaking 2P ©  te ones

service into seP

Moving from a relational
to a graph database
Breaking apart a class file

\/
Low effort

————> Solution on page 36
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significant

Significant versus less-significant trade-offs

Some decisions you make might involve significant trade-offs, such as choosing which city

to live in. Others might involve less significant trade-offs, like deciding on the color of

your living room rug. You can use the level of significance of the trade-offs in a particular
decision to help determine whether that decision is more about architecture or design. The
more significant the trade-offs, the more it’s about architecture; the less significant the trade-

offs, the more it’s about design.

More-significant - > Less-significant
trade-offs Trade-offs

Architecture [

| wonder
if microservices

might be & good fit
for this project.

o,

Serig, s

abo, ¢ a"chifez fis ore
ur,
+ Scalability - Cost /
+ Agility - Cowmplexity
+ Elasticity - Performance
+ Fault tolerance - Workflow

Should | break This 4
: rade_
my class file 5o sign Fif: z«ff is not
aPN’t? 'H'us dCC,‘S,-o:"" m&king
abou-é dCS,ah Ore
+ Maintainability —A - More classes

+ Readability
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software architecture

WL Exereise

Decisions, decisions, decisions. How can we ever tackle all of these decisions? One thing we think might
help is to identify the decisions that involve significant trade-offs, since those will require more thinking and
will take longer. Can you help us by identifying which decisions have significant trade-offs and which don’t?

Is this a significant trade-off?

| |VYes | No Picking out what clothes to wear to work today

[ IYes [ |No Choosing to deploy in the cloud or on premises
[IYes [ |No  Selecting a user interface framework

| IYes | |No Nawing a variable in a class file

[ |Yes | No Choosing between vanilla and chocolate ice cream

| lYes | |No Peciding which architectural style to use

[]Yes [ INo  Choosing between REST and messaging

[IYes [ INo  Using full data or only keys for the message payload
IYes [ INo  Selecting an XML parsing library

|| Yes | No Peciding whether or not to break apart a service
|| Yes | No Choosing between atomic or distributed transactions

[ |Yes | No Peciding whether or not to go out fo dinner tonight

———— Solution on page 37
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chapter

Putting it all together

Now it’s time to put all three of these factors to use to figure out whether a decision is
more about architecture or more about design. This tells development teams when to
collaborate with an architect and when to make a decision on their own.

Let’s say you decide to use asynchronous messaging between the Order Placement
service and the Inventory Management service to increase the system’s responsiveness
when customers place orders. After all, why should the customer have to wait for the
business to adjust and process inventory? Let’s see if we can determine where in the
spectrum this decision lies.

ents ave sent. o

e
naSCan‘t servie

cuskm
|y\vancOY‘f adys
fhe Inventory Ma

Ehrough this queue )
Order g Inventory
Placement Management
ot || > e () s
Service m. Service

Significance of trade-offs Strategic or tactical
Using a queve will increase responsiveness when o Not many people need to be
placing an order, but inventory may not be updated The "9""c icant involved in this decision, and
in a timely manner, likely creating back-order W Jc‘ra_d_““c £s push this it doesw't involve long-term
conditions. These are pretty significant trade-offs. detision eloser to planning, so it’s wore tactical.

architecture.

)

Architecture Pesign

Taking the mean of all three factors puts the decision
right about here, meaning this decision has some
architectural aspects and an architect should probably

be consulted or involved. We needed all three factors Level of effort

to determine whether this decision was more about It doesn’t take a whole lot

architecture or design. of effort to send a message
10 another service. This is
prefty standard stuff.
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You made it!

software architecture

Congratulations—you made it through the first part of your journey to understanding

software architecture. But before you roll up your sleeves to dig into further chapters, here’s

a little quiz for you to test your knowledge so far. For each of the statements below, circle

whether it is true or false.

"True or False

True  False Design is like the structure of a house (walls, roof, layout, and so on), and
software architecture is like the furniture and decoration.

True  False Most decisions are purely about architecture or design. Very few
exist along a spectrum between architecture and design.

True  False The more strategic your decision, the more it’s about architecture;
the more tactical, the more it's about design.

True  False The more effort it takes to implement or change your decision, the more
it's about design; the less effort, the more it’s about architecture.

True  False Trade-offs are the pros and cons of a given decision or task. The more
significant the trade-offs become, the more it's about architecture.

——— Solution on page 38

— Bul]et Points

= Software architecture is less about appearance and
more about structure, whereas design is more about
appearance and less about structure.

= You need to use four dimensions to understand
and describe software architecture: architectural
characteristics, architectural decisions, logical
components, and architectural style.

= Architectural characteristics form the foundational
aspects of software architecture. You must know
which architectural characteristics are most important
to your specific system, so you can analyze trade-offs
and make the right architectural decisions.

= Architectural decisions serve as guideposts to help
development teams understand the constraints and
conditions of the architecture.

® The logical components of a software architecture

solution make up the building blocks of the system.
They represent things the system does and are
implemented through class files or source code.

Like with houses, with software there are many
different architectural styles you can use. Each style
supports a specific set of architectural characteristics,
so it's important to make sure you select the right one
(or combination of them) for your system.

It's important to know if a decision is about
architecture or design, because that helps determine
who should be responsible for the decision and how
important it is.
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software architecture

Software Architecture Crossword

Congratulations! You made it through the first chapter and learned
about what software architecture is (and isn’t). Now, why don’t you
try architecting the solution to this crossword?

1 2 3

[ |

8 6

13

EEEE

i EEE

Across

2. An architectural style determings the system’s overall
4. -driven is an architectural style

5. Architectural characteristics are sometimes called this
10. Architectural decisions are usually term

12. If something takes a lot of to implement, it’s

probably architectural

13. You’re learning about software

15. You’ll make lots of architectural

16. A system’s components are its building blocks
18. The number of rooms in your home is part of its

19. Architecture and design exist on a

EEEEEEEE

Down

1. Strategic decisions typically involve a lot of these
3. Building this can be a great metaphor

6. Decisions can be strategic of
7. How many dimensions it takes to describe a software
architecture

8. A website’s user involves lots of design decisions
9. The overall shape of a house or a system, like Victorian

or microservices

11. It’s important to know whether a decision is about
architecture or this

13. You might want to become one after reading this book
14. You analyze these when making an architectural
decision

17. Trade-offs are about the and cons

———— Solution on page 39



software architecture demystified

From page 2

Gardening is another useful metaphor for describing software architecture. Using the space below, can you
describe how a garden might relate to software architecture?

The overall layout of a garden an be compared to the architectural style, whereas eath grouping of

like plants (either by type or color) an vepresent the architectural components. Individual plants
within a group vepresent the class files implementing those components.

Qardens are influenced by weather in the same way a software architecture is influenced by thanges
in ‘Ecchnolog\/, F|a{:‘(:ov-ms, the dCFlO\/thh‘{: environment, and so on. Also, if You don't pay attention
to the garden, weeds S\row—-\')us{: like struetural dcca\/ within Your arthitetture.

en your penci] From page 9

2, Solution

What features of your home can you list that are structural and related to its architecture?

Q H v 1S
oX | ow he front doo
The s2¢ and z\‘a\'\?: doest has a':a;o)'uﬂoors it thcv'\i: i‘_;c C:La“ccwa\[ is
\lO\A‘( ‘*'L\\c\:o oW smd STairs mishfsbcfaoldch ilv;\CC\C\'\aw- aCLCSS.‘b e
\aim 3997 9 Problem)
towy'e” 16 em N
e \u’ot\““ o£ \io\,\' The hei 5“{" of your Lcﬂm%;
The szt c\osf)@ Gk Yo+ (cs\ch‘ a“\/ £ you happen
\)Cdvoo"‘ OQ L\O*/\‘CS) bc VCV\I {',a“)
HOW man b -{: \\Q‘JC \O
3dding aynci, t‘r?(:om; tha fin attic for storing all of (?fﬂdc deck or patiq
hard £5 4o) athroom i really the stuff You never use AVZ;S: You live in +he

» of Course)

you are here » 29



exercise

From page 6

<9 Exercise

Solution

Check the things you think might be considered architectural characteristics—something that the structure of the
software system supports.

|| Changing the font size in a window on the user interface screen

IE Making changes quickly — This .is known as agili Y in

arthitetture.
This is known as clas{ici{:\/-

E Handling thousands of concurrent users 4/_ S
i H Intevo bility.
|| Enerypting user passwords stored in the database / interoperability

@ Interacting with many external systems to complete a business request

W})O DOeS W})&t O From page 7

Solutidn

Here's your chance to see how much you already know about many common architectural characteristics. Can you
match up each architectural characteristic on the left with its definition on the right? You'll notice there are more
definitions than characteristics, so be careful—not all of the definitions have matches.

Taking into account time frames, budgets, and
developer skills when making architectural choices

Extensibility
N We did this

oneé tovr yOlA-

The system’s ability to keep its other parts
Aqility functioning when fatal errors occur

The ease with which the system can be enhanced to
support additional features and functionality
Interoperability
The amount of time it takes to get a response to the
user

Fault tolerance The system’s ability to respond quickly to change

(a function of maintainability, testability, and
deployability)

\> The system’s ability to interface and interact with

other systems to complete a business request

Feasihility
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software architecture demystified

From page 9

BE the architect
Solution

Your job is to be the architect and identify
. as many architectura] decisions as you
~ can in the diagram helow. Draw a circle

around anything that you think might be
an architectura] decision and write what
that decision might be.
The Ovdc‘;’ ) Z_hc /nvcn{;wy service
\7\355'“(_'“ " Communicafjhﬂ with
< w‘(.\‘h“‘?) e Pa)'mcv\{: servige.

\ ! Xn0) Wh
e veRo* (¥4 Y not the Ovd
‘hda*/a\)asc \N \1 P’acc'neh-é Sekvizc;k

> >
Order Inventory W Payment
Placement Adjuster / Y does 4}, Mediator You decidey
th"{:oky servie bl"eak up ‘éh
aVc "éS own ¢ Payh h'é ¢
)/ dafabase? Sehrviees
Credit Gift Reward
Card Card Points
S gt — Payment Payment Paywent
Reporting Order Inventory
Patabase Patabase Patabase \ /
The o
s di*ez.fdlcr Placemc“f servij
the Pa)’mcy z°'"muhi¢afl-h v'f:c \j\ Ls ecviLes are 3 7
" da'éabasc‘ J W'ﬂ, he Ya\,mu‘ nc'h have N
Whyo Al ok ¥ Lgpase: W 70 Payment
dnaving 3 dada’a\)asc kor € Database
N cha"a*’c
servite:
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exercise

en your penci]

From page 11

~.  dolution

You've just created the following two components for a new system, and your development team
wants to start writing class files to implement them. Can you create a directory structure for them
so they can start coding?

Customer Customer

Profile Preferences

E bu\/_ﬁ‘om_us
L B customer

4 profile
L— E SOUYCC_COdC_‘plICS

. yrc(—\crcnc,es
[‘__ E SOUYCC_COdC_‘plICS
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software architecture

LO DO@S WLa:t 9 From page 14
Solution

We were trying to describe our architecture, but all the puzzle pieces got mixed up. Can you help us figure out
which dimension does what by matching the statements on the left with the software architecture dimensions on
the right? Be careful—some of the statements don’t have a match because they are not related to architecture.

This is about availability-
This system wmust be available for our overseas customers, ————>

We did this
Customers are complaining about the backaround color one for you

N ARCHITECTURAL CHARACTERISTICS —,

This :

IS is abouf aﬁif)’
The product owner insists that we get new features and
bug fixes out to our customers as fast as possible.

Our systewm uses an event-driven architecture.

LOGICAL COMPONENTS

We need fo support up t0 300,000 concurrent users in
this system, R This is about sealability-

The single payment service will be broken apart into
separate services, one for each payment type we accept.

—  37ALS WANLO3LIHDZEY —

We are going to start offering reward points as a new
paywent option when paying for an order.

We are breaki the orderPlacement class info
three smaller class files.

The user interface shall not communicate directly with —/

the database.

— SNOISID3a WANLO3LIHOEY —,
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exercise

From page 17

Check all of the things that should be included in a diagram from an architectural perspective.

Hoy,
68\ :o'he'é/)l'h

@] How services communicate with each other d&ig’:/’/cm,,, 223 Shouy
|| The platform and language in which the services are implemented P/e"f’ecm: ?
Z] Which services can access which databases

% How many services and databases there are

From page 18

i arpen your penci]
e yoSOll?’ceion1

Circle all of the things that you think fall somewhere in the middle of the spectrum between
This is design. architecture and design.

his ;.

\ rehit,
file - sorface framework ect,,.
ing up a class . h database inq a user inte e.
Breaking Deciding to use grap Selecting Migratin . v
R g to Microseryiges

Choosin > p e'jes"gning aw
9 a per Breakin eb page
framework Persisteng service g apart a g

Choosing an XML parsing library
These are design. _]
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software architecture

From page 21

“~Shar T penci]
e S hetion

Oh dear. We've lost all of our marbles and we need your help collecting them and putting them back in the right spot.
Using the three questions on page 20 as a guide, can you figure out which jar each marble should go in?

This vequires a lot of planning, is

tision involves

This de - is d involves a lot
) Rk ‘Qam\\ . movre vnsnona\ry, and Involves a lo
o;b*:o é,\:’ the entive 1 of ?eo?le-
. U
o g \>
,_)O ka
< _,_/7 g0 .
. 1?{}"“ Picking Vecldl;ligs’;odgef Peploying in fh.e
DN programming your 09 cloud or on premises
AN language for your
c a9 You tan usua”\/ make

these detisions alone.

& N
QO g O
parsing library

Migrating Using a design
pattern

\ new project

Redesigning your
user inferface

your systew to 5.
wicroservices %d |
R "“k

ma iy
.......

Strategic Somewhere in
hetween
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exercise solutions

Code Mafnets From page 23
Solution

We had all of these magnets from our to-do list arranged from high effort to low effort, and
somehow they all fell on the floor and got mixed up. Can you help us put them back in the
right order based on the amount of effort it would take to make each change?

High effort

A

« \‘ ACC"
Don't believe 2 Plug “parado* of thoi
on

{'p 1 ) ‘EC seav Ch C'\%"\C' x
w [\ ‘c vov'\
/

£loct
These take 3 \:;: :f J:,\\c a\'c\\\)cec’c,wc

‘H‘C“Qon e cheum. Replacing your user
side of the spe interface framework

oh mustard

iding whi
ecid o buy

Migrating your system to
a cloud environment

Moving from a relational
to a graph database

This would fall \righ{: about in the middle
of the speetrum between architecture
and dcsign.

Breaking apart a single
service into separate ones

Resolving a merge
conflict in Git

These take \rcla{:ively less effort and

would thevefore v

. eside move on the desi l
side of the SPCC{:rum. €sign t% I Breaking apart a class file '

Renaming a method or
function

Low effort
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software architecture

1.7 Exercise From page 25
> Dolution
Decisions, decisions, decisions. How can we ever tackle all of these decisions? One thing we think might help
is to identify the decisions that involve significant trade-offs, since those will require more thinking and will
take longer. Can you help us by identifying which decisions have significant trade-offs and which ones don’t?
Ok‘?' So "‘3)’56 this is g
Significant Tradeoffs? \[- diffieult decision sometimes,
| |Yes @] No Picking out what clothes fo wear to work today
[X Yes " | No Choosing to deploy in the cloud or on prewisis
Theve are tovtainy bﬂdc\’d .
| |Yes @ No Selecting a user inferface framework £ _(f. yeve, so £his ¢ J
either way:
| |Yes @ No Peciding on the name of a variable in a class file
| |VYes E] No Choosing between vanilla and chocolate ice cream
@ Yes | No Peciding which architectural style fo use ﬁam mpatt sealability)
ese an 7 )\
mantes a“d oveva
K] Yes [ |No Choosing between REST and messagivllg/ ‘:a-\:;\.\:b\\\bfg
[<|Yes | |No  Using full data or only keys for the message payload
[ |VYes E] No  Selecting an XML parsing library
[E Yes | No Peciding whether or not fo break apart a service
K] Yes | No Choosing between atowic or distributed fransactions
|| VYes @ No Peciding whether or not to go out to dinner tonight
Are .
You getting hungy yet? j‘ This ean impact data integrity
and data Consis{:cnc\/, but also
sealability and performante.
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exercise

True
True ( False )

False

True
False

True or False
Solution

From page 27

ThlS is badeaV‘ds,
Design is like the structure of a house (walls, roof, layout, and so on), and r\/
software architecture is like the furniture and decoration.

Most der:
- . . €Lis;,
Most decisions are purely about architecture or design. Very few Wi'éhi,, Cisiopg lie
exist along a spectrum between architecture and design. befwe&) e SPflffru,h
and ... ehiteps
dCSish_ ure
The more strategic your decision, the more it's about architecture;
the more tactical, the more it's about design.
The more effort it takes to implement or change your decision, the more
it's about design; the less effort, the more it's about architecture. This 1 \JaC\LwaYdS-
\}

Trade-offs are the pros and cons of a given decision or task. The more
significant the trade-offs become, the more it's about architecture.
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software architecture

“ Software Architecture Crossword Solution

From page 23

=
D
— o
< ~
= [>]—=|w O O
o — L
e =) O o
w|o|Dfx| |+ W{O|L|L [N
L o [© -~
ol wf |w
< ) w| [+ n
IO w| [Qffnl— P L
n — T ) 0 d
= H[<|O|-[—]O — )
pa — 0 n ~
o | — < — [ lW]|O|+
> —| |O @) D
Ll Z |- e w| [a|x|O
O fa) ~
! %
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architectural characteristics

Know Your Capabilities

What does your architecture need to support? Architectural
characteristics (the capabilities of an architecture) are the fundamental
building blocks of any system. Without them, you cannot make architectural
decisions, select an architectural style, or in many cases even create a
logical architecture. In this chapter you’ll learn how to define some of the
more common characteristics (like scalability, reliability, and testability), how
they influence a software architecture, how they help you make architectural
decisions, and how to identify which ones are important for your particular

situation. Ready to add some capabilities to your software architecture?
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project requirements

Causing Lafter

tS;il}Zrchlr; Syrtr}llposiadis a startup with a Bay Area feel whose business plan combines
gy-themed conferences with comedy. By gathering like minds, Sillycon provides ttow hard could it

unique offeri fc
q ings for each group and keeps them engaged by keeping them laughing. be to stavt 3 soei al
Part of the business plan includes building Lafter, a social media network related to (but hc{:wa\rking site?/

not limited to) the conferences Sillycon h i
ts. T
o uinemonts domont o y osts. The business stakeholders put together a
The good news is that
they've got the logo
‘CIBUVCd ou{:. ThC Y'CS‘t

is up +o \/y

Sillycon Symposia is hosting a social media network of like-minded

technologists named Lafter.

A pretty standard
level of detail for a Users: Hundreds of speakers, thousands of users
chuircmtn{:s dotument R . .

equirements:

Users can register for usernames and approve the privacy policy

Users can add new content on Lafter as a “Joke™ (long-form post) or

“Pun” (short-form post)

Followers can “HaHa” (indicating strong approval) or “Giggle” (a
milder approval message) content they like

Speakers at Sillycon Symposia events have a special icon
Speakers can host forums on the platform related to their content
Users can post messages of up to 281 characters
Users can also post links to external content

Additional Context:
International support

Very small support staff

“Bursty” traffic: extremely busy during live conferences
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These vepresent

the yroblcm domain.

architectural characteristics

Cubicle conversation

Alex: Look what just landed in my inbox—the Powers That Be want me to
be the architect for the Sillycon Symposia social media app, Lafter.

Sam: You have the requirements? You should jump right into the design of
the system—it seems really straightforward.

Mara: Well, you can really only do that for the simplest of applications,
and I don’t think this one qualifies. Remember the diagram I drew on the
whiteboard the other day?

These are the nonfunetional

g requirmcn{:&

architectural characteristics
AN ~~ /
N\ \
\,J ) (
/ : These ave the
detisions we make

after doing a
Jcradc—oﬂ: anal\/sis.

P

\— SUOISJ3p |ein}d33iyoie
\
[
\
31A3s Jeanjoa3iyoie

logical components

N

Avehiteetural ehavactevistics and logical
c‘.omyoncn‘{‘,s {',OQCH\CV hcl? us detide on
the arehitectural style.

You need to analyze both architectural characteristics and logical
components before you can choose an architectural style as a starting point.

You can implement just about any application in any architectural style, but
some are more suitable than others. Choosing the style before performing
this type of analysis is a classic case of putting the cart before the horse.

Sam: Can’t we just be super-agile, start with something tiny, and then
keep iterating on it until we have the entire system?

Mara: The iterative approach you talk about doesn’t quite work like that
for architectural characteristics analysis. For example, it’s difficult to make a
system highly scalable if it wasn’t designed for that.

Alex: That makes sense. I guess I need to roll up my sleeves and analyze
some architectural characteristics—thanks!

you are here » 43



defining architectural characteristics

What are architectural characteristics?

You have a problem. You decide, “I'm going to write some software to solve this
problem!” The thing you’re writing software about is called the domain, and
designing for it will occupy much of your effort—that is, after all, why you’re the dimensions that hel
writing software. However, it’s not the only thing an architect must consider—they .., .1 ¢ your avchitet {:K"
must also analyze architectural characteristics. Here are a few examples of )
architectural characteristics that show how different domains have different, but V
often overlapping, architectural characteristics.

These make up one o«c

Notice how mah? of them

end with “ility '
Auditability
Banks must provide 3 way i i
P V; st Pata integrity
Financial ";\ransad:ions must
/ be consistent and atturate.
Security ' \
Banks vequire stringent Bank
Scwﬁ{:\l to yro{cd‘.

finantial tonterns.

Both domains have scalabiliblgas
an arthitectural thavacteristic

they must support. Scalab lhfy Banks must support lavge

numbers o‘(: Concwrcn‘{: usevs.

Online auttions must support
a large number of bidders.

Usability

Aué{‘,ion sites must be
easy to use for quick and
cﬁ:icicn{: cn'{:v\/ of bids.

> S
= S

Online auction

Comsistency —/ ~_ Reliability

Bids must be captured Au}&:" sites mus{:’ be
Lonsis{xn‘U\/ and in order eliable—usevs don't like it if

. their tonnettion drops i
. Ps in the
for auttions to work middle of an auttion.
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architectural characteristics

Pefining architectural characteristics

Part of your job as an architect is structural design for software systems,

for which there are two parts: logical components and architectural
characteristics. Logical components represent the domain of the
application—the motivation for writing the software system (we cover these
in Chapter 4). If you combine architectural characteristics with logical
components, you have the structural considerations for an architecture.

Architectural characteristics are the important parts of the construction
process of a software system or application, irrespective of the problem
domain. They represent its operational capabilities, internal structure
decisions, and other necessary characteristics.

We’ll show you lots of examples of architectural characteristics in the
upcoming pages, but first we want to cover the concept itself.

We define architectural characteristics in three parts, as shown here.

We cover logical COMFOhCh‘t

design in Chapter d—stay tuned! '>

LOGICAL COMPONENT DESIGN
I - —1

This rc\?vcscn{:s how
arehitectural thavactevistics
differ from the domain.

Some problems (like
scalabiliﬁy) tan only be
solved via architecture.

CRITICAL OR IMPORTANT TO APPLICATION SUCCESS

Used as filtering eriteria

+o avoid overengineering.

Let’s look at each of these edges one at a time.
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domain or

Characteristics are nondomain design
considerations

To define architectural characteristics, we first need to look at what
they are not. The requirements specify what the application should

do; architectural characteristics specify operational and design criteria for
success, how to implement the requirements, and why certain choices
were made. For example, an application’s level of performance is an
important architectural characteristic that often doesn’t appear in
requirements documents.

Structural design in architecture can be divided into domain and
non-domain considerations. Architectural characteristics represent
your design effort to create the capabilities necessary for the project to
succeed.

Mara: OK, the business analysts and subject matter experts have toiled
away to create both a requirements document and the beginning of

a domain design. But we need to work with them to figure out what
architectural characteristics we need to support.

Sam: Isn’t that part of the domain design? Why does an architect need to
p g y
get involved at this point?

Alex: Well, our business analysts have never worked on a software porject,
so they probably won’t understand the impact of one decision versus
another.

Mara: That’s correct—often what seems like a minor difference to a
business person makes a big difference for an architect! What they want
may turn out to be difficult to support in architecture. That’s why it’s
important for architects to be involved early and often in the design process.

Sam: What kinds of things are we looking for?

Alex: Part of the definition of architectural characteristics 1s “nondomain
design considerations.” Let’s look at what they’ve designed and see if
they’ve considered things like performance and scalability.
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architectural characteristics

Characteristics influence architectural
structure

WCIVC moved on ‘{:O 'H\C

The primary reason architects try to describe architectural characteristics
has to do with architectural considerations: does this characteristic
require special structural support to succeed? For example, security is

a concern in virtually every project, and all systems must take baseline
precautions during design and coding. However, security becomes an
architectural characteristic when the architect needs to make a special effort
to accommodate it.

Consider the following potential architecture diagrams for Lafter, which
include functionality for marketing upcoming promotions and rules

for when each promotion applies. An architect could design this as a
monolithic architecture—one with a single deployable unit and
matching database—or as a series of independent services.

For the monolithic architecture, the entire application would have to be
redeployed when the promotion rules change, because monoliths are built
and deployed as a single unit. However, in a distributed architecture,

only the Promotions service would be affected, and it could be redeployed \/\ In a distributed

independently. avchitecture, each
servite is dCPloycd
ind :
This is a monolithie ) " chndandy
BYC\’\.I‘{',CC{:V‘YC' 'E :_—— Add event
Promote user
K} event Add event :z:::te
H: P\romo{:ions ! e g
needs +»° ‘C.'Y‘ ] bug Promotions B
in production, the pose . —
whole 8\7\7“63{5'0“
V\CCdS ‘bo bC \‘J Post Promotions
\"CdCY‘O\/Cd- message
! i [n this ease,
P‘romo{:iov\s tan
E 3| gﬂ 90 to ?roduc{:ion
~— — ay\\/{jmc H\c\/ like!

You must consider many trade-offs when making architectural decisions, such as whether to use a
monolithic versus distributed physical architecture.
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limiting

Limit characteristics fo prevent
overengineering

Applications could support a huge number of architectural
characteristics...but they shouldn’t. Every architectural characteristic
the system must support adds complexity.

The sheer number and variety of architectural characteristics means
there are many tempting choices. But as architects, we should try to
pick as few architectural characteristics as possible, rather than as
many as possible. This is because architectural characteristics are:

ARCHITECTURAL CHARACTERISTICS

CRITICAL OR IMPORTANT TO APPLICATION SUCCESS

We ave talking about the

third edge. Almost thevel J\
Impossible to standardize ,
p V15 a g0od ides 4, treate

Different organizations use different terms for the same architectural 4 “ubia(ui{-pus 'ahgu age” (sh
. . . . N
characteristics. For example, performance and responsiveness might Votabulav-y) for arcl?i'l:cd: aer
indicate the same behavior. Cha\rac{er;s{:ics within y ura
our

ofrganiza{:ion—'(:his "
|5hfin5 thante at ?:r:;f?:u ;

Synergistic usable standard Jist I

\/ou\r {:akeaway? \/ou
often tannot thoose
one avahi’ce«:’cwal
chavattevistic without

Architectural characteristics affect other architectural characteristics
and domain concerns. For example, if you want to make an
application more secure, the required changes will almost certainly
affect performance negatively (more on-the-fly encryption and other

tonsidering how it may similar changes will lead to performance overhead).

affeet others.
Even the number of
cateqovies of architectural
Overabundant thavacLevisties has

intveased over the last few
years, with additions suth
as tloud tonstraints and
capabilities.

Possible architectural characteristics are extraordinarily abundant, i
and new ones appear all the time. For example, a few years ago there
was no such thing as on-demand elasticity via a cloud provider.

A common hazard for architects is overengineering: supporting too many
architectural characteristics and complicating the overall design to little or no
benefit. Knowing which architectural characteristics are critical or important
to application success acts as a filtering tool. It help us eliminate features that
would be nice to have but just end up adding needless complexity to the system.

We'll be distussing some
categories of architectural
thavacteristies soon.

Beware of resume-driven development (RDD)! It’s fun to play with new stuff,
and we should keep learning, but trying to support too many architectural
characteristics in our systems will not align with larger priorities or help the
application succeed.
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architectural characteristics

Synergy can be dangerous!

- Architects would love to design for architectural characteristics irrespective of the domain
— h ',t‘ design. Unfortunately, the real world refuses to cooperate. When we say that architectural
W&‘tc L. characteristics are synergistic, we mean that changes to one might require changes to other
: architectural characteristics and/or the domain. No matter how clever you are, no architect can make
: every single architecture scalable. Some architectures can’t scale as successfully as others because of
physical constraints such as memory and bandwidth.

Be careful when you change one architectural characteristic; consider how that change may affect other
parts of your architecture. The same applies to making changes to domain design, such as component
boundaries and distribution—changes to the domain may synergistically affect your architectural
characteristics. For example, if you change your application to begin storing users’ payment information,
the security and data integrity architectural characteristics will also change.

Many things in the the real world are synergistic—that is, combining them yields something different than
the sum of the parts. See if you can think of some real-world examples of synergy. Hint: These might include
things that are still identifiable (like peanut butter and chocolate) or things that merge (such as emulsions like oil
and vinegar).

.MSC this space to

Jof down Your ideas.
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explicit versus

Consider explicit and implicit capabilities

Some things are explicit—stated clearly—whereas others are implicit—
assumed based on context or other knowledge. Imagine if you saw a
bunch of mail and packages piling up outside the door of a home—what
conclusions would you draw?

Explicit Implicit

Packages are stacked No one is home.

outside a door.

This family orders a
bunch of stuff online.

The door is locked.

Is this family on

vacation?
Explicit architectural characteristics are specified in the
requirements for the application.
.. . .. . We need 4o
Implicit architectural characteristics are factors that influence

proteet the
Privacy of useys.

an architect’s decisions but aren’t explicitly called out in
the requirements. Security is often an implicit architectural %

.. I . . . X
characteristic: even if it isn’t mentioned in the requirements, A
e

. .1 . We st & L usee®
architects know that we shouldn’t design an insecure system. Aceds o
!

You must use your knowledge of the problem domain to uncover
these architectural characteristics during the analysis phase. For
example, a high-frequency trading firm may not specify how
critical it is for transactions to complete within milliseconds, but the
architects in that problem domain know how important this is.

ARCHITECTURAL CHARACTERISTICS

therejare no
Dumb Questions

Q,: What about important things like good internal structure that no one thinks to ask for?

A: Some implicit architectural characteristics are more subtle, but just as important. For example, architects should pay attention
to the application’s internal structure as developers create it, to ensure that sloppy coding and other deficiencies don't degrade the
longevity of the application. However, virtually no requirements list will specify “Don’t mess up the internal modularity of the system as
you build it!” or “Make sure the software is maintainable!”
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architectural characteristics

The International Zoo of “-ilities” Think 4his s a big ist? Check
out https://is025000.com/

Like the animals in a zoo, architectural characteristics exist indcx.php/ en/iso—25000—
along a broad spectrum. Just as animals range from primates to standavds/ iso—250|0.

reptiles, architectural characteristics range from low-level code
iy shrvaiy

characteristics, such as modularity, to sophisticated operational -
- L. . availability maintai n —
concerns, such as scalability and elasticity. Unfortunately, there is .
interoperability portability

no “universal list” of architectural characteristics, nor are there any
feasibility

real standards for what many of these terms mean (although people
have tried). Instead, each organization interprets these terms for mm
Y

itself.
Additionally, the software ecosystem is constantly adding new

concepts, terms, measures, and verifications, providing new This is not the
opportunities to define even more architectural characteristics. tomplete list. Theve
is no tomplete list/

accessibility

Sam: We’re supposed to define architectural
characteristics for Lafter, but I can’t seem to find a
standard list anywhere.

Alex: Gosh, there are so many possibilities...

Mara: That’s why I like to categorize them. Remember
the old zoo maps that broke the zoo into “houses” and
“enclosures” for each type of animal? That same kind of
categorization can work here. It’s sort of like the genus

and species of architectural characteristics.

Process enclosure

“Ladies
and gentlemen, boys
and girls, children of
all ages—welcome to

the International Zoo

of ‘~ilities’!”

house

T
ENTRANCE

Structural

pen Cross-cutting savannah
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process characteristics

Process architectural characteristics

Process architectural characteristics arec where the software
development process intersects with software architecture. They reflect the
decisions about the mechanics of building software.

72 modularity

Ogﬂ The degree to which the o testablhty
software is composed M How complete the system’s
of discrete components. = testing 1s and how easy these
Modularity affects how M~ | tests are to run, including unit, “Tcstabil;ch" vefers
architects partition functional, user acceptance, and  to '(:cs-[;ins at

behavior and organize exploratory tests. development Lime
logical building blocks. (\/(su(,h 35 unit Lesting)
vather than formgl '
e quality assurance.
agility
A composite architectural
characteristic that encompasses

Aaility is a tomposite testability, deployability, )
a?chizcc{:wal thavacteristic 7 modularity, and a host of other Lo‘i‘ out. for this on .'f:hc

we'll distuss later in this architectural characteristics ::* anc.' Many architeetural
chay{:cr-—sfa\/ tuned/ that facilitate and enable agile avacteristies eut aeross

eategories, as you'll see in the

next 1ccw pages. l

extensibility

How easy it 1s for developers

deployabili o extend the system. This
//@ ploy ty to extend the system. Th

software development practices.

How easy and efficient it is to may encompass architectural
deploy the software system. structure, engineering
practices, internal design, and

This is one of the many
avehitectural thavacteristies

{.)\a{: make up “agih{’)/.”

@ decouple-ability £~
Y

governance.

Coupling describes how parts of the Yes, we know this is a made-—
_ () system are joined together. Some u“p word. That happens a lot
O ! architectures define how to decouple ™ software architecture!
parts in specific ways to achieve certain
benefits; this architectural characteristic
measures the extent to which this 1s
possible in a software system.
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architectural characteristics

Structural architectural characteristics

Structural architectural characteristics affect the internal structure of the
software system, including factors like the degree of coupling between
components and the relationships between different integration points.

Security /_\ Sccwi{\/ appears in every

application, as an implieit
or explicit architectural
thavatteristie.

How secure the system is,
holistically. Does the data
need to be encrypted in the
database? How about for
network communication

maintainability
How easy it is for architects and
developers to apply changes to

enhance the system and/or fix
needs to be in place for bugs.

remote user access?

between internal systems?
What type of authentication

Portability tan apply to any
\?ar{: of the S\/S‘{',Cm, including
fhe user inteckace and
This is one of those imPICmanca{:ion ?lau'\orm.
chavattevistics that belong 1 .
£ move than one tategory. A portability

How easy it 1s to run

| the system on more

og o7 | than one platform (for
eXtenSIblllty 7T example, Windows

How easy it 1s for developers and macOS).
to extend the system. This

may encompass architectural

structure, engineering

practices, internal design, and

gOVCI‘I’laIlCCj loc ] ozation

Some arthiteetural
tharaetevistics cover
development ¢onterns vather
than Pu\rcl\/ domain tonterns.

How well the system
supports multiple languages,
units of measurement
ther flavor 5 . ,
AEOI ¢alization is currencies, and other
o .
~° ternation slization factors that allow it to be
n N

Gl8n) used globally.
non/.
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operational

Operational architectural characteristics

Operational architectural characteristics represent how architectural decisions
influence what operational team members can do.

availability
L o What percentage of the time the
system needs to be available and, if

24/7, how easy it is to get the system
up and running quickly after a failure.

=] recoverability

C=_1  How quickly the system can

j EO get online again and maintain
Z’ business continuity in case of

a disaster. This will affect the

backup strategy and requirements

for duplicated hardware.

Usually vepresented as a
number o‘c “nines” (‘)‘7‘]‘)‘)%
uptime = % nines, a bit
undev b minu{:cs/\/eaﬁ.

& robustness
@ The system’s ability to

handle errors and boundary

A good cﬁamylc o‘('\ {‘)\c
axiom that you £an take 3n\/
adjective and add “~ility

4o make a new avehitectural
thavactevistie!

performance

How well the system

conditions while running,
such as if the power, internet :
connection, or hardware fails. QZY achieves its timing
- requirements using the
available resources.

As you will see shortly,

“ycr(:ormancc" has many

When these are diffevent aspects.
important, they ave very

im‘?ov'{‘,an{:- 1
reliability/ Safety Come “—ilities” are easier to

ieve than othevs. This
Whether the system needs to be achieve than

is ofte d'lg:i(,ulb
%[;jﬁ fail-safe, or if it is mission critical one 1s orren \2
in a way that affects lives. If it fails, oy
will it endanger people’s lives or cost Scalablllty Our Lafter
the company large sums of money? How well the system application
Common for medical systems, hospital 1 | I performs and operates as ~ will definitel

software, and airplane applications. the number of users or need this/
requests increases. Q-/

o
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architectural characteristics

Cross-cutting architectural characteristics

As much as we’d like a nice, orderly zoo of architectural characteristics,
platypuses still show up! Lots of important characteristics defy
categorization.

This is one of those
architeetyyy) ¢h
1 aracterist;
Securlty . at ave aiways reser ! 'S/{,ZCS
How secure the system 1s, haPPchs ﬁo bc 3 en 8 also
holistically. Does the data Contern. °55—Cu'l:'l;ih5

need to be encrypted in the d

database? How about for
network communication
n internal ms?
between internal systems legal
How well the system
complies with local laws
about data protection and
about how the application
should be built or deployed.

What type of authentication
/) needs to be in place for remote
)
Authentica Lion user access:
and authovization
ave aspeets of

sccwﬂ:\[ 3/

~—  authentication/authorization

///\/\\R\‘ How well the system ensures users are who they say .
//‘M’\ they are and makes sure they can access only certain privacy
== functions within the application (by use case, subsystem, How well the system
web page, business rule, field level, etc.). hides and encrypts
transactions so that
) internal employees
Many tountries and veY9" Jike data operators,
have striet laws governing architects, and
Mah\/ SOVCV‘V\W\CV\{: agcm‘.ics YY'.IVaC\,; mak"‘s LthlS{ZCY\C\/ developers cannot see
around the world require a for international them.
baseline level of accessibility. applications tricky.

N

@ accessibility

How easy is it for all your

usability

users to access the system, How casy is it for users

including those with
disabilities, like colorblindness ~ This is @ great example of
or hearing loss. how ambiguous archi{:ccﬁwal‘/
chavactevisties can be:
“usability” ean also vefer to

user expevience design.

to achieve their goals. Is
training required? Usability
requirements need to be
treated as seriously as any
other architectural issue.
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defining

Who Does Whai?

So many architectural characteristics! We had a nice database that listed the ones that are most important for

Lafter, along with their definitions, but somehow the index became corrupted and we lost the linkage. Can you

help restore them by drawing a line from each architectural characteristic to its definition?

scalability

deplqyabi’l?ty

modulartty

rcgl)ustness

Q

bility

—0
—0

qcceess

maintainability

Describes how well the components in the system create well-defined
groupings and boundaries between components.

The system’s ability to recover from problems such as a power, internet
connection, or hardware failure.

How easy is it for all users to access the system, including those with disabilities
like colorblindness or hearing loss.

How easy it is for architects and developers to apply changes to enhance the
system and/or fix bugs.

Describes how well the system handles a large number of concurrent
users while maintaining reasonable performance.

Describes the cadence, efficiency, and reproducibility of deployments.

———— Solution on page 74

56




Q: Where can | find a standard list of architectural
characteristics?

thereqare no
Dumb Questions

architectural characteristics

Q: Can | choose any combination of architectural
characteristics for my application?

A: No standard list really exists (despite several futile efforts) A: Some architectural characteristics oppose one another. For

because the software development ecosystem constantly shifts
and changes. Anyone trying to create a standard list is trying to hit
a moving target.

Q: Isn’t security required for every application?

A: It depends! While it's a common concern, if you design a free

intra-office lunch-ordering system, the only security concern lies
with others finding out that you order an egg salad sandwich every
day.

Q} Doesn'’t every application require availabilty?

AI You guessed it—it depends! Again, availability is a common
concern for most applications, but if the mythical sandwich-
ordering system mentioned above fails, the only real downside is
that everyone has to get their own lunch.

example, architects find it challenging to design for both high
performance and scalability. Determining the most important
architectural characteristics for a system is only part of the design
process. Combining them with logical component design will point
you to an appropriate architectural style.

Q,: What does it mean if you don’t choose an architectural
characteristic like availability in your requirements?

A: The architectural characteristics you choose provide a
guideline for the appropriate architectural style. If an architect
doesn’t choose availability, it doesn’t mean they will purposefully
design the system to have poor availability. Rather, it's an
indication of priority: trading off one architectural characteristic for
another.
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prioritizing

Welcome to “Take It or Leave It!” The rules of this game are simple—we’ll give you a business requirement that might
come up for the Lafter application, and two architectural characteristics. As you know, everything in architecture is a
trade-off, so if you attempt to optimize one, you probably won't do as well with the other. Your job is to tell us which
characteristic you rate as a higher priority for that requirement. You'll find our thoughts at the end of the chapter.

“We need to get this to market ASAP!” fault tolerance agility
“Money’s tight, folks!” scalability simplicity
“Oh, wow, this conference is going to be our biggest yet.” high availability maintainability

“We want to start storing users’ credit card information.”  security recoverability

“This site is going to be very popular upon launch.” agility elasticity

—————> Solution on page 75

The software architecture world lacks a standard term for what we call architectural characteristics. Here are some of
the terms people often use, and why we don’t care for them.

Most teams still call them nonfunctional requirements, which is misleading because architectural characteristics

are indeed functional—they just don’t concern the domain. Calling them nonfunctional downplays their
importance. Other teams call them system quality attributes, which implies an activity that happens at the end of the
project rather than the beginning. Another common name is cross-cutting requirements, which is the one we dislike
the least—but it contains the word requirement, which entangles it with domain behaviors, which come from
requirements, as opposed to capabilities, which are defined by architectural characteristics.
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architectural characteristics
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critical or important to my project?

| see that there are lots of
architectural characteristics...
but how do | know which ones are

Architectural characteristics don’t just appear out
of thin air. In fact, there are three different sources from which you
should look to derive them.

o The problem domain

Part of your job is analyzing a problem to determine what
architectural characteristics the system requires. Many structural
design decisions come directly from the problem domain.

9 Environmental awareness

Many requirements come from having a good understanding of
the environment in which you’re operating. For example, are you
working for a fast-moving startup, or a large enterprise with a lot at
stake?

9 Holistic domain knowledge

Sure, you’re working with a particular problem domain—but we
can assure you that the domain is a lot bigger than your particular
focus. Let’s say you’re building out a payment system. While
understanding what’s required of you is important, you’ll reveal
architectural characteristics if you understand the financial world,
finance industry regulations, and customers’ habits.

Let’s look at each of these sources in turn.
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sources

Sourcing architectural characteristics from
the problem domain

Architects derive many of the necessary architectural characteristics from the
problem domain—it is, after all, the motivation for writing the software in

the first place. That means you must #ranslate the items stated in requirements
documents into their corresponding architectural characteristics. For example,
the Lafter requirements specify “thousands of users.” As an architect, you must
dig deeper to more accurately determine how many users are expected (scalability),
how many of them will be there at the same time (concurrency), and how rapidly
they’ll show up (elasticity).

Exercise

Domain requirements are often a rich source of architectural characteristics. For example, our Lafter application
needs to support large numbers of users, so scalability will be one necessary characteristic. Can you uncover
more? Here are the requirements again:

Users: hundreds of speakers, thousands of users

Requirements: Architectural characteristics

Users can register for usernames and approve the privacy policy a.
Sealability

Users can add new content on Lafter as a “‘Joke” (long-form
post) or “Pun” (short-form post)

Followers can “HaHa” (indicating strong approval) or “Giggle”
(a milder approval message) content they like

Speakers at Sillycon Symposia events have a special icon

Speakers can host forums on the platform related to their content

Users can post messages of up to 281 characters

Users can also post links to external content

Additional Context:

International support

Very small support staff

“Bursty” traffic: extremely busy during live conferences

————— Solution on page 76
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Sourcing architectural characteristics
from environmental awareness

You know a lot about where you work (maybe too much, in some cases!), and
that will naturally drive your architectural characteristics analysis. For example,
an architect working for a fast-moving startup will prioritize agility whether it is
specified or not.

It is important to understand organizational priorities so we can make more
durable decisions. For example, let’s say we must decide how to integrate two
subsystems. The choices are a customized but highly suited protocol or an

industry-standard protocol that will require a little more effort. In a vacuum, we

might choose the first. However, if we know that the organization’s goal is to

engage heavily in mergers with other companies, that fact could tip our decision

architectural characteristics

Sorr\/,{:u'l: this means
99ing to have to start pavi
aﬁfenfion in those businfzzma
Priovitization mcejcings_/

)'ou'v-c

toward the more open solution.
} Some arthiteets s{:a\/ within
Avchitects can't make Par{:i(,ular domains c%aC‘U\/
dCCiSiOV\S in @ vVatuum— bctausc {-{hc\/ havc {:\r\c
context is alvays important advantage of domain knowledge.

Sourcing architectural characteristics
from holistic domain knowledge

You have also no doubt absorbed a lot of domain knowledge: information
that 1sn’t explicitly spelled out in the requirements but that you implicitly
understand about important aspects of the domain.

Suppose Lafter has decided to run a promotion at a local university to
entice students to sign up (they go to a lot of conferences, and some of them
have a sense of humor). We need to design an application that handles sign-
ups for the promotion day. To make the math easy, assume that the school
has 1,000 students and they have 10 hours to sign up. Should we design the
system using a consistent scale, implicitly assuming that the students will
distribute themselves evenly during the sign-up process? (Have we met any

Never undevestimate some university students?)

umvcrsn{y S#"dc“f's) ab."4"13‘/ Based on real-world experience, we can guess that this won’t work. Think

to protvastinate. about what you know about the target demographic. Some students

j\ \_/} are hyperdiligent; some tend to procrastinate. Thus, the actual design
must handle an elastic burst of students in the first hour (as the Type A

One of the most individuals rush to get in line), stay mostly idle for the bulk of the day, and
dangerous distoveries in then handle another elastic burst just before the sign-up window closes, to
life is how much You tan accommodate all the stragglers.

protrastinate and still
(mostly) get the job done.

Architects must make use of all available information sources to understand
the full range of trade-offs inherent in our architectural decisions.
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solutions

ol

It’s sometimes difficult to distinguish requirements from solutions. Here are some responses you might get
when you ask “why?” that could indicate something might be one or the other. Can you identify which indicate
requirements and which solutions?

“We need a system to track user preferences and customizations, then save them between sessions.”

“Do we really need to build our own survey service? Surely we can find one that does what we need.”

“An enterprise service bus would solve some of our current problems (albeit with some changes and work-
arounds) and it offers extreme extensibility.”

“According to the friendly sales rep, this software package does all the things accounting needs, now and in the
near future.”

Solutions versus requirements

Customers often come to architects with solutions rather than requirements. For

Ch 'tt‘ example, back in the 1970s, the US Air Force commissioned a fighter jet and included

a requirement that it be capable of achieving speeds up to Mach 2.5. The designers

tried, but the technology of the time just wasn’t sufficient to meet the requirement. They went
back to the Air Force and asked: “Why does it need to go Mach 2.5?” The answer was, “Well,
these things are expensive, so we want it to be able to flee a fight if necessary.” With that
knowledge in mind, they went back and designed the F-16 fighter jet. It had a maximum speed of
Mach 2.1, but it was the most maneuverable and fastest-accelerating jet ever created.

When users bring us solutions rather than requirements, it’s architects’ job to imitate an annoying
toddler and keep asking “But why?!?” enough times to uncover the actual requirements hidden
within the solutions.

=

Exercise

[] requirement [ ] solution

[ ] requirement [ ] solution

[ ] requirement [ ] solution

[ ] requirement [ ]solution

———— Solution on page 77
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architectural characteristics

Composite architectural characteristics

Alex: The business analyst asked if we can make sure
the system is “reliable.” What do they mean?

Sam: Wow, I can think of a lot of ways to define
“reliable” for a piece of software.

Mara: This happens a lot. A composite is a
combination of two or more things, and often

architectural characteristics combine with each
other to create (seemingly) new ones. We call these AVcragc response
compostte architectural characteristics. Maximum vesponse Lime

. time
What does reliable mean? We can measure many
different aspects of reliability, like how available the L/)
system 1is, how consistent the user interface workflows

are, and how well it handles data integrity.

[

Alex: How do I identify these? ~
Fivst COV\J(:cn{:(:ul
?a'm{: ~

—

:5

5

Total blotking time

Mara: To identify composites, ask: “Can I
objectively measure this architectural characteristic?”

While we often discuss performance as a single value,

it’s actually a composite—because we have to be s Lom\?oscd of...
more specific to get to something measurable. An
example of a measurable architectural characteristic
is_first contentful paint, which measures the time it takes Per-formance
for a web page to load on a mobile device.

.1 Com?oscd o‘(:...
Usability

N
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concerning

Priorities are contextual

It’s impossible to choose the same set of architectural characteristics for
every project. The set of architectural characteristics you choose for a
particular application, and how you prioritize each one, will differ based

on

en your penci]

context.

A, Context matters. At the top, we’ve listed several architectural characteristics. Below that
are three application scenarios. For each scenario, rank each characteristic based on how
important it is for that type of application. Hint: Some applications won’t need all of them.

IScalability ' lPerformance i

IExtensibility '
| Security ' I Data integrity b

Stenavio #l Stenavio #21 Stenario #3

An ecommerce site in a A system for an enterprise An application to
competitive market whose goal is to grow via automate standardized
mergers testing and grading for

university admissions

5 5

———— Solution on page 78

64




architectural characteristics

Wait a minute. None of
the Lafter subject matter experts
knows what “scalability” and
“elasticity” are. How are they going
to know to ask for this stuff?

Congratulations, you have yet another job.
You're right to be skeptical about how sophisticated an understanding your

coworkers have of architectural concepts. That means you have one more
job as an architect: translation!

As much as it would be nice for our colleagues to learn our language,

architects are generally the ones who have to translate the business’s goals
into wdentifiable and measurable architectural characteristics.
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translating requirements

Lost in translation

It’s not unusual for business experts and analysts to state (or subtly
suggest) a requirement without realizing it, hidden in plain English. It’s
your job, as a software architect, to read between the lines, find the
requirements, and translate them into architectural characteristics. Here
are a few examples.

When business analysts and Software architects
subject matter experts say: translate:

Qood modula\ri{:y
. Agility allows for faster
“Lafter is constantly changing to meet new . Modulasi v C.hanac W:l‘f:hou‘{:
marketplace demands.” odularity vippling side effects.
. Extensibility

«  Performance S We must ?c\mcorm well
but also vecover quickly
in tase o«c evvror.

“Due to new regulatory requirements, we must -
5 Y requil D, . Recoverability
complete end-of-day processing on time.

. Scalability

+  Résumé-ability - “The ability to update your
vesume.” Man\/ ?co\ﬂc would

“Our plan is to engage heavily in mergers and
vather not work in a place

e *  Integratabili
acquisitions in the next three years.” & v

*  Interoperability undergoing tonstant mergers.
e Feasibility Move of an
“We have a very tight time frame and a fixed architect—the .

. Simplicity
e Affordability

scope and budget for this project.” pevson havactevistic

0‘(: tourse, no
one would Feasibility—evaluating
ever ask Q‘_’r whether something
this im‘?o.SSIHC is ?ossiblc——is an
tombination. undevutilized

ahem. arthitetture “—-ilif\/-"

Avehiteets often
have a unique
pevspective of
what’s possible within
a given time frame.
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architectural characteristics

Not only do my business
analysts not understand the
technicalterms for architectural
characteristics, they ask for way
too many things!

More requirements are NOT better.

What happens when an architect takes a list of possible architectural
characteristics for Lafter to a group of business users and asks them,
“Which of these do you want for the system?”

They invariably answer: “All of them!”

As nice as it would be to be able to accommodate that request, it’s not a
good idea to try.

Remember, architectural characteristics are synergistic with each other
and with the problem domain. That means the more architectural
characteristics the system must support, the more complex its
design must be.

When undertaking structural design for a system, architects must find a

balance between domain priorities and the architectural characteristics
necessary for success.
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characteristics

Architectural characteristics and logical components

Before we tell you how to go about trying to balance architectural characteristics with
each other and the domain, we want to show you how architectural characteristics and
logical components are two sides of the same coin. You see, both of them aim to support
the problem domain (also known as the reason you are writing software to begin with).

Architectural characteristics = capabilities

Architectural characteristics describe the kinds of capabilities your solution will support,
rather than the befavior of the application, which 1s based on requirements.

| architectural characteristics

—
I "
- g -
— S n
3 =) 2
0 | =
-, ) g
o =
8 S
0 @
L8 <
o o
-
]
,,_l - logical components

Logical components = behavior

Logical components, covered in depth in Chapter 4, represent
the design of the system you are attempting to implement in
software in order to solve the fundamental problem at hand.
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architectural characteristics

Balancing domain considerations and architectural characteristics

Architects use architectural characteristics and logical component analysis to determine the

appropriate architectural style, and the Lafter application is no exception. You need to strike a
balance between the two.

[magine the left side to be domain
tonsiderations and the vight side to be
architeetural thavacteristics.

No architectural characteristics

Sometimes we don’t take the time to analyze architectural characteristics before
designing the system, leading to expensive and time-consuming rework as we
discover that our system fails to exhibit the necessary architectural characteristics.

K_’ Pro\')cc{‘,s that ignorc

needed avehitectural
thavactevisties tan
deliver failure faster.

Remember, avehitectursl
tharaetevisties ave synevgistic
with domain and other

\[' architectural chavacteristies.

Good balance between... ...architectural

In this scenario, we have achieved a
balance in our design decisions between
architectural characteristics and domain
considerations.

characteristics and
domain considerations

This allows us to achieve operational and
structural goals without overengineering;

Too many architectural characteristics

Unfortunately, architects sometimes retreat to an ivory tower and spend

too much time analyzing architectural characteristics, or identifying

too many of them to be useful. This leads to overengineering, wasting

time and effort that could be spent on implementation and ongoing

maintenance.
Man\/ s\/s{;cms that {‘X\/ to
su?\?or{‘, too many aYC\'\i{CC{Wal
cthavactevisties end up with too
little space left to support the
domain.
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narrowing it down

Limiting architectural characteristics

When the business stakeholders want al/ of the possible architectural
characteristics, how can you limit their enthusiasm?

The magical number 7

One useful guideline for the conversation between architects and 7~ “The Ma
business analysts is to limit the number of architectural

e e s or Minus Twe S
characteristics they can choose to seven. Why seven? Limits on Our € ome
Psychological research indicates that people remember items in chunks P rotessing [nf, aPa.c.Jc}: for
of seven (one of the reasons that early phone numbers were seven Imous Paper zma'l:wn is g
digits). It’s also large enough to provide some variety without creating a Ps)":hdoais{; p rom 1954 |,
paradox of choice by offering too many. corge Miller.

We created a worksheet to help architects work with other stakeholders
to arrive at a reasonable number. This is a demo; you’ll get to use it on
the next page.

Onte \/ou'vc settled on the most
important driving thavactevistics,
you get to pick three. Just put

[mplicit chavacteristies become

1,2, and 3 next to the ones that Driving eharacteristics are driving chavacteristies if {:he\/

avehitectural thavacteristies that

matter the most to you \[’ dvive important design detisions.

[ influence structural detisions.

Top 3 Driving Characteristics Implicit Characteristics

Jeasibility (cost/time)

security

maintainability

observability

/M/ We've found these four +o
be F\rcH:‘/ tommon imFliCi‘{:

sense tor \/ou.

OJOooddn
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architectural characteristics

{lir~Hharpen your penci
A On page 60, you identified architectural characteristics for Sillycon Symposia’s social media
application, Lafter. To make sure you've achieved a good balance, limit your list to seven
characteristics. Then, check the boxes next to the top three most important.

Top 3 Driving Characteristics Implicit Characteristics

Jeasibility (cost/time)

securily

maintainability

observability

/Q These are implied tharacteristics. Move

them to the Driving Chavacteristics
column if You think Jchcy are eritical to
the suctess of the system.

Ooooddn

" Pick the top three most important ones (in any order).

Possible Candidate Architectural Characteristics

performance data integrity deployability

responsiveness  data consistency testability

availability adaptability configurability
fault tolerance  extensibility customizability
scalability interoperability  recoverability
elasticity concurrency auditability

Solution on page 79
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chapter

_Bu]]let Points

Architectural characteristics represent one part of
the structural analysis that architects use to design
software systems. (We'll talk abou the other part,
logical components, in Chapter 4.)

Architectural characteristics describe a system’s
capabilities.

Some architectural characteristics overlap with
operational concerns (such as availability, scalability,
and so on).

There are many catagories of architectural
characteristics. No one can make a comprehensive
list, because the software development ecosystem is
constantly changing.

When identifying architectural characteristics,
architects look for factors that influence structural
design.

Architects should be careful not to specify too

many architectural characteristics, because they are
synergistic—changing one requires other parts of the
system to change.

Some architectural characteristics are implicit: not
explicitly stated in requirements, yet part of an
architect’s design considerations.

Some architectural characteristics may appear in
multiple categories.

Many architectural characteristics are cross-cutting:
they interact with other parts of (and decisions in) the
organization.

Architects must derive many architectural
characteristics from requirements and other domain
design considerations.

Some architectural characteristics come from domain
and/or environmental knowledge, outside of the
requirements of a specific application.

Some architectural characteristics are composites:
they consist of a combination of other architectural
characteristics.

Architects must learn to translate “business speak”
into architectural characteristics.

Architects should limit the number of architectural
characteristics they consider to some small number,
such as seven.
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architectural characteristics

Characteristics Crossword

Ready to have some fun and test your knowledge about
what you’ve learned? Try this crossword puzzle about

architectural characteristics.

11 |

| L

Across

3. An architectural characteristic that might be implicit

4. engineering is an architectural problem

8. Choosing architectural characteristics means assigning each
one a

9. Magic number of characteristics to ask for
11. A nonfunctional requirement is also called an architectural

15. Some architectural characteristics are

-cutting
17. What architects should ask when users suggest solutions
instead of requirements

18. A system might need to up and down to meet demand

19. tolerance is an architectural demand

13

|17 | 18

Down

1. Uneven traffic often comes in

2. A Lafter post can be a “joke” or a “
3. Architectural characteristics influence the system’s

5. Architectural characteristics can be explicit or

6. integrity is an architectural characteristic

7. A site with large numbers of users might need to be
scalable

i)

10. Many governments regulate data
12. An architectural characteristic is critical or important to the
system’s

13. Combining architectural characteristics and logical
components gives you an architectural

14. The thing you’re writing software about

16. Web page loading time is often called “first contentful

i)

————> Solution on page 80
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exercise

From page 56

Who Does W}xai ")
Solution

So many architectural characteristics! We had a nice database that listed the ones that are most important for
Lafter, along with their definitions, but somehow the index became corrupted and we lost the linkage. Can you
help restore them by drawing a line from each architectural characteristic to its definition?

Describes how well the components in the system create well-defined
groupings and boundaries between components.

scalability

The system’s ability to recover from problems such as a power, internet
connection, or hardware failure.

deplqyab‘il‘fty

How easy 1s it for all users to access the system, including those with disabilities

modulartty

like colorblindness or hearing loss.

How easy it is for architects and developers to apply changes to enhance the

TQl)US‘tIleSS and/or fix bugs.
oc ’cbol%t Describes how well the system handles a large number of concurrent
accessiotlity users while maintaining reasonable performance.
o | o oo escribes the cadence, efficiency, and reproducibility of deployments.
maintainability ” procucibiity of ceploy
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architectural characteristics

From page 98

Welcome to “Take It or Leave It!” The rules of this game are simple—we’ll give you a business requirement that might
come up for the Lafter application, and two architectural characteristics. As you know, everything in architecture is a
trade-off, so if you attempt to optimize one, you probably won’t do as well with the other. Your job is to tell us which

characteristic you rate as a higher priority for that requirement.

“We need to get this to market ASAP!" fault tolerance
“Money'’s tight, folks!” scalability

“Oh, wow, this conference is going to be our biggest yet.” | high availability maintainability

“We want to start storing users’ credit card information.” recoverability

“This site is going to be very popular upon launch.” agility
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7

Exercise

From page 60

Solution

Domain requirements are often a rich source of architectural characteristics. For example, our Lafter application

needs to support large numbers of users, so scalability will be one necessary characteristic. Can you uncover

more? Here’s what we came up with.

Users: hundreds of speakers, thousands of users
Requirements:
Users can register for usernames and approve the privacy policy

Users can add new content on Lafter as a “‘Joke” (long-form
post) or “Pun” (short-form post)

Followers can “HaHa” (indicating strong approval) or “Giggle”
(a milder approval message) content they like

Speakers at Sillycon Symposia events have a special icon
Speakers can host forums on the platform related to their content
Users can post messages of up to 281 characters
Users can also post links to external content

Additional Context:
International support
Very small support staff

“Bursty” traffic: extremely busy during live conferences

Architectural characteristics
Sealability
Elasticity
Au‘[:hov-izafi on
Authentication

Internationalization

Customizability
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architectural characteristics

From page 62

It’s sometimes difficult to distinguish requirements from solutions. Here are some responses you might get when
gu q P Y ght g
you ask “why?” that indicate something might be one or the other. Can you identify which indicate requirements

and which solutions?

“We need a system to track user preferences and customizations, then save them between sessions.”

requirement [[] solution

“Do we really need to build our own survey service? Surely we can find one that does what we need.”

E[ requirement [] solution
“An enterprise service bus would solve some of our current problems (albeit with some changes and workarounds)

and it offers extreme extensibility.”

[[] requirement E solution

“According to the friendly sales rep, this software package does all the things accounting needs, now and in the near

future.”

[[] requirement N solution

77




exercise

From page 64

Context matters. At the top, we’ve listed several architectural characteristics. Below that are three application
scenarios. For each scenario, rank each characteristic based on how important it is for that type of application.
Hint: Some applications won’t need all of them. Here are our rankings.

IScalability ' lPerformance '

|Extensibility '
I Security ' | Data integrity '

. . io #3
Stenario #l Seenavio #2 Stenario #
An ecommerce site in a
competitive market

An application to
automate standardized
testing and grading for
university admissions

1 Seeurity 1 Extensibility 1 Data integrity

A system for an enterprise
whose goal is to grow via
mergers

2 __ Pecformance 2 __ Sealability 2 Seturity

3 Sealability 3 3 Performante
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architectural characteristics

From page 71

On page 60, you identified architectural characteristics for the Sillycon Symposia Lafter social media application. To
make sure you have achieved a good balance, limit the number to seven. Then, check the boxes next to the top three
most important.

Top 3 Driving Characteristics Implicit Characteristics
El Sealability feasibility (cost/time)
\m Seeurity — 0011y
] ElachiciJc\/ maintainability
m Responsiveness observability
|:| PCV‘COV'manCC
] Portability RN iesv;:v:bcp no single eorrect
[ Pecessbility o Yo gty 1 et

Possible Candidate Architectural Characteristics

performance data integrity deployability

responsiveness  data consistency testability

availability adaptability configurability
fault tolerance  extensibility customizability
scalability interoperability  recoverability
elasticity concurrency auditability
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exercise

Characteristics Crossword Solution

B
U
. [R
‘P S
S|E|C|U[R]I]T]Y]
i N H
[Oo]VIE[R]| [1] [D]
I [V I A
C] c| [PIR[ITOIR]I[T[Y]
ol [t] ] Al
's|E|V]E[N ul |1 P
CIH[A[R|A[C|T|E[R]I]E]|T]I]|C
ol Ef L LT R
R Tl [v] <] [B] [T]
[€[R[O[S[S] Al [c] [o] [V
o E c| [E] [M] |L
P N WiH[Y]| [5]|c|A]|L[E
[FlAJU[L]T S| 1]
aa [N
N
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the two laws of sottware architecture

Everything’s a Trade-Off

What happens when there are no “best practices”? The nice thing about
best practices is that they’re relatively risk-free ways to achieve certain goals. They’re called
“best” (not “better” or “good”) for a reason—you know they work, so why not just use them? But
one thing you’ll quickly learn about software architecture is that it has no best practices. You'll
have to analyze every situation carefully to make a decision, and you’ll need to communicate not

just the “what” of the decision, but the “why.”

So, how do you navigate this new frontier? Fortunately, you have the laws of software architecture to
guide you. This chapter shows you how to analyze trade-offs as you make decisions. We'll also show
you how to create architectural decision records to capture the “hows” and “whys” of decisions. By the

end of this chapter, you'll have the tools to navigate the uncertain territory that is software architecture.
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sneaker app

It starts with a sneaker app

Archana works for Two Many Sneakers, a company with a very successful
mobile app where shoe collectors (“sneakerheads”) can buy, sell, and trade
collectible sneakers. With millions of shoes listed, customers can find the
shoes they really want or upload photos to help sell the ones they don’t.

The app’s initial architecture was a single service as shown below: o ) ‘)
Two Many Sneakers
slogan: \Zu onl\/ have two
feet, but you an never
have too many snc&kcrs,’

The Two Many
Sneakers app talks to
the trading sevvice.

This is the
dafabasc.

Trading
Service

+alks o the database.

Two Many Sneakers
mobile app

Two Many Sneakers

1

1

1

1

1

1

:

1

: The trading sevvice, in tuen,
1

1

1

1

1

:

: backend

The Two Many Sneakers app knows to talk to the trading service to fetch
and update data (like a photo of a mint-condition pair of Nikes). The
trading service, in turn, fetches data and updates the database.

Business is booming. Sneakerheads are always willing to change up their
collections, and Two Many Sneakers’ customer base has grown quickly.
Now customers are demanding real-time notifications, so they’ll know
whenever someone lists a pristine pair of those Air Jordans they’ve been
pining for.
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the two laws

Security is always a concern in online sales. Nobody wants knockoffs, and credit
card numbers need to be protected. To stay a few steps ahead of any scammers,
Two Many Sneakers’ management team wants to prioritize improving the app’s
Jraud detection capabilities. They plan to use data analytics to help detect fraud by
spotting anomalies in user behavior and filtering out bots.

Work has already begun—all the team needs to do now is set up the trading
service to notify the new notification and analytics services anytime something of
interest happens in the app.

Piece of cake! Il just
use messaging to inform
the notification and
analytics services every
time & new pair of shoes
is listed on the app.
Genius!

The database is New Air Jordans just Q
. Jus
still \’aVJC of the got listed? [nform ‘ 0

arch'\JchJcW& We eveyr intevested
) g yonc inteveste
ust \cﬁ‘c it out in with an u?da{'.c-

this diagram- & Notification
/ Service
Trading
Service i
Analytics
Service
Any and all trades

need 1o be sent o the
anal\/{ics sevvite. Nobod\/
likes bcin5 stammed.

Arehas
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knowns and

What do we know so far?

We need to figure out how these services will communicate with one

another. Let’s recap what we know (and don’t know) so far:

* The current architecture is rather simple—the

trading service talks to its own database, and
that’s that. We need the trading service to send
information to the notification service and the

Notification
Service

Trading /

analytics service.

Word in the office is that there’s a chance that the finance
department (which is responsible for compliance) will want
updates from the trading service. In other words, whatever
architecture we come up with will need to be extensible.

Service \

Analytics
Service

Trading

\

\

What does finante need oo
| this even happen? 9\ 222

know? Wil

Service| |\
N S
\
\
\

Notification
Service

Analytics
Service

this look like?

* We don’t know what data to send the notification and {
a?alytlcs serv1cesf.d0 th.e two services get the same wsellerId": 12345, What should
kind of data, or wildly different data? And we don’t s 4. 6789 Shou
know where things stand with finance, so that’s another uyerid®: !
unknown. "itemId": 1492092517, |~
"price": "$125.00"
}
K\

To be clear, there are some things we know and plenty we don’t.
Welcome to the world of software architecture.

Speaking of architecture, we’ll be done, say, next Thursday—
right?
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the two laws

Which of the following architectural characteristics stand out as important for this particular problem? Hint: There
are no right answers here, because there is a lot we don’t know or aren’t sure of yet. Take your best guess—we've
provided our solution at the end of this chapter. We'll get you started:

Lots of downstream
\//’ servites need to know modularity

about sneaker trades. -
extensibility) This sounds important/ upgradability

low coupling

security

performance

——— Solution on page 116

there are no °
Dumb Questions

All the characteristics in the
previous exercise sound pretty
good, right? Seriously, who'd
say no to upgradability?

Q; Even this simple exercise seems to have a lot of moving parts. We
know some things, we think we know some other things, and there’s

a lot that we certainly don’t know. How do we go about thinking about
architecture?

But for each one, ask yourself—
is this characteristic critical to
the project’s success? Or is it a
nice-to-have?

A: You're right. In almost all real-life scenarios, your list of architectural
characteristics will probably contain a healthy mix of “this is what we want”
and “this is something we might want.” Even your customers can’t answer the
What’s more, some question of what they will eventually want. (Wouldn't that be nice?) This is the
characteristics conflict. A “stuff you don’t know you don’t know,” also known as the “unknown unknowns.”
highly secure application with
loads of encryption and secure
connections probably won't
be highly performant. Go back
and see if any of your choices
are at odds. If so, you can only
pick one.

It's not unusual for an “unknown unknown” to rear its head midway through

a project and derail even the best-laid plans. The solution? Embrace agility
and its iterative nature. Realize that nothing, particularly software architecture,
remains static. What worked today might prove to be the biggest hurdle to
success tomorrow. That's the nature of software architecture: it constantly
evolves and changes as you discover more about the problem and as your
ﬁ customers demand more of you.

Flashback to Chapter 2.2 /
\/ou bet it is!

85



queues and fopics

Comwmunicating with downstream services o dt
S L} \/ou on

Our goal is to get the trading system to notify the reporting and analytics systems know much about
automatically. For now, let’s assume we decide to use messaging. But that presents a messaging, queues, or
dilemma—should our messaging use queues or topics? Q\{:o‘?‘u:s. We'll tell You
what you need to know.

Before we go further, let’s make sure we’re on the same page about the differences
between queues and topics. Most messaging platforms offer two models for a publisher
of a message (in this case, that’s the trading service) to communicate with one or more
consumers (the downstream services).

The first option is a queue, or a point-to-point communication protocol. Here, the £t helps, £hink o I

publisher knows who is receiving the message. To reach multiple consumers, the publisher O\ucucs as being like

g\rou? ‘tt%‘t—)'ou

?Iﬂk everyone You

setup will look like: This is 3 Y want 4o inform,

This is @ message. Consumer- ' type Your message,

Notification and hit “send.”
/-—’ Service

needs to send a message to one queue for each consumer. If the trading service wants to use
queues to tell the analytics service and the reporting service about trades, this is what the

Trading For every Consumer, YYou
Service need a separate queue.
Analytics
Service
This is anoﬁ\h% Topies ave similar to posting
tonsumer- a Fid‘,wrc on Yfour 50—-‘{',0
sotial nc{:workmg site.
When using the second option, topics, you are signing on for a broadcasting model. Anyonc ‘(:o“owmg You will
The publisher simply produces and sends a message. If another service downstream see that picture, since
wants to hear from the publisher, it can subscribe to the topic to receive messages. {;hc\/'vc “subsevibed” 1o
The publisher doesn’t know (or care) how many services are listening; Your Limeline.
The publisher publishes a Notification
message to the topie. — Service
dei_ng R Anyone interested in the messages
Service tan subseribe to the topic.
The 'bo\?lc, in tuen, . y
no{:ll(:lcs all subsevibevs. Analg:tlcs
Service

Both options sound good—so how do we pick? Let’s find out.
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the two laws

Analyzing trade-offs

You can’t have your cake and eat it too. The world is full of
compromises—we often optimize for one thing at the cost of another.
Want to take and store lots of pictures on your phone? Either get more

storage, which costs more, or compress them, which lowers the image
quality.
Software architecture is no different. Every choice you make involves

significant compromises or, as we like to call them, trade-offs. So
what exactly does this mean for you?

I£ this sounds Lamiliav, it

should bc,l [+ was Pa\r{: of

€ our distussion of significant
versus less—significant

If you know which architectural characteristics are most important trade—offs in Chapter |.

to your project, you can start thinking of solutions that will maximize

some of those attributes. But if a solution lets you maximize one

characteristic (or more), it will come at the cost of other characteristics.

For example, a solution that allows for great scalability might also make

deployability or reliability harder.

No matter what solution you come up with, it will come with trade-

offs—upsides and downsides.

Rich Hickey, ereator of the
Clojure programming language,
onte said, “Programmers know
the benefits of everything and
the trade—offs of no‘f')\ihg."
We'd like to add: “Avchitects
need to understand both.”

Your job is twofold: know the trade-offs associated with every solution
you come up with, and then pick the solution that best serves the most
important architectural characteristics.

You cant have it all. You'll have to decide
which architectural characteristics are
most important, and choose the solution
that best allows for those characteristics.

87



queues and

Trade-off analysis: Queue edition

Trade-off analysis isn’t just about finding the benefits of a particular Just 3 1cv.ic"d'\/ reminder

approach. It’s also about seeking out the negatives to get the full picture. | kwr :{: using ‘l"CUC,S would
R .. . . o

Let’s look at each option in turn, starting with queues. oF, 1K€ SO You don't have

to £lip back and forth.

With queues, for every service that the trading service needs to notify, 2

we need a separate queue. If the notification service and the analytics

service need different information, we can send different messages to @ >

each queue. The trading service is keenly aware of every system to which — /

it communicates, which makes it harder for another (potentially rogue)

service to “listen in.” (That’s useful if security is high on our priority list, \
right?) Oh, and since each queue is independent, we can monitor them G)_>

separately and even scale them independently if needed.

The trading service is tightly coupled to its consumers—it knows exactly
how many there are. But we’re not sure if we’ll need to send messages
to the compliance service, too. If that happens, we’ll have to rework the
trading service to start sending messages to a third queue. In short, if we
choose queues, we’re giving up on extenstbility.

4‘ Whiteboards ave great for

Using Rueues brainsﬁom'mg trade—okbfs
Pros Cons with your team.

Heterogencous — Supports heterogeneous — Higher -dcarcc
is \')“5{'« a famty messages for diffevent of coupling (hurts
way ok saying tonsumers extensibility)
“dilherert — Allows independent — Trading scrvicf must

monitoring and sealing tonneet to multiple

(helps sealability) queues

— Move seture (improves — Requives additional

seeurity) infrastrueture

See what we mean when we say “trade-off analysis™?
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the two laws

Trade-off analysis: Topic edition

What about using topics? Well, the upside is clear—the trading service only This is what using 3
delivers messages to a topic, and anyone interested in listening for a message from Lobic. looks like d

the trading service simply subscribes to that topic. Compliance wants in? They ' )
can simply subscribe: no need to make any changes to the trading service. Low l i

coupling for the win. /
But topics have a few downsides, too. For one thing, you can’t customize the message —»@\

for any particular service—it’s a one-size-fits-all, take-it-or-leave-it proposition.

Scaling, too, is one-size-fits-all, since you have only one thing to scale. And anyone @
can subscribe to the topic without the trading service knowing—which, in some

circumstances, is a potential security risk.

Msing Topics
Pros Cons
— Homogeneous message

for all sevvices

Back to the whiteboard!

— Low toupling (helps

extensibility)

. . — Can't monitor or stale
- Trading service onl\( a topi¢ independently
has one FISCC ‘[:0 ?ubhsh (hw-{:s SCalabiIi{y)
mCSS&ﬁCs
— Less seture (hurts
sccu\ri‘l‘,\/)

‘ﬁé
en your penci]

A\, Spend a few minutes comparing the results of our trade-off analysis. Notice how both options
support some characteristics but trade off on others? Now we're going to present you with some
requirements—see if you can decide if you'd pick queues or topics to support each one.

Requirements

“Security is important to us.”

Queues / Topics

“Different downstream services need different kinds of information.”

Queues / Topics

“We'll be adding other downstream services in the future.”

Queues / Topics

—— Solution on page 116
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the first law

The first law of software architecture

Queues or topics? Enough with the suspense already. The answer is—it depends!

What’s important to the business? If security is paramount, we should probably go
with queues. Two Many Sneakers is growing by leaps and bounds and has loads of
other services interested in its sneaker trades, so extenstbility is its biggest priority.
That means we should pick the topic option.

Time is also a factor: if we need to get to market quickly, we might pick a simpler
architecture (simplicity) over one that offers high availability. (Having an application that
guarantees three “nines” of uptime only matters if you have customers, right?)

The key takeaway is that in software architecture, you’ll always be balancing trade-offs.
That leads us to the First Law of Software Architecture.

THE FIRST LAW
OF
SOFTWARE
ARCHITECTURE:

In software architecture, nice, clean lines are rare and there are no “best practices.”
Every choice you make will involve many factors—often conflicting ones. The First
Law is an important lesson, so take it to heart. Write it down on a sticky note and
put it on your monitor. Get a backwards tattoo of it on your forehead so you’ll see
it in the mirror! Whatever it takes.

90 Chapter 3

One of Your authors
often sports this
T—shirt in Public. (f
You gc{: any P\rih‘[:cd,
please send us one
medium and two
extra-largel)

I‘F You ‘cind a
detision in softwave
architeeture that
doesn't have a
‘[‘,\'adc—-oﬁ:, \/ou
haven't looked at
it hard enough.



the two laws

This time, we’d like you to do some trade-off analysis on your own. We chose messaging as the
communication protocol between our trading service and its consumers. Messaging is asynchronous.
Choosing between asynchronous and synchronous forms of communication comes with its own set of trade-offs!
We've given you two whiteboards, one for each form of communication, and we've listed a bunch of “-ilities.” We'd like
you to consider how each architectural characteristic would work in both contexts. Is this characteristic a pro or a con
(or neither) in synchronous communications? What about in asynchronous communications? Place each “-ility” in the
appropriate column. Hint: Not all of them apply to this decision. We put the first pro on the whiteboard for you. When
you'’re done, you can see our answers at the end of the chapter.

transactions

responsiveness

error handling

consistency

coordination

extensibility

deployability

fault tolerance

¢ rem—
usin3 synt tommunitations

P \ Cons Msms asynt Lommunitations
oS

Pros

responsiveness

— Solution on page 117
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trade-off

Dum

Q: I've heard of the Architecture Tradeoff Analysis Method
(ATAM). Is that what you're talking about?

A: ATAM is a popular method of trade-off analysis. With ATAM,
you start by considering the business drivers, the “-ilities,” and

the proposed architecture, which you present to the stakeholders.
Then, as a group, you run through a bunch of scenarios to produce
a “validated architecture.” While ATAM offers a good approach,

we believe it comes with certain limitations—one being that it

therejare no
b Questions

probably go through the process several times as you discover
more and more about the problem and come up with different
scenarios.

Another popular approach is the Cost Benefit Analysis Method
(CBAM). In contrast to ATAM, CBAM focuses on the cost of
achieving a particular “ility.”

We recommend you look at both methods and perhaps consider
combining them—ATAM can help with trade-off analysis, while
CBAM can help you get the best return on investment (ROI).

assumes the architecture is static and doesn’t change.

Just remember—the process is not as important as the goal, which

Rather than focusing on the process of ATAM, we prefer to focus is to arrive at an architecture that satisfies the business’s needs.

on results. The objective of any trade-off analysis should be
to arrive at an architecture that best serves your needs. You'll

It always comes back to trade-offs

Some people always pick a particular technique, approach, or tool regardless of the
problem at hand. Often they choose something they’ve had a lot of success with in the
past. Sometimes they have what we affectionately call “shiny object syndrome,” where
they think that some new technology or method will solve all their problems.

Regardless of past achievements or future promises, just remember—for every upside,
there’s a downside. The only questions you need to answer are “Will the upsides help
you implement a successful application?” and “Can you live with the downsides?”

Whenever someone sings the praises of a certain approach, your response should be:
“What are the trade-offs?”

To be clear, we aren’t saYing
zou shouldnt use new tools and
ethniques. That’s pro i
] gress, right?
Just don’t 1Co\r5c‘(: to tonsider f3[')\:
trade—offs 3s You decide.
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the two laws

Making an architectural decision ou ot 1 wee
+alking about the

Debating the pros and cons with your team in front of a whiteboard is fun  setond dimension
and all, but at some point, you must make an architectural decision. of software

. . . ) ) avthitetture. g
We mentioned architectural decisions in Chapter 1, but let’s dive a little
deeper. As you architect and design systems, you will be making lots of
decisions, about everything from the system’s overall structure to what tools
and technologies to use. So what makes a decision an architectural decision?

In most cases, any choice you make that affects the structure of your system
is an architectural decision. Here are a couple of example decisions:

— SNOISID3a WaNLO3LIHOZY —,

-BJog Your memory,
Picking whether you'd
like a one— or two—
s{:ory house would be an
architeetural decision.

| believe we have
@ decision—we’re
going to split the
order shipping service
apart from the order
tracking service.

We will use a cache to reduce the load on
the database and improve performance.

iNo'[:iCc how this decision introdutes an

additional piece of infrasteucture. [£'s
also somc{:hihg the imFlcmch{ing team
must keep in the back of theivr minds
when aecessing or writing data.

We will build the reporting service as a
modular monolith.

This one is pretty obvious—/

it litevally dcscribq the As we put it in Chapter |:

sheutture of a sevvite. “Avrchitectural detisions sevve as
guideposts to help development teams
understand the constraints and
tonditions of the arthitecture.”

Notice how these decisions act as guides rather than rules. They aid teams

in making choices, without being too specific. Most (but not all) of the
architectural decisions you’ll make will revolve around the structure of your
systems.
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architectural

What else makes a decision architectural?

Usually, architectural decisions affect the structure of an architecture—are we going
with a monolith, or will we leverage microservices? But every so often, you might

decide to maintain a particular architectural characteristic. If security is paramount,

for example, Two Many Sneakers might make a decision like this:

We will use queues for asynchronous communication
between services.

This detision isnt about sbrutture—it's dviven b\/ the
need for security. Since there’s a queue for every
subsviber, we know who the tonsumers are.

At other times, you might decide on a specific tool, technology, or process if it
affects the architecture or indirectly helps you achieve a particular architectural
characteristic. For example:

We will use Node.js as the development framework for
the MVP.

- MVP stands for “minimum viable ?roduc{:."

Everything in this chapter so far has led to this important moment—making an
architectural decision. You start with a trade-off analysis. Then you consider the
pros and cons of each option in light of other constraints, like business and end
user needs, architectural characteristics, technical feasibility, time and budgetary

Recall that topies are 3
broadcas{:ing methanism,
allow‘mg any servite to
subsevibe and listen in on 3
topie.

Pcrha‘?s You need to 56‘{: to
&— market quiekly, or maybe you
have a large pool of engineers
with expevtise in this
Fa\r‘f:i(,ula!r {:cchholoay stack.

constraints, and even development concerns. Then, finally, you can make a decision.

Michael Nygard, author of the book Release It! (Pragmatic Programmer), defines an architecturally significant
decision as “something that has an effect on how the rest of the project will run” or that can “affect the
structure, non-functional characteristics, dependencies, interfaces, or construction techniques” of the
architecture. To learn more, we recommend reading his blog post, “Documenting Architecture Decisions”
(https://www.cognitect.com/blog/2011/11/15/documenting-architecture-decisions).
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the two laws

Hold up. Whiteboards are great,

but there has to be a more permanant
way of recording the trade-off analysis,
the decision, and most importantly, why
that choice was made. Whiteboards seem

awfully temporary, no?

You bring up several good points. Is
important to record our decisions in a more permanent way. In
addition, trade-off analysis is an involved process. It'd be a real
waste if we lost all that work just because someone got a little hasty
with the eraser.

But you make another key observation: while the decision itself
1s important, why we made that decision might be even more
important. Which leads us to...



the second law

The second law of software architecture

Making decisions is one of the most important things software architects do.

Let’s say you and your team do a trade-off analysis and conclude that you’re going to
use a cache to improve your application’s performance. The result of your analysis is
that your system starts using a cache somewhere. The what is easy to spot.

That decision is important, but so are the circumstances in which you made the
decision, its impact on the team implementing it, and why, of all the options available
to you, you chose what you did.

This leads us to the Second Law of Software Architecture.

HE SECOND LAW )
OF
SOFTWARE
ARCHITECTURE:
WHY
IS MORE
IMPORTANT
THAN
L HOW J

You see, future architects (or even “future you”) might be able to discern what you did
and even how you did it—but it’ll be very hard for them to tell why you did it that way.
Without knowing that, they might waste time exploring solutions you’ve already rejected
for good reasons, or miss a key factor that swayed your decision.

This 1s why we have the Second Law. You need to understand and record the “why” of
each decision so it doesn’t get lost in the sands of time.

So how do we go about capturing architectural decisions? We’ll dive into that next.
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the two laws

Architectural decision records (APRs)

Do you remember everything you did last week? No? Neither do we. This is why it’s
important to document stuff—especially the important stuff.

Thanks to the Second Law of Software Architecture, we know we need a way to
capture not just the decision, but the reason we made it. Architects use architectural <~ We cannot emphasize
decision records (ADRs) to record such decisions because it gives us a specific
template to work with.

enough how im?o\r{:aw{:
keeping these veeords is.
An ADR is a document that describes a specific architectural decision. You write

one for every architectural decision you make. Over time, they’ll build up into an

architectural decision log. Remember that architectural decisions form the second

dimension to describe your architecture. ADRs are the documentation that supports

this dimension.

\e arc\\'\{cd:wa\ detision

tvibes wha
ade and whY:

M s
YcCO\"d dCS

detision was ™ This log sevves as a

Over time, You build the memory store
Title up a log of detision £ of Your project,
vetords—one for every C%?laining how and why
Status detision. the project got to
l where i‘ﬁ is.
These Context
settions make _
up an ADR. Decision over time A an—
—> /‘4 AAn—
7 Consequences 1=
A~
Governance
NOteS Togcﬂ\cv, ‘l:hcsc
ADRS ‘Corm fhc
Don't worry if this “s‘bor\/" of Yyour
is concusihg now—we |l avthiteetuve.

be diving into the
details in the next
few pages.

An ADR has seven sections: Title, Status, Context, Decision, Consequences,
Governance, and finally Notes. Every aspect of an architectural decision, including
the decision itself] is captured in one of these sections. Let’s take a look, shall we?
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Cubicle conversation
Alex

Quess what? You've 90nY
4o be helping the Jcéam
weite their ADR. Keep
& for those

an c\lc oW
exectises:

98

Alex: Doing the trade-off analysis between queues and topics took it out of
me.

Mara: Me too. Trade-off analysis can be arduous, but I'm glad we got it
done. This is a big architectural decision. It’s crucial that we understand the
pros and cons of every choice.

Sam: Yeah, yeah. So we decided to use queues, right? Now can we get back
to programming?
Mara: Slow down a second. You're right—we’ve made a decision. Now we

should record our decision in an ADR.

Sam: But why? We already know what we’re going to do. That seems like a
lot of work.

Alex: Look, we know why we chose to go with queues. It’s the option that
best supports the architectural characteristics we want to maximize in the
system, right?

Mara: Correct. But while we know why we made that decision, what about
anyone else who might come along and wonder why we chose queues over
topics, like future employees? 7hat’s why we should record our thinking.

Sam: [ can see that being useful.

Alex: Great! So can we start drafting our ADR?



Writing AVRs: Getting the title right

Every ADR starts with a title that describes the decision. Craft this title
carefully. It should be meaningful, yet concise. A good title makes it easy to
figure out what the ADR 1is about, which is especially handy when you’re
frantically searching for an answer!

Let’s dive deeper into what a good ADR title looks like. Imagine a team 1s
writing a service that provides surveys to customers. They’ve done a trade-off
analysis and have decided to use a relational database to store survey results.
Here’s what their ADR title might look like:

These two pietes {:ogc{hcr

make up the title.
A -

—

042: Use relational store for customer survey service

A three-digit
numevical prefix,

followed b\/ a tolon

The +itle of the ADR

The title should consist mostly of nouns. Keep it terse: you’ll have plenty
of opportunities to go into detail later. It should describe what the ADR is
about, much like the headline of a news article or blog post. Get that right,
and the rest will follow.

The title should start with a number—we suggest using three digits, with
leading zeros where needed. This allows you to number your ADRs
sequentially, starting with 001 for your first ADR, all the way to 999. Every
time you add a new ADR, you increment the number. This makes it easy for
anyone reading your records to know which decisions came before others.

the two laws
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_ Dumb Questions _

Q} What happens if we end up
writing more than 999 ADRs?

A: That's a lot of ADRs! If that were
to happen, you’'d need to revise a bunch
of titles (and potentially filenames). In
our experience, a three-digit prefix is
plenty.

Q: Can | reuse an ADR number?

A: Every ADR should get a unique
identifier. This makes it easier to
reference them without confusion.

AN

Move aboy

the Stat t this when we distuss

us SCC{:ion.

In the following exercises, you're going to help the team at Two Many Sneakers write an ADR. They've decided to
use asynchronous messaging, with queues between the trading service and downstream services. Assume this is
the 12th ADR the team is writing. What title would you give this ADR? Don't forget to number it! Use this space to jot
down your thoughts. You can see what we came up with at the end of this chapter.

—— Solution on page 118
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Writing ADRs: What’s your status?

Great! You've settled on a descriptive title. Next, you’ll need to decide on the status of
your ADR. The status communicates where the team stands on the decision itself.

But wait—isn’t the point of the ADR to record a decision? Well, kinda. But making
decisions is a process.

ADRs do record architectural decisions, but they also act as documentation, making
it easier to share and collaborate. Others might need to look at or even sign off on an
ADR. Let’s start by considering the different statuses an ADR can have.

=)

A

)

This is like planning an evening
out. You know \/ou)d like o
Request for Comment (RFC) 90 out and which friends you

Use this status for ADRs that need additional input—perhaps from wan-[;' to invite, but You hope
other teams or some sort of advisory board. Usually, these ADRs é_/—ﬂm/ Il suggest a vestaurant.
affect multiple teams or address a cross-cutting concern like security. 7
An ADR in RFC status is typically a draft, open for commentary and You ask everyone to vespond
critique from anyone invited to do so. An ADR in RFC status should by Tuesday so you ean make
always have a “respond by” deadline. vesevvations. (The deadline

is important, since Ted can
never make up his mind about
anything.)

Proposed e
After everyone has a chance to comment, the ADR’s status moves to
Proposed. This means the ADR is waiting for approvals. You might You have a plan for the

edit it or even overhaul the decision if you discover a limitation that evening, but you hav ek hit
makes it a no-go. In other words, you still haven’t made a decision, “send” on the invite ye {:_\.)u st

but you're getting there. K in case the weather turns.

Accepted Oh yeah. Everyone has

) 3
Does exactly what it says on the tin. A decision has been made, and figj d &27 to find
everyone 18 on board who needs to be. An Accepted status also tells S outhit
the team tasked with implementing this decision that they can get
started.

If there’s no need for feedback from others, you can set the ADR’s status to

Accepted as soon as the decision 1s made. Most ADRs stay at Accepted, but there

1s one more status to be aware of: Superseded.
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Writing ADRs: What’s your status? (continved)

You've arrived at a decision, which you diligently record in an ADR. Signed, sealed, delivered—
you'’re done.

But then things change.

Maybe the business is growing and the board decides to focus more on scalability than on time
to market. Maybe the company is entering international markets and needs to comply with EU
data privacy and retention regulations. Whatever the reason, the decision you made is no longer
appropriate. What now?

Well, you write another ADR. The old ADR is superseded by the new one, and you record it as
such. Suppose the customer survey team realizes that a relational database is no longer fulfilling
their needs, so they do another trade-off analysis and decide to switch to a document store. Here
are the titles and statuses of the old and new ADRs:

The previous ADR

L% 042: Use relational store for customer survey service Only an Aecepted ADR can
become Superseded.
Status: Aeeepted Superseded by 068 )¢)
This updated status mentions the _j\
number of the new ADR.
This ADR overvides Note: We'll be showin
(Jchc previous ADR. you ADR 0b8 for +he
068: Use document store for customer survey service </_ "Sft of the thapter,
while You help the Two
Status: Accepted, Supersedes 042 Many Sneakers team
with their ADR.
r\t;i o "CW{ADR has the —j\ K Notice how we mention the number
status Accepted of the superseded ADR heve.

Linkin5 ADRs is an
important part of a
F\ro\)ct{:’s “mcmor\/."
[£ helps everyone
remember what has
already been tried.

An accepted ADR can move into Superseded status if a future ADR changes the decision it
documents. It’s important for both ADRSs to highlight which ADR did the superseding and which
ADR has been superseded. This bidirectional linking allows anyone looking at a superseded ADR
to quickly realize that it’s no longer relevant, and tells them exactly where to look for details Q‘J
on the new decision. Anyone looking at the superseding ADR can follow the link back to the
superseded ADR to understand everything involved in solving that particular problem.

101



more on
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Dumb Questions

Readers might think that the new decision came first. It wouldn’t
convey that you made one decision and then had to change it for
some reason. Giving it a new number makes it clear that the old
ADR 007 was no longer relevant after ADR 013. Confused yet?

Q} All this superseding and numbering seems overly
complicated. Why not just edit the original ADR?

A: We use a three-digit prefix in the ADR title because it helps
sequence things. Let's say ADR 007 no longer applies to your
situation, but you've made a bunch of architectural decisions in the
meantime. The last ADR in your architectural decision log is ADR
013.

Q: So you’re telling me that an Accepted ADR is
immutable: once accepted, it is not permitted to change. Is
that right?

o A: Look at you! That's exactly it. Except for when the status of
Now you need to reevaluate ADR 007. Say you choose to edit it, an ADR goes from Accepted to Superseded, a decision recorded
as opposed to superseding it with ADR 014. What would happen? i an ADR is immutable. Sure, you might edit the ADR to include
additional information, but for the most part, other than the status,

Chronologically speaking, you amend ADR 007 after accepting !
things shouldn’t change much.

ADR 013. But if someone tried to follow the decision process
by reading the ADRs, they'd be seeing them in the wrong order!

| Exercise

In the previous exercise, you hashed out the title of Two Many Sneakers’ ADR about using queues for messaging.
Let’s say you get the green light. Write down the title you chose in the space below and give your ADR a status:

Title:

Status:
Three months later:

Whoops! The requirements have changed. Your latest trade-off analysis reveals that topics would be a better fit.
Everyone has signed off on this, so you need to supersede your ADR with a new ADR. This is the 21st ADR your team
has worked on. Write down the title and the new status of the old ADR:

Title:

Status:
Now write down the title and status of the newly introduced ADR:

Title:

Status:

———— Solution on page 118
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Writing APRs: What’s your status? (recap)

There’s a lot going on with ADR statuses, so we’ve created a handy visualization to

help you out.

Start heve.

Every ADR stavts

in RFC status.

Ave all stakeholders on

board with this detision?

yes, tontinue.

-
This eould be as easy as

26‘(1’67\5 Con‘cikma{;ion

rom Your ‘l:cam

RFC
Does this ADR affeet
multiple teams or
projects? Does it need
‘(’ 1o be approved by an
advisor\/ board? I‘F yes, 90
vight; else, 90 left.

Heve, you are
seck'm5 ayyrovals
from others. You
ave allowed to make
edits as needed.

Proposed

Accepted

Did somc{:hing thange?
Has a later ADR
‘ K™ vendered this ADR

irrelevant?
Yes

Superseded

O,

End heve.

you are here »
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Writing ADRs: Establishing the context

Context matters. Every decision you've ever made, you made within a certain

context and with certain constraints. When you chose what to have for breakfast this

morning, the context might have included how hungry you were, how your body

felt, your lunch plans, and whether you’re trying to increase your fiber intake. It’s no

different for software architecture.

The Context section in the ADR template is your place to explain the circumstances

that drove you to make the decision the ADR 1is capturing. It should also capture

any and all factors that influenced your decision. While technological reasons will
usually find their way onto this list, it’s not unusual to include cultural or political
factors to help the reader understand where you’re coming from.

Let's ontinue working on the
ADR we started with in the
Status seetion.

Context

we store customer survey responses. The data
d its rigid schema requirements
(for example, introducing

We need to simplify how
currently resides in a relational store, an
have become challenging as we evolve the surveys
different or extended surveys for our premium customers).

1 1 e in
There are various options available to us, like the JSONB data typ

PostgreSQL or document stores such as MongoDB.

The COhfcx

é/i"

t SCCfion
question,
we have {o
thoi

€9in with2” oite {,

dNofc“we 3*‘0}’{;

. cscwbing our degis:
ot yet] Yo poccison
a wholc chfioh ‘p
{:haf. or

i~ Sharpen your penci]

Continue building out the ADR for Two Many
Sneakers. Use the space below to write a Context section for the team’s
decision to use queues for communication between the trading service
and other services. (Then compare it with our take at the end of this
chapter.)

——— Solution on page 119

thereqare no .
Dumb Questions -

Q,: What about all that time and
effort | spent on the whiteboard? Is
that part of the context?

A: If you need to document your
trade-off analysis, we suggest you
introduce a new section called
“Alternatives.” In it, list all the alternatives
you considered, followed by your lists of
pros and cons.

Using a separate section to detail the
trade-off analysis delineates it cleanly
and avoids cluttering the Context section.
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Writing ADRs: Comwmunicating the decision

We’ve finally arrived at the actual decision. Let’s start by looking at the customer
survey team’s completed Decision section:

Notice the
authovitative voice/

We will use a document database for the customer survey.

Decision

The marketing department requires a faster, more flexible way to make changes
to the customer surveys.

Moving to a document database will provide better flexibility and speed, and will
better facilitate changes by simplifying the customer survey user interface.

If this ADR’s status is RFC or Proposed, the decision hasn’t been made (yet). Even
so, the Decision section starts by clearly expressing the decision being made.
The tone of the writing should reflect that. It’s best to use an authoritative voice
when stating the decision, with active phrases like “we will use” (as opposed to “we
believe” or “we think”).

The Decision section is also the place to explain why you’re making this decision,
paying tribute to the Second Law of Software Architecture: “Why is more
important than how.” Future you, or anyone else who reads the ADR, will then
understand not just the decision but the justification for it.

I The Detision settion

tovers the “wh\/" of the
detision itself: vemember
{:hc Setond Law?

In the Context section,
You explained why this

detision was on the table.

The Dcdision sccfion,
which immcdia'l:cl\/ follows
it, explains the detision
itself. Together, they
allow the veader o

frame the detision

/ Cor\rec{:ly.

This is also a %rca{: place to list othevs
who signed off on this detision. For
example, “The marketing depavtment

vequires...” is an example of CYA. 4

“Cover Your Assets” :)

The ADR is not an opinion piece

Remember that the ADR is not a place for anyone’s opinions on the state of things.
It’s easy to slip into that mode, especially when justifying a decision. Even when

explaining context, it can sometimes be hard to stay objective.

| . ‘
Watch t!
: Treat an ADR like a journalist treats a news article—stick to the facts and keep your tone neutral.



the decision

It's time for you to write the Decision section of the ADR for Two Many Sneakers. Here are the main factors the team
considered when making their decision:

* Queues allow for heterogeneous messages.
+ Security is an important architectural characteristic for the stakeholders.

We've given you some space to write out a Decision section, including the corresponding justification. This section
should answer the question, “Why queues?” Hint: Be sure to focus on the decision and the “why.” See the solution at
the end of the chapter for our own take.
Feel £
the 4. :; {:O«P ance back at
did a. e—off anafyﬂs we
1d earliey iy, the thapte

retresh Your memory.

—— Solution on page 119

there]gre no

Dumb Questions

Q,: I’'m not entirely clear on the difference between the context and the “justification” we provide in the Decision section.
Aren’t those the same thing?

A: Maybe an example will help. Say it’s your best friend’s birthday, and you and a few others decide to go out to a fancy dinner to
celebrate. That's the context—the circumstances surrounding the decision you have to make.

Before you decide on the details, you might make a list of possible restaurants (the alternatives available to you), thinking about how
well the cuisines they offer match everyone’s preferences. This would be akin to a trade-off analysis.

You pick a pan-Asian bistro: that's the decision. You choose that particular restaurant because its menu has vegetarian and gluten-free
options, and it allows anyone with dietary restrictions to make substitutions. That's the justification for your decision.
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Writing ADRs: Considering the consequences

Every decision has consequences. Did you work out extra hard yesterday? If so, Status ’
you might be sore this morning. (But maybe a little bit proud of yourself; too!) Context
. . . Decis;
It’s important to realize the consequences—good and bad—of architectural ¢cision
decisions and document them. This increases transparency by ensuring that Co"se‘l“ences
everyone understands what the decision entails, including the team(s) affected by Governap ce
it. Most importa'ntly, it al.low's everyone to assess whether the decision’s positive Notes
consequences will outweigh its negative consequences. I\J

the two laws

The consequences of an ADR can be limited in scope or have huge ramifications.
Architectural decisions can affect all kinds of things—teams, infrastructure, budgets,
even the implementation of the ADR itself. Here’s an incomplete list of questions to

ask:

®  How does this ADR affect the implementing team? For instance, does it change
the algorithms? Does it make testing harder or easier? How will we know when
we’re “done” implementing it?

B Does this ADR introduce or decommission infrastructure? What does that

entail?

B Are cross-cutting concerns like security or observability affected? If so, what
effects will that have across the organization?

®  How will the decision affect your time and budget? Does it introduce costs or
save money? Will it take arduous effort to implement or make things ecasier? <_

®  Does the ADR introduce any one-way paths? (For example, using queues means
we can’t control the order of messages.) If so, elaborate on this.

Collaborating with others is a great way to make sure your assessment is
thorough. No matter how hard you think through the consequences of the ADR,

{:hrough/

highligh{ing.

you’re likely to miss a few things; multiple perspectives will reveal more potential
consequences. Here’s a sample Consequences section:

Highlight the
Lonsco\ucn(,cs
of the detision
for the
im?lcmch{;a{:ion
team.

Time and money
are big—bc sure
1— Yo think this one

Consequences

Since we will be using a single representation for all surveys, multiple documents
will need to be changed when a common survey question is updated, added, or
removed.

The I'T team will need to shut down survey functionality during the data migration
from the relational database to the document database, causing downtime.

O‘C Course, the ADR migh‘l‘,
make {:hings simpler and
move tost—effective. |£
so, that's dc«cini{:cl\/ wovrth

H:‘S imPok.{:ahf
note
Conse uenles
3 that Zigh{;
amq:cc{:
ClAS‘(:okas or
users.
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the consequences

en your penci]

Help the Two Many Sneakers team iron out the Consequences section of their ADR. Here are a few things to think

about:
» A queue introduces a new piece of infrastructure.
_ . . There are no vight or wrong
> The queues themselves will probably need to be highly available. answers, but if you'd like to see
» Queues mean a higher degree of coupling between services. how we approathed this, glance at
the solution at the end of the
chapter.

———— Solution on page 120

Think about an architectural decision made in your current project, or one you've worked on in the past. It
might be programming language used, the application’s structure, or even the choice of database. Can you
think of at least two intended consequences and two unintended consequences of that decision?
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Writing ADRs: Ensuring governance

Have you ever made a New Year’s resolution that fizzled out before the end of
February? Maybe you joined a gym, only to end up paying but never working out?
Us too. A decision is only good if you act on it, and if you don’t accidentally stray
away from it in the future.

Sure, you and your team spent a bunch of time analyzing trade-offs and writing
an ADR to record the decision. Now what? How do you ensure that the decision is
correctly implemented—and that it stays that way?

This 1s the role of the Governance section, which is vital in any ADR. Here, you
outline how you’ll ensure that your organization doesn’t deviate from the decision— One of
now or in the future. You could use manual techniques like pair programming or oF Your duthors has

. . - : writ -
code reviews, or automated means like specialized testing frameworks. E ,‘l:‘z.n 3 book ¢alled “Buildin
w—_— Evolu ionary Arthifecfwcs"

j ‘tha{(‘,‘ shows You how ﬁo

I£ the word use “Fi'l:"CSS ‘Fund‘(:ions" for
“governante” Conjures Z: Ch"‘;:éjcwal 9overnance. Be sure

These two sections up ideas of ; PIEK uP a copy. (After you're

aven't part of the vequlatory ompliante, one with this book, of toursel)

standavd ADR well, this isn't that.

£cm\>|a{:c, but we think
Jche\/ add a lot of value’

Writing ADRs: Closing notes

The Notes section contains metadata about the ADR itself. Here’s a list of fields we
like to include in our ADRs:

Title

Status
Context
Decision

Conseaue nces * Original author

This seetion'is handy even if the
‘boo, you use 'l:o s‘{‘,orc YOu\r ADRS
A au{:oma’cically vecords things like
c\rca-Jcion and modification dates.
Yes, mcluding this in-pov-ma{:ion
e may be vepetitive, but making

it Part of the AD ’
 Modified by easier o discover. R makes it

*» Approval date

Governanc®
Notes

* Superseded date

» Last modification

you are here » 109



bringing it all

@97 Exercise

\ /
=T Let’s bring it all together! You've been working piecemeal on the ADR for the Two Many Sneakers team. We'd like you

to flip back to the past few exercises and copy your ADR sections onto this page to create a full ADR. We've given
you the section titles—all you have to do is fill ‘'em out. (Assume the status to be “Accepted.”) You can find our version
at the end of the chapter.
Title
Status
Context
Decision
Consequences
And there you have it: a complete ADR in its full glory.
. ThC ro . )

We'l skip Governante and 7 £Y 9row up so quiekly! )

Notes heve sinte theyve N We've 5o proud of you all.

not part of the standard

template. —————— Solution on Ppage 121
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Q: I really like the ADR template. But where am | supposed
to store my ADRs?

A: There are lots of options—it all depends on what you and
your team are comfortable with, and who else might be interested
in reading or contributing to the ADRs.

One option is to store ADRs in plain-text files (or maybe Markdown
or AsciiDoc files) in a version-control system like Git. This way,
there’s a commit history showing any changes to the ADRs. The
downside is that nondevelopers don’t always know how to access
version-controlled documents. If you do choose to store your ADRs
this way, we recommend keeping them in a separate repository (as
opposed to stuffing them in with your source code). You'll thank us
later.

Alternatively, you could use a wiki. Most wikis use a WYSIWYG
(“what you see is what you get”) editor, so they're accessible

to more people. Just be sure that your choice of wiki can track
changes. You wouldn’t want someone to edit an ADR accidentally
without everyone knowing.

Whatever you choose, make sure it's easy to add, edit, and search
for ADRs. We've seen too many honest efforts at recording ADRs
die just because no one could find the ADRs again if their lives
depended on it.

Q: My whole team loves Markdown. (Plain text for the win!)
Any advice on file naming conventions?

A: Recall that ADR titles have a three-digit prefix, followed by
a very succinct description of the ADR. If you store your ADRs as
plain-text files, we recommend using the title as your filename,
including the prefix. For example, an ADR with the title “042: Use
queues between the trading and downstream services” should
be stored in a file named 042-use-queues-between-the-trading-
and-downstream-services.md. We like using all lowercase letters,
which avoids any confusion between different operating systems.
Replace spaces with hyphens to avoid whitespace.

This forces you to come up with good titles! And the three-digit
prefix means you can simply sort the files in a folder by name to
put them in the right order.

Dumb Questions

Q} Can you recommend any tools that make it easier to
write and manage ADRs?

A: Oh, sure! There are many options, from command-line tools

to language-specific tools that allow you to record ADRs directly in
your source code. You can see a list of available tools at https:/adr.
github.io/tdecision-capturing-tools.

Most third-party tools make assumptions about the format of the
ADR—perhaps they generate Markdown files or store the files in
a specific directory structure. Test-drive a tool a few times to get a
feel for it.

Finally, some age-old advice: keep it simple, silly. We suggest
you start by writing out ADRs without any complicated tooling or
automation. Get a sense of what works best for your team. Then,
as your needs grow, go find a tool that fits those needs.

Q: Do ADRs always belong to a single project, or can they
affect multiple projects and teams? How about the whole
organization?

< Yes, yes, and yes. ADRs can be as narrow or as broad as
you'd like them to be. Some ADRs are project-specific, affecting
only one team. Other ADRs affect many or all teams in an
organization. At the online retailer Amazon, there’s an ADR
affectionately referred to as “the Jeff Bezos API mandate.” It
records a decision that company founder Jeff Bezos once made:
that all services within Amazon can only talk to other services via
an API. Naturally, this affected the entire organization—no small
feat, given Amazon’s size.

Most cross-project or cross-team ADRs require a lot of
collaboration, and often the blessing of a central architecture
review board. Such ADRs tend to affect cross-cutting concerns,
like how services should communicate with one another or
which data transfer protocol to use. ADRs related to security or
regulatory compliance often cut across multiple teams or a whole
organization.
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why

The benefits of APRs

We hope we’ve convinced you by now that recording your decisions in ADRs need
not be a long, arduous process. We really like the format we’ve shown you in this
chapter, but feel free to tweak or modify it.

Is recording architectural decisions really that important? We certainly think so!
There are tons of benefits to recording these decisions—not just for you and your
team, but for your entire organization. Let’s quickly recap.

ADRs ave vecords of O

a system, intluding pga

how it’s structured A o ’Ltfis answer the
and how it works, . K——:[Ic ton "What
that anyone tan — M ev:c_we fhihking?”
veview at any time. it " 1T no one whe

made the detision

Ah! Here’s is Still droung,

a Superseded
ADR—apparently
we did at one
point.

Why don’t we just
use a document

ADRs ave key to building
institutional knowledae and
mcmorg- Teams ¢an vead and

ADRs tan help prevent
learn from eath other’s ADR:s.

teams from going down
the same voad a9ain and

again, Cn(,ou\raging new
solutions instead. -

7\

Bidiveetional |inkin5
between Superseded
and Accepted ADRs

is @ huge boon heve.

Keep the ADR process as frictionless as possible

2 It’s tempting to add sections to the ADR template in the hope of being comprehensive.
h O,t‘ While that’s a noble goal, it adds work. If you keep “feeding the beast,” the
W&‘tc P documentation process gets harder. That can discourage people, and some might
: stop writing ADRs alfogether.

Focus on concision and brevity. Keep it simple. You'll thank us later.



the two laws

Two Many Sneakers is a success

The team at Two Many Sneakers is ecstatic. Their customers love getting real-time
notifications about new offerings in the app, and the improved analytics are giving
the security team the information they need to sniff out any and all sneaker scams
from a mile away.

Learning about the
two laws of software
architecture sure made this

easy. Not only do we know
we’ve made the right decision,
but we’ve also captured it inan
ADR. | feel so much better.

Just got the emaiil
from the finance
team: they want the
trading service to keep the
compliance service in the

know. That should be an
easy change.

Grokking the two laws of software architecture will serve you well. Now you know
that there are no “best practices” in software architecture—just trade-offs. It’s up to
you (and your team) to find the most viable and best-fitting option. And don’t forget

to record your decision in an ADR!

Onward and upward.
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chapter

— Bu]Jet Points

There is nothing “static” about architecture. It's
constantly changing and evolving.

Requirements and circumstances change. It's up to you
to modify your architecture to meet new goals.

For every decision, you will be faced with multiple
solutions. To find the best (or least worst), do a trade-off
analysis. This collaborative exercise helps you identify
the pros and cons of every possible option.

The First Law of Software Architecture is: Everything in
software architecture is a trade-off.

The answer to every question in software architecture
is “it depends.”To learn which solutions are best for
your situation, you'll need to identify the top priorities
and goals. What are the requirements? What's most
important to your stakeholders and customers? Are
you in a rush to get to market, or hoping to get things
stable in growth mode?

The product of a trade-off analysis is an architectural
decision: one of the four dimensions needed to
describe any architecture.

An architectural decision involves looking at the pros
and cons of every choice in light of other constraints—
such as cultural, technical, business, and customer
needs—and choosing the option that serves these
constraints best.

Making an architectural decision isn't just about
choosing; it's also about why you're choosing that
particular option.

The Second Law of Software Architecture is: Why is
more important than how.

To formalize the process of capturing architectural
decisions, use architectural decision records (ADRs).
These documents have seven sections: Title, Status,
Context, Decision, Consequences, Governance, and
Notes.

Over time, your ADRs will build into a log of
architectural decisions that will serve as the memory
store of your project.

An ADR's title should consist of a three-digit numerical
prefix and a noun-heavy, succinct description of the
decision being made.

An ADR can be assigned one of many statuses,
depending on the kind of ADR and its place in the
decision workflow.

Once all parties involved in the decision sign off on the
ADR, its status becomes Accepted.

If a future decision supplants an Accepted ADR, you
should write a new ADR. The supplanted ADR's status
is marked as Superseded and the new ADR becomes
Accepted.

The Context section of an ADR explains why the
decision needed to be made to begin with.

The Decision section documents and justifies the actual
decision being made. It always includes the “why."

The Consequences section describes the decision’s
expected impact, good and bad. This helps ensure
that the good outweighs the bad, and aids the team(s)
implementing the ADR.

The Governance section lists ways to ensure that the
decision is implemented correctly and that future
actions do not stray away from the decision.

The final section is Notes, which mostly records
metadata about the the ADR itself—like its author and
when it was created, approved, and last modified.

ADRs are important tools for abiding by the Second
Law of Software Architecture, because they capture the
“why” along with the “what.”

ADRs are necessary for building institutional
knowledge and helping teams learn from one another.
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the two laws

“Two Laws” Crossword

Think you’ve mastered the two laws of software architecture? Why don’t you
document your knowledge by completing this crossword?

1

|2

RN

[ ]

11 | |

| 12

13 |

17

il | |

20 |

Across

2. Two Many

4. Topics use a fire-and- system

5. Anew ADR can an old one

7. You can list pros and cons on a board

8. You should record every architectural you make
10. Documents made up of seven sections (abbr.)

11. Heterogeneous

13. Important architectural characteristic for a fast-growing
business

15. “Everything in software architecture is a trade-oft” is the
of software architecture (two words)

18. Examples of messaging mechanisms include queues and

19. Best tone to use when writing an ADR
20. If you’re too excited about a new tool, you might have
Object Syndrome

Down

1. Topics can be independently

3. An architectural characteristic that’s especially important for
financial transactions

5. Architects are responsible for making architecturally
decisions

6. ADR section that tells you why a decision needed to be made
9. High or low interdependence

12. Short way to say “not at the same time”

14. Two Many Sneakers’ mobile app communicates with the

trading
16. More important than how, according to the Second Law
17. The of an ADR might be Accepted

———— Solution on page 122
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» Exercise From page 83
/' Solution

Which of the following architectural characteristics stand out as important for this particular problem? Hint: There are
no right answers here, because there is a lot we don’t know or aren’t sure of yet. Take your best guess—here are our

thoughts: Lots of downstream
( sevvites need to know .
modaularity

about sneaker trades.

Sb'm“,"“‘;f * 1 ((extensibility)  This sounds important! upgradability
ooming, !
be something to low coupling

look out o

k7‘<performance > security

From page 89

en your penci]

A\, Spend a few minutes comparing the results of our trade-off analysis. Notice how both options
support some characteristics but trade off on others? Now we're going to present you with some
requirements—see if you can decide if you'd pick queues or topics to support each one. Here are our answers:

Requirements

“Security is important to us. T .
opics
“Different downstream services need different kinds of information.” / TOPiCS

“We'll be adding other downstream services in the future.” Queues /@
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Sojution

This time, we’d like you to do some trade-off analysis on your own. We chose messaging as the communication
protocol between our trading service and its consumers. Messaging is asynchronous. Choosing between
asynchronous and synchronous forms of communication comes with its own set of trade-offs! We've given you two
whiteboards, one for each form of communication, and we've listed a bunch of “ilities.” We’d like you to consider
how each architectural characteristic would work in both contexts. Is this characteristic a pro or a con (or neither) in
synchronous communications? What about in asynchronous communications? Place each “ility” in the appropriate

column. Hint: Not all of them apply to this decision. You'll find our answers below:

the two laws

From page 91

responsiveness cransactions
p error handling
consistency
coordination extensibility
deployabilit
pLoy y fault tolerance

Pros
wnsis{:cnc\/
evvor handlihg

transattions

r Ms'm3 synt tommunitations

a g
. | Using asynt Lommunitations
ons ‘\‘ Pros
cx{cnsubnh{:\/ “‘ V‘esFonsichsS Cons's{:c ,_COM
isten
fault tolerante “ Cx{:cnsibili'l:y ervor ha dl)'l
. | ndling
vesponsiveness L faut tolevance transaetions

=#
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/ Exercise From page 99
~  Solution

In the following exercises, you're going to help the team at Two Many Sneakers write an ADR. They've decided to
use asynchronous messaging, with queues between the trading service and downstream services. Assume this is the
12th ADR the team is writing. What title would you give this ADR? Don’t forget to number it! Here’s what we came up
with:

Ol2: Use of queues for asynthronous messaging between order and downstream services

» Exercise From page 102

Solution

In the previous exercise, you hashed out the title of Two Many Sneakers’ ADR about using queues for messaging.
Let’s say you get the green light. Write down the title you chose in the space below and give it a status. Here’s ours:

Title: O12: Use of queues for asynthronous messaning between order and downstream sevvices

Status: A¢tepted

Three months later:

Whoops! The requirements have changed. Your latest trade-off analysis reveals that topics would be a better fit.
Everyone has signed off on this, so you need to supersede your ADR with a new ADR. This is the 21st ADR your team
has worked on. Write down the title and the new status of the old ADR:

Title: O12: Use of queues for asynthronous messaging between order and downstream sevvites

Status: Superseded by 02

Now write down the title and status of the newly introduced ADR. Here’s ours:

Title: OLI: Use of topies for asynthronous messaning between order and downstream sevvices

Status: Accepted, Supersedes 012
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From page 104

en your penci]

Solution

Continue building out the ADR for Two Many Sneakers.

Use the space below to write a Context section for

the team’s decision to use queues for communication
between the trading service and other services. Here's our take:

The trading service must inform downstream services (namely the
notification and anal\/{:iCS sevvices, for now) about new items available
for sale and about all transactions. This tan be done ‘[;hrough
synthronous messaging (using REST) or asynthronous messaging (using
queues or topies).

» Exercise From page 106

Solution

It's time for you to write the Decision section of the ADR for Two Many Sneakers. Here are the main factors the team
considered when making their decision:

* Queues allow for heterogeneous messages.
+ Security is an important architectural characteristic for the stakeholders.

We've given you some space to write out a Decision section, including the corresponding justification. This section
should answer the question, “Why queues?” Hint: Be sure to focus on the decision and the “why.” There are no right
answers, but here’s what we came up with:

We will use queues for asynthronous messaging between the trading and downstream services.

Using queues makes the s\/S‘{:Cm move extensible, sinte eath queue tan deliver a diffevent kind of message.
Furthermore, since the trading sevvice is aCu'Ecl\/ awave of any and all subseribers, adding a new tonsumer involves
modi‘c\/ing it—which improves the security of the system.
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From page 108

en your penci]

Sojution

Help the Two Many Sneakers team iron out the Consequences section of their ADR. Here are a few things to think
about:

» A queue introduces a new piece of infrastructure.
» The queues themselves will probably need to be highly available.

» How do queues affect coupling between components?

Queues mean a higher degree of toupling between servites.
We will need to provision queuing infrastreuctuve. [t will vequire tlustering to provide for high availability.

[ additional downstream sevvices (in addition to the ones we know about) need to be notified, we will have to
make modifications o the trading sevvice.
\ Heve's our take.
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the two laws of software architecture

J
Exercise From page 110
[ ]
Solution
Let's bring it all together! You've been working piecemeal on the ADR for the Two Many Sneakers team. We’d like you

to flip back over the past few exercises and copy your ADR sections onto this page to create a full ADR. We've given
you the section titles—all you have to do is fill ‘'em out. (Assume the status to be “Accepted.”) Here’s our version:

Title

Ol2: Use of queues for asynthronous messaging between order and downstream sevvites

Status

Accepted

Context

The trading service must inform downstream sevvices (namcl\/ the notification and analyties sevvices, for now)
about new items available for sale and about all transactions. This ¢an be done through synthronous messaging
(using REST) or asynthronous messaging (using queues or topics).

Decision

We will use queues for asynthronous messaging between the trading and downstream sevvices.

Using queues makes the system more extensible, since each queue can deliver a diffevent kind of message.
Furthermore, sinte the trading service is atutely aware of any and all substribers, adding a new onsumer involves
modi«c\/ing it—which improves the security of the system.

Consequences

Queues mean a higher degree of toupling between services.

We will need to provision queuing infrastructure. [t will vequive elustering to provide for high availability.

I£ additional downstream sevvices (in addition 1o the ones we know about) need to be notified, we will have to
make modifications to the {:v-ading sevvite.

And there you have it! A complete ADR in its full glory.
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e “Two Laws” Crossword Solution

s =
=
From page 115
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logical conponents

The Building Blocks

Ready to start creating an architecture? its not as easy as it sounds—and if you
don’t do it correctly, your software system could come crumbling to the ground, just like a poorly

designed skyscraper or bridge.

In this chapter we’ll show you several approaches for identifying and creating logical components, the
functional building blocks of a system that describe how its pieces all fit together. Using the techniques
described in this chapter will help you to create a solid architecture—a foundation upon which you can

build a successful software system.

Put on your hard hat and gloves, get your tools ready, and let’s get started.
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demystifying logical components

Logical components revisited

Logical components are one of the dimensions of software architecture. They
are the functional building blocks of a system that make up what is known as
the problem domain. In Chapter 1 you learned a bit about them, and in this

chapter we’ll dive deep into what logical components are and how to create
them.

\pores \
_ed0e wat
¢ vour ed=¢ 3 ¢>\r\f-"“b © Order ys
ok Yhnes \o aea\ &2 oy : )
NV O¥ 1 e VoY e 8070 Tracking e e,
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Y
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Remember that, in most programming languages, logical components are

Inven‘l’ory represented through the directory structure of your source code repository. For
Manageme"f example, source code located in the app/order/tracking directory would be
contained within a logical component named Order Tracking
. - do"\a.\'\-
app «— e n
This is the svbdomain
— . ieal
The divectory strutture order This is JC“JCC logiea — Ordgr
identifies the logical ’ tracking ¢ tomporent Tracking
tomponents and is thevefore
part of the architeetuve. —El source_code_file
—E| source_code_file
ﬁ —=| source_code_file K o
) hi te tode implements the
The sourte tode identifies —E| source_code_file This sour !

how the logical ¢ ti order tracking functionality.
ow The log omponent is

implemented and is thevefore
part of the desion.
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logical

_ Exercise

"'

Nawe that component

It's your first week on the job as the new architect, and you've been assigned to an existing project to build a
trouble ticket system. You want to understand the logical components of the architecture, but your team doesn’t
know anything about logical components—they just started coding. To determine the logical architecture, you

have to look at the existing directory structure. How many individual logical components can you identify from the
codebase below?

J order_entry_app We did Dray,
— J order this one — Cart in Lhic )S‘°w €omponents
] shopping_cart / for you! Face over here
lots_of_source_code_files
—] fulfillment
lots_of_source_code_files

—f— history
E recent
l—@ lots_of_source_code_files

] archive
=| lots_of_source_code_files

— Payment

] credit_card
lots_of_source_code_files
] gift_card
lots_of_source_code_files
—?customer‘

] profile
lots_of_source_code_files

——— Solution on page 156
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auction

Adventurous Auctions goes online

Want to go on a safari in Tanzania? Observe wildlife in the Galapagos
Islands? Hike to the base camp of Mount Everest? Adventurous Auctions
1s here to help!

You’ve probably seen our ads or attended some of our live auctions
around the country. These kinds of adventures are hard to come by and
can take years to reserve; our company auctions them off at a significant
cost savings.

We want more people around the world to be able to access these great
trips, so we’re taking our adventurous auctions online (in addition to our
in-person auctions).

That’s where you come in: we need a new system to support the online
auctions of our adventurous trips.

e. Sh
Wants 4, bid 1(‘0:
advcmL,urc {;HP_ an

Here’s what the new system needs to do:

@ Scale up to meet demand, so hundreds or even thousands of
/ people can participate in each auction.

@ Include both in-person and online bids in every auction.

Allow online users to register with Adventurous Auctions and
provide us with their credit card details so they can pay if they win
atrip.

@ Allow online users to view live video streams of in-person auctions,
as well as all bids placed so far, both in person and online.

@ Allow online users to bid on trips, just like the people in the room.

@ Determine which online bidder bids the asking price first (this is
called “winning the bid"). If an online bidder bids at the same time
as an in-person bidder, the auctioneer then determines who bid
first.

_ @ When the auctioneer announces an online user as the winner, the
system charges the winner’s credit card, notifies the winner, then
moves on to the next trip in the auction.

Pay attention, betause we've oing +o show you how 1o j\

ereate a logical avehiteeture for this s\/s{xm.

126



logical

Logical versus physical architecture

A logical architecture shows all of the logical building blocks of a system
and how they interact with each other (known as coupling). A physical We're 9oi
architecture, on the other hand, shows things like the architectural style — abouf "9 o | -(;3

5 ) > COM P Ik'h 3
services, protocols, databases, user interfaces, API gateways, and so on. n this ¢hy t

lo
Pf hen C°“P/Ih3 / _ée-é

The logical architecture of a system is independent of the physical
architecture—meaning the logical architecture doesn’t care about databases,
services, protocols, and so on. Let’s look at an example of what we mean by a
logical architecture.

As you remember, Adventurous Auctions needs to create and
schedule online auctions and allow bidders to register, search for
Auvetion Avction auctions, and view the trips that are up for bid. Here are some of

Maintenance Scheduler the components—the functional building blocks—that will help
make that happen.

oq; of i . . .
d?,faé COmPonen s fc"‘ Auction Auction Bidder Bidder
"Curous A, o r Search Viewer Registration Sign-on
hs.
s PN aeal See how the logical architecture doesn’t include the various components of physical
! \S\n&-‘cdgwc shows architecture mentioned above? It’s a different view of the system. To see what we mean,

e e o£ the secvices compare the diagram above with the following physical architecture diagram. Notice how
som

and also shows the services and databases for the system.

Avction Auction Bidder Bidder
Search Maintenance Registration Sign-on
A

Auction Auction
Viewer Scheduler

4 databases: the physical architecture associates services with components from the logical architecture,
N

A

Logié&' Com‘?oncwts )
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Who Does What ?

We had our logical and physical architecture responsibilities all figured out, but somehow they got all mixed up.
Can you help us figure out who does what? Be careful—some responsibilities may not have a match (they aren’t
part of a logical or physical architecture).

Be sure to check the answers (located at the end of this chapter) before moving on.

Shows which programming language is used for
each component

Maps components to services

Logical

arc}]rteeture Shows the logical components within the system
and how they communicate with each other
Shows how many databases there are in the
system and which services access them
We did this >
one for You. Shows communication between services and the
protocol they use (like REST)
PI]}/S?G&I Shows the source code files used to implement a
- component
architecture

Shows the components and their interactions
within the user interface

Shows the APl gateways and load balancers used
in the system

———— Solution on page 157
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logical components

Creating a logical architecture

Identifying logical components isn’t as easy as it sounds. To help, we’ve created
this flowchart. Don’t worry—we’ll be covering all of these steps in detail in the
following pages.

Step 1: ldentify Step Z: Assign Last,
initial core | ——>>|  requirementsto | bosee if 4 oek
components components Cmponeys ¢

fh hChf sa.éis‘p
hae 3rehite fural “
Faeta : 7.
)K o “\)CSJC. A\ Then we assign some heed. risties we
?\rs’cw w ma\“\\a’c e "“‘:‘;‘a vesponsibilities to those
toce ¥
—>| Step 3: Analyze the Step 4: Analyze
Next, we make suce each | role and responsibility —— ——— architectural
tomponent should handle statements characteristics
ks new rcsyonsibili{y

t Oops—we might need to vcad\')us{: and vefattor our j\

tomponents. That would happen in these steps.

This flow continues as long as the system is alive.

This flowchart shows a series of steps to begin greenfield
applications (new systems created from scratch) and perform
ongoing maintenance on existing ones.

Ever wonder why it’s so common for a well-designed system
to end up as an unmaintainable mess in no time? It’s because
teams don’t pay enough attention to the logical architecture
of their systems.

Anytime you make a change or add a new feature to the
system, you should always go through each of these steps to
ensure that the logical components are the right size and are
doing what they are meant to do.
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Step 1: ldentifying initial core components

The first step in creating a logical architecture is identifying the initial

Stop 1: dentify Step Z: Assign
4 L : > initial core e to
core components. Many times this is purely a guessing game, and you’ll comporents conponents
likely refactor the components you initially identify into others. So don’t t
spend a lot of time worrying about how big or small your components
are—we’ll get to that. First, let’s show you what we mean by a “guessing St 3: ozt Stop 4 Avalyze
g ame. > o a:‘viumm characteristics
his .
oad map sh
w ows
This is Frank, the clo of hich Sfcp You're 7° —/

Q AdVCn{:wous Au(,‘l’,\ons

The auction flow is pretty simple. Participants join
a live auction, view the auction, and bid on & trip
they are interested in.

components, one for each of the three major things the system does.
Live Auction Video Bid
Session Streamer Capture

Thi
j\ This LomYOV\CV\{': 1S j\ /Q X his COMPW!eh-é

Jcrcammg
eSCnfs rcsvonsﬁ)\c for s , :
P kf:c 3 P /aCC the live auttion to online P f“*‘lhﬂ bids -
Ints ¢, vavhcnvanJcs

These components aren’t really doing anything yet. You see, we’ve identified the

initial components, but we haven’t assigned them any responsibility yet. You \
could think of them as empty jars. They represent our initial best guess, based

on a major action that takes place in the system. That’s why we call them ntial

core components.

This jav exists but is empty, iftouﬂ =y
like {3 he initial tore components Y Live Auction
identify- Session
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logical

Creating a logical architecture is all & “*guessing game”? That’s the
most ridiculous thing I've ever heard. Isn’t there some way to take
the guesswork out of identifying logical components?

Yes, there is! In fact, you can use several
approaches to remove some of the
guesswork.

You don’t know a lot of details about the system or its requirements yet,
and the components you initially identify are likely to change as you learn
more. That’s why we say it’s a guessing game at this stage—and that’s
perfectly okay!

We’ll show you two common approaches for identifying initial core
components: the workflow approach and the actorlaction approach.

There are other approaches that may seem like good ideas initially but that
can lead you down a very bad path. We’ll discuss those after we show you
the good stuff.
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Workflow approach

The workflow approach is an effective way to identify an initial set of core

components by thinking about the major workflows of the system—in other
words, the journey a user might take through the system. Don’t worry about
capturing every step; start out with the major processing steps, and then work

your way down to more details.

You
Cgh
W Mo
mo:r/({‘/%s de/ 4. L,
€ inid- ¢k ent
""élg/ to €ate

ev
Let’s use the workflow approach to identify some initial core components for the P hents ~
Adventurous Auctions architecture.
Register for Join the auction 3 View the 3 Bid on a trip Pay for the
an auction once it starts live auetion you like trip if you win
Auvction Video i
A i : Bid ;
Registration Live Auction Streamer Avtomatic
Session Capture Payment
thereqare no

but what if our team decides to use a third-party library or
service to stream the auction?

A: Great question! Even though you might not develop the
functionality yourself, it’s still part of the logical architecture.

Dumb Questions

Q,: You identified “Video Streamer” as a logical component, Q,: Is each step in a workflow always mapped to a single

logical component?

A: Not always. You might have several steps in a workflow
that point to the same logical component, particularly if their
functionalities are closely related.

Names matter.

Pay close attention to how you name your initial core components. A good name should

succinctly describe what that component does.

Clcakl}’ this ¢

) OM

Trip e e o ook of G
Viewer €ing duttioned o Lf mi

is 3 9ood Compo
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logical

en your penci]

A\

Your company wants a new system to assign workers to construction sites, and it's your
job as the software architect to identify its initial core components. Using the workflow
approach, identify as many core components as you can, matching each to its associated
workflow step. Remember, a workflow step can have multiple components, and not every
workflow step has to have a unique component.

Step 1: Maintain a list of all construction workers, their skills, and their locations
Step Z: Create a new construction project and specify the work site
Step 3: Create a schedule for when various construction projects start and end

Step 4: When a new project starts, assign workers based on their skills and locations

Step 5: When the project completes, free up workers so they can be reassigned

Dk&w Your Iogical ComPonen'{:s in

his space. Rem
9ood dcscriniv: "r:af:cs{.:o e hen

%

——— Solution on page 158
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Actor/action approach

The actorlaction approach is particularly helpful if you have multiple actors
(users) in the system. You start by identifying the various actors. Then, you
identify some of the primary actions they might take and assign each action to a
new or existing component.

¢? She wanks ©0 9°
chell be 3 bidder

Returning to our Adventurous Auctions example, let’s use the

P\cmcm\)ﬂ' K ; . . o
actor/action approach to identify some initial core components.

g on 3 keipy s0
; We'll start with Kate. As a bidder, here

are a few of her primary actions:

Auction
Look for an avetion —— Search
Th
View the live video stream \ o».cP Big ?’P ture
. nent ha, dl
Place a bid Video eliple gogordles
Streamer f"d 2nds i ¢
(4
) d
= = This is Sam. He's an COMP%enfc_k T"atkg,.
auttioneer
i / As an auctioneer, here are a few of
NI Sam’s actions: / Capfure
P Receive a hid from an online bidder Puckion Session LomYov\\\cch\‘\:
e Live - Lion ot
Enter a live in-person bid into the system mds bidder inkormat
LO"‘YO“C“ w/
Start the auction Li .
—>5 | Live Auction
Mark an item as sold —> Session

We use a “system” actor to represent things that

happen automatically in the system: Avtomatic
Payment
@ Charge bidder / \
Track bidder activity Bidder

Tracker
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You have a bakery that is ready to expand operations, and you would like a new system that lets customers
view, order, and pay for bakery items online for pickup. Orders are sent to the bakery coordinator, who purchases
ingredients and schedules orders. The baker receives the schedule of items to bake each morning and tells the

system when the items are baked. The system then emails the customers to let them know their items are ready for
pickup.

Using the actor/action approach, identify what actions each actor might take. Then draw as many logical components
as you can for the new bakery system, matching the actions you identified to the components.

We stavted this

exevtise 1cor

youand Flled )

in some of the
Com?ohcy\{s_ Customer

Browse items

Shopping
_ " Cart
Select items

Th heek

Pay for items R ltem / e H:emf etkout
Checkout K._ tomponent needs

Receive email that secess the

order is ready Shopping Cart
COmFonen‘{:-

——— Solution on page 159
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The entity trap

Okay, so if I identify lots of actions that
have to do with bids, then should I put all of
them together in a single component called

the Bid Manager?

Welcome to the entity trap.

We call this approach the entity trap because it’s very easy to
fall into it when identifying the initial core logical components,
and you’ll run into lots of issues if you do this.

. First of all, the name “Bid Manager” is too vague. Can you tell
what the component does just by looking at the name? Neither
can we. A name like this doesn’t tell us enough about the
component’s role and responsibilities.

g— Ihis CO»TP‘OHCW(: will be hard 4o seale Second, the component has too many responsibilities. Au
etause it's doing 100 muth. too often, components in the entity trap become convenient
dumping grounds for all functionality related to those entities.
Bid These ave all Asa r'esult, th.ey‘ take on tO.O m}lch responsibility and become
Manager the {:\r\ings the too big and difficult to maintain, scale, and make fault tolerant.
. tomponent does.
—Accept a bid
— Display all winning bids WQ&‘\\)
—Track bids for auditing purposes . ,
T g purp 1/~ Watch out for words like manager or supervisor
_Det?rm'”e .b'd winner- () when naming your logical components—those are
— Notify auctioneer of online bid < good indicators that you wight be in the entity trap.

— Generate bid reports

en your penci]

What other words besides manager can you list that, if they appeared in a component name, might indicate that you've
fallen into the entity trap?

We did this supervisor

one for Yow

———— Solution on page 160
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logical

Exercise

‘ - ~

Can you select the most appropriate approach to identifying initial core components in the following scenarios? In
some cases, more than one approach may be appropriate.

The system has only one type of user [Tworkflow [] Actor/Action

The system has well-defined entities [ IWorkflow [ ] Actor/Action

You have minimal functional requirements []workflow [] Actor/Action

The system has many complex user journeys [ I Workflow [ ] Actor/Action

The system has many types of users [ Tworkflow [] Actor/Action

———— Solution on page 160
t}nerelf;re no
Dumb Questions

Q: The actor/action approach reminds me a lot of event
storming. Are they the same thing?

A: Great observation, and we're glad you saw the similarities.
Event storming is a workshop-based approach that is part of
domain-driven design (DDD). With this approach, you analyze the
business domain to identify domain events. While both approaches
have the final goal of identifying actions performed within the
system, event storming takes identifying components much further
than the actor/action approach does. You could say that the actor/
action approach identifies the domain event and actor elements of
event storming, but doesn’t continue with other elements such as
command, aggregate, and view. You can learn more about event
storming at https:/en.wikipedia.org/wiki/Event_storming.

Q_: Can you combine the workflow approach and actor/
action approach, or do you have to choose between them?

A: You can combine them, and in most cases this is a good
idea. If you start with the actor/action approach to identify actions,
you can then use the workflow approach to arrange them in the
order in which they are likely to occur.

Q- Are you telling me | should never use the words
manager, supervisor, and so on as part of my component
names?

A: Not necessarily—there is no hard and fast rule to the entity
trap. Sometimes it's hard to come up with a name for something
that does a general task. Take, for example, a component that
manages all of the reference data in your application—name/
value pairs like country codes, store codes, color codes, and so
on. A good name for such a component would be “Reference Data
Manager.” However, names like “Order Manager” or “Response
Handler” are too broad and don’t describe what those components
actually do.

Q; When using the actor/action approach, how many
actions should you identify for each actor?

A: That's a tough question. The purpose of identifying actions

is to tease out likely logical components and what they might be
responsible for. We usually look at the primary actions an actor
might take, rather than diving into too many details.
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Step Z: Assign requirements

Once you've identified some initial core components, it’s time to move on to
the next step: assigning requirements to those logical components.

In this step, you’ll take functional user stories or requirements and figure

out which component should be responsible for each one. Remember, each
component is represented by a directory structure. Your source code resides in
that directory, so it contains that requirement.

Let’s go back to the initial set of components we defined based on what Frank
(the CIO) said about the basic workflow of Adventurous Auctions. Now it’s
time to assign some responsibilities to these components.

Since the Live Auction Session component is responsible for
controlling the auction currently taking place, it makes sense
to assign this requirement to it.

Display the current trip up for bid during the auction -

Mark a trip as sold and move to the next trip

-

component.

Send each online bid to the live auctioneer

as it’s placed, so they can call out the bid

Since the Bid Capture component receives the bid from the
bidder for a trip, it makes sense to have this component also
forward that bid to the live auctioneer.

L

Record the live video stream for later playback
in case a hid is contested

The Video Streamer component already has the video feed,
so it makes sense to have it record the video feed as well.

Allow bidders to view details about the current /

trip up for bid

Wait—it doesn’t make sense for any of the other components
we identified earlier to take on this responsibility. Let's create
a new component to handle it.

-

Stop 1: dentify
inital core

il cor
components

Step 2: Assign
requiroments o
components

~

Live Auction

Session

Video
Streamer

Trip

Viewer

/7

Step 4: Avalyze
architestoral

characteristics

Step 3: Analyze the
role and responsibiity
statoments

Represents the live
auetion turvent|

v taking place

Rcs\?oy\siblc ‘COY'
veteiving and

Responsible for showi
the video feed fko:lhs
the auetion

. K S{-‘oy-]nﬁ bldS rom
) . . . Bid +he bidders.
This requirement also has to do with controlling the flow of the Capture
auction session, so let’s assign it to the Live Auction SV

This is @ new Lom\?ov\Cn{:
we added to sa{:is(:y the

last rcO\u'anmCh{‘,

<

C\rca‘f:ing new COmFoncn{:s is known as
evolving the architecture.
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en your penci]

Your company, Going Green Corporation, wants a system to support its new electronics recycling program, where
customers can send in their old electronic devices (like cell phones) and get money. We’ve already identified some
of the initial core components. Your job is to figure out which component should be responsible for each of the
functionalities listed below, or if a new component is needed. You’ll also need to come up with names for any new

Components.
 Physically «— Assess the Ve f:sc'ylcltehor
receive the deviee’s Devi dcv?(, e old
Device deviee from Device ¢ondition 2 ewf.e iee.
Receiving the tustomer-. Assessment ecycling

Locate the nearest safe disposal facility for destroying the device
[ | Device Receiving [ | Device Assessment [] Device Recycling [ ] Other:

Capture and store customer information (name, address, etc.)
[] pevice Receiving [ Device Assessment [] Device Recycling [] other:

Post the device on a third-party site to resell it on the secondary market
L] Device Receiving | | Device Assessment || Device Recycling [_| Other:

Pay the customer for their recycled device
L] Device Receiving | | Device Assessment || Device Recycling [_| Other:

Record that the device has been received and is ready for assessment and valuation
[_] Device Receiving [ | Device Assessment [ | Device Recycling [ | Other:

Determine the value (if any) of the recycled device
[_| Device Receiving [ | Device Assessment [ | Device Recycling [_| Other:

Determine the monthly profit and loss for recycled and resold devices

’GDevice Receiving [ | Device Assessment | | Device Recycling [ | Other:

Going Green Corp. needs +o make 3 profit, after all.

—— Solution on page 161
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Step 3: Analyze roles and responsibilities

As you start assigning functionality (in other words, user stories or requirements)
to logical components, the roles and responsibilities of each component will start
to naturally grow. The purpose of this step is to make sure that the component

to which you are assigning functionality should actually be responsible for that yrrvrE— P
functionality and that it doesn’t end up doing too much. ] % it

Step 2: Assign
requirements to
components

Step 1: dontify
inifal core
components.

Let’s say we create a component called Liwve Auction Session that has the following
responsibilities during a live auction:

1. Start and stop the auction
2. Show the current trip up for bid
3. Mark a trip as sold and move to the next trip

Live Auction
Session

This 1s a well-designed component and has just the right amount of
responstibility. However, as iterations move forward, the development team
adds some new requirements to the Live Auction Session component:

4. Display the details of each trip in this auction Hey, n
cOm\)oncn )
5. Keep track of all the bidders currently in the auction ;. you wash
6. Keep track of each winning bidder for the auction my tar toof
£ You've ever had oo 7. Notify the bidder that they won the trip
muth on Your plate at
work, you likely gave —
some of that work + With this added functionality, this component is now taking on too much
others. Do the same with responsibility. This is a common situation, so don’t be surprised if it happens
¢omponents—offload to you. When it does, don’t panic—that’s what this step is here for. Let’s see
some of the \rcsyonsibili{:y if we can fix this situation by moving some of the responsibility of the Live
to someone else. Auction Session component to other components.

B

| ﬂ. Geek Note

Have you ever created a class file called Uti1ity? What did it do? Chances are it contained a bunch of unrelated
functions that you'd had a hard time placing. The same thing can happen with logical components within software
architecture. Try to avoid components that contain lots of unrelated functions.
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Sticking to cohesion

When you analyze a component’s role and responsibility statement

or set of operations, check to see if the functionality is closely related.

This is known as cohesion: the degree and manner to which the
operations of a component are interrelated. Cohesion is a useful tool
for making sure a component has the right responsibilities.

When analyzing the role and responsibilities of a component, it’s
common to find an outlier (an odd piece of functionality) or a
component that is doing too much. In these cases, it’s usually a good
idea to shift some of the responsibility to other components.

Now it’s your turn to fix the Live Auction Session component.

logical

Make it
Stick

Component functions
r , should
‘?thtnpthey re not, don't get frugtllz?tgéelated_
St start to break the component apért

and you'll be considered very smart.

Auction Session.

ap
We did this

one for You- Live Auction

Session

DY‘SW \fow new LOmYovan{',S

in Lhis spate heve: )

See if you can offload some of the responsibility of the Live Auction Session component to others by creating new
components to handle the additional functionality. Keep the first three original requirements associated with the Live

1. Start and stop the auction

s ). Show the current trip up for bid

3. Mark a trip as sold and move to the next trip

4. Display the details of each trip in this auction
5. Keep track of all the bidders currently in the auction
6. Keep track of each winning bidder for the auction

/\ 7. Notify the bidder that they won the trip

Hint: You might tonsider ¢ombining a few of these
\rcc\uircmcn{:s when ¢reating new tomponents.

—— Solution on page 162
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Step 4: Analyze characteristics

The final step in identifying initial core components is to verify that each p— =

component aligns with the driving architectural characteristics that are mpaate || s

critical for success. In most cases this involves breaking apart a component \

for better scalability, elasticity, or availability, but it could also involve putting

components together if their functionalities are tightly coupled. o it

Let’s look once again at our Adventurous Auctions example. We previously
identified a Bid Capture component that is responsible for accepting bids, storing
all bids in a Bid Tracker database, and_forwarding the highest bid to the auctioneer. Here is
the overall flow for the Bid Gapture component:

Sam the
auttioneer

I really want this trip. | see there are
lots of other bidders, so I'm going to
raise my bid to $2,000.

We have $2,000
from online bidder
Kate. Do | hear
$2,100? Going once,

\ going twice...
Bid s
Capture —
Kate's bid Let,
All bids are stored ‘[:: . i?ahls{fas Wing heh°Pt Kate
in this database for ' " trip,

‘{:\racking purposes.

This architecture looks good, but just to be sure, we should make sure the Bid Capture
component supports the system’s critical architectural characteristics (those that are

T important for success).
€se ar
i”‘F°'ffanz i’i 4 We know the system has to support thousands of bidders per second—that’s scalability.

€ suttess of We also know the system must be up and running while auctions are taking place—that’s
availability. Finally, the system must accept a bid and get it to the auctioneer as fast as

chh-{:u
Yo . .
us Auctions, possible—that’s performance.

Now it’s your turn to analyze the Bid Capture component against these critical
architectural characteristics.
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_ BE 'the archi'tect These are the critical architectural
% <Jour ioh ; . characteristics for Adventurous Auctions:
our Joh i5 to Play a'PCIﬂtGCt Scalability: The system has to support

and analyze the Bid Capture thousands of bidders per second

, component ofl ?he previous Availability: The system must be up and running

page to see if it Should be while the auctions are taking place

mOdfﬁed hased on the ?I‘l'tlcal Performance: The system must accept a bid and
architectura] characteristics get it to the auctioneer as fast as

> we identified. Our solution is possible.

on the next page.

Hints (things to consider):
@ What if the database goes down?
@ Can the database keep up with the volume of inserts based on the bids coming in?
@ Willinserts into the database be fast enough to get the bids to the auctioneer?

@ Consider the actions the Bid Capture component has to take upon receiving a bid.

Use Lhis avea o draw how you might change ﬂ\c Bid
Capture component based on the evitical avehitectural

thavactevistics and considerations above.

\
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analyzing characteristics

The Bid Capture component

Let’s work through this exercise by reviewing the current responsibilities of the Bid Capture component:

1. Accept bids from online bidders and from the auctioneer for live bidders.
2. Determine which online bid is the highest.

3. Write all bids to a Bid Tracker database for tracking purposes.

4. Notify the auctioneer of the highest bid.

It makes sense for the Bid Capture component to write the bids to the database, since
it has them. But database connections and throughput are limited, so having Bid
Capture do this significantly impacts scalability. It also impacts performance by adding
wait time for writing the data to the database, as well as availability if the database were
ever to go down.

Ihii is. what e mean b
na Yzing charac’cerisfia.

If we assign the last requirement to a new component called Bid Tracker, we can

significantly increase the scalability, performance, and availability of the Bid k\

Capture component. That lets the system process more bids faster and get the

highest bid to the auctioneer as quickly as possible. The Bid Capture component can You might break apart

send the bids to the Bid Tracker and won’t have to wait for the bid to be written to or tombine "‘°'“V°"""{"S

the database. in this step, based on the
architeetural thavacteristies
needed.

The Bid Capture
Com?oncn{: €an protess
move bids now that it is

N no lohgcr s{',o\ring them. be caved in he

/

Kate has a bette, thance of

Ninning the {,;
. .. Pn
rddma Process is Z'L{ihaf the

i \onoer
m, the autkioneer, no
%\a o wait Lor online bids to
. database:

1 Bid
Capture )
This is @ new
Com?oncn‘f;.
Bid
/A' > Tracker
The Bid Capture component
tan asynthronously send the /\

bid without having to wait

for it to be stoved. The Bid Tracker component. ¢an

ke as muth ‘Eimc as it
save the bids {o the d'a{::;::::-{p
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Component coupling

I should probably start thinking about
how the logical components interact
with and depend on each other, right?

Yes, and this is the right time to do it.

As you identify the initial core components, it’s important to determine

how they interact. This is known as component coupling: the degree
to which components know about and rely on each other. The more
the components interact, the more tightly coupled the system is and the
harder it will be to maintain.

Remember this diagram from
several pages ago? It’s called a “big
ball of mud” because there are so
many component interactions and
dependencies that the diagram starts
to look like a ball of mud (or maybe
like a bowl of spaghetti).

That’s why it’s so important to pay attention to how components interact
and what dependencies exist between them.

You need to be concerned about two types of coupling when creating
logical components: afferent coupling and efferent coupling. Don’t be
concerned if you’ve never heard these formal terms before—we’re going
to explain them in the following pages.
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Atferent coupling

Children depend on their parents for a lot of things, like making sure
they have plenty of food to eat and a safe place to live, driving them to
soccer practice, or even giving them an allowance so they can buy candy
or a really cool comic book. As it turns out, parents are gfferently coupled
to their children, and even to the family dog, because all of them depend

on the parents for something. 1 Evcryoy‘c s .
Afferent coupling is the degree and manner to which other ) d‘?/:/l'\dChf —
! on om.

components are dependent on some target component (in this case,
Mom). It’s sometimes referred to as fan-in, or incoming, coupling. In
most code analysis tools, it’s simply denoted as CA.

Responsible for allowing
bidders to sign up for an
audﬁon
\/ Rcs\?onsiblc ‘(:o\r mahaging
all of the iw(:ormafion
about a bidder

Auction
Registration

Bidder
Profile

Avutomatic
Paywment

ﬁ

Responsible for tharging
the winning bidder’s
eredit avd

Mom is a‘C‘FC\r'Cn'Hy 5
toupled {o the family‘

To see how afferent coupling works, look

at the interaction between three of the
logical components within the Adventurous
Auctions logical architecture on the left.

Both the Auction Registration component
and the Automatic Payment component
depend on the Bidder Profile component
to return bidder profile information. In this
scenario, the Bidder Profile component has
an afferent coupling level of 2, because two
components depend on it to complete their
work.

— éi Geek Note

impulses to the brain (your afferent nerves).

Did you know that the odd-sounding word afferent means “carrying toward”? It gets its roots from the Latin words
ad (meaning “to” or “toward”) and ferre (“to carry”). In the medical field, the word afferent refers to nerves that carry

146




This is Josh.

A \)osh is de
©h t}lcsc
| Which e,

Pendent

People,

) ans he’s
s

This is Josh’s
teather. >

Responsible for
veteiving bids,
determining the
highest one , and
ho{',i‘cying the

auc{;ionccy

logical

Efferent coupling

Now let’s look at things from a young child’s point of
view. As a child, you might have been dependent not
only on your parents, but also your teachers, friends,
classmates, and so on. Being dependent on others is
known as efferent coupling.

Efferent coupling is exactly the opposite of afferent
coupling, and it’s measured by the number of
components on which a target component depends. It’s
also known as fan-out coupling or outgoing coupling. In static
source code analysis tools, it’s usually denoted as CE.

So, what does efferent coupling look like with logical
components? Let’s take a look at Adventurous Auctions again,
this time considering the process of accepting a bid from Kate
for a trip.

RCSPonSib’c ‘p
or .
£3eh hihest b;dﬁ:“’;;ma
€ online biddcrs
Bid
Streamer

Responsible for storing cvcrz
bid veteived in a database vor

future veporting

Because the Bid Capture component depends on the Bid Streamer and Bid Tracker
components to process a bid, it is ¢fferently coupled to these components. It has an efferent
coupling level of 2 (in other words, it’s dependent on two other components).
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Measuring coupling

You can measure a particular component’s amount of coupling in three ways:

by considering its total afferent coupling (CA), its total efferent coupling This ’ogiaal
(CE), and its total coupling (C'T), or the sum of the total afferent and efferent architeet,pe has
coupling. These measurements tell you which components have the highest d | ¢ouplin
and lowest coupling, as well as the entire system’s overall coupling level. (ap level of &
CA + CE = T
CA=l CE=0
this \ Bid /
You can use k CA=0 CE= = CE=2
information 0 JC:: Q P, CQ ' Streamer
whether ’c,\r\\v\‘,‘)i)Y |ess Bid ~__(CT=l
getting ™% L Placer CA=l
coupled oveC # \ CE=0
CcT=l 7 CcT=3 7 Bid
Tracker
cT=l —
[J
en your penci]

Given the components below, can you identify the total afferent coupling (CA), total efferent
coupling (CE), and total coupling (CT) for each component? Also, what is the total coupling level
for this logical architecture? Does the CT for this architecture seem high or low to you?

Component
H
Component
K

CA=1  We did {hs .,

CE=0 _ )

CT=1

‘FOV’ yold.

Component
( J )

————> Solution on page 163

Total system coupling level:
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Okay, now | get coupling and how
to measure it. But how do | reduce

component coupling to create loosely
coupled systems?

Great question. Developers are taught to strive for loosely
coupled systems, but not 40w to do it. We’ll show you how by
introducing a technique called the Law of Demeter.

The Law of Demeter, also known as the Principle of Least
Knowledge, is named after Demeter, the Greek goddess of
agriculture. She produced all grain for mortals to use, but she had
no knowledge of what they did with the grain. Because of this,
Demeter was loosely coupled to the mortal world.

Logical components work in the same way. The more knowledge
a component has about other components and what needs to
happen in the system, the more coupled it is to those components.
By reducing its knowledge of other components, we reduce that
component’s level of coupling.

On the next few pages, we’ll show you more about the Law of
Demeter and how it can be used to decouple systems.
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A tightly coupled system

Let’s see how the Law of Demeter can be used to decouple systems by taking a
look at the logical architecture of a typical order entry system. he ¢om

efined ;7. o wel
f indivigyg) y o™ OF thei
! “a’i‘eso . their
The Ovder Placement _ \%
Com?oncn{: sure does know a =
lot about Placing an ordev. w CE=4

Decrement inventor Inventor
Place an order y > Y

Managewment

Notify the
customer

CT=1

the price Now that's

not nice.

Supplier
Ordering

Email
Notification

ltem
Pricing Total System Coupling = 9

Brain

0T))
W

Power

What possible issues do you see with the logical architecture above? We've provided some (but not all)
potential problems. Check off the ones you think might be an issue, and write down any other possible issues
you see with this logical architecture.

[ The customer might not be available to get their email when it’s sent.
[ The supplier might not have stock on hand.

1 The Order Placement component knows too much about the steps involved in placing an order.

O
O
O
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Applying the Law of Demeter

The total system coupling level didn’t bother us that much. What does bother us is how tightly
coupled the Order Placement component is (CT=5), how unbalanced the component coupling e\
1s, and how much knowledge the Order Placement component has about the order placement

process. The Orde,
dée
Let’s apply the Law of Demeter to fix these problems by moving the “low stock” knowledge to co.,,Po:‘cnf _
the Inventory Management component. i kin3 ::{: is
3?‘36_

CA=1 e We veduced toupling for this géf;
CE=2 tomponent, but increased it heve. =
cT=3 =3

Decrement inventory Inventory

Management

Order
Placement

Place an order =

\

Less knowledge,
CT=1 hente less Louy\ing

Notify the
customer

Stock low?
Order more

Email
Notification

CT=1
CT=1

Supplier

Pricin
g Ordering

By moving the knowledge of actions to take for a Total System Coupling = 9
“low stock™ condition to Inventory Management,
we reduced the amount of knowledge about
the system, and hence the coupling, of the
Order Placement component However, we

increased the knowledge of the Inventory
Management component, and thus increased

| ai Geek Note

its coupling. This is what the Law of Demeter Did you notice that while we reduced the coupling of the

is all about—less knowledge, less coupling; Order Placement component, the total system coupling level

more knowledge, more coupling. remained the same? That's because we didn’t remove the
]\ knowledge from the system, we just moved it to another

eh
e about how m component—Inventory Management.
Coupling is 3l onerks have p y Manag

tom
\:\\)‘:}Ci?\cc vest of the S\Is{;cm.
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a logical architecture for a system where customers who have purchased a support plan with an electronic item can
submit a trouble ticket and have an expert come out to fix the item. Here’s how it currently works:

@ A customer creates a ticket.
@ The ticket gets assigned to an available expert in the field.
@ The ticket is uploaded to an app on the expert’s mobile device (that's Ticket Routing).
@ The customer is notified that the expert is on their way to fix the problem.
@ Once the expert fixes the problem, they mark the ticket as completed.
Keeping the components the same, how can you make this architecture more loosely coupled?

Ticket
Creation

find an expert ,
p > Ticket This s the exper-t’s b
mo|

device with an aPP on i{-i’c

Assignwment

notify the customer
that the expert is
on their way

Customer
Notification

Ticket upload ticket problem fixed Ticket
Routing >, - Completion

———— Solution on page 164
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A balancing act

Do you remember the First Law of Software Architecture? Here it is again
(because it’s so important):

Everything in software architecture is a trade-off.

Loose coupling is no exception. Let’s compare the two architectures we’ve just
seen and analyze their trade-offs.

Tightly coupled
With the tightly coupled architecture, if
Place an order m%';’:;ﬂf J > J:x;:;‘m’m you want to know what happens when a
customer places an order, you only have to

look at the Order Placement component to
understand the workflow.

Ewail \ - However, in this case, the Order Placement
e Supplier . i L
Notification Hem component is dependent on four other

I

Ordering
Pricing components. If any one of those
components changes, it could break the
Centralized workflow, but more risk with each change Order Placement component.

These are the trade—offs for tight coupling. j\
Loosely coupled

With loose coupling, you distribute the

knowledge about what needs to happen, so Place an order Order = Inventory
Placement

Management

0

that no one component knows all the steps.
If you want to understand the workflow of
placing an order, you have to go to multiple
components to get the full picture.

\

However, changing the Item Pricing tem g":l"_iel’
and Supplier Ordering components will ( rdering )
no longer affect the Order Placement

component.

Distributed workflow, but less risk with each change

These are the trade—offs for tight coupling. j\

This is 3 good
vule o remember. /N/
Two components are coupled if a change in one component

might cause a change in the other component.
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Some final words about components

Congratulations! Now that you can identify logical components and the dependencies
between them, you’re on your way to creating a software architecture. We know this was
a long chapter, but it’s also an important one. Thinking about a system as a collection of

logical components helps you, as an architect, better understand its overall structure and
how it works.

In the next part of your software architectural journey, you’ll be focusing on the
technical details of the system—things like architecture styles, services, databases, and
communication protocols. But before you go, review the following bullet points to make

sure you fully understand everything about logical components.

— Bullet Points

Logical components are the functional building blocks
of a system.

® A logical component is represented by a directory
structure—the folder where you put your source code.

When naming a component, be sure to provide
a descriptive name to clearly identify what the
component does.

Creating a logical architecture involves four
continuous steps: identify components, assign
requirements, analyze component responsibilities,
and analyze architectural characteristics.

= You can use the workflow approach to identify initial

core logical components by assigning the stepsin a
primary customer journey to components.

® You can use the actor/action approach to identify

initial core logical components by identifying the
actors in the system and assigning their actions to
components.

® The entity trap is an approach that models

components after major entities in the system. Avoid
using this approach, because it creates ambiguous
components that are too large and have too much
responsibility.

When assigning requirements to components, review
each component’s role and responsibilities to make
sure it should be performing that function.

® Coupling happens when components depend on one

other to perform a business function.

m Afferent coupling, also known as incoming coupling,

occurs when other components are dependent on a
target component.

Efferent coupling, also known as outgoing coupling,
occurs when a target component is dependent on
other components.

Components having too much knowledge about what
needs to happen in the system increases component
coupling.

The Law of Demeter states that services or
components should have limited knowledge of other
services or components. This law is useful for creating
loosely coupled systems.

While loose coupling reduces dependencies between
components, it also distributes workflow knowledge,
making it harder to manage and control that
knowledge.

Determining the total coupling (CT) of a logical
architecture involves adding the afferent and efferent
coupling levels for each component (CA + CE).
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Logical Components Crossword

Now’s your chance to have a little fun and see how much knowledge you've gained.
See if you can fill in this crossword puzzle with clues about logical components.

1

[T

2

L]

| 17

18

AN |
| 3 | T2
- | 6
10
CL LT
Across
3. Each component performs a
4. gateways appear in a physical architecture but not a
logical one

6. A physical architecture associates with components
7. One system component might be a live video
9. Avoid building a big ball of

11. Be sure to avoid the trap
12. Coupling might be or efferent
13. Logical are the functional building blocks of a system

core components

16. Early on, you’ll identify
19. A user’s journey through the system is called their
20. Each logical component has a and a responsibility

——— Solution on page 165

Down

1. A component’s
are

2. Give each component a descriptive

5. Afferent and efferent coupling are both forms of

coupling

8. The Principle of Least Knowledge is also called the Law of

is about how interrelated its operations

10. A good place to look for components is the codebase’s
structure

12. Step 2 is to requirements to logical components
14. An architecture diagram can show the logical or
architecture

15. Adventurous Auctions lets users

17. You can identitfy components with an
approach

18. Identifying logical components may involve taking your best

on trips
/action
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Exercise From page 125

Solution

Nawe that component

It's your first week on the job as the new architect, and you’ve been assigned to an existing project to build a
trouble ticket system. You want to understand the logical components of the architecture, but your team doesn’t
know anything about logical components—they just started coding. To determine the logical architecture, you

have to look at the existing directory structure. How many individual logical components can you identify from the
codebase below? Here are our answers.

[ order_entry_app We did Shopping
—@ 1) rde r ‘H’\IS one —a carf
e oy

] shopping_cart
=| lots_of_source_code_files
" fulfillment > Order
- ) 7| Fulfillment
=| lots_of_source_code_files

] history

__ [ Recent Order
l—@ lots_of_source_code_files
— h-
o drehve  » Archived
E lots_of_source_code_files Order History

— Payment
] credit_card R Or[;edi’rcard

E lots_of_source_code_files ayment
] gift_card \

E lots_of_source_code_files ¢ift Card

Payment

—?customer‘
[J profile o Customer

=| lots_of_source_code_files Profile
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Who Does W}l&t? From page 128
Solution

We had our logical and physical architecture responsibilities all figured out, but somehow they got all mixed up.
Can you help us figure out who does what? Be careful—some responsibilities may not have a match (they aren’t
part of a logical or physical architecture).

This is part of implementation,  ghows which pxogramming language is used for
not arehitetture. “~> each compone

LQgical Maps components to services

architecture

Shows the logical components within the system
and how they communicate with each other

Shows how many databases there are in the
system and which services access them

Shows communication between services and the
protocol they use (like REST)

Physical

arc}x‘itecture Shows the source code files used to implement a
component

Shows the components and their interactions
within the user interface

Shows the API gateways and load balancers used
in the system
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Y2~Sharpen your penci] From page 135
\ ySOIHtion

Your company wants a new system to assign workers to construction sites, and it's your
job as the software architect to identify its initial core components. Using the workflow
approach, identify as many core components as you can, matching each to its associated
workflow step. Remember, a workflow step can have multiple components, and not every
workflow step has to have a unique component.

Step 1: Maintain a list of all construction workers, their skills, and their locations
Step Z: Create a new construction project and specify the work site

Step 3: Create a schedule for when various construction projects start and end

Step 4: When a new project starts, assign workers based on their skills and locations

Step 5: When the project completes, free up workers so they can be reassigned

Draw Your ’ogica’ l:omPoncml:s in

his space. Rem
: b :
9ood dcstiP‘(:iv:':af:es{,b e her

/

Step 1 Step Z Step 3 Step 4 Step §

con’rra!c’ror ?onfracff)r Create Schedule Contractor
Profile Site Location Project Project Assignment

[£ makes sense to have two j The Contractor Assignment
tomponents betause the profile tomponent ¢an handle both

is velatively static, wheveas the assigning contrattors (step 4) and
location thanges a lot. unassigning them (step 5).
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7 Exercise From page 135

Solution

You have a bakery that is ready to expand operations, and you would like a new system that lets customers view,
order, and pay for bakery items online for pickup. Orders are sent to the bakery coordinator, who purchases
ingredients and schedules orders. The baker receives the schedule of items to bake each morning, and tells the
system when the items are baked. The system then emails the customers to let them know their items are ready
for pickup.

Using the actor/action approach, identify what actions each actor might take, then draw as many logical
components as you can for the new bakery system, matching the actions you identified to the components.

Item
Browser
Customer

, Shopping
Browse items  » Cart
Select items
Pay for items l’rem
checkouf
Receive email that

order is ready

Emall

Bakery Coordinator Noﬂflcaﬂon
Receive order
Determine ingredients \ ltem
Recipes

Check current stock
Schedule order

Stock
Baker Schedule
Order
Receive baking \

schedule

Mark order as ready
for pickup o

Order
Status
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en your penci]

From page 136

Sojution

What other words besides manager can you list that, if they appeared in a component name, might indicate that
you've fallen into the entity trap?

: agent Add 4,
) i supervisor € Worg ¢ }

e d‘édv{: ;u_ handler he front N Orde,” ¢
one tor Y and Y N s ese Word

- controller service ot we mean,

utility
engine
worker mediator orchestrator
coordinator processor

From page 137

Can you select the most appropriate approach to identifying initial core components in the following scenarios? In
some cases, more than one approach may be appropriate.

The system has only one type of user &Workflow [] Actor/Action
The system has well-defined entities ﬁWorkflow E,\ActorlAction ~
You have minimal functional requirement f Remenmber to avoid the
ou have minimal functional requirements i :
q XIWork low XIActorlActlon enbit y frap, even W
The system has many complex user journeys Z{Workflow [ ] Actor/Action the s\/s{cm has well-
dc(:\ncd enbities.
The system has many types of users [Tworkflow XlActor/Action

Neither approach
requires lots of
‘(:uncfionali'l:y to
ereate initial logical
ComPoncn{Z&
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From page 139

i~ Sharpen vour penci]
y801£tion1

Your company, Going Green Corporation, wants a system to support its new electronics recycling program, where
customers can send in their old electronic devices (like cell phones) and get money. We’ve already identified some
of the initial core components. Your job is to figure out which component should be responsible for each of the
functionalities listed below, or if a new component is needed. You’ll also need to come up with names for any new

COl’IlpOI’lCl’ltS.
NG PhysiCaH\/ « Assess the NaE ic:?l,cthor
receive the device's Devi dcvi: e old
Pevice device from Pevice ¢ondition 2 eV'fF ice.
Receiving | the customer. Assessment ecycling

Locate the nearest safe disposal facility for destroying the device
[] pevice Receiving [ Device Assessment XLDevice Recycling [] other:

Capture and store the customer information (name, address, etc.)
[ ] Device Receiving [ | Device Assessment || Device Recycling &Other: Customer Profile

Post the device on a third-party site to resell it on the secondary market
[| Device Receiving [ | Device Assessment XLDevice Recycling [ Other:

Pay the customer for their recycled device
[| Device Receiving [ | Device Assessment | | Device Recycling ZLOther: Accounts Payable

Record that the device has been received and is ready for assessment and valuation
&Device Receiving [ | Device Assessment [ | Device Recycling [_| Other:

Determine the value (if any) of the recycled device
(| Device Receiving E(Device Assessment || Device Recycling [_| Other:

Determine the monthly profit and loss for recycled and resold devices
GDevice Receiving [ | Device Assessment | | Device Recycling XIOther: Financial Reporting

Going Green Corp. needs to make a profit, after all.
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p Exercise From page 141

Solution

See if you can offload some of the responsibility of the Live Auction Session component to others by creating new
components to handle the additional functionality. Keep the first three original requirements associated with the Live
Auction Session.

-
We did this 1. Start and stop the auction

one for you. Live Auction <@ ). Show the current trip up for bid
3. Mark a trip as sold and move to the next trip

Session

Draw our new Lom\?oncwhs

. Liis spate heve )

Trip s} Display the details of each trip in this auction
Viewer

— 5. Keep track of all the bidders currently in the auction

Bidder

Tracker These two have to do with tratking bidders, so they
\ should probably be placed {uogc’chcv.‘2
6. Keep track of each winning bidder for the auction

Winner

Notification \
7. Notify the bidder that they won the trip

Hint: You migh*{: tonsider Combinin5 a few of these

rct\u'nrcmcn{:s when eveating new tomponents.
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From page 148

arpen vour penci]
Pe yoSOllfllceion1

Given the components below, can you identify the total afferent coupling (CA), total efferent
coupling (CE), and total coupling (CT) for each component? Also, what is the total coupling level for this logical
architecture? Does the CT for this architecture seem high or low to you?

CA=0 CA=1 W did 4 CA=0
CE=1 CE=0 é_J is one Lo You. CE=0
CT=1 cT=1 CT=0
Cowmponent CA=0
b CT=1

CA=

CE= componen’r ——
o 2 \ p

CA 1 \

00m oneu’r CE 2 Component
CE=0 CE=0
cT=1 CT=1

18. This seems high to us.

Total system coupling level:
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From page 152

> Test Drive Solution

< =

It's time to take the Law of Demeter for a test drive to see if you can decouple a logical architecture. Below is a logical
architecture for a system where customers who have purchased a support plan with an electronic item can submit a
trouble ticket and have an expert come out to fix the item. Here’s how it currently works:

@ A customer creates a ticket.

@ The ticket gets assigned to an available expert in the field.

@ The ticket is uploaded to an app on the expert's mobile device (that's Ticket Routing).
O The customer is notified that the expert is on their way to fix the problem.

@ Once the expert fixes the problem, they mark the ticket as completed.

Ticket
Creation

find an expert

Keeping the components the same, how can you make this architecture more loosely coupled?
This is the expert’s mob

Ticket
Assignment device with 4, 3PP on it
on It.

notify the customer ~L8r e

that thg expert is Ticket upload ticket problem fixed Ticket
on their way Routing > > Completion
Customer
Notification

ile

so\u‘\';‘o" n

o
Deaw Y here:

‘h\\*‘s SY ate

Ticket find an expert
Creation

Ticket
Assignment

send ticket to expert

Ticket
Routing

less knowlcdge about
happen, and therefor

Customer upload ticket

<€
notify the customer

that the expert is
on their way

Notification Completion
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gica] Components Crossword Solution

From page 155

“Lo

—| |2
ol (<] >
<[=|w] [+ O|D(w
o — n — —
D|=|<|=]|—|O| [+ <{|O|—|O
wnl [z z — fia
L = W =W T
pa M=l |2
O zZ O
z| |[» el B e nl—|0|[<|=
o|T|w — =z = LL
- [O w| (O N4
Hl [—] |- |x|wlo o |> o
®) > D L O
zl || [=]| |w =
- L LL
L] 9] L 2 Z
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architectural styles

Categorization and
Philosophies

There are lots of different architectural styles out there. Each one exists
for a reason and has its own philosophy about how and when it should be used. Understanding

a style’s philosophy will help you judge whether it’s the right one for your domain. This chapter
gives you a framework for the different kinds of architectural styles (which we’ll be diving into for
the remainder of this book), to help you make sense of these and all the other architectural styles

you’ll encounter as a software architect.

Let’s fill in that final piece of the puzzle, shall we?
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There are lots of architectural styles

You’ve learned a lot about software architecture so far, but there’s one
thing we still haven’t talked about: architectural styles. That's what
we'll do in this chapter—in fact, the rest of this book is dedicated to
architectural styles!

Before we get started: look around your neighborhood, then watch a
show or movie set in a different part of the world. How many styles of
homes do you see? There are literally hundreds—all influenced by the
locale, weather, and the owners’ personal preferences. New styles are
created every day.

Eath one of these
S{chs exists for a
veason—be that

histovical, eultural, (_N
Leehnical.

That’s true for architectural styles in software, too. There are so many out there that
even in a book this big, try as we might, we’ll barely scratch the surface of all the
available styles.

This chapter will give you a framework for thinking about architecture and
architectural styles in general. Then, in the chapters that follow, we’ll dive deep into

a handful of specific architectural styles and examine their philosophies, using what
you learn in this chapter. Understanding a few crucial styles will leave you with a good
foundation to understand others as you encounter them.

Let’s do this.
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architectural styles

The world of architectural styles

If you’ve done software development for any length of time, you may have heard
about different architectural styles, like monoliths and microservices. To help us think
systematically about them, we place them into two categories. The first deals with how
the code is divided: either by technical concerns or by domain (business) concerns.

The second category is about how the system is deployed: is all the code in the system < Reeall from Chapter
delivered as one unit, or as multiple units? Z that the domain is

“the thing you've writi
sowc‘l:wa\rc a\{mu{:." o

Lhese ares

wel destvibe

- ascs.
in the Lollowing ¥ ash L
For now, v let it w Partitioning
over Yo \9 .
\/ Technical Domain We have entire
¢hapters dedicated 4o
eath S‘Ey,c mCh'{:ioncd
5 Layered heve.
é Monolith Modular monolith (_/
= Microkernel
9]
3
o
& Distributed
o Event-driven Microservices
As you can see, there are multiple ways to slice and dice architectural styles. This We won't spend time
doesn’t cover everything, of course—there are domain-specific architectures that are on d°"‘3ih—5}>eci£ic
built explictly for certain problems—but a book can only be so long. architeetures in this

. . . book. Let’s Just sa
Each category reveals some of the architectural characteristics of its styles. For example, () ey don’t 3ppes| -(;);
architectural styles delivered as one unit are easier to understand, but those delivered as |, d audie iZPca a
. . nce.
multiple units tend to scale better. ¢

Let’s examine each category.
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Partitioning: Technical versus domain

Think back to the last time you had dinner at a fancy restaurant. When you walked in,
a host probably greeted you and escorted you to a table. A server offered you drinks and
menus and explained the specials. The chef and other cooks prepared your food for you.
When you finished your meal, a busser cleaned and reset the table.

These restaurant workers’ duties are separated by technical concern. A busser’s role
isn’t to welcome you, and you probably don’t want the server cooking your food.

Now, think back to the last application you worked on. Did it have a controller layer?
Did it have services? How about a persistence tier? If so, congratulations: you’ve
already worked on a technically partitioned architecture.

In a technically partitioned architecture, code is divvied up by technical concerns— i\"l“’t.h" a“al°97 ﬂ‘a{: might
there might be a presentation tier, a business (services) layer, and so on. The principle at hclP ls:cbwscr, W"H"_ two
play here is separation by concern—which most people think about in horizontal layers. alves ot a bun, tondiments,

veggies, and a patty—each
layer has a distinet and
separate vole.

Each layer serves
a particular
technical tontern.

Eath of these vestaurants
On the other hand, imagine a food court. It has lots of restaurants, each specializing in ~ might have sevvers and
a particular kind of food: pizza, salads, stir-fry, burgers. In other words, each restaurant  bussers. But at a high level,
has a specific domain. the vestaurant spetializes in

a ?ar{:iwlar kind of food.

In domain-partitioned architectures, the structure of the system is aligned with the
domain. Rather than by roles, the code (and systems) are separated in ways that align
with the problem you’re attempting to solve.

We'll dive into a lot
of these details in
future thapters.

payment
customer

: 7 Lo
- J

[n domain—?ar{iﬁoncd
avehiteetures, your tode is
divided with the domain in mind.
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Q; In a domain-partitioned architecture, where do the
presentation and services layers reside?

A: In a domain-partitioned architecture, you are making
the domain the “first-class citizen,” leaving the technical
implementation as just that: implementation. The logical
components that make up your architecture are organized
around the domain, as opposed to the role they perform.

Atechnically partitioned architecture’s components might

be organized in namespaces like app.presentation.
customer Or app.services.customer. Note how the
customer domain appears within the technical partition. However,
in a domain-partitioned architecture, you'll have namespaces like
app.customer.presentationand app.customer.
services.

thereqare no o
Dumb Questions

architectural styles

Q; Domain partitioning is pretty logical. Frankly, it
sounds better. So why would anyone use technical
partitioning?

A: We prefer not to use value judgments such as “better” and
“best” when discussing architectural styles. (You're going to get
tired of us saying this!) Your choice of architectural style will
always be driven by a variety of factors, as you know, including
the domain and the required architectural characteristics.

Technical partitioning is great if your teams tend to specialize—
say, if you have teams of frontend experts, backend developers,
and database administrators. But domain partitioning better
aligns your system with the actual problem at hand.

Exercise

A short-order cook pretty much does everything. They can cook everything on the menu, from fries to sandwiches, as
well as blending smoothies and plating desserts. Often, they also serve food, take payments, and even clean tables
after customers leave. Would you categorize a short-order cook’s work as partitioned technically or by domain? Why?

Jot down your thoughts here.

—— Solution on page 182
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Peployment model: Monolithic
versus distributed

Let’s play a game—we say a word, and you respond with the first thing that pops
into your mind. Ready? Monolith.

We don’t know about you, but this word makes us think of something like a boulder
or a glacier—something big. That’s exactly what monolithic architectures represent.

In a monolithic architecture, you deploy all the logical components that make up This would be like Packagin
your application as one unit. This also means that your entire applications runs as one and dc?'°)"'\5 Your entive

aPF,ica{:ior\ as a sina|
rocess. i
: K_.or IAR file in {hcaJava :

ccosystem, or as an executab
. 4 |
This is @ monolithic in the NET world. vtdble

ayylica{:ion;

containing all the /’% o

logical components

yment
in one dc‘)lo\/mcr\‘t
o e Reeall that architeeturs|
thavacteristies influence

.m the strueture of the

application.

In a distributed architecture, by contrast, you split up the logical components
that make up the application across many (usually smaller) units. These units each
run in their own process and communicate with each other over the network.

Distributed

avthiteetures |
deploy lots ou

smaller units.

There’s a lot to this distinction, so let’s talk about the pros and cons of both types.

172



architectural styles

| Exercise

Take a moment and consider your smartphone. It does it all—it lets you take pictures and videos, browse the web,
post to your favorite social networking site, track your fitness activity, and navigate via GPS. And somewhere,
embedded deep within the settings, there’s even a phone! As you can see, your phone is a monolithic system. We'd

like you to jot down the pros and cons of such a system. Think in terms of architectural characteristics, like availability,
upgradability, cost, and ease of use.

Monolithic

Pros Cons

Just a few years ago, people used separate devices for all those functions your phone performs today. Phones were,
well, just phones, maybe with text messaging. We used laptop or desktop computers to browse the web and post to

social networking sites; we could buy fitness trackers to help track workouts and GPS devices to install in cars for
navigation help. Each of these “services” was deployed separately.

Just like you did above, jot down the pros and cons of such a system. Again, think in terms of architectural
characteristics.

Distributed

Pros Cons

——— Solution on page 183
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Monolithic deployment models: The pros

In Chapter 2, you learned that architectural characteristics always influence
some structural aspect of the design. Monoliths support some characteristics better
than distributed systems, and knowing where they shine can help you decide
when to use them.

Because monolithic systems run in one process, they make development easier—
at least initially. And since they’re deployed as one unit, tracing errors is a lot
casier.

Let’s take a look at the pros and cons of both deployment models, starting with
monoliths. Here are the pros:

JAN
ON

Sv,

simplicity
Typically, monolithic
applications have a single

codebase, which makes them == feasibility
easier to develop and to \ @ 4 Rushing to market? Monoliths
understand. N @ V are simple and relatively cheap,
\ ) freeing you to experiment and
' deliver systems faster.

| cost
| Monoliths are cheaper to build

and operate because they tend
to be simpler and require less
infrastructure.

These are

Hings morsripe 2 o the many

noliths are 9ood at.
debuggability
\% If you spot a bug or get an error

reliability stack trace, debugging is easy,

A monolith is an island. It makes since all the code is in one place.

few or no network calls, which
usually means more reliable
applications. ’K
Keep an eye out for this point
when we distuss tons on the

next page.

Now for the cons...
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Monolithie: The cons

Some of monoliths’ strengths can become problematic as an application grows.
Many of the operational characteristics we discussed in Chapter 2, like scalability
and reliability, suffer as a monolithic application grows bigger and more complex.

/ scalability
I I If you ever need to scale

] l one part of the application

independently of the others, (ﬂ' ﬁ xﬂ evolvability

well, you’re in trouble. It’s all or - .
nothing with monokiths. As m.onohthlc applications grow,
A making changes becomes harder.
4 it the en Five Furthermore, since the whole
Again, this isn ‘ application is one codebase, you
l'nsf:{)“dz a ,(:Cw FOES wJ: can’t adapt different technology
reliability H\ou?)h{ wed point out stacks to different domains if
%@ Because monolithic applications you need to.
deploy as a single unit, any bug
that degrades the service will

affect the whole monolith. @ deployabili ty

) . o) . /
There's veliability again/ / > Implementing any change

/ will require redeploying the

whole application, which could

Next, we'll look at the pros and cons of distributed architectures. introduce a lot of risk.

oy Brain

Power

Spend a few minutes thinking about your industry. Does your organization have any special regulatory,
security, or compliance needs? How might using a monolithic architecture help or hurt its ability to achieve
the architectural characteristics that address those needs? List any ways you can think of here:

S

Pros Cons

Hint: Think about things like auditability,
reportability, the “right to be forgotten,” elc.
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Distributed deployment wmodels: The pros

With distributed architectures, you deploy your logical components as separate

units. This makes it easy to scale some parts of your application separately

from others. And since logical components are physically separate, distributed

architectures encourage low coupling.

So, what architectural characteristics are distributed architectures good for?
Here’s a sampling:

Al

Man—

M
Ma—~
Er/\/v*’

N

I O

scalability

Distributed architectures deploy
different logical components
separately from one another.
Need to scale one? Go ahead!

testability

Each deployment only serves

a select group of logical
components. This makes
testing a lot easier—even as the
application grows.

Distributed avehitectures
are a lot more testable
than monolithic
apylicaﬁons.

fault tolerance

Even if one piece of the system
fails, the rest of the system can
continue functioning.

‘(7

@ dulari
=" modu ty
G

v

O

As you might have noticed, distributed architectures do better on many of
monolithic architectures’ weak points. But is the opposite true? Let’s find out.

176

Distributed architectures
encourage a high degree of
modularity because their logical
components must be loosely
coupled.

deployability
Distributed architectures
encourage lots of small units.
They evolved after modern
engineering principles like
continuous integration,
continuous deployments, and
automated testing became the
norm.

Havin5 lots of small units
with 900d fcstabili’cy
reduces the visk assotiated
with deploying changes.



Distributed deployment wmodels: The cons

Can’t have pros without cons. Trade-offs, right? It’s all about trade-offs.

performance

Distributed architectures
involve lots of small services

that communicate with each
other over the network to do
their work. This can affect
performance, and although there
are ways to improve this, it’s
certainly something you should
keep in mind.

/\ simplicity
OD Distributed systems are the
opposite of simple. Everything
from understanding how they
work to debugging errors
becomes challenging.

We cannot emphasize
enough how (,omylc%
distributed arehitectures
¢an be

om0 surmi

architectural styles

| cost

/| Deploying multiple units means

J more servers. Not to mention,
these services need to talk to one
another—which entails setting
up and maintaining network
infrastructure.

Debugging distributed systems
involves thinking deeply about
logg‘mg, and usually requires
ag9reqating logs. This also
adds to the eost.

debuggabilityé)

Errors could happen in any
service involved in servicing

a request. Since logical
components are deployed in
separate units, tracing errors can
get very tricky.

Distributed architectures make some things easy, while making others very hard.

It’s easy to underestimate how hard distributed computing is!

‘ 3 For all their benefits, distributed architectures depend on the network. Software
— ‘th -tt‘ architects often underestimate the complexities that arise from this dependency. Look
a .

up “The Fallacies of Distributed Computing,” a list compiled in the 1990s by L. Peter
Deutsch and others at Sun Microsystems, to get a sense of what to watch out for.



monolithic

Brain

Power

4 i

you can think of here:

Pros

Let’s repeat the exercise you did earlier, this time for distributed architecture. Does your organization have
any special regulatory, security, or compliance needs? How might using a distributed architecture help or hurt
your organization’s ability to achieve the architectural characteristics that address those needs? List any ways

Cons

Monolithic Architecture

It’s a good thing I'm still around. Boy, do you make
things complicated.

I might be simple, but I'm also faster to develop. I can’t
imagine anyone building a minimum viable product with
you—they’d never launch!

Oh! And I'm way cheaper. You realize that most
businesses don’t want to waste money, right? I can’t
Imagine anyone using you to create a proof of concept.
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Fireside Chats

Tonight’s talk: Monolithic and distributed architectures
answer the question: “Who’s more relevant?”

Distributed Architecture

I don’t like that attitude. Sure, you might be “simpler” to
develop, but you can’t keep up. Businesses need to move
fast, and you just don’t deliver the goods.

I might give you that—but I'll make sure they make it to
the finish line. And if their product is a smash hit, will
you help or just get in the way? I can ensure success
even at scale.



Monolithic Architecture

It’s a good thing you can be tested easily—ever seen a
useful error stack trace? Of course you haven’t. You're all
over the place. Good luck trying to trace why and where
an error actually happened.

At least when I get an error, you get a nice, clear stack
trace.

At least I'm just one process. No unnecessary network
traffic here. You’re all talk, man—so much chatter. All
your services are constantly talking to one another.

And that’s only if the network is always reliable, because
without it, you have nothing! Heaven help you if the
network should fail.

Plus, with me, you don’t need a whole bunch of network
infrastructure. Do you know how expensive that stuff is
to maintain?!

What? Are you saying I'm old news? Well, the next time
a team needs to get to market quickly, don’t call me—and
then we’ll see how tough you really are.

architectural styles

Distributed Architecture

Businesses also like making money. Once their
applications grow, you’re just a money pit. I personify
agility—T help teams and organizations scale as they
STOW.

I also make testing easier, while you just rack up the
technical debt.

Ruzight. And when you fail, you just topple over. I provide
a high degree of fault tolerance. Need a service to scale?
Just scale that service. Scaling you is arduous.

Hey, that’s the cost of doing business at scale. Teams
might start with you, but if they want to keep growing,
they’ll come to me—and leave you in the rearview
mirror.

Feeling’s mutual, bud. Don’t call me when your
team’s minimum viable product is a success and their
architecture can’t handle all the attention.
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chapter

And that’s a wrap!

Now you know how to categorize the tons of architectural styles out there.

Having a framework can help you make sense of them. And remember—
each quadrant of the framework represents both the pros and cons of those
architectural styles.

In the next chapter, we’ll start our deep dive into individual styles.

— Bu]Jet Points

There are a lot of architectural styles—in fact, too
many to count.

There are multiple ways to categorize architectural
styles. One is by their partitioning style. Architectural
styles can be either technically partitioned or
domain partitioned.

In technically partitioned architectural styles, the
code is split up by technical concern. For example,
there might be a presentation layer and a services
layer.

In domain-partitioned architectural styles, the code is
instead split up by problem domain.

Another way to categorize architectural styles is by
their deployment model. Monolithic architectural
styles deploy all the logical components that make
up an application as a single unit. Distributed
architectural styles deploy the logical components
separately from one another, as multiple units.

Monolithic architectures are easier to understand
and debug and are often cheaper to build (at least
initially). This makes them great candidates if there is
a rush to bring a product to market.

As monolithic applications grow, scaling them up
can become arduous. It's an all-or-nothing scenario:
you either scale up the whole application or nothing
atall.

Monolithic applications can also be unreliable—a
bug can make the entire application unusable.

Distributed architectures are highly scalable since
their logical components are deployed separately,
allowing different parts of the application to scale
independently of one another.

Distributed architectures encourage a high degree of
modularity, which means testing them is easier.

Distributed architectures are extremely expensive to
develop, maintain, and debug.

Distributed architectures use the network so
that different services can talk to one another
to complete work. This introduces even more
complexity.
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Stylin’ Architectures Crossword

Now that you can make sense of architectural styles,
see if you can make sense of this crossword.

5 | | 6|
7
HEEEEE | |
| || - — -
. 10 T | |
— |
13| 14 | | 15 | 16
| | - | ||
m JEEEEmlE gy
Across Down
2. You can systems techx.li(tzllly or by do.main o 1. Layers are separated by
3. L. Pet.cr - helped compile “The Fallacies of Distributed 2. Each architectural style has its own
Computing 4. Monolithic architectures tend to have a fast to market

7. Monoliths are good for creating a
10. Regardless of the physical architecture, a
provides more confidence in correct outcomes

14. Distributed and monolithic are both deployment

15. Minimum viable

17. Monolithic systems are easier to
18. Monolithic architectures have

system

deployment units

——— Solution on page 184

5. A system deployed as one big unit

6. If you change anything in a monolith, you’ll need to
8. An architecture’s organization is reflected in its spaces
9. Services in a distributed architecture use this to communicate
11. Distributed systems consist of many deployment units
12. Nothing about distributed deployment models is

13. Architectures often have more than one

16. Distributed systems usually more than monolithic
ones do
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exercise

i : ) Exercise From page 171

Sojution

A short-order cook pretty much does everything. They can cook everything on the menu, from fries to sandwiches, as
well as blending smoothies and plating desserts. Often, they also serve food, take payments, and even clean tables

after customers leave. Would you categorize a short-order cook’s work as partitioned technically or by domain? Why?
Jot down your thoughts here.

Betause a short—order took does everything needed to get customers their meals, from setting the tables

to Frcﬂ?ing and Cooking to Clcahih3 up, ‘Ehey own the whole “domain" o«c cood ?rc‘?av‘a{:ion. This makes their
\')ob domain—?arfitioncd-
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Y Exercise
Solution

From page 173

Take a moment and consider your smartphone. It does it all—it lets you take pictures and videos, browse the web,
post to your favorite social networking site, track your fitness activity, and navigate via GPS. And somewhere,
embedded deep within the settings, there’s even a phone! As you can see, your phone is a monolithic system. We'd
like you to jot down the pros and cons of such a system. Think in terms of architectural characteristics, like availability,
upgradability, cost, and ease of use.

Monolithic
Pros Cons
Conveniente—| only need to tarry one device. Availability—|£ my phone dies or is damaged, |
Mygvadabilit\/—l don't have 4o deal with tan't do any of these functions.
patehing and upgrading multiple devices. Cost—Smartphones tan be expensive to veplace.
Ease of use—[£ I'm in a vush or going on a trip, Portability— can only use apps that work on my
[ only need to tarry one device. phone’s operating system.

Just a few years ago, people used separate devices for all those functions your phone performs today. Phones were,
well, just phones, maybe with text messaging. We used laptop or desktop computers to browse the web and post to
social networking sites; we could buy fitness trackers to help track workouts and GPS devices to install in cars for
navigation help. Each of these “services” was deployed separately.

Just like you did above, jot down the pros and cons of such a system. Again, think in terms of architectural

characteristics.
Distributed

Pros Cons
Cou\?ling—"p my phone’s camera breaks, | ean still l,(\ysradabih{;\/—Evcr\/{:hing has to be managed
make calls or track my workout. sgyara{;cl\/, like u\)grading.
Moduhri{:\/——Eat,h device does one thing and one Comylcxi{:y-—Thcrc's muth more to manage (| need
thing only, so it's easier o test. multiple batteries, thargers, and so on).
Evolvability—| ¢an buy an SLR ¢camera if | want Reliability—Network onnectivity ean be unveliable;
to take veally nice pictures. devices might drop tonnettions or have spotty

tonnettions.
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crossword

& Stylin’ Architectures Crossword Solution

From page 181

'C
PlA[R[T[I]|T[I]O[N]
H N
1] [D]EJU[T[S|C]H]
E | [ E
ol M M R [
S| |9 E] [N E
O| [N D
'P|R|O|O|F|O|F|C|O|N[C|E[P]|T]
H| |[L P
Y] [1] N IN] L]
__ [T[eE[S[T]A[B]IL[E| [O]
S| [ [M] M [T] [Y]
[ Al |E W
‘L] [M[O|D|E[L[S]| [P[R|O|D|U[C|T]
Al [P] L R O
Y| [L [DIE[B|U]G]| [K] S|
[FIEIW[E[R] |R i
R
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layered architecture

Separating
Concerns

What if your problem is simple and time is of the essence? should you
even bother with architecture? It depends on how long you want to keep what you build. If it's
disposable, throw caution to the wind. If not, then choose the simplest architecture that still provides
some measurable organization and benefit, without imposing many constraints on speed of delivery.
The layered architecture has become that architecture because it's easy to understand and implement,

leveraging design patterns developers already know. Let’s peel back the layers of this architecture.
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sandwich shop

Naan & Pop: Gathering requirements

Sangita likes simple meals, so she created an Indian-inspired mom-and-
pop restaurant called Naan & Pop, specializing in flatbread sandwiches
and sodas.

The restaurant needs a website where customers can place orders online.
Since Naan & Pop is a startup with a small budget, it needs to be simple
and created quickly.

Sangita has some specific requirements.

71 Time to market

The restaurant is already open. The

faster they can get the site online, _)
the faster they can start making This is Arthana,
money. The site should be simple. vestauwrateur and

aspiving project manager.

<7 4> Separation of responsibilities

The company has part-time help with specialized
skills, such as user interface (UI) specialists and
database administrators (DBAs). Thus, it would
help to keep each part of the system separate.

A Simple, yet extensible
O While this is Sangita’s first foray into software

architecture, she would like to keep building on
the company’s online presence and find ways to
extend and reuse parts of the system.

Sangita has some software development experience and realizes that many of these
goals require a good separation of responsibilities. She passes these requirements to the
development team she’s hired for this project. You’re a part of that team, so pay close
attention.
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Cubicle conversation

Alex: Our project manager just sent the requirements
and goals for Naan & Pop’s web application. It’s so simple.
Couldn’t we just find an existing framework or library to
handle most of it?

Mara: That would solve the simplicity goal. But Sangita
also wants extensibility, and existing frameworks tend to be
a bit rigid.

Sam: What kind of extensibility does she want?

Mara: If the restaurant is a success, we might want the

site to support different kinds of user interfaces, or we
could build integration points for delivery services.

Alex: Yeah—existing simple applications might not handle
the separation of responsibilities Sangita would need for
that kind of extensibility.

Sam: But we don’t have time to build a fancy architecture!

Alex: This seems impossible—how can we build a proper architecture with specializations under these time
constraints?

Sam: Fortunately, we’ve already worked with other team members to define the architectural characteristics (for the
application’s capabilities) and domain design (for its behavior). We just need to choose the appropriate architecture.

Mara: Those are some serious trade-offs and conflicting goals. We need a simple architectural style that lets us
separate responsibilities around technical areas, such as user interface, data, business logic, and so on. That way,
adding a new user interface will only affect one layer.

Alex: “Separate responsibilities...” I just read that phrase in the book Head First Design Patterns! I was reading about
the Model-View-Controller design pattern.

Sam: Yeah, but that’s a design pattern—how would you translate that to architecture?

Mara: Lots of design patterns end up in architecture, because often their goals overlap. But, while design patterns
can focus just on design elements, architecture has to account for real-world constraints. Let’s crack open the book
and see if we can map Model-View-Controller into architecture.
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design

Pesign patterns redux
Design

design patten”  patterns g
is COh'&C%‘Eualizcd Buiding Extersile

solution {0 a §(§%§§7§:§a
In MVC, the model represents business logic and entities in the tommon problem in
application; the view represents the user interface; and the controller sof{:warc dcsian‘
handles the workflow, stitching model elements together to provide the

application’s functionality, as shown here:

To illustrate the concept of design patterns, the influential book Head First A
Design Patterns uses the Model-View-Controller (MVC) design pattern,
which separates capabilities based on their purpose.

&) ABrain-Friendly Guide

You tan learn j

more about design

The model tontains patterns from Lthis

business logié and @2 book.
domain entities. 7 Model
=
updates manipulates The tontroller vepresents
# I \C\ the workflow of the
ayylica{:ion, :‘,ovnbin'mg model
. ﬁ @ View @ Controller| clements and facilitating
The vncw‘{:S o theiv translation into view
vepresen e elements.
user interface \G‘@ @/
. Q @
of the syste @\ /og
user

The user interacts with the
application through the user
intevface, using the workflow
defined by the controller 4o
manipulate the model elements.

The MVC design pattern separates logical responsibilities, but software architecture must also deal

with physical systems, like browsers and databases. How would you split the responsibilities covered by
MVC within the constraints of software architecture, while maintaining the overall goal of separating
responsibilities and concerns?
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layered architecture

Layering MVC

Design patterns represent logical solutions to problems, but architecture
must deal with real-world constraints like databases, user interfaces, and

other implementation details. Presewl‘aﬂon /T@.;
The V for “view” in MVC
. . ' concerns the UI and how the
Typlca| lavel’ed al’chl‘l‘ec‘l'UI’e user interacts with the system.
' In a layered architecture,
UI elements appear in the
presentation layer.

/
™ Presentation = Workflow % ey

The workflow layer contains

o S Workflow

most of the application’s code.

Business logic, workflows,

validations, and other domain

2 Persistence

activities reside in this layer.

-
N

~ .
Like most laym) Lhis one is Pel’Slsfence ﬁi

OPﬂonal, dCFending on ‘H’\c/ Man}f teams use a speaal.
application’s requivements. per.s:zstence layer in their
I architecture to map code-based

hierarchies (such as object-

I
| . .

| oriented languages) into set-
I

|

b e e e e e e e e e e e e e e e e e e e e e e = = = - ~
This dobbed — L A 8 ~
box vepresents  “Monalith” implies Database .=.
+he monolith. T™— that this is a single | While it’s optional, the “model”
deployment unit. from MVC usually maps to a
database or other persistence

|
Layered MO"Oli‘rh mechanism. VX

based relational databases.

The monolithic deployment model, discussed in Chapter 5, is Not all applications use

often combined with layered architectures. While it’s common database, but ‘H\C\/ may

for different teams to work on the code and on the database, a persist information elsewhere:
monolithic architecture releases both database and code changes a file 5‘/5{3'“‘ the ¢loud, and
together. so on.
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interview

&
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)

the Layer

Head First: Welcome, Layer, to our luxurious studio. 1
know you have a busy schedule, so thanks for making the
time.

Layer: You're welcome. As you say, I'm a pretty big deal.
They even named an architecture after me!

Head First: Let’s dig into that, Layer. Why base a whole
architecture on you?

Layer: Great question. I make everything nice and
understandable in an application’s architecture, since each
layer has a specific responsibility.

Head First: So, this architecture is just for neat freaks?

Layer: No! Putting all the similar functionality in
separate layers makes it easier to find it again to make
changes. For example, if the team needs to add a different
database, they only have to change the persistence layer.

Head First: Ah. So organizing everything allows for
casier discovery and updating. Seems like a good reason
for an architecture.

Layer: While unified organization is nice, it’s not the only
reason to base an architecture on me.

Head First: What do you mean?

Layer: I hate to brag, but us layers are quite flexible—we
can be used for all sorts of things!

Head First: Well, I know you often show up for user
interfaces and provide a place to put all the business logic.

Layer: Sure, we do the heavy lifting for those. But teams
can mold us into all kinds of Uls. For instance, a services
layer can provide an interface to other applications that
need to interact with this one.
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Layering it on with an architecture star:

Head First: Do you have a good example of how teams
have leveraged you, Layer?

Layer: You bet! I worked with a team that handled
loyalty programs for a hotel. Every purchase a user
made could qualify for bonus points, depending on their
membership status, years of membership, and a bunch
of other complicated stuff. The team successfully used a
bonus layer to keep all the calculations in a single place.

Head First: OK, that sounds useful. Can you address
the recent controversy about your chilly relationship with
Domain-Driven Design?

Layer: What kind of interview is this? There’s no
credence to those rumors that we can’t get along. Well, as
you know, I specialize in technical separation. My friend
DDD focuses more on domain or business separation. I'm
happy to host a domain in my architecture, but it’ll likely
have to split across the layers.

Head First: Isn’t it true that you're older than other
architectural styles?

Layer: The idea of layers in architecture predates just
about any other concept. And is that really surprising?
When architects start thinking about how to organize
things, I just make sense.

Head First: We’re nearly out of time, but can you tell us
about your cozy relationship with the monolith? You seem
to be hosted by it a lot.

Layer: No comment.



layered architecture

But I still don’t
understand how it
works. How does a user
request fit into the
layered structure we've
been building?

Great question. Requests and
responses flow through the
layers.

In a layered monolithic architecture, when a user asks the
system to do something, the user interface initiates the
request. Then that request flows through each layer in
the architecture. If the database is involved in persisting
something, then the request goes from top to bottom and
back.

...and cvcn{:ua”y 5cf$

d response.
The user makes
a vct\ucs{: of the Kequesf

- — S f
ayylncabon ,, AR \

<

Response

/ Presentation \
Workflow

\ Persistence Vs
\ /

Vafaba> g /
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layer fundamentals

Layering it on

For an application like the Naan & Pop site, your team will build logical components
to match the problem. But how will you implement those components?

Layers, in this type of architecture, are created with packages or namespaces, just
like domain components. However, to maintain the separation of concerns, the
layers’ package structures typically reflect their place within the partitioning:

com.naanpop .orderapp .presentation

com.naanpop.orderapp.workflow

{\Thc 1cul|\/ qualiqcicd names of

com.naanpop.orderapp .model these layers will appear as

com.naanpop .orderapp.persistence packages in Jawa ramespaces in
NET, or whatever namespating

methanism Your Ianguagc of
thoite uses.

Like the logical components, the architectural layers use the component
implementation of the underlying platform, which often maps to the
underlying filesystem:

“naan‘?o‘?" is the

naanpop é——/S\lS‘ECm SCOPC- :
“orderapp’ is the
orderapp «— application seope.
Just like for our domain — presentation

Com‘?oncn‘{',s, the dircd‘,or\/

shrutture torresponds to the lots_of_source_code_files

layevs. -
ayers £ workflow The layers of
lots_of_source_code_files the architeeture
|~ are vepresented
L] model as packages or
=|lots_of_source_code_files namespaces.

—[ persistence
lots_of_source_code_files
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layered architecture

Translating layers into code

Once your team has built the component packages (or namespaces), you’ll
need to assist the developers in implementing the architecture. Here’s an
example in Python-like pseudocode to illustrate how the layers translate to
code.

#=  The user interface layer, or presentation layer, is
“ the topmost layer. It’s responsible for interacting with the
user, serving the same purpose as the view part of MVC.

. Get the vequest
def UI_layer (request): \cmm the user. ‘d’lef[’e are no .
data = request.get data() - . Duml) QueStIQnS _
return business_logic_layer (data)
Pass H\c th\ucsf 'f',o .
the workflow |a\/ﬂ. Q You said in Chapter 5 that every

architectural style has a category and
a philosophy. Where does the layered

o The workflow layer (sometimes called the business architecture fit in?

rules layer) 1s responsible for processing each request
; from the UI layer and returning a response.
= o Protess the data
from the Ul layer.

A: We're glad you're thinking about that.
As we said in Chapter 5, understanding

the categories reveals a lot about what
characteristics a particular architectural style

def business_logic_layer(data):

processed _data = process_data(data)

will support.
return data_access_layer (processed _data)
The layered architecture is a technically
Q Pass the protessed data to partitioned architectural style, typically
the data actess layer. deployed as a monolith. (We say typically
because we'll discuss some variations on this
model soon.)
&0 The persistence layer (or data access layer) is

nm“ responsible for accessing the data from the database and

returning it to the workflow layer.

Aecess the data in
def data_access_layer(data): the database
retrieved data = retrieve_ data(data)

return retrieved data

1
Return the vetrieved data to
{hc wo\rk‘(:low la\/cr.
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domains

Wait. We went through
a logical component analysis to
determine the application’s behavior.
Where do those components reside
within the layers of this architecture?

This is an important point—the
domain behavior lives across the
layers in this architecture.

The domain, as you’ll recall, represents logical components
based on the problem you’re trying to solve. However, the
layers in this architecture represent technical capabilities—
user interface, business logic, and so on.

The domain maps onto the layered architecture, sometimes
spreading between layers.

therejare no
Dumb Questions

Q e Why these particular layers—presentation, workflow, Q * Was the layered architecture inspired by the Model-

and persistence? View-Controller design pattern?

A « These are common layers, but they are by no means A « The opposite is likely true. Layered architectures, which
required. Most applications have at least some of this separation: have existed as long as people have been building software
for instance, the Ul is often distinct from the core logic of the from different parts, may well have inspired the design pattern.

system, which in turn is separate from the database development.  Design patterns are often harvested from observations of common
occurrences, and the layered architecture has been around for
quite some time in many forms.
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layered architecture

Pomains, components, and layers

In a simple restaurant ordering system like Naan & Pop’s, we might come
up with the following components based on the problem domain:

Place Order Peliver Order Manage Manage
Recipes Inventory

“Place order” intludes
Loncq?{‘,s like Fa\/meh{:.

But there’s a problem. These components are based on the logical behavior
of the domain, but the layered architecture splits things by capabilities. So,
we need to separate the logical components (which include workflows
and entities) into components that match what we need for the layered

Sandwich : Pelivery
( Order )[ Recipe j[ Customer Location

Once we'’ve split the logical components into workflow and entities, we can

architecture:

overlay the components over the layers in this architecture: This is an important point,
. R Domains are typically so take a moment and let

The eontept of an “order smeaved atvoss it soak in. We'll come back

euts atvoss physical layers. physical layers in 1o this at the end of the

/ layered architectures. thapter.
Sandwich Recive I
o Order . — P nventory
r T Dowain T pomain 7

Pomain
| Il 1 |

| Place Order [Keclpes UI) || Inventory Ul U)| Presentation

| | Place Order '@eliver Ordea | Mg,’:‘ggf )”' mgﬂ?gfy '| Workflow
1] |
L] 1
Pelivery : :
|(0rder)(cusfomer) oca’non)ll( Recipe ” 'lnqredlen’rs' | Persistence

N | o e |
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components

en your penci]

Naan & Pop’s lead architects have designed a layered architecture. Today, though, they’re off
at a daylong breadmaking seminar to learn more about their problem domain, leaving you to

sort out which components go where. Can you decide in which layer (or layers) each component should reside?
Draw the components below on the layer(s) to which they should map.

Hint: Some com?oncn{:s may end
\5\ up in several layevs.
Components

Billing
Address

Sales
Promotion

Frequent
Diner

Blacklisted
Customers

Rewards

Presentation
N\
Employee Workflow
Information
Persistence

The b/yical im?|emcn+,a‘f:ion of
this avehitecture assumes that
an\/ﬂ\ing in the ?crsis{:cn(,c

layer ends up in the database.

\Wc did one for you. Employee

information, like dvivers details,
may be needed by workflows and
pevsisted, yet not be part of
fhe presentation layer-

——— Solution on page 210
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It seems like every
architecture provides some
benefits but also imposes some
restrictions. If only | could have an
architecture that maps perfectly
to my problem domain, without
any pesky trade-offs! But that’s
only a dream...

there]gre no

Dum

Questions

Q,: Why go to the trouble of identifying logical components Qj Why is the layered architecture so popular?
if we have to break them apart to fit them into this

trade-offs, too.

architecture? A: This architecture shows up a lot. First, it's simple, without
many moving parts. Second, as you've seen, it maps closely to the

A: The logical components represent the problem you're trying ~ MVC design pattern, making it easy to understand. Third, it's so

to solve. Mapping that to any architecture means applying real- common that teams can build simple projects quickly in this style.

world constraints (and trade-offs). We’'ll show you a more direct Fourth, many companies separate their employees by skill set,

domain-to-architecture mapping in the next chapter, but it has which facilitates an architecture with similar partitions.
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Privers for layered architecture

We’ve put together a list of the things the layered architecture is really good at—that is,
the things that might drive us toward picking this particular architectural style.

Specialization
Using a layered architecture
allows organizations to

split teams into specialists,
sharing their capabilities

between different projects. (3@

The ability to specialize _j\
makes this arehiteeture
Po‘?ula\r in organiza{:ions

that need to share special
skills acvoss multiple
projects.

<7£> Matches physical separation

The layered architecture typically
separates the logical components
to match the physical separation.
For example, it’s common for
teams to implement different
layers in different technology
stacks (such as JavaScript, Java,

Ease of (technical) reuse

Splitting the architecture by
technical capabilities allows better
opportunities to reuse code. For
example, if all persistence code
resides in a single layer, it’s easier

for developers to find, update, and S

reuse it.
The ability to veuse
tomponents within a layer is
one of the key advantages
of this arthitetture for
many orgahiza{:ions.

and MySOQL). j
a = Conceptual twin of MVC

Often, the real world prevents
acehiteets from designing what
they want, instead foreing
them to dcsign with what U’\C\/
have.
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Simplicity and concerns about
feasibility are driving forces in
many architectures. Developers
find it easier to understand and
work within an architecture that
matches familiar design patterns,

such as MVC.

Feasibility and simplieity
for the win!
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Layers, meet the real world: Physical architectures

The layered monolith describes a logical architecture, but architects may
implement that logical architecture in a variety of physical architectures.

corgorate : Two-Tier
E;aomuitn; sork:{;wavc Prese”faﬂon < A two-tier architecture places the
£hat vuns as a vich - presentation, business rules, and persistence
desktop application ~ Business rUIQS layers int.o a .single. deployment unit,.
using a shave d communicating with the database via a
database Persis{‘e”ce local network. This physical architecture
1s common in desktop and client/server
applications.
Example: a high—scale Presewl.aﬂo" |
web application with
a vich web—based U, ¢
like a streaming video

servite
Three-Tier \E :
A three-tier architecture places each of the p Bus'“ess rUIes
responsibilities into its own physical layer. A good .
example of this architecture would be a web-based Perswte"ce
application, with an application server to handle the
middle tier and a presentation layer often written
using a different technology stack. For example, the
development team might write the business rules and
persistence in Java while the UI consists of HTML
and JavaScript, all using a relational database for
persistence.

K—E\ Mobil

: m 1

Presentation bedded/Mobile | |
Often, because of physical constraints, all the logical layers end up in a

. single physical deployment. This physical architecture commonly appears
Bus'"ess rUIQS in embedded systems and mobile applications, where a network connection

Persis tence may not be consistent or even possible.
Exam\?lﬁ: a mobile
Database ), qame or soda—mathine

so‘“‘,warc
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Physical architecture trade-offs

Which physical architecture should you choose? Well, they all have trade-
offs, like everything in software architecture.

Two-Tier
Pros Cons
+ Rich user interface | Presentation | -  Medium scalability Reliabilif\/ is only
. medium, betause this
+ High performance | Business rules | - Bclelcon-ltes ctonl‘:!alex architecture velies lon
+ Simple . when 1t gets big the network for d
9 | Persistence | . Medium reliability ol or data
These architectures
ave simple because ¢
cvcr\/*{’)\ing tan b/yicall\/
be implemented as a 8
single projeet. t i1
Three-Tier
Pros : | Cons
+ Detached Ul | Presentation | - Least reliability

(typically web) ¢
+ Highest scalability

More tomplex

- More complex |o¢h,c it has the

most mov'mg \78\"(:5

-  Distributed
+ Distributed | Business rules | architecture
architecture - headaches
benefits | Persistence |
Distributed arehitectures Distributed arlc‘,hd:ctt.t:rcs
. bll‘{: are move Com? ex, wi
offer higher sealability . £s and
. 'lar anC‘Ci{} movre movmg ?ar an . ‘
and simi Lailure modes. W"‘"C a Slhglc stack
1S hiccl i'll iSh"E
always Por{;ab]c +o
other F'af‘corms.
Embedded/Mobile
Pros Cons
. Self-contained - - Least scalable
A single tech | Presentation |
stack can be an 7+ Y Single tech stack | Busi | | -  Resource-
USiness ruies i
a.dvar{'igc for + Highly tunable to : constrained
simplicrty: hardware devices | Persistence | - Often tied to
| Patabase | implementation
platform
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“ Exercise

Generic trade-offs are one thing, but software architecture is always based on a real system. The architects at Naan
& Pop need some help evaluating the trade-offs for each physical architecture as they decide which one to use. Can
you help them figure out which specific trade-offs the Naan & Pop application will face for each physical architecture?
Two-Tier
Pros We'll help you 56‘{: \ Cons
£ darted
Simplieity Sealability
Three-Tier
Embedded/Mobile
Pros Cons
———— Solution on page 211
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Cubicle conversation

Alex: Is Naan & Pop generic enough to only use the standard layers? When
do teams add layers?

Sam: Why add layers to the architecture?

Mara: Each layer in a layered architecture has a specific responsibility
within the system, so when they’re needed, we add layers.

Sam: What kinds of layers?

Alex: It’s common to add a services layer, which provides access for
business-to-business integration, or integration layers for other internal
systems. Each request goes through each layer, so layers need to be things

that happen to every request.

Presentation
Business rules
Service

Persistence

No need to be s{ingy with
la\/crs—you tan have as many as

You need, as long as eath layer
applies to each request.

Presentation
Business rules
Integration

Persistence

Mara: That’s right—architects can add whatever layers we need to support some
new behavior. For example, the site needs integration with third-party delivery
services, so maybe we should add an integration layer. Here, let me draw what I
have in mind for our layered architecture on the whiteboard...

The integration layers allow
intevaction with ‘{‘)\i\rd—Far‘Ey

dclivcr\/ sevvites.

O

Business rules
Integration

Persistence

Presentation .
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None of the other layers (or
the database) needs o thange
when the team adds 3 new Ul. bl?cs'

Alex: Adding an integration layer for our delivery hooks would make things easier,
wouldn’t it? It looks like all the code pertaining to that integration lives in the same
place, which would make it easy to find and update.

Mara: Yes, and that’s true for the user interface layer, too. In fact, one of the next
requirements we have to implement is an additional UI to support mobile.

Sam: So, if we add a separate mobile UI, we’d only have to change one layer?

Mara: That’s one of the best things about layered architecture!

The presentation layer ean
changc to attommodate new Ul



layered architecture

One final caveat about domain changes

One of the primary advantages of a layered architecture is that it lets us group
similar technical things together. For example, in the Naan & Pop application,
separating the Ul into its own set of components allows the team to add new UI
types without affecting the other layers.

Let’s pause for a second and think about this—what about changes to the problem
domain? If Naan & Pop wanted to add something other than sandwiches to the
menu, like pizza, would every layer have to change?

The power to change things in isolation is the layered architecture’s superpower,
but it’s not a silver bullet. This architectural style’s big trade-off is that the
problem domain is smeared across the layers in the architecture. For
example, the Place Order logical component in the Naan & Pop architecture
requires a Ul (presentation), code to implement the workflow (workflow), and a
data schema (persistence).

That means that fechnical capabilities are easy to change and enhance, but domain KN
changes can create side effects that ripple through the layers. We alluded to this
eavlier in the chapter.

Layered architectures facilitate technical changes
but make domain changes more difficult.

Take a deep breath. The next
So, what to do? Well, there’s a reason why we started this book by showing you [ thapter will introduce you to

how to identify the architectural characteristics your application needs to support. an architeetural s{:\/lc that is
If continual, significant domain changes are expected or suddenly become a better suited to attommodatin
higher priority, there are other architectural styles to consider. domain ¢h anges. Oh, the 9

All that said, let’s quickly summarize the good and bad of the layered architecture. suspense,

therejare no
Dumb Questions

Q,: That’s a rather large caveat. Why would | even consider the layered architectural style?

A: Remember the First Law of Software Architecture—everything’s a trade-off. Sure, other architectural styles might allow for easier
changes to the domain, but they have their own caveats. Align the strengths and weaknesses of every architectural style with your
requirements, and then choose. There’s no one right choice, just the choice that works best for your particular set of circumstances.
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Layered architecture superpowers

Layered architectures have been demonstrating their powers for many, many

years—this is one of the oldest recognizable architectural styles.

N7
F sibility

If time and budget are overwhelmingly
important, the simplicity of this
architecture is quite appealing.

especially important.

Technical partitioning

Architects design components around
technical capabilities, making it easier for
them to reuse common capabilities. For
example, if several teams need the same
data functionality, they could implement
it once in a persistence layer and then
share it across teams.

In geneval, the less a

- =- S S‘{:Cm needs '{',O aceess
- nsive Y
Data }!:t‘ goea lot of data-level data over the etk
SYStCmS.;g may benefit from a Jayered  the ;\o,—c eflicient it

D htec it isolates data ¢an be.

hitecture because 1t 1 ,
2p‘frcocessing in a single database that's
optimized for the task.
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|£ your whole Company vuns on

investment dollavs, Feasibili{:y is

Performance

Well-designed layered monoliths can
demonstrate high performance—making
no.network calls and processing data in

a single place (the monolithic database)
means there’s no need for network calls
that could decrease performance.

Quick to build

SirTlplicity plus a single work/ deployment
unit means that teams can build small
systems quite rapidly.

Lean and mean

Keeping these Systems small helps avoid
some of the kryptonite on the next page
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Layered architecture kryptonite

This architecture 1s pervasive and popular, but it can be overused and even
abused. While feasibility may be a superpower, many teams default to this
architecture because of its simplicity, long history, and widespread use, without
considering if it’s really the most suitable option.

Scalability
Probably the biggest problem with
monoliths is that when you only have one
bucket and you keep adding things to it,
1t will eventually fill up. The sam:i is true
for monoliths generally, which eventually
become constrained by some resource
(memory bandwidth, and so on)

Elasticity
A single process has a harder time dealing
with sudden bursts of users.

Deployability

As monolithic systems get bigger,
deployments tend to become more
complex—especially when developers

keep adding behavior.

Testability

High coupling and a large codebase
make testing harder and harder over time.

Big ball of mud

Because everything is connected to
everything else, this architecture can
become a highly coupled mess without

careful governance.
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Layered architecture star ratings

The Naan & Pop architecture team decides to use a rating chart they found in the

book Fundamentals of Software Architecture (O’Reilly), written by two of your authors,

that describes the layered architecture in a convenient way. One star means that the
architectural characteristic is not well supported; five stars means the architectural é_\

characteristic is very well supported.

Just like movie veviews.

Testing isn't especially
easy, but the team

has been dealing with
layered arehiteetures

Architectural Characteristic | Star Rating f:“ I'Z"BFJC::J:YJC"C‘/VC
Maintainability * i“h)
Testability *x * &
La\/cwrcdJc
avehitettures ave o
e and smle. Deployability ) ¢
. - Well-desian
_ Simplicity % % % * % a:é hi{:cc(,s‘l: gr;d zzcrcd
QAO?‘ZI'%S 3o boast quite high
on't handle o i
sealabiliy and Evolvability ) ¢ berformante.
elasticit: well, and
layered Zm oven Performance Y% * % <
'CSS So.
Scalability *
i Simplicity, in this
Elasticity * tase, leads to
affordability.
Fault Tolerance ) ¢
Overall Cost $
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;  ;’ 'Exercise

Which of the following systems might be well suited for the layered monolithic architectural style, and why? Hint: Take

into account its superpowers, its kryptonite, and the nature of the system.

An online auction system where users can bid on items
Why?

A large backend financial system for processing and
settling international wire transfers overnight
Why?

A company entering a new line of business that
expects constant changes to its system

Why?

A swall bakery that wants to start taking online orders
Why?

A trouble ticket system for electronics purchased
with a support plan, in which field technicians
cowme fo customers to fix problems

Why?

[] Well suited for layered monolith
[] Might be a fit for layered monolith

[] Not well suited for layered monolith

[] Well suited for layered monolith
[] Might be a fit for layered monolith

[] Not well suited for layered monolith

[] well suited for layered monolith
[] Might be a fit for layered monolith
[] Not well suited for layered monolith

[] well suited for layered monolith
[ ] Might be a fit for layered monolith

[] Not well suited for layered monolith

[] Well suited for layered monolith
[] Might be a fit for layered monolith
[] Not well suited for layered monolith

——— Solution on page 212
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Wrapping it up

Congratulations! The Naan & Pop team looked at several architectural styles,
but after considering the business’s priorities, you chose a layered architecture.
This paid off handsomely, allowing the business to grow without any problems.

— Bu]Jet Points

A layered architecture is monolithic: the entire system
(code and database) is deployed as a single unit.

The layers are separated by technical capabilities.
Typical layers in this architecture include presentation
(for the user interface), business rules (for the workflow
and logic of the application), and persistence (facilities
to support databases for systems that need persistent
data).

The layered architecture supports feasibility well; it is
easy to understand and it lets you build simple systems
fast.

The layered architecture supports excellent separation
of technical concerns, making it easy to add new
capabilities like user interfaces or databases.

The layered architecture mimics some of the same
concerns as the Model-View-Controller design pattern,
but translated into physical layers and subject to real-
world constraints.

User requests flow through the user interface and
through each layer before a response is returned to the
user.

Each request in this architecture goes through each
layer.

A layered architecture’s capabilities degrade over time
if teams continue to add functionality due to eventual
resource limits (for example, they run out of capacity).

The layered architecture provides excellent support
for specialization (user interface designers, coders,
database experts, and so on).

Logical components represent the problem domain,
yet layers focus on technical capabilities, requiring
translation between the domain and architecture layers.

Alayered architecture may manifest in several physical
architectures, including two-tier (also known as client/
server), three-tier (web), and embedded/mobile.

Changing and adding to the technical capabilities
represented in layers is easy; the layered architecture
facilitates this.

Changing the problem domain requires coordination
across the layers of the architecture, making domain
changes more difficult.
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Layered Architecture Crossword

Ready to add learning on top of learning by solving the

layers of this crossword?

1

11 |

12

13 14

15

16 17

19

Across

3. Layered architectures use familiar design

5. Kind of layered architecture often found in smartphone apps
6. Type of architecture covered in this chapter

8. can be confined to one layer

9. Namespaces and packages correspond to the directory
11. Too much coupling can lead to a big ball of

14. Layer that maps object models to relational models for
databases

17. Depending on the network for data access makes an
architecture reliable

19. Kind of database often used for persistence

21. Layered architectures might have two or more

——— Solution on page 213

20

21 | |

Down

1. The integration layer lets the system
2. Layered architectures facilitate

with third parties

4. The domain spreads across all of the layers

7. Logical and components are usually separated in the
same way

10. Logical reside in layers

12. Domain-driven

13. Layer that applies business rules

15. The user is part of the presentation layer

16. The MVC pattern and layered architecture both
responsibilities

18. A user’s request and its response through the layers
20. Model- -Controller design pattern
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From page 196

~Sharpen vour penci]
e yoSuollllotE;ofll

Naan & Pop’s lead architects have designed a layered architecture. Today, though, they’re off at a daylong
breadmaking seminar to learn more about their problem domain, leaving you to sort out which components go
where. Can you decide in which layer (or layers) each component should reside? Draw the components below on

the layer(s) to which they should map.
yer(s) Y \Z\ Hint: Some cOmFoncn{‘,s may end

up in seveval layers.
Components

Pelivery Sales
Address Promotion

Blacklisted Frequent

Diner

Customers
Rewards

C Y Y

frequent | |( \ Presentation
. ; Billing Sales
Pelivery Diner || Add L d
Address Rewards ress || Prowotion
Blacklisted | (" gyployee Workflow
Customers | | intormation L L

U ) Persistence

/
y 3
Example: Employee /

information like dvivers’ /\ The £\/\>ica| imVICMCn{:a‘Eiov\ of
details may be nccdcd by - this arehitecture assumes that
workflows and \’"5‘5{:“.1 but anything in the persistence

not. part of presentation layer ends up in the database.
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» Exercise From page 201
[ )

Solution

Generic trade-offs are one thing, but software architecture is always based on a real system. The architects at Naan

& Pop need some help evaluating the trade-offs for each physical architecture as they decide which one to use. Can
you help them figure out which specific trade-offs the Naan & Pop application will face for each physical architecture?

T:V})-T;fl‘ Fewer tiers tends
Simplicity tacilitates 4o vesult in poorer
PROS ) dort bime o market Cons sealability
Simplicity Sealabilit

While performance !
Performante isn't @ driving ontern,

‘FCWCV‘ {',icrs ‘{’;Cnds
‘l:o lcad ‘bo bC‘l:'l:cr

pertormante.

Separation supports .

oni of the driving Three-Tier

goals. Liers treates

Pros Movre tiers
move parts to _\ Cons
Avchiteetural separation the avchitetture, Complexity Y
complicating ..which leads o...
_—> Sealability dependenties and Slower time to market

tommunitation...

Better sealability

SMY?OYB move usevs. H',)S havd {'p cx‘tcnd
Embedded/mobile an embedded system,
Pros Cons counter to one of

A pure monolith has

the fewest parts. the stated goals.

Self—tontained Less extensible

Sealability

[t's hard to make > Performante
a self—contained

monolith with hiah
Séalabili{:\/ and/or

pertormante.

you are here » 211
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» Exercise

From page 207

Solution

Which of the following systems might be well suited for the layered monolithic architectural style, and why?

Hint: Take into account its superpowers, its kryptonite, and the nature of the system.

An online auction system where users can bid on items
Why? An online auetion will requive move

stalability and performante than most
layered arehiteetures an support.

A large backend financial system for processing and
settling international wire transfers overnight
Why? This system vequires hiah throughput
and high availability, both difficult for

layered monoliths.

A company entering a new line of business that
expects constant changes to its system

Why? Layered architectures separate tonterns
by technical capabilities, making some

thanges easievr.

A swall bakery that wants to start taking online orders
Why? A small bakery has a simple problem

and small seale, well suited for a simple
arthiteeture.

A trouble ticket system for electronics purchased
with a support plan, in which field technicians
come to customers to fix problems

Why? A trouble ticket system will need to support
diffevent architectural chavactevistics (for
users and technitians, for cxamylc), whith is
difficult in monolithic avchitectuves.

L] well suited for layered monolith
] Might be a fit for layered monolith
gNot well suited for layered monolith

L] Well suited for layered monolith
| Might be a fit for layered monolith
Z{Not well suited for layered monolith

L] Well suited for layered monolith
&Might be a fit for layered monolith

L] Not well suited for layered monolith

&Well suited for layered monolith
| Might be a fit for layered monolith

L1 Not well suited for layered monolith

L] Well suited for layered monolith
O Might be a fit for layered monolith
‘Z(Not well suited for layered monolith
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Layered Architecture Crossword Solution

=

From page 209

IN| [R] .
[PIA[T|T|E[R[N][S] [P
El Y] R
Rl [S M[o]|B]IL]E
[LIA]Y]E|R]E[D] [B] P
C L FCIH|[A[N]G]E]
[s|T|RJUTE]TIUIR][E Y]
O] M|U[D S|
Y D[ [
(W] [P[E[R[S]I[S]|T]|E[N]|C]|E]
‘1] o] [© __ S| |A
N[ [R] [Nf_[S 1| [LIE[S]S]
T K| [E] [F] [E G
El [F] [N] [L] [P N|
RIE|L|A[T]1[O[N]|A]|L
Fl O] S| W] |R[ [V]
Al (W] Al |1
C| |1 [E|R]|S]
E| E] (W]
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modular

Driven by the
Domain

There’s more than one way to build a monolith. so far, you've encountered
the layered architecture, which aligns things technically. You can go a long way with a layered
monolith, but when changes begin to involve lots of communication and coordination between different
teams, you might need a little more horsepower under the hood—and perhaps even a different

architectural style.

This chapter looks at the modular monolith architectural style, which divides applications up by
business concerns as opposed to technical concerns. You'll learn what this means, what to look out for,

and all the trade-offs associated with this style. Let’s take the modular monolith for a spin, shall we?
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pizza menu

By popular demand, we're
introducing pizzas to our
menu! Before | announce
it, | think | should talk to
our software development
group...

Remember Avehana, founder of
Naan € Pop and aspiring Fro\')ec{:
manager From Chapter 62

As a reminder, Naan & Pop’s sandwich shop has a small development team,
and its requirements haven’t changed a whole lot since the team built their
layered application in Chapter 6. The competition is stiff, and time to
market remains a concern. The system should remain simple.

Be sure to veview j
Chapter b if You need
+o vefresh Your memory.
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- Exercise

Cast your mind back to the layered architecture we built for Naan & Pop in Chapter 6. The following diagram shows its
layers and logical components. Adding a new category to the menu (say, pizza) means changing a bunch of moving
parts. Grab a marker and put a triangle () next to everything this new requirement will affect.

Order Recipe Inventory
r = 7 DPowmain = = ar fPomain T Powain !

| Place Order |(Kecipes Ul) || Inventory UD| Presentation

| Place Order i@euver on@ | Manage )”( anade )| Business rules
—— —
elivery ecipe
(Order)(cus’romea(l_oc aﬂon)( Recip I ' item ' | Persistence

| |

C fhls Ky
o Pace 4, o
\[_d Wn Your ﬂwuehgx t

——— Solution on page 240
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Cubicle conversation

Sam ’D

218

Alex: Pfft! This is easy. We've already delivered a working and extensible system. Let’s get to it.
Mara: Hold your horses. This might be our first rodeo with such a change, but I doubt it’ll be our last.
Sam: So what? We’ve built an extensible system. Why are you being so reticent?

Mara: Let’s think this through—we have to add pizzas to the menu. Not only will we have to add new
recipes and ingredients, but we’ll also need to allow patrons to order pizzas online. So where will we have
to make changes?

Sam: Lots of places! It'll at least affect ordering and recipe management. I still don’t see a concern.

Alex: I think I do. We’ve built a layered architecture, and we have specialists working on each layer. A
change like this means coordinating changes across all of those folks.

Mara: Bingo! The layered architecture smears the domain across all the layers. So, implementing
anything that changes the domain can be arduous.

Alex: You're telling me that choosing the layered architecture was a mistake?

Mara: The layered architecture was simple and quick to build. It allowed us to launch quickly. But now
we need to think about maturing the architecture to support modularity, so changes like these will be
casier in the future.

Alex: So where do we start?

Mara: Allow me to introduce you to the modular monolith. Rather than partitioning by technical
concern, we’ll partition by business domain, using modules—hence the word modular. T'll show you
what this looks like as I explain it.

Sam: Ooh, I'm so excited. Let’s do it!
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Modular wmonolith?

A modular monolithic architecture, like a layered architecture, is deployed as a

single unit, usually with its own database. <\ Think back to Chapter 5
Avehiteetural s{yles tan

be separated b\/ how the

- tode is partitioned and b
Presentation \ deployment model. o

. Workflow |
 Persistence |

Layered arthiteeture
is @ monolithie
dc‘>|o\/mcn{: model...

¢ ...batked by a
8 L/_"‘W\Oh'lihid database.

N—rt

==
Heads u?—\/ou," find the

That’s where the similarity ends. In a modular monolith, rather than partitioning terms domain and subdomain
your application by technical concerns, you partition it by functionality. Every used iy.{;cnhay\seabl\/. As
business operates within a certain domain—Ilike banking, education, or retail. 6‘/ l°"5 as You undevstand that
Online stores usually have several subdomains, like Order Placement, Payment, and  both terms rcyrcscn{: business
Inventory Management. Together, they make up the Online Store domain. You tontevrns, \/oulrc good.
organize your application according to these subdomains, separating them into

modules.

Modular monolith Zz

is also a monolithie Rather than organizing

he application b
deployment model. | Order Inventory the app Y
ploy |— Placemen’f_| [Managemen’r] technical eonterns,
we organize them b\/
P aymen’r business domain.
Modular monoliths ¢

also use a monolithie

database. —>

What is a module? At a high level, it’s just how you organize your code. In some languages,
you might have support like packages or namespaces. But it doesn’t start or stop there.

Partitioning your code using modules has implications for how you’ll go about separating
concerns between modules and how modules will interact with each other. We have a lot
more to say about this, so stay tuned. For now, we just want you to be able to distinguish
between the layered and modular monolith architectural styles.
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t}xerelgre no

Dumb Questions

Q: Can you explain more about what you mean when you say module?

A: A module is a software design element representing an independent unit that fulfills one piece of functionality. Technically, every
layer in a layered architecture is a module—these modules just happen to be divided by technical concern.

In a modular monolith, on the other hand, each module represents a particular piece of the domain—that is, a subdomain. Each module
contains all the business functionality needed for that particular subdomain.

Who Does Wbat?

Identifying which components should belong to a particular module can be tricky.
In this game of “Who Does What?”—or rather, “What Goes Where?”—we’d
like you to match each component to the module where it fits best. Multiple
components can belong to one module.

Shopping Cart — Order —

Credit Card Form

Primary Ewail Paywment
Preference |/ _‘

Fulfillment
Workflow

Customer
Order History |/ —‘

——— Solution on page 241
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Pomain-paius changes

Naan & Pop wants to add a new food category (pizza) to the menu. Which parts

of the architecture need to change to make this happen? Let’s take a look. A ¢ omponen 1s
That Change

Order Recipe Inventory
r = ™ Powmain — T  DPomain 1T powain !

I | |
A .
| Place Order |I(Kecipes Ul )H Inventory UD | Presentation
I T ]

A . A Manage Manage o
|| Place Order '(Velwer Ordea I Reeipes M\ tnventory ! Business rules
| Ll |
A - | ] : |
|(Order)Gusfomea(l?:g;m)| Recipe [ 'ﬁiﬁ:ﬁe ' | Persistence

L — = | e | e |

Introducing a new menu category primarily affects the Order domain. The menu
needs to allow customers to order pizzas and customize their toppings. That might
require changing or adding new business rules to support customization and perhaps
delivery, since pizzas need to be delivered hot. It could also change how the system
stores orders (since customers may ask for customizations.)

As you can see, introducing new menu items can affect multiple components across

multiple layers. This is because, as mentioned in the previous chapter, in a technically

partitioned architecture the business domain gets “smeared” across multiple layers.

This is great if you’re implementing a technical change, like changing the view No one ever k
technology or swapping out the database. But it’s not so great if the change affects £ and i d, “Ho:’,oc: up

the domain—you’ll have to round up folks from multiple teams to figure out how to [ add vet t '
implement it. 7€t another

meeting {o my

This is where modular monoliths can really help. talendar?”

It's not unusual for teams to start with a layered architecture, then refactor it into a modular monolith over time as the
application grows.
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Why modular monoliths?
Every layer in a burger

When you eat a burger (or a veggie burger!), do you take a bite of the top bun first, .. 5 speti fie purpose—
then bite into the gooey cheese, then take a bite of the patty? Or do you take one 5o it tastes best i ¢ you

bite that slices vertically through every layer of the burger? The latter, right? bite through all the | ayers
That’s exactly how you can think of a modular monolith. You don’t organize the together.

application in horizontal layers separated by technical concern, but in vertical slices

scoped by business concern. Each vertical slice aligns with a piece of the domain and Yom!

is encapsulated in a module. Every module contains a set of business functions—for
example, order placement, order completion, and order delivery would all be part of

the Order Placement module. )
Individual domains

make up the modules

\/—, o(-\yow application. ﬁ

Order Recipe Inventory
domain domain domain
e
-~ § g
S | Presentation £ | Presentation S | Presentation
= | Business rules S | Business rules £ | Business rules
E o m— S e
S| Persistence g Persistence E | [Persistence
~ £
N N 7

\ These “slices” vepresent a particular set

of business functions within a domain.

What does this mean? Changes to the domain that affect many or all layers

require lots of coordination between different teams. You’ll need to ensure that

everybody’s changes work with everybody else’s. This isn't business—word
bingo] H:)s not always easy
to build out CVoss—zunc{:ionﬂ
teams that work in multiple
diffecent teehnical stacks.

Now, rather than having teams that specialize in the presentation layer or the
persistence layer, you have cross-functional teams, each specializing in a
domain. The result? It’s far easier to coordinate domain changes when one team
takes full ownership.
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Hold up. I still see
layers in each module.
Is this some kind of Jedi
mind trick? How is this any
different from a layered
architecture?

How astute of you! You're absolutely right that each
module here still consists of layers—but they don’t have to. The
important thing is that your application is organized by domain.

Your system still needs to process and respond to each request,
though. So you’ll need an entry point (presentation layer), some
business processing (workflow layer), and maybe a data store to
write to (persistence layer). Even within a modular architecture, it
makes sense to separate those responsibilities, much like the layered
architecture does.

However, if you zoom out and look at the whole architecture, you’ll
see that the application is carved up into subdomains. The fact that
each module is composed of a bunch of technically partioned layers
becomes an implementation detail, as opposed to an architectural
concern. In other words, how a module is laid out internally
isn’t how the architecture is partitioned. Modular monoliths are
domain-partitioned.

Let’s get a bit more concrete by seeing what this looks like in code.
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Show we the code!

You've probably recognized that modular monoliths solve the problem you are
working on differently from a layered architecture, by organizing applications
by domain rather than technical concern. But how does this translate to your
code?

Let’s first talk about the modules themselves. They represent parts of the
domain. Naan & Pop’s namespaces look like this:
Flip back to page 192 in the
previous chapter and comEarc
com.naanpop .orderapp .order these to the namespaces tor

com. naanpop . orderapp . recipe the layered architecture.

com.naanpop.orderapp.inventory

Remember, we're still working with a monolith—that is, it’s still one
deployment. Typically, one deployment would translate to one codebase, with
the code organized in different namespaces. Each namespace represents a

separate module, like so:
P ’ Ah, | see! The layers are an

implementation detail, not

naanpop an architectural concern.
orderapp

_ﬁl order /-\Thcrc's one module.

—[ ] presentation
=| lots_of_source_code_files
—{ J workflow

lots_of_source_code_files
[ persistence

lots_of_source_code_files

—[J recipe Thevre's another module.

] presentation
=| lots_of_source_code_files

&Wc aren't showing the

entive strutture here, but
we know You 3c{: it
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A critical piece of successfully developing modular monoliths is understanding the domain well enough that you can
break it into individual modules. One way to do that (and there are many) is to really listen to your business experts.

Say you are working for a startup that’s creating an expense-tracking app for small to medium-sized businesses. Here
are the business requirements:

= There are users and auditors. Users add expenses, and auditors review expense reports to ensure they align with policy
guidelines.

= \When a user adds an expense, it is recorded in the database for that user.

= The app creates an audit trail that the auditors can use to ensure that everything is in order.

Can you identify the subdomains that should make up this application? Hint: Not everything your business users say will
translate into a module.

—— Solution on page 242
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Cubicle conversation, continued...

226

Does the modular
monolith make more
sense how?

Alex: I get it. We're increasing the modularity of the codebase because our
application is divided up by modules.

Sam: That sounds great in theory, but it’s not like they can all work
independently of each other. Doesn’t the ordering side of things need to know
what ingredients we have in our inventory? God forbid the kitchen should run
out of mushrooms!

Mara: You're both right. Splitting the application up by business concern
means we’re increasing its modularity. But on the flip side, different parts of the
application might also need to talk to each other.

Alex: But it’s one codebase. I can just have the ordering side make an API call to
the inventory module, right?

Sam: Oh, brilliant. I can already see the big ball of mud forming! Soon every
module will be talking to every other module, and then there goes our modularity.

Mara: Right. If you just start making calls between modules willy-nilly, soon
enough there won’t be any boundaries left. Everything will just start referencing
everything else. And that would be, well, a big ball of mud.

Alex: So how do we maintain separate modules, but still have them talk to one
another?

Mara: Let me show you.



modular monoliths

Keeping modules modular

Modular monoliths are, well, monoliths, so they’re generally contained <\
in one codebase. That makes it easy for someone working in one module

The auto—ip,

Your IDE s Port feature in

"ot Your friend

heve! ¢’
to inadvertently reach into another module and end up coupling the two a::,ed H; way too easy {o
modules together. mod ’e" _”Y veference another
These arvows vepresent talls odule without realizing it.

‘(:\rom one laycr in @ module
toa la\/cr in another module.
One Second Another

T 7 dowmain T \7T T domain ~ T T domain T 7

Presentation ———>| Presentation

I Business rules / Business rules I Business rules I
I I

Persistence Persistence 11 Persistence I

Presentation

e o U [ U a——

/k |€ left unchecked, cachg;ulc's J

tode betomes more tlosely coupled
with the other modules tode, and

their boundaries start to disappear- You got it/

¢ Callback o

The philosophy of the modular monolith centers on partitioning by domain Chapter 5

within a monolithic deployment model. Your objective should be to
create loosely coupled modules so that changing one doesn’t affect others. So
how do you avoid the big ball of mud? Read on.

Can you think of any mechanisms to help you ensure that one part of your application won't accidentally
access another? For example, does your favorite programming language provide any support at compile time
to keep modules separate? Jot down any ideas that come to mind here. You can see some of our ideas at the
end of the chapter.

—— Solution on page 242
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Keeping modules modular (continved)

From a code design perspective, it’s best to think of each module as a separate service.
Just to be clear, though, they aren’t really separate—they all still constitute one

monolithic deployment. Each “service” exposes a public API while shielding
its internal implementation from the other modules.

Ca“s ‘bo an\/ modulc

happen on|\/ to their
rcs\?ccﬁvc APls.
Order 4 Recipe Inventory
domain &{ domain domain
APl < = APl < » APl
Implementation Implementation Implementation
(private) (private) (private)

As long as modules ony talk to one another through their public APIs, you can

safely change one module without affecting others—thereby reducing their
coupling.

Of course, this sounds like a great idea i theory. But how can you maintain

module boundaries so well that you can sleep peacefully at night? Let’s look at
a few possibilities.

therejare no
Dumb Questions

Q: Dividing my application into modules sure seems like a

Do modular monoliths require more thought and discipline, and
lot of trouble. Are modular monoliths really the better option?

maybe even more tooling (as we’'ll see in a minute)? Absolutely.

A. , o , . . L But the trade-off is a much more modular architecture that allows

- We've said this before, and we'll say it again—we don'tlike o5 fnctional teams to work independently and thus move faster.
words like better. It's always about trade-offs. So far, we've tried to

highlight some of the benefits of modular monoliths (and we aren’t

done yet), while also pointing out some of the challenges.
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Keeping modules modular (last time!)

Keeping your modules modular isn’t as easy as it seems, but don’t lose hope
just yet. You have options, depending on your technical stack—especially if
you apply some creative thinking and elbow grease.

—| Some languages, like Java, have built-in support to build
| modules. The Java Platform Module System (JPMS) allows
i you to build modules that are isolated from one another.

The .NET platform, meanwhile, offers namespaces that use
the internal keyword for this purpose.

Another approach is to break up your project code so

Gradle, the Java that each module is a separate folder in your repository. @

build 4ool, supports \7 These subprojects (or, as many build systems call them,

SVbYr°)‘c+’s' multimodule projects) force isolation by virtue of being different
projects. You might even consider creating different

repositories to contain individual modules, then stitching the
complete application together at build time.

Of course, you are still deploying a monolith, so you’ll
probably need to bring all the modules together using your
build tool of choice. A monolithic deployment model doesn’t
have to mean a monolithic codebase!

~Q Architectural governance tools, like ArchUnit for Java

projects and ArchUnitNET for the .NET platform, can hChcck out ts—arch
help maintain module boundaries as a project grows. for TypeSeript and

JavaSevipt Projccts!

And none of these options needs to stand alone: you can
use one or more together.

thereqare no R
Dumb Questions

Q,: Am | way off base here, or could these techniques be useful even for layered architectures?

A: Give us a moment to wipe away the tears—you’ve grown up so fast! Absolutely; they can be useful whether your project is
partitioned technically or by domain. It's a great idea to use tools (like ArchUnit) and language features (like JPMS) to enforce module
boundaries, regardless of architectural style.

229



modularizing

Youw've given me some great
ideas for how to modularize the
code by business concern. But if all
modules share the same database,

aren’t they still coupled at the
data level? Should | think about
modularizing the database too?

That would be the logical end of
modularization, wouldn’t it? Modularizing the
code may not be enough. If all your data is still intertwined, then
you’ve just moved your ball of mud into the database!

Before we go further, a caveat: most developers are not used to
thinking vertically along business concern lines or breaking up
their code into separate modules. Extending that modularity all
the way to the database sounds like a great idea—i¢ is—but it
may be too much to take on all at once. Feel free to evolve your
architecture over time when needed, rather than trying to get it all
right the first time around.

Put all the lessons you’ve learned in this book at work. Do

your architectural characteristics push you to pick the modular
monolith architecture? If so, start by modularizing your code first.
Once your team gets the hang of thinking modularly, then see if it
helps to take that approach all the way into the database.

Next, let’s see what modularizing your database might look like.
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Taking modularity all the way to the database

The modular monolith is still a monolithic deployment, typically with a
monolithic database backing it. There is a lot of power here: having a

single database can make things a /ot simpler. You don’t have to worry about
transactions or eventual consistency, and most developers are very comfortable
working with just one database. However, if you intend to maintain modularity
at all levels, then you should consider modularizing your data.

The rule is simple: every module should access only its own tables. Here’s how
you’d accomplish this for Naan & Pop:

( Order J [ Inventory J f_g{:illamodular

monolith.

!

We still only have one
database for the
modular monolith.

Eath of the letteved boxes
rc\?rcscn{:s a separate sthema
%o house the Lables for eath
module. (0 stands for Ovder,

and so on)

For every module in your application, you define a
schema and a set of tables. Any and all data that
belongs to a particular module will reside only in the
tables for that module.

As you can see, you can extend modularity all the
way to the database by separating data that belongs
to different modules into different tables (and maybe
even different schemas).

Take a few moments and think about the
implications of modularizing your database.
What pros and cons can you think of?
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en your penci]

CThis is a table.

customers

recipes

delivery addresses

— order_schema

recipe_schema

Take a look at the following table names and see if you can identify which tables belong to the schemas we've
identified for the Naan & Pop database. Draw an arrow from each table to its schema.

order history

ingredients

inventory_schema —

we've identified.

&/ These are the g):cmas \]

——> Solution on page 243
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Beware of joins

Keeping different tables, perhaps even in different schemas, does partition the data
belonging to different modules—but it’s easy to slip up and accidentally perform a SQL
join across tables that belong to different modules. Then you’re back to tight coupling!

It’'s OK to store the IDs of records that belong to one module in another module’s tables.

For example, the Naan & Pop Order domain is allowed to store “recipe item” IDs in its

tables within the order_schema. If it ever needs more information about a particular item, Read th aé aaai/
it calls the Recipe module’s API and provides it with the recipe item’s ID. & h'S is not 33'"

I need the details
for recipe_item_id 2.
I’'m going to reach out

to the Recipe domain.

Hold on! Let
me look this up
for you.

0

0 . 0
0 [nvoke the Recipe .
orde.r — module AP’ b\/ F&ssing — Keclp_e
domain in vecipe_item_id. domain

APl > APl

Implementation Implementation
(private) | (private)
The Retipe module
¢ vesponds with ¢
the vetipe details . h
— order_schema —— .. el — recipe_schema ——
orders recipes
id |recipe item id|... id |ingredients

And there you have it. Now, as we’ve done before, we’ll show you some of the
strengths and weaknesses of modular monoliths, followed by our star rating chart.

you are here » 233



modularity

Modular monolith superpowers

Here are some good reasons to use modular monoliths:

Domain partitioning
Architects can design components
around domain concerns, then build
teams that specialize in one or more of

these domains (as opposed to a technical
specialization). Domain partitioning 1s
the key superpower of this architectural
style.

Domain-based alignment

Modular monoliths encourage cross-
functional teams, which are better aligned
with the domain than the technically
partitioned teams used in layered

architectures.

Maintainability
Modular monoliths separate business
concerns from one another, with cross-
functional teams each specializing in

a subdomain. This makes it easier to
maintain the code, as long as changes
don’t cross into other domains.

Testabilit?r

Since the scope of changes is limited to one module,
testing is much easier. And since a cross-functional
team’s members understand their subdomain

really well, they can build out an entire testing suite,
including integration, smoke, and end-to-end tests.

234

Performance

Performance is usually very good, like for
most monolithic architectures. There are
no network calls between modules and

bl

all data processing happens in a single
place.




Modularity can be fragile
It’s easy to dilute module boundaries
accidentally. Avoiding the big ball of

mud takes a lot of governance—and the
database is even harder to govern.

/{__ It's partieularly

hard to avoid joins
in SQL via ‘{')oo,ing.

oVNCH/

Hard to reuse

Modular organization makes it hard to
reuse logic and utilities across modules.
For example, you can’t share common
functionality between modules without
extracting it as a dependency, increasing
the coupling between the modules.

modular monoliths

Modular monolith kryptonite

Of course, there are always trade-offs. Here are some reasons not to
use a modular monolith architecture:

(Still) a single set of
architectural characteristics

Even though modular monoliths are
organized by modules, you still get a
single set of architectural characteristics
for the entire application—even if one
business concern has a different set of
needs than others.

Operational characteristics

Despite its focus on business concerns,
a modular monolith is still, well, a
monolith. And as with any monolith,
operational characteristics like elasticity
and fault tolerance tend to be hard to
attain.
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Modvular monolith star ratings

We’ve created a star rating chart for modular monoliths, just like the one we
showed you for layered architectures in the previous chapter. One star means
that the architectural characteristic is not well supported; five stars means it’s & \

very well supported. Jusk like movie veviews:

Architectural Characteristic | Star Rating
Maintainability * % %

These fave

in the |aycrcd

i;:wm' Deployability o o
Simplicity * % %
Evolvability * X

Most monolithie
avthitectures ?CY‘COYW\
well, csycaiall\/ if well

—23| Performance * %

4|6 | 2|6 | 6| Ot | | ¢

designed. -
Scalability
Elasticity
Overall, more Fault Tolerance
expensive than |a\/crc|d
avethitectures. Modular
monoliths vequire move Overall Cost $

?lavm'mg, {:hough’c, and
long—‘l:crm maintainante.

You’ll notice that our ratings for modular monoliths’ operational characteristics
aren’t all that different from those for layered architectures. From a process
perspective (that is, in terms of maintainability, testability, and deployability),
however, the modular monolith does a lot better than the layered architecture.
That’s because changes to a particular module only affect #hat module and can
be tested in isolation, which reduces the risks involved in deploying software.

Modular monoliths cost a little more than layered architectures because they
require the team to be vigilant. They also involve additional governance and
tooling to maintain module boundaries.

236



WX Exercise

modular monoliths

Which of the following systems might be well suited for the modular monolith architectural style, and why? Hint: Take
into account its superpowers, its kryptonite, and the problem domain.

An online auction system where users can bid on items
Why?

A large backend financial system for processing and
settling international wire transfers overnight
Why?

A company entering a new line of business that
expects constant changes to its system

Why?

A swall bakery that wants to start taking online orders
Why?

A trouble ticket system for electronics purchased
with a support plan, in which field technicians
come to customers to fix problems

Why?

[] well suited for modular monoliths
[ ] Might be a fit for modular monoliths

[ ] Not well suited for modular monoliths

[] Well suited for modular monoliths
[] Might be a fit for modular monoliths

[] Not well suited for modular monoliths

[] Well suited for modular monoliths
] Might be a fit for modular monoliths

J Not well suited for modular monoliths

[] well suited for modular monoliths
[] Might be a fit for modular monoliths

[] Not well suited for modular monoliths

[ ] well suited for modular monoliths
[] Might be a fit for modular monoliths

[] Not well suited for modular monoliths

——— Solution on page 244
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Naan & Pop is delivering pizza!

The development team has finally grokked modular monoliths! With a modular
codebase and a modular database, they now feel ready for any other big changes
to Naan & Pop’s menu. Rumor has it that the owners plan to introduce a full
Mediterranean menu next. We can’t wait, and we wish them a lot of luck!

_ Bullet Points

= A modular monolith is a monolithic architectural style
that is partitioned by domains and subdomains that
reflect business concerns, not technical concerns.

= Fach subdomain makes up one module of the
application. Each module can contain multiple
business use cases.

= Fach module can be made up of layers to provide
better organization. A module may be technically
partitioned as a means to organize its functionality.

= Avoid having code in one module directly access any
functionality in other modules. Allowing this can

reduce or eliminate the boundaries between modules.

= Fach module should have a public API that
communicates with other modules while shielding
the module’s internal implementation from the rest of
the world.

= Avoiding intermodule communication allows
modules to change internally without affecting other
modules.

= |t takes time and effort to ensure that the modules in
a modular monolith remain separate and distinct.

® You can govern a modular monolith using a variety of
techniques. Some languages have built-in support for
building modules.

® Another approach is to physically break up the
codebase into separate subprojects or even different
repositories. This usually involves using a build tool to
bring all the modules back together when you build
the monolith.

® Third-party tools can also help with architectural
governance.

® You may choose to use several techniques in
combination to ensure the boundaries of individual
modules are maintained.

® You can extend modularity all the way to the
database, keeping the data for each module separate.

® Watch that you don’t accidentally couple modules
when inserting or fetching data (for example, when
using a SQL join statement across tables that belong
to different modules).
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Modular Mono]ith Crossword

Modular monoliths are about separating business concerns. Take a look at
these separate clues and test your knowledge about this architectural style.

ANEEEEEE

12 13 | 14

16

17

22 |

Across
1. Java Module System
6. to one module don’t require to the others

8. The Recipes
9. Each module exposes a public

10. Modular monoliths are good when many teams need to
their work

13. Monoliths generally have one big base

15. Highly rated characteristic in most monolithic architectures
18. Each domain in this style represents a concern

19. With a modular monolith, are often cross-functional
20. Smaller bits of functionality can reside in their own
domains

21. It’s important to maintain
22. Style of monolithic architecture first used in this system

23. Databases can show modularity by representing an entity via
a

interface is part of the Recipes domain

between modules

Down

1. The latest addition to Naan and Pop’s menu

2. In a domain-partitioned architecture, each domain gets its
own

3. If something is an implementation
architectural concern

4. If technical concerns are like horizontal “slices” of a monolith,
business concerns are slices

5. “Spaghetti code” is too closely

7. This system is for & Pop

11. A challenging kind of architectural characteristic for
monoliths

12. Modules use ID references in to look things up

14. Monolithic and distributed are two kinds of deployment _____
16. Example of a language that supports creating modules

17. Modules communicate indirectly, through their ____ APIs

19. Databases build schemas from related _____

, it’s not an

———— Solution on page 242

239



exercise solutions

\ . Exercise From page 217

Sojution

Cast your mind back to the layered architecture we built for Naan & Pop in Chapter 6. The following diagram shows its
layers and logical components. Adding a new category to the menu (say, pizza) means changing a bunch of moving
parts. Grab a marker and put a triangle () next to everything this new requirement will affect.

Order Recipe Inventory
r = 7 Domain — T ar  Pomain T pomain !
| 1 1 |
A .
| Place Order ||(Kecipes Ul)" Inventory UD| Presentation
] T Il

|
A A .
| | Place Order '(Veliver Ordea ||( 'ﬁéz,';‘:g: [ Iv':\d/:v':’?ogrey)l Business rules
1

| A Deliver | L (Kecipe) '

elivery . .
|(0rde )@us’romea(‘_o ca’rion)ll Recipe I\ Ttem | Persistence
L e = = =

e | o | e |

Here’s some space for you to explain your thought process:

0££crin3 pizzas \wobably means the menu will need a new |is{:in3. We migh{: need 1o allow for eustomized 'bo\?\?ings,
which would affect the Frcscm‘f:a{:ion |a\/cr and the assotiated priting and tould introdute new vules. There
might be time constraints on deliveries (no one wants a ¢told pizza). The customizations might also affect how
we pevsist pizza ordevs (as opposed to other kinds of orders).

However, the vecipe and inventory domains won't be affected. A vecipe is a vecipe is a veeipe—a list of
ing\rcdicn{‘,s with a set of S‘f‘,q?s to follow. And while there may be new ingwrcdicn{:s, the ihvcnﬁo\r\/ domain will
manage them \)us{: like it would any other ingrcdicn{:sv
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W})O DOeS WI’] aft o From page 220
Solution

Identifying which components should belong to a particular module can be tricky.
In this game of “Who Does What?”—or rather, “What Goes Where?”—we’d
like you to match each component to the module where it fits best. Multiple
components can belong to one module.

Shopping Cart x\_‘_ Order ——

Credit Card Form

Primary Ewmail — Payment —
Preference

Fulfillment
Workflow

Customer
Order History r _‘
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,, EXQPCiSe From page 225

Sojution

A critical piece of successfully developing modular monoliths is understanding the domain well enough that you can
break it into individual modules. One way to do that (and there are many) is to really listen to your business experts.

Say you are working for a startup that’s creating an expense-tracking app for small to medium-sized businesses. Here
are the business requirements:

m There are users and auditors. Users add expenses, and auditors review expense reports to ensure they align with
policy guidelines.

= When a user adds an expense, it is recorded in the database for that user.
= The app creates an audit trail that the auditors can use to ensure that everything is in order.

Can you identify the subdomains that should make up this application? Hint: Not everything your business users
say will translate into a module.

Expense Audit User
|_ dowmain —| |_ dowmain —| |_ dowmain —|
Both users and Thi: Could be
audi{:ors Could bC an /dcnfify‘l
managed as “usevs.”  9Omain 35 \o||

From page 227

Can you think of any mechanisms to help you ensure that one part of your application won't accidentally
access another? For example, does your favorite programming language provide any support at compile time
to keep modules separate? Jot down any ideas that come to mind here.

e<insert Your Lavorite programming language> feature
° Rc\?osi{‘,or\/ strueture
o Build tool capabilities

OThird—‘?ar‘t\/ libraries and governante Lrameworks
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arpen your penci]

modular monoliths

From page 232

Solution

Take a look at the following table names and see if you can identify which tables belong to the schemas we've
identified for the Naan & Pop database. Draw an arrow from each table to its schema.

\CTHS is a table.

customers

delivery addresses

AV

— order_schema \L

W

order history

recipes

ingredients

recipe_schema /

inventory_schema —

K_/ These are the ﬁcmas \]

we've identified.

you are here »
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exercise

From page 237

P Exercise
| Solution

Which of the following systems might be well suited for the modular monolith architectural style, and why? Hint: Take

into account its superpowers, its kryptonite, and the problem domain.

An online auction system where users can bid on items
Why? This system probably needs hiah degrees
of sealing and elasticity. Monoliths aren't
ideal for such S\/s{:cms.

A large backend financial system for processing and
settling international wire transfers overnight
Why? Finantial systems have vich domains;
stalability and elasticity don't sound like

tonterns here.

A company entering a new line of business that
expects constant changes to its system

Why? A high degree of modularity is aood for
handling thanaes, but it certainly depends
on what kinds of ¢hanges ave expected.

A swmall bakery that wants to start taking online orders
Why? Ha! We kinda gave this one away, didn't we?

A trouble ticket system for electronics purchased
with a support plan, in which field technicians
cowme fo customers to fix problems

Why? Lots of moving parts; this system probably
needs high degrees of elastieity and
sealability.

[ well suited for modular monoliths
[ ] Might be a fit for modular monoliths
K[Not well suited for modular monoliths

&Well suited for modular monoliths
[] Might be a fit for modular monoliths

[] Not well suited for modular monoliths

] Well suited for modular monoliths
&Might be a fit for modular monoliths

| Not well suited for modular monoliths

IX Well suited for modular monoliths
[ ] Might be a fit for modular monoliths

[] Not well suited for modular monoliths

[] well suited for modular monoliths
[ ] Might be a fit for modular monoliths
& Not well suited for modular monoliths
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modular monoliths

“Modular Monolith Crossword Solution

From page 239

™

U

‘AP

TIE|IAIM|S

A

T|O|D|E

L

P

U

‘S|C|H|E|M|A

Q

E

‘SlUu|B

D

U|S|E|R

B

N

E|S

NIA[TI|E

NIE|S|S

PIL|A|T|F|O[R[M

1L]A|Y|E|R|E[D

‘CIH|A|N|[G|E|S

‘Clo[O[RrR|[D

P|lE|R|F|O|R[M|[A|N]|CI|E

BlUIS

‘BlO|JU|IN|D|A[R
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microkernel architecture

Crafting
Cus toiza fions

You can craft custom experiences, one capability at a

time. Some architectural styles are particularly well suited for some capabilities,

and the microkernel architecture is the world champion at customization. But it's
also useful for a bewildering range of applications. Once you understand this

architectural style, you’ll start seeing it everywhere!

Let’s dig into an architecture that lets your users have it their way.
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going green

The benefits of Going Green

What does everyone have lying around? Old electronics! Going Green is a fast-
moving startup that plans to capitalize on the market for buying and recycling old
cell phones, music players, and other small electronics.

After analyzing the architectural characteristics required, the architects have
designed a three-part system, and each part of which needs different capabilities.
They’d like your help. Ready? Here’s the system so far:

_ The publie—facing parts
of the arthitetture ave
Public user a website and in—store

Get quote interfaces kiosks

Ny . Device

[ assessment
Good offer, 6 ﬁ
send device [ Qoing Green ateepts the oing Green

Aoing i evaluates the
devite, it pays the customer device based on its

based on the ‘\“"tc' age and ¢tondition
J and detevmines its

value.

[£ the device will
\/icld a 9ood veturn,

Going Green will Vv

vesell it... s L /
Resell $ $ $ \

- Recycling/

recyele @ / L accounting

Y\ Based on its vesale

..otherwise, Going P?'Eeh{:ial, Going Green will
Green will veeyele it. either vesell or veeyele the
devite.

Based on what we know about Going Green’s business model and the corresponding separation of
responsibilities in its system, would it be easier for this company to build a monolithic or a distributed
architecture? Why?
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microkernel architecture

BE the architect

Architects just can’t stop ana]yzing
stuff. Can you determine

") three important architectural
K\ characteristics for each of the
three services in the new Going
Green architecture?

Fill in some
Architectural characteristics avehitettural
Publi thavaceteristies
' ublic user Sealability for each service.
interfaces )

Architectural characteristics

Pevice
assessment

Architectural characteristics

Recycling/
accounting

———— Solution on page 272
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microkernel

Cubicle conversation

Mara: We need to split up the architecture work for the Going Green application.
Mara, you and Alex should work on the device assessment service.

Alex: Great! That’s the service that assesses the devices users send us to determine
value, right? Seems like one of the more interesting parts of the application.

Sam: How often will we need to add new device configurations to the assessment
service?

Mara: At least a few times a month, sometimes even a few times a week. This is
especially important, because how fast we can update the device assessment service
directly affects the company’s profitability.

Sam: Why such a direct connection?

Mara: Going Green makes a profit when it resells the highest-value electronics it
receives. Generally, newer devices are in better shape and are worth more. The faster
we can add new device assessments, the more money the company makes.

Alex: Wow, so rapid change is a BIG deal for this service.

Mara: It is! And don’t forget, we have to make sure that supporting new devices
won’t affect the system’s support for the existing ones. Are y’all up for it?

Sam and Alex: You bet!

Mara: I think we should consider using a microkernel architecture. That style makes
it easier to design and add new capabilities using plugins.
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microkernel architecture

The two parts of microkernel architectures

The microkernel architecture derives its name from operating system design. The
kernel, or core, of an operating system is very small, offering only the most basic
capabilities. A microkernel architecture consists of two primary parts: its core and its
plugins (any number of them).

The ¢core is singular and

static. W a—

_la—h':‘:l:?(l::h:i 7 .(_) (—)K'\ Thc. tomponents tan reside

in either a monolithie or 3
architecture ave distributed arehi
| hiteeture—
?ltnfl‘(:u\ and volatile. .(_) Core Zmorc about this soon.
(Pgin )<
Theve's only one tore

in 3 mitvokernel —

architetture.

( \ The core in a microkernel: Plugms in a microkernel:

* provides minimal functionality * provide all custom behavior

Core * rarely changes after its initial implementation - e work in isolation from one another
* does not provide custom behavior

* are deployed independently

|
%

How man\/ \?luglhs

in @ mitvokernel?
An\/whcrc from one

mav\\/

thereqare no
Dumb Questions

Q: Is the microkernel architecture technically or domain-partitioned?

A: Flashback to Chapter 5! Most microkernel architectures are technically partitioned. You could divide the core into layers—perhaps
one for presentation, another for business or workflow logic, and so on. However, microkernel is one of those strange architectural styles
that can also be domain-partitioned, depending on how you design your plugins.

As for deployment models, microkernel architectures are usually monolithic. As you'll see in this chapter, however, in some scenarios a
distributed model might make more sense.

251



“microkern-

Wait & minute. Just about all the
software | use supports plugins
one way or another. Are you

telling me that all those systems
use the microkernel architectural
style?

Not quite. Every microkernel has plugins,
but not all plugins belong to microkernels.

Unfortunately, there is no definitive dividing line between
microkernel systems and systems that support plugins. Mostly,
we evaluate how “microkernel-y” an architecture is (let’s call
that “microkern-ality”) by how functional its core is without
any plugins and how volatile its core is (how often it needs to
change).
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The spectrum of “wmicrokern-ality”

Lots of software supports plugins: IDEs, web browsers, build tools, you name it. But simply
supporting plugins doesn’t make a system a microkernel—it’s all about the core. In extreme

microkernels, the core can do very little useful work without plugins installed.

Eclipse IDE
The Eclipse IDE is desgined as
a “pure” microkernel, facilitating
different languages and tools via
plugins.

microkernel architecture

A browser is Pchccd:ly
useful without any plugins,

so it's not mueh of a
microkernel.

Insurance application

An insurance application has standard rules for
each policy yet allows customization for unique
local rules and regulations, so it has a medium
level of functionality without plugins.

Web browser

Web browsers support plugins but
don’t rely on them to function.

!

less x
functional pegree Of
Functionality/
Linter

Linters are tools that use
plugins to parse source code
and apply style and syntax
rules to it. Most programming
languages have linters; for
example, JavaScript has
esLint.

Continuous
integration tool
(like Jenkins)

Jenkins works as a standalone
continuous integration (CI) tool, but
it supports a number of plugins for
extensibility.

tberelgre no

Q: Is every system that supports
plugins a microkernel?

A: Not at all. Lots of systems support
plugins. How much of a microkernel it is

(and no one is actually grading you on this)

depends on the volatility and functionality
of its core.

Dumb Questions

Q: Is this architectural style only
useful for software development tools?

A: Alot of development tools use this
architecture because it lets them offer
programmatic customization, but many
business and other applications use it
too. It works for any problem domain that
requires customization and in which each
change acts in isolation.

more
functional

Insurance claims
processing system

These systems are a common
example of customization. They
usually handle most claims in a
standard way but allow developers
to build custom rules for specific
situations.

Q- Are microkernel and
microservices the same thing?

A: No, the similarity in the names is just
a coincidence. Microkernel’'s name comes
from operating system design, whereas
microservices is named for its relatively
small and separate deployment units in a
distributed architecture.
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“microkern-ality” exercise

¥ | Exercise

The microkernel architectural style shows up in lots of places. See if you can place the specific tools and
categories below in the correct place on the spectrum, by determining how much of a microkernel each one is.
Hint: Each system’s degree of “microkern-ality” depends on how useful it is without plugins.

We did one for you. Etlipse Not familiar with the BFF pattern?
is an example o{: a produtt Cheek out https://samnewman.io/
defined b\/ its “mitrokern— Pa‘H:crhs/ architeetural/bfl/.
ality.”
Y IDE with plugin Backend for Frontend
support (BFF) design pattern
(mot Eclipse)
Eclipse IDE . Web browser
Mobile device Device ¢
assessmen

operating system .
service for a

recyling business

e Functionalit o

functional functional

- Pegree of “microkern-ality” >

———— Solution on page 273
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microkernel architecture

Pevice assessment service core

You and your team all agree to use a microkernel architecture for the new
device assessment service.

The core system includes the criteria needed to assess a device, like its age,
condition, and model number. For each type of device, it defers to a device-
specific plugin that executes the rules to determine how the system will assess
the device’s resale value.

The stable tore holds
the assessment steps

(but not the details). /_\

v )

— ,
Device 1 z < Device 3
s Assessment | Device 4
Pevice 2 || e service <
The plugins use .j\ | Device §
s\/hchronous Lommunica{fwh D
+o intevact with the cove. \__ y j\
P]ugins are
indcyendcnﬂy deployed

and are decoupled
from eath other-.

You decide to use a distributed physical architecture for the plugins, for better
scalability. This also gives Going Green the option to add plugins in other
languages in the future.

Finally, you decide on synchronous communication, because the service
1s sufficiently responsive that there’s no need to add the complexity of
asynchronous communication.

Let’s dig into those decisions a little further.
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distributed

Q: Does a microkernel architecture’s
core system have to be a monolith?

A: Not necessarily—microkernels often
feature in hybrid architectures. When

it makes sense (such as for a desktop
application), you might implement the core
as a single system; other times, you might
distribute parts of the core as well as the
plugins.

A: You can implement your own plugin

| can see that it’s common
to implement plugins as components

within a monolithic architecture. But doesn’t

having everything in one deployment make

it harder to hot-deploy plugins? It would be

easier if they were distributed. Could we

build distributed plugins?

Yes, we could! The architecture’s
capabilities determine whether to
encapsulate or distribute the plugins.

Some microkernel architectures include both the core system and the
plugins in a single monolithic architecture; others are distributed, as you
might recall from Chapter 3.

The microkernel style exists in the shadowy netherworld between
monolithic and distributed architectures. Architects can implement it with
either deployment model.

therejare no
Dumb Questions

Q: Can | implement plugins in
different tech stacks than the stack in
which the core is written?

Q: How do | implement plugins?

designs using interfaces, but virtually all
platforms and technology stacks have
libraries and frameworks to help out.

A: One of the advantages of using
distributed plugins is that you can write
them using any platform you can call via a
network connection.

256




microkernel architecture

Encapsulated versus distributed plugins

The core system in a microkernel is where the plugins, well, plug in. Generally,
we implement that connection via an nterface. The plugin implements the
interface, while the core system supports that component via that interface.

If we design a microkernel as a monolithic architecture, we’ll implement each
plugin as a component that connects to the core through the interface.

Monolithic imFlCmcw{:a'{:ions of
mitrokernel arehitectures embed
Core system the plugins as eomponents within
the overall monolith.

| <

In other implementations of microkernel architectures, plugins are
distributed: web endpoints, event queues, and so on. In addition,

we can decide whether to call the plugins synchronously or
asynchronously. (We’ll cover this in much more depth in Chapter 11.)

Distributed ylugins
tan tommunitate
with s\/nchronous

or aS\/nLh\ronous
ealls. ’\/
] ([

—_— [
Core system 4_
ol s dicsbe— Zzzo e |

synthronous ¢calls; ~

dashed lines ave
asyne ¢alls.
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Monoliths 56ncra“\/ provide
better performante because
they make fewer network ealls.

Q& Pros

Performante

Pros

Monolithic

The assessment service team at Going Green must decide whether the microkernel’s physical architecture should
be monolithic (core and plugins in the same deployment unit) or distributed (plugins deployed separately from
the core). They need your help with the trade-off analysis. Can you list some pros and cons for each option?
We’ll get you started. Hint: Consider how each option would affect things like architectural characteristics.

Most monoliths onl\/
load plugins on stavtup,
which ¢an complicate
dc?lo\/mcnf

Cons

Core

Y

system

Single deployment

P VR

[ [|22222

— 0

sysiem
N/

Pistributed

Cons

<---2- Plugin
=
D ——

_____ > q
-0 Plugin

——— Solution on page 274
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crafting customizations

Plugin communication

To be useful, plugins must communicate with the core system. For example,
the core will call a method (based on an interface) and utilize the results. This
communication can be implemented in a couple of different ways, based on
factors like physical architecture.

)

, >
(iPhonel 5 | i The core system can call any

iPhonel5 implements DeviceIntf core sys1‘em Comyoncn{; that im?lanen{;s the

Dcviulnﬂ: interface.
/\ The iPhonel% devite plugin
implements the Device[ntf

interface, allowing calls between —
the plugin and the core.

How the actual call happens between the core and a plugin depends on

the physical architecture you use to implement the plugins. In monolithic
architectures, we implement plugins in the same technology stack as the core
and deploy them as native components for the platform (like JAR files for Java,
DLLs for .NET, or GEMs for Ruby).

As for distributed plugins, the core can call them with synchronous or
asynchronous calls. Developers aren’t restricted to the core’s implementation
platform, either—they can write plugins in a variety of languages.

|- ->_0-->
P‘ugih attess tan be aS\/nLh\ronous,

synehvonous, or mixed within the Core systewm
same application.

Plugin | REST ——>
R 74
& Archi{cc{;s tan imFlcrncvrf; luains
in different tech staeks. rear
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interview

&5

Today’s [erview

1 Plugging into the star attraction of the

microkernel: the Plugin

Head First: Let’s see... let me get my microphone
plugged in. Testing, testing... OK, welcome, Plugin!

Plugin: How appropriate! All sorts of things use me to
function. I'm happy to be here—and excited to clear up
some controversies.

Head First: Everyone says you're the star of the
microkernel architecture, yet the core gets more press
time and attention. Is that fair?

Plugin: Well, that may be true, but what good is the core
without me? It may be bigger, but without me, the core is
boring.

Head First: You certainly show up in lots of places.
What about your controversial role in non-microkernel
architectures? Lots of systems support plugins that aren’t
microkernels...

Plugin: I'm happy wherever I appear. To be truthful,
though, I prefer microkernels. For other architectures,
plugins are just condiments—we’re not necessary, but we
add some nice flavors. In a microkernel, though, I'm the
main course! The whole architecture is based on me. I
appreciate that level of importance.

Head First: Let’s dig into something that seems to
appear in trade-off analyses all the time. Your distributed
version has some performance issues, no?

Plugin: Hey, you can’t say bad things about all
plugins just because we have some trade-offs! Yes, it’s
true that when we use network calls to communicate,
performance does take a hit. But you know what else?
Those distributed plugins can scale better, and you can
write them in a variety of languages. Different strokes
for different folks, right? And different plugin physical
architectures for different trade-offs.
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Head First: OK, fair enough. But let’s talk about
working with overly volatile cores.

Plugin: Alas, that’s one of the downsides to starring in

a microkernel architecture—when the core decides to
change all the time. Change is my job! The more the core
changes, the more it’s likely to interfere with what I'm
doing. I strive for professionalism, so I prefer to work with
nice, stable cores with no drama.

Head First: You get a lot of press because of your ability
to handle customization, but do you have other roles?
What else you can handle?

Plugin: Thanks for asking, Head First. It’s always
annoying to be pigeonholed into my best-known role. I
can handle customizations without ugly, long switch
statements, using an elegant architectural style, without
even batting an eye. We plugins can be used for all kinds
of things—really, anything that needs good isolation.

For example, I show up all the time in A/B testing. The
architects keep the old behavior in PluginA, add the new
behavior in PluginB, and decide which to call. I also have
starring roles in integration hubs, developer tools, and lots
of other places.

Head First: Before we finish up, is there anything you'd
like to plug?

Plugin: You bet! Look for me in an architecture near you,
either as an integral part of a monolith or as an endpoint
for a distributed microkernel.



microkernel architecture

Cubicle conversation

Mara: Hi, all. Just stopping by to take a look

at your trade-off analysis for the Going Green
assessment service. Have you decided yet between a
monolithic and a distributed physical architecture?

Sam: We’re working on it. I did the trade-off
analysis for the distributed version, and personally,
I’'m a big fan. Here’s our summary:

Pros Cons
—_— —— o |
Avai|abi|i'f:y ‘_ Less ?crforman{:
—_— —)( ugin
Deployability Core system mJ Move tomplex
Sealability <—

Mara: Can you explain how you arrived at these conclusions?

Alex: Sure. For the distributed version, we don’t have to restart the core system to add
new devices. That gives us better availability than the monolithic version, since that
requires a restart to load new device plugins. Also, it’s simpler to deploy a single plugin
than to redeploy the whole assessment service. Since the plugins don’t run in the same
process as the core, we can make the whole system more scalable. But that would take a
toll on its performance—after all, network calls take a lot longer than in-process ones.

Mara: That sounds like a good trade-off. The business agrees that scalability is very
important for the new system.

261



microkernel

Q; Where is the user interface in a microkernel
architecture?

A: It depends! If the system is monolithic, architects commonly
include the Ul as part of the core system. However, when you
design a service in a distributed architecture as a microkernel,
other parts of the system typically handle the Ul.

Q: Can the Ul utilize a microkernel?

A: You bet it can. In fact, lots of Ul patterns (like the BFF
pattern we mentioned earlier) use the microkernel structure to
handle customized Ul endpoints such as iOS, Android, and web
browsers.

- Isn’t a microkernel really just the Decorator design
pattern?

A: Good catch! While their purposes are mostly the same, the
microkernel architecture is one way to implement the Decorator
design pattern. Compared to design patterns, architecture
requires more thought about physical limitations and possibilities.
For example, design patterns don’t account for capabilities like
scalability.

thereqare no o
Dumb Questions

Q: Is the microkernel style the only way to handle
customization?

A: Not at all. It's one of many ways. A microkernel architecture
is useful when the structure of your system—its core capabilities
that rarely change—requires discrete customization via plugins.
For systems without that kind of structure, other architectural
styles may be more appropriate.

Q,: What'’s the internal structure of the core system? Is it
just one big logical component?

A: In the microkernel style, we design the core system based
on how we want to organize the logical components in the system.
For example, if we want to separate capabilities within the core,
we might choose to implement the core via layers, as we would

in the layered architectural style. On the other hand, we might
follow DDD and design the core around a bounded context, as

in the modular monolith style. The microkernel style is often

used in hybrid architectures where customizability is a driving
characteristic.
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microkernel architecture

I'm thinking it would
be a bad idea to allow
plugins to talk to one

another. Am | right?

Plugins can talk to one another in a
microkernel through the core system. But
should they?

Plugins typically communicate with the core system by implementing

an interface that the core supports. That makes it possible for plugins to
communicate with each other “through” the core system. For example, the
Eclipse IDE, which supports multiple languages, allows language-based
tools (like compilers and debuggers) to interact with each other in this way.

Be cautious about allowing inter-plugin communication, though! It has
some serious negative trade-offs. First, it requires consistent contracts
between the core and the plugins, which eventually involves versioning,
(More about contracts on the next page.) For example, one thing that
makes Eclipse complex is the transitive dependencies between its
components, which can cause versioning headaches. Second, dependencies
between plugins create availability issues, because you must guarantee that
all necessary plugins are present at runtime.

To understand the problems with letting plugins chat amongst themselves,
we have to look at the two ways the core communicates with plugins.
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plugin

Plugin contracts

When architects implement microkernel architectures, we usually ensure that the core
calls plugins using a contract (another word for wnferface). That communication is solely
between the plugin and the core, not between plugins. If you allow communication between
plugins, the core has to act as their intermediary.

In the example system below, PluginA doesn’t know or care about other plugins; it
communicates only with the core. However, PluginX needs to communicate with
PluginY, and that communication must be mediated by the core system.

When avehiteets allow in{cr{-:—?lugin
communitation, the tore system
must aet as an in{',cg\'a{:'lon hub. :l _

T )
C
PluginA doesn't

ore systew
tare about anything _j\

in the world except

i‘{',scl‘c and its eove. Translation
JUNE AN
PluginY « > —| € > PluginX

),

PluginX and Plug/'m\/ call eath
other, so thanges to one or the
obher, or to the mediation layer
within the ¢ovre S\/s{xm, will
affect both ?\ug’ms.

You know you have to worry about intermediary communication through the core system, but consider this:
what happens when you update PluginY in a way that changes the contract between PluginX and PluginY? If
you don’t want to change PluginX when you change PluginY, how could you manage that communication?
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microkernel architecture

Going Green goes green

After considering how best to implement the plugin interaction with the core,

the team decides to define an interface (called Devicelnterface) for each plugin to
implement. Now Going Green can add new devices just by implementing the
interface and customizing the valuation process for that specific device.

Assessment. steps (but
The Devicelnterface h : .
provides a tommon way for :‘oiht :é;lta:i exist
?lug'ms +o tommunitate with €

the devite assessment tove.
[ \'Z ]

— ,
Pevice 1 (—- e Pevice 3
Assessment ‘ :
service ] P E— Device 4
>
Pevice Z | | - ‘
j [ Pevice 5
The plugins use \—J V D —
synthronous Lommunica{jon
o interact with the core Plugins ave independently
dc"'o\/cd and chou\ﬂcd ‘crom
eath other.

Your device assessment engine is a success. Well done!

To wrap up, let’s quickly summarize the strong and weak points of this style of
architecture.
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microkernel architecture

Microkernel superpowers

The microkernel is a common architectural style. It’s also one of the most
common styles you’ll find within hybrid architectures that require customization

Who You gonna eall 4o tustomize
part of your application?

- MiCV‘ '( I I
Custom behavior okernel to the vescue!
The microkernel is “shaped” in the best d

way to handle customizations.

Adaptability

Adaptability, as an architectural

ch.ar'acten'stic, implies the ability to keep

existing functionalities and continue

adding more. A microkernel sy

N . . pports

IE VIOII:’ latbellsl :\Egrchitectural itilll;vevil; ytou wone!
S ity ent new ones.

characteristic, means that architects can

make fundamental underlying changes

that gradually evolve the system away Simplicity Lor the winl
from its old behaviors. Unlike adaptable

architectures, evolvable architectures g Sim le st
he old behaviors for a short A P I'uct“ re .
only support the microkernel s on G AT
time. Plugins offer an excellent way to oving parts

. o (the core and plugins), making it easy for
o tement this capability. developers to understand and implement.

Partitioning

The mitrokernel is a
1 can handle
microkernel, you ¢ ' e pievokernel i
Ina mization with design or with gnhi{:cctw‘; . :d‘
e However, if you us€ design, cetord) ppro
hitecture. ! us hitectural ar
i}i developers must be very dxhgerllt "
1 i tly.
the design correc
about following "
the system is structured around plugins,

the distinction is clearer.
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microkernel architecture

Microkernel kryptonite

The microkernel architecture’s weaknesses mostly appear when architects use
it improperly: for example, when the core changes too much or when plugins
must communicate heavily with one another.

Misaligned volatility

In a microkernel, the core system should

Fhange very little once it is implemented. If
| it changes a lot, that is likely a sign that this

1s not the ideal architectural solution or you
have made the wrong things plugins.

One of the most tommon 5

mistakes in @ mitvokernel is
3 +oo—volatile tove, due to
(:rct\um{: domain Lhangcs.

Sharing between plugins
While it’s often tempting, sharing '
dependencies (such as shared librar.les)
between plugins is generally a bad idea
because it creates headaches around

coupling and deployment.

To keep a mitvokernel from Chatt I -
devolving into a big ball of mud, Y plugins

Allowing plugins to interact may be
tempting, but it comes with a host of
difficult trade-offs. Successful systems that

use this approach (for example, Eclipse)
Performance do so at the cost of high complexity,
When using distributed plugins for a

physical architecture, you might not.ice
an impact on performance, depending on
the communication protocols and how
much information passes between the
core and the plugins.

keep an ¢lose eye on eoupling via
sharing.
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Microkernel star ratings

We’ve created a chart of star ratings, like the ones we showed you for layered

and modular monolith architectures, to indicate how well microkernel
architectures do with each of the architectural characteristics listed. One star s \
means that the architectural characteristic is not well supported; five stars Just like movie \reviews:

means it’s very well supported.

Testing is

.S‘tVaigh‘H:o\rward
Architectural Characteristic | Star Rating £, 3 mitrokerndl;

eams can test
Maintainability % % % the eove and

Plugins scyara{cly_
Testability * Kk Kk

Deployability * % %

A mitvokernel has a e Pevformance
asy- Jco_wdmjcami/ Simplicity * Kk Kk & is bc&""wi th
chYquAYC- embedded Plugins.

Evolvability * * %

Sealability s Performance * * *

better when usin N \ ot
dis‘(:\ribu‘(xd Flugihas. Scalablllty *

Elasticity *
Fault Tolerance *

Simplieity, in
Overall Cost $ ——this ease, leads

to affordability.
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Exercise

Which of the following systems might be well suited for the microkernel architectural style, and why? Hint: Take into

account its superpowers, its kryptonite, and the nature of each system.

An online auction system where users can bid on items
Why?

A large backend financial system for processing and
settling international wire transfers overnight
Why?

A company entering a new line of business that
expects constant changes to its system

Why?

A swall bakery that wants to start taking online orders
Why?

A trouble ticket system for electronics purchased
with a support plan, in which field technicians
come to customers to fix problems

Why?

LI Well suited for microkernel
O Might be a fit for microkernel

] Not well suited for microkernel

LI Well suited for microkernel
O Might be a fit for microkernel

] Not well suited for microkernel

] Well suited for microkernel
O Might be a fit for microkernel

D Not well suited for microkernel

(] Well suited for microkernel
O Might be a fit for microkernel

D Not well suited for microkernel

] Well suited for microkernel
] Might be a fit for microkernel

D Not well suited for microkernel

———— Solution on page 275
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Wrapping it up

Thanks to your efforts, Going Green is assessing devices quickly and accurately, and

profitability has never been better. This case shows just how useful microkernel architectures

can be. For problems that need a customizable, stable system, a microkernel is hard to beat.

_ Bullet Points

The microkernel architectural style provides a structured
way to handle customizations via plugins.

Microkernel architectures consist of two main parts: the
core and one or more plugins.

The core system in a microkernel contains minimal
functionality and has low volatility.

Architects design plugins to customize and/or add
behaviors to a system.

Generally, plugins only communicate with the core
system, not with each other.

If plugins do need to communicate with each other, the
core must mediate the communication and handle issues
like versions and dependencies. It essentially serves as
an integration layer.

Microkernel architectures can be monolithic architectures
or can be implemented as services in a distributed
architecture.

When built as a monolithic architecture, the core and
plugins must be written in the same language.

Plugin calls may be synchronous (for example, using
REST in a distributed architecture) or asynchronous
(using threads in a monoalithic architecture or messaging
in a distributed one). Whether remote calls are
synchronous or asynchronous, architects can implement
the plugins in a variety of technology stacks.

Monolithic plugins generally offer better performance
because calls take place in the same process.

Monolithic microkernels suffer from the typical limitations
of all monoliths, including limited operational capabilities
such as scalability and elasticity.

Microkernels that use distributed plugins may offer better
scalability, because they use multiple processes and
offer scalable communications (events).

Microkernel architectures are best suited for problems
with distinct categories of volatility.

If a microkernel’'s core system changes often, its
architects may have chosen the wrong architectural style
or may have partitioned the work incorrectly.

The microkernel style shows up in lots of places: IDEs,
text processing tools, build and deployment tools,
integrations, translation layers, insurance applications,
and electronics recycling applications, just to name a few.
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Microkerne] Crossword

Ready to see how much you’ve learned about microkernel
architecture? Plug into this crossword puzzle!

10

11

12

13

14 15

17 18

Across

3. Design pattern often used to implement microkernel
architectures

6. With inter-plugin communication, the core serves as an
integration

9. You can add new capabilities to a system by using these
10. Microkernel architectures can
functionalities

11. Abbr. for a tool used to write code
13. Monolithic architectures both plugins and core

14. Plugins are usually independently from each other
16. A microkernel is great for creating systems with rules
and behaviors

to include new

17. You can use plugins written in more than one tech

16

Down

1. When plugins can talk to each other, their dependencies are

2. Example of an IDE that uses interacting plugins

4. plugins provide better performance

5. Number of primary component types in a microkernel
architecture

7. Constantly changing

8. Microkernel architectures often support several programming

12. When most monoliths load plugins

15. A tool that applies style and syntax rules to code
16. Plugins make to talk to the core

18. What plugins are plugged into

—————> Solution on page 276
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BE the architect Solution From page 249

Architects just can’t stop ana]yzing

stuff. Can you determine a

few important architectural
characteristics for each of the

three services in the new Going

Green grchitecture?

Architectural characteristics

Public user Sealability
interfaces
Availability

Architectural characteristics

Agility (deployability, testability, ete.) Pevice
% Maintainability assessment

Going Green needs to
{-,cs{: and dcylo\/ new
devite assessmen
a\uickl\/, without

breaking existing ones.

Architectural characteristics

Seturit
Recyeling/ = Y.Y )
accounting Data inteqrity

Auditability
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2 Exercise From page 254
Solution

The microkernel architectural style shows up in lots of places. See if you can place the specific tools and
categories below in the correct place on the spectrum, by determining how much of a microkernel each
one 1s. Hint: Each system’s degree of “microkern-ality” depends on how useful it is without plugins.

Qelections toward this end have more
standalone (:unc{:ionalif\/, without the

need for plugins.

Seleetions toward this end vely on
plugins for signi«cicanf Fund:ionali{:y-

Backend for Frontend

IDES‘:II:(E-I: = (BFF) design pattern
(not Eclipse) Device

Eclipse IDE assessment Web browser

service for a
recyling business

Mobile device
operating system

1o Functionalit gore

functional functional

- Pegree of “microkern-ality” >

you are here » 273
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15€

Pros

From page 258

Monolithic

1

Performante —

Simplieity Core
SinS'c—Flau‘orm monoliths SYS'rem
are muth simpler than
distributed arehitectures. -/

The assessment service team at Going Green must decide whether the microkernel’s physical architecture
should be monolithic (core and plugins in the same deployment unit) or distributed (plugins deployed
separately from the core). They need your help with the trade-off analysis. Can you list some pros and cons for
each option? Hint: Consider how each option would affect things like architectural characteristics.

Cons

Single deployment

Sealability

Pros

Sealability

Choite of tommunitation
styles (syné/ asyne)

Distvibuted arehitectures
offer more thoites
tommunitation s{:\/lcs (and
trade—offs).

Plugin ; 2

Pistributed

Core
system

[+'s harder to stale a
monolithie arehitecture.

Cons

Performante

Complexity

Distributed avchiteetures
are movre tomplex, as You
learned in Chapter 5.
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microkernel architecture

From page 269

Solution

Which of the following systems might be well suited for the microkernel architectural style, and why? Hint: Take

into account its superpowers, its kryptonite, and the nature of each system.

An online auction system where users can bid on items
Why? This system vequires high scalability but
not a lot of tustomization, mak'mg it less
switable for a microkernel arehitecture.

A large backend financial system for processing and
settling international wire transfers overnight
Why? Rules for wire transfers are likely to

di-c‘(:cr b\/ (,oun{:\r\/ o(: o\rigin. A mitvrokevnel
is one way to address this problem.
(Howevev, scalabiIiJc\/ may be a tontern for
a monolithie mievokernel.)

A company entering a new line of business that
expects constant changes to its system

Why? £ the company ean partition thanges to
?lugins and avoid having a volatile ¢ove, a
mitrokernel will allow it to bring out new

‘(:ca{:wcs in isolation.

A swall bakery that wants to start taking online orders

Why? With no tompelling reason for tustomization
and a simple problem, a micvokernel isn't a

terrifie £it heve.

A trouble ticket system for electronics purchased
with a support plan, in which field technicians
come to customers to fix problems

Why? [£ eustomers, devites, or other parts
ot the sys{xm vequire tustomizations, a
mitrokernel is one way to implement them.

O Well suited for microkernel
O Might be a fit for microkernel
ZLNot well suited for microkernel

mWeII suited for microkernel
O Might be a fit for microkernel

] Not well suited for microkernel

E Well suited for microkernel
] Might be a fit for microkernel

D Not well suited for microkernel

] Well suited for microkernel
] Might be a fit for microkernel

&Not well suited for microkernel

D Well suited for microkernel
ELMight be a fit for microkernel

D Not well suited for microkernel
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“Microkernel Crossword Solution

From page 271

O|-[—|a|n|u
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w|S|o|w|ajafjw|a fa)
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The TripEZ Travel App

RN

30 /A

—¢ T ¢ € T T oo

3

Ready to extend your journey into software architecture? in this chapter,
you’re the software architect. You’ll be determining architectural characteristics, building a logical
architecture, making architectural decisions, and deciding whether to use a layered, modular, or
microkernel architecture. The exercises in this chapter will give you an end-to-end view of what a

software architect does and show you how much you’ve learned. Get ready to create an architecture

for a startup company building a travel integration convenience site. Bon voyage—we hope you have a

good trip building your architecture.
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TripEZ

Making travel easier

You've just been hi

en hired as a softwar hi
ot oo ' e architect by an exciting new

ounced like “trapeze” \ o

that w i
(1B pronounce peze”) ants to make travel ea 1
" sier, es
N mr;oisd who travel frequently. The TripEZ app will be a,n 0}1)1‘;081lly
gement dashboard that allows travelers to see all of their existi .
ng

reservations organized by tri
‘ y trip, through el
eseva P, gh either a web browser or their mobile

TripEZ requirements document
O The system should continually poll the user’s email account for travel-related emails.

O The system must interface with the systems of travel partners (like travel agencies, booking

apps, airlines, hotels, and car rental companies) to update travel details. These include delays,

cancellations, updates, and gate changes. To beat the competition, updates must appear in the app
within five minutes.

[ Users should be able to add, update, or delete existing reservations manually.

1 Users should be able to group items in the dashboard by trip. Once the trip is complete, the items
should automatically be removed from the dashboard.

O Users should be able to share their trip information by interfacing with standard social media sites
and by sharing it with specific people.

[ The system should have the richest user interface possible, across all deployment platforms.

O The system should provide end-of-year summary reports with a wide range of metrics about users’
travel that year.

O TripEZ should gather analytical data—such as travel trends, locations, airline and hotel vendor
preferences, and cancellation and update frequency—from users’ trips for various purposes.

O The company would like to ship TripEZ in six months, to coincide with an important trade show.

Meet Travis, former pilot and
tonsultant to Tri‘?EZ. He has a
few more important requivements
for the sys{m. l

It must integrate with the user’
er )
problems quickly. s preferred travel agency (if any) to resolve

Finally, users must be able t
: > able to access the system at all times
downtime should be limited to a maximum of five minutes pérL:r:]c?:}at‘rTTed
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TripEZ’s user workflow

Now that we have the requirements, let’s get a better understanding of them by
looking at the primary workflow for travelers using TripEZ.

TepEZ
Confirmation emails dafhboard

The TvipEZ sys{:cm
from travel partners

keeps the dashboard
up to date with
thanges made by
travel partners and by

users.

______

The user grants TripEZ
aceess to their email
attount so it tan find
travel-velated info‘rma{:ion.

The user tan make
changes, additions,
or deletions.

An AP| layer handles
m‘l:cg\ra'(:ion with the

travel vendovs. 2

Q Travel partner
in{:cgra‘{:ion Poin{:s

Eath travel

partner publishes ~ €/

u\’dajccs for its Q

ingorma{:ion‘

Given the requirements for TripEZ, list some challenges that you will need to address when
creating an architectural solution.

————— Solution on page 294
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preparing

Plann

ing the architecture

I've given you
the requirements, so
what’s the big delay? Why
aren’t you developing the
system? We only have six
months!

< Even Jchough Travis is
impatient 4o see some
progress, don't let that
S‘{:o? You 1crom C\rca‘f‘,ing a
solid, wc”—{:houghjc-—ou{:
architeeture.

We have to create an architecture first. 42

As you've learned, architecture is a critical and necessary part of any
software system. Without it, the system will likely fail to achieve any of its

goals.

Before we start developing code, we have to create an architecture. This

means going back to Chapter 1, where you learned about the four

dimensions of software architecture.

Don’t worry—we’ll get the system done. But first, it’s important to know

what we’re

280
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The architects’ roadmap

Let’s get the TripEZ architecture started. You’ll use the steps you've learned in
previous chapters to translate the requirements into an architecture.

Read the numbered

notes in tounter—

tlotkwise ovder. K—\ o Start heve. 1

|_ architectural characteristics ]

Finall
e Your SZ«F wa" dnagra

arehi feéfwe i

12

Then \/ou)” need to
get logical.

- 0

Next, you'll
dotument YYour
brilliant detision.

J

|— sjusauodwod |esiboj|

P [einj)oajiyoue

L sSuoiIsod9

architectural style

C, \/ou now know cnough +o e
pick a style.

This diagram will serve as your roadmap as you make your way through each of
the exercises, so get used to seeing it. The next few pages will walk you through
each of these steps.

Good luck on your journey—TripEZ is counting on you.
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Step 1:
Identify architectural characteristics

!__ alcl"tectulal chalactellsflcs _j

You are heve. 5

SuoIsoap [einyoeyyose

/'~ SHSSSSaS tesitor

architectural style — |

;rtlerfaZCf:lSJ;Lintegrate seamlessly with the existing standard
! ems used across i ; .
intemnationally the travel industry, including

It must integrate with the user’
er’s preferred travel age i
to resolve problems quickly. gency {ftany) t\/ © c‘jg‘d the vequirements
Finally, ere tomake it cas
Unpla);l::srdso:/nvlrj];tm be .1b|e to access the system at all times. you to use them {;os‘::ircnﬁcoi}
et o e should be fimited to a maximum of five the driving architectural !
. charactevistics. \Z
TripEZ requirements document

O The system should continually poll the user's email account for travel-related emails.
ms of travel partners (like travel agencies, booking

details. These include delays,
st appear in the app

must interface with the interface syste
and car rental companies) to update travel
and gate changes. To beat the competition, updates mu

O The system
apps, airlines, hotels,
cancellations, updates,
within five minutes.

e to add, update, or delete existing reservations manually.

in the dashboard by trip. O
m the dashboard.

O Users should be abl

[ Users should be able to group items
should automatically be removed fro

O Users should be able to share their trip info
by sharing it with specific people.
e the richest user interface possible,

nce the trip is complete, the items

rmation by interfacing with standard social media sites and

across all deployment platforms.

O The system should hav
de range of metrics about users’

O The system should provide end-of-year summary reports with a wi

travel that year.
airline and hotel vendor

O TripEZ should gather analytical data—such as travel trends, locations,
preferences, and cancellation and update frequency—from users' trips for various purposes.

o ship TripEZ in six months, to coincide with an important trade show.

O The company would like t
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-/ Exercise

In Chapter 2, we showed you how to use this template to limit the number of architectural characteristics.
Flip back to page 70 if you need a refresher on how to use it.

Top 3 Driving Characteristics Implicit Characteristics

Jeasibility (cost/time)

security

maintainability

observability

These are implied tharatteristics. Move
them to the Driving Chavatteristics
tolumn i\c You think ‘U\c\/ ave evitical to
the suecess of the system.

o000 ongn

Piek the top three most important ones (in any order). kc#.ksshc'"

Common Candidate Architectural Characteristics
performance data integrity deployability

responsiveness  data consistency testability

availability adaptability configurability
fault tolerance  extensibility customizability
scalability interoperability  recoverability
elasticity concurrency auditability

—— > Solution on page 293
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creating

S'rep Z: — architectural characteristi
Identify logical components eristics —,

Good job! Now that you’ve identified the critical architectural
characteristics for TripEZ, it’s time to apply what you’ve learned to create

You ave here.

logical components.

Referring to the requirements and primary workflow on the previous
pages, use the actor/action approach described in Chapter 4 to identify

actors and their actions. Then identify as many logical components as
you can on the next page.

Here’s some additional information you might find useful for this exercise:

sjuauodwod 1ea16oj
suoisoap Ieanyoajyoae

f

architectural style — |

® When users sign up for TripEZ, they provide credentials to allow the different travel
services to provide up-to-date status reports on delays, cancellations, and so on.

@ If a travel partner’s integration point won’t supply updates within the required five-
This allows the S\/S‘{:Cm

minute window, the system should query the vendor.
@ Updates, especially to the mobile application, should use as little data as to work with travel
possible to accommodate potentially spotty cell signals in remote places. Partners that can't
@ TripEZ can’t be held responsible for integration point availability; if the call fails, meet its agreed—upon
the system must return an error rather than failing silently (which would mislead Ehresholds.

the user into thinking no update was sent).

arpen your penci]

Using the actor/action approach, identify actions for each of the actors below.

X X X X

Traveler System Travel partner Social media

/

Signin

We did this one for Yo, but

the traveler might per-form
other actions, too. —— Solution on page 294
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) Exercise

Using the space below, draw your logical components and their interactions.

MSC '(:his kcy ‘por )'OIAV‘

log; .
T gical areh
O Integration "tecture.
Component point /
Actor —_>
Pata Information
entity tlow

—— > Solution on page 295
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deciding

Step 3:

Choose an architectural style

Leveraging what you've learned about the layered, modular monolith,
and microkernel architectural styles, use the next page to analyze their
pros and cons with respect to the TripEZ system. You’ll also need to refer
to the requirements, your logical architecture, and the star rating charts
for each architectural style (we’ve added those below for you). Choose an

architectural style based on your analysis.

— architectural characteristics ]

L

sjuauodwos 1ea16oj

You ave here.

SuoIS29p jeinyoeyyose

architectural style — |

Microkernel

The more stavs,

Apologies for the tiny font, but

-

Layered Modular Monolith

Architectural Characteristic | Star Rating Architectural Characteristic | Star Rating Architectural Characteristic | Star Rating
Maintainability * Maintainability * Kk Kk Maintainability * k k
Testability * % Testability * Kk ok Testability * Kk K
Deployability * Deployability * Kk Kk Deployability * % K
Simplicity * % % % % ||Simplicity * %k Kk Simplicity * Kk Kk Kk
Evolvability * Evolvability * k ok Evolvability * * K
Performance * k& Performance * * % Performance * k%
Scalability * Scalability * Scalability *
Elasticity * Elasticity * Elasticity *

Fault Tolerance * Fault Tolerance * Fault Tolerance *
Overall Cost $ Overall Cost $9$ Overall Cost $

the better that
thavactevistie is
supported.

\rcmcmbe\r—\/ou tan alwa\/s 1C|i\7 back to

individual thapters to see the star vatings
for a partieular style.

Here are some considerations that might help you decide which
architectural style would be better suited for TripEZ:

@ Go back to your logical architecture diagram and see if you can identify distinct
technical or business concerns. If so, a layered or modular monolith architecture might

be a good choice.

@ Think about different points of integration. If there are many, each with specific logic,
then a microkernel architecture might be a good fit.
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D7 | Exercise

Outline the pros and cons of each architectural style to help you make a choice about which one might be most
appropriate for TripEZ.

Layered Monolith Architecture Analysis
Pros Cons

Modular Monolith Architecture Analysis
Pros Cons

Microkernel Architecture Analysis
Pros Cons

List your winning choice here:

——— Solution on page 296
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S'l'ep 4': . 8 [ architectural characteristi
Pocument your decision ics —

Congratulations on choosing which architectural style to use for TripEZ.
Now’s your chance to explain why you made the choice you did and

You are heve.

document your architectural decision.

As you learned in Chapter 3, an architectural decision record, or
ADR, is an effective way to document your architectural decisions. Use
the ADR on the next page to document your architectural style decision.

Assume this 1s your 11th architectural decision.
Revisit Chapter 3 if you j\

need a vefresher on
architeetural detision vetords.

Suorsaop jeinyoayyose

/~ Sjuauodwod Ieaiboj

architectural style — |

What should | put
in the Consequences
section of my ADRif my
architectural decision
doesn’t have any
cohsequences?

Every architectural decision has
consequences.

Maybe it’s about cost, or maybe it’s sacrificing a little bit of
performance to have better security. Regardless, every architectural
decision has consequences.

Think about the trade-off analysis you just did. Each one of those
trade-offs implies a consequence—something you were willing to
give up (or accept) to get something better. The Consequences
section of an ADR is a great place to document your trade-off
analysis and the corresponding consequences of your decision.

If you can’t find any consequences in your architectural decision,

keep looking, because they’re there.

288



do it yourself

Architectural Decision Record

Title:
e~ o
Status: Proposed We did this
one for You.
Context:
Decision:
e— What is the imFaC‘E o‘c Your detision? What
Consequences: trade—offs are you willing to aceept?

———— Solutions on pages 297-299
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S‘l'ep 5 : — architectural characteristics —

Piagram your architecture

Now it’s time to combine all four dimensions of software architecture and
show us your vision of the TripEZ architecture. In this last exercise, you’ll
diagram your architecture on the following page using the key on this page.

We didn’t give you a lot of room to diagram your architecture, and that’s
on purpose. While many architecture diagrams are very detailed, what

/” sjusauodwos Iesiboj

Yo,

o";.c

/ /,c"c

SuoIsaap [einyoeyiyose

we’re asking you to do here is to sketch out a high-level physical view
of the user interfaces, databases, and components that make up your architectural style — |
architecture and how they all connect to each other.
Physical Architecture Key
User Interface Draw a computer screen to represent the user interface and 4

Layer

Patabase

.'
E iz

290

indicate which types of users are interacting with it. For example,
if you have separate user interfaces for desktops and mobile devices, Feel free +o
annotate your

show two computer screens.
diagram {o tlavify
points or desevibe
"Zhings.

Use a rounded box to represent a component. These should match d
the logical components you identified in the previous exercise. Be sure

to give your components a meaningful and descriptive names.

Use a box to a represent a layer (if your architecture needs layers).
Again, be sure to give each layer a meaningful name.

Draw a cylinder to represent each physical database in your solution.

Arrows represent communication to and from the user interface and

database.



do it yourself

/ //’ o
27 whe’ Exercise
=T Use this space and refer to the key on the previous page to sketch your physical architecture for TripEZ.

Solutions on pages 300-302
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There are no right (or wrong) answers

Congratulations—you’ve just created an architecture!

What we’re about to show you are the exercise “solutions.” We’ve used quotes there because the
solutions we present here are just some of many possible solutions. You see, there are no right or
wrong answers in software architecture: it’s all about analyzing trade-offs and being able to justify
your decisions.

Compare your answers with the ones we’re about to show you to see how your solutions differ.
You can think about what you might have done differently, or confirm that you made what seems
to you to be the most appropriate choice. We’ll show you our TripEZ architectures for layered,
modular monolith, and microkernel architectures, since all of these styles are viable options.

Software architecture is always a learning process. Each new problem brings a whole
new set of conditions, constraints, and business and technical concerns. There is no
one-size-fits-all architecture—it’s up to you, the architect, to come up with the most
appropriate architecture for your situation.

— Bu]Jet Points

= When analyzing requirements for a business problem, = When choosing an architectural style, make sure you
always gather additional information from the consider the characteristics of the architectural style,
business stakeholders or project sponsor. the problem domain, and the driving architectural

. . . characteristics you identified.
= While there’s no “checklist” for creating an y

architecture, the four dimensions of software ® Hybrid architectures (those combining two or more
architecture (introduced in Chapter 1) provide a good different architectural styles) are very common. If
roadmap. you use one, be sure to verify that it addresses your

o - . L critical architectural characteristics.
= |dentifying driving architectural characteristics

requires you to analyze the business requirements ® Architectural decision records (ADRs) are a great way
and technical constraints. to document your choices. They communicate the
reasons for your architectural decisions as well as your

= |mplicit architectural characteristics become driving
trade-off analyses.

characteristics if they are critical or important to the
success of the system. = When diagramming your physical architecture, be
sure to include all the components you identified in

= Make sure you can tie each driving characteristic back - .
your logical architecture.

to some sort of requirement or business need.

= Remember, there are no right or wrong answers in
software architecture. As long as you can provide
a reasonable justification for your architectural
decisions, you're on the right track.

= When identifying logical components and creating
a corresponding logical architecture, try to avoid
adding physical details such as services, databases,
queues, and user interfaces—those artifacts go into
the physical architecture.
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do it yourself

¥ Exercise From page 283
[ Solution

In Chapter 2, we showed you how to use this template to limit the number of architectural characteristics.
Flip back to page 70 if you need a refresher on how to use it.

Top 3 Driving ChMa/tracteristics Implicit Characteristics
Feasibilily " vy ( feasibility Yeost/time)
performance securily
scalability maintainability
elasticity observability

extensible/evolvable < ~ ["FFZ is 90ing {o need
lo{:s o‘c m‘{‘,cara{:lons

) . with email providers
availability and sotial media sites.

00K ONM KO

Common Candidate Architectural Characteristics

performance data integrity deployability

responsiveness  data consistency testability

availability adaptability configurability
fault tolerance  extensibility customizability
scalability interoperability  recoverability
elasticity concurrency auditability
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exercise

From page 279

"~ Sharpen your penci]
\ ySolution

Given the requirements for TripEZ, list some challenges that you will need to address when creating an architectural
solution.

o Making sure that we tan deliver alerts in time
« Supporting a subficient number of usevs
. Finding a way to manage all the diﬂ:crcn{: in‘f:cgra{:ion ?oin{zs

* Integrating with sotial media actounts

From page 284

arpen your pencil
. Solution

Using the actor/action approach, identify actions for each of the actors below.

X R X X

Traveler System Travel partner Social media
Sign in Syne trip information Teip seqment Trip updates
Add trip from email skatus
Edit trip Send alerts
Delete trip

Receive alevts
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do it yourself

4P Exercise

From page 285
\iog ey R
S Dolution
/ Using the space below, draw your logical components and their interactions.
SR
Integration
Component %
—_
<
- Actor — >
Pata Information
entity flow
<o enbitics ave e\T\rans\?o\r{: intludes lotal
These entites ore vt LEGE 61 transportation, suth as vental
with all velated Lom?oncn{:s‘

tavs and metro systems, but
s not Flights.
Merge
frips T~ %

/ Traveler
Trip identification/ / \
grouping
The email Manval Alerts Social
gateway veads entry - wedia
emails and A
identifies
uptoming trips. v

i Travel API Pata
gafm;.y { integrations J analytics

A

The sys{xm will either i
veteive or need to

Push ,
\rcqugs{; uFda{:cs Lrom l/—\ us UFda‘Ecs \f')
travel partners. _Y y

Y
y

\
Trav - Social
in’reqraﬁjons A&mg s media

\

The analyties service provides third—
party support for reporting and

other business intelligence.

Email
provider(s)
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exercise solutions

Exercise

From page 287

Solution

appropriate for TripEZ.

Pros
A layered architecture, being a monolith, is fairly
simple, so it provides a high degree of feasibility.

Partitioning by tethnical conterns makes adding
third—party integrations easier.

Monolithie arehitectures lend themselves to better
\?cr(:ormancc, which is one of Tv-iPEZ's Friori-(:ics.

Pros

A modular monolith avehitecture, bcihg a monolith,
is fairly simple, so it provides a high degree of
feasibility.

Partitioning by domains fits better heve, because
it eliminates the need to split domain parts out by
theiv technical capabilities.

Monolithie architectures lend themselves to better
pecformante, whith is one of TpEZ’s priovities.

Pros

A monolithie mitvokernel arehiteeture is faivl\/ simple,
so it provides a high degree of feasibility.

A mievokernel is well suited to the job, given
TeipEZ's need for integration flcxibili{:\/.

Monolithie mierokernel architectures lend themselves
to better performante, which is one of TwpEZ's

Friori{:’ncs.

List your winning choice here:

Microkernel Archi

Turns out any of these would work;
they'd just have diffevent trade—offs.

Outline the pros and cons of each architectural style to help you make a choice about which one might be most

Layered Monolith Architecture Analysis

Cons

Making thanges to the domain in a layered
architeeture tan be tumbersome betause the domain
is smeaved across multiple layers.

As TripEZ grows, the system will need to be
monitored COn{:inuousl\/ 1o ensure that it ean stale.

Modular Monolith Architecture Analysis

Cons

Adding more integration partners may vequire
thanges 1o a large number of domains.

As TripEZ grows, the system will need to be
monitored COn'Einuousl\/ to ensure that it ean scale.

tecture Analysis
Cons

An\/ ()\angcs ‘H\a‘(: a‘cﬁcc{: {:hc Covre mus{: be
tonsidered La\rcfull\/.

As TeipEZ grows, the system will need to be
monitored COn‘[;ihuousl\/ to ensure that it can scale.

Wc’ ve 50\“

o to \
ow P\DRS an
s::;\'\lcd:wc diagrams

‘Qor al hvee:
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do it yourself

a2 Exercise From page 289
5/ Solution

Architectural Decision Record

Title: Oll: Use of £he layered monolith arehitectural style for the TpEZ system

Status: P\ro‘?oscd

Context:

TipEZ is a fas{—growing startup that requives a simple architecture to ensure Fcasibili-t\/. Additionally, the
tompany needs to ensure extensibility to actommodate multiple third—party integrations.

Decision:

We will use the layered monolith architectural style. Since TripEZ doesn't need scgaraﬁc architeetural
thavactevisties for different parts of its system, a layered monolith will suffice for the vequived
avthitectural ehavacteristics. The main tonstraint is scalability.

Additionally, separating the system by technical capabilities makes extensibility easier.

Consequences:
Betause we those a monolithic arehitecture, sealability may eventually grow to be a contern.

Building a layered arehiteeture makes some domain—ctentric thanges harder because the effort will affeet
muH‘.i?|c |a\/crs.

Avehiteets will be able to change technical capabilities (such as adding support for new usev interfaces)
easily thanks to this architectural style’s technical partitioning.

you are here » 297



exercise solutions

» Exercise From page 289

S Solution

Architectural Decision Record

Title: Oll: Use of the modular monolith arthitectural style for the TvipEZ system

Status: Proposed

Context:

TeipEZ is a fast—growing startup that wants to make sure to model its arthiteeture in a way that allows
for the easiest possible migration to a distributed architecture, while still being simple enough to build on a
tight sthedule.

Decision:

We will use the modular monolith architectural style. We've chosen a development protess that aligns well with the
domain partitioning exhibited by this arehitecture.

Keeping eath bounded context within a component boundary helps developers understand the system’s
o\rganiza{:ion. Addi{jona"\/, the S\/S‘{ZCM ¢an grow in a similav way 4o the Frobkm domain.

Our organization has adopted domain—driven design, and this architectural style aligns nicely with that approach.

Consequences:
Betause we've thosen @ monolithie arehitecture, scalabiliﬁ\/ may cvcw(:ua”\/ grow 4o be a tontern.

Holistic thanges to technical capabilities (suth as user interfaces) are more difficult in this avehiteetuve,
sinte the Ul is handled by a part of eath bounded ontext.
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do it yourself

Exel’ciSe From page 289
5/ Solution

Architectural Decision Record

Title: Oll: Use of the microkernel architectural style for the TpEZ syskem.
You may have noticed that the context

Status: Proposed N shgh{:l\/ di‘(:‘CC\rCV\{:, even thouah it’s the
same system. This veflects differing team
Context: priorities.

TeipEZ is csscn-(:iall\/ an integration architecture, managing similar information from a vavic{:\/ of integration
Far‘[:ncrs. This avehiteeture will casil\/ Lacilitate both isolation and customization for eath in‘{:cg\ra'{:ion Foih‘[:
via Plugins.

Decision:
We will use the microkernel arehiteetural style.

Time to market and extensibility are important to the tompany, so modeling the arthitetture around a
simple tore with plugins for future additional integration partners will make it easy for developers to
understand and implement.

We decided that the simplicity of a monolithic system outweighed the benefits (but added complexity) of
distributed plugins.

Consequences:

In a monolithie avehiteeture, stalability may eventually grow to be a tontern. The team may tonsider
distributing the plugins in the Luture, but we decided that it would be overengineering for now.

The tore tan be split so that the Ul is handled by another mierokernel, with diffevent plugins for diffevent
Ul types.

We should avoid adding fast—thanging vequivements to the eove. [t should be as stable as possible.

you are here » 299



exercise

(Y Exercise From page 291

Solution

Use this space and refer to the key on page 290 to sketch your physical architecture for TripEZ.

Layered monolithic architecture diagram

'Web browser'( i0S ) ( Android ) Presentation

( group trips )( trips ) (emry Alerts Business rules

gaE;ga;'ay ) (Travel API) ' Social media ' Integration

<Fligh’rs> <l.odging> @ansporb Persistence
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do it yourself

E)ée;’ﬁligin From page 291

Use this space and refer to the key on the page 290 to sketch your physical architecture for TripEZ.

<N LD _

Modular monolithic architecture diagram

All of these domains might have
|a\/crsEus{: like those in the

Remember, this is a monolith |denti Y and érouy Trips domain.
with one. backing database. / We just aven't showing them. \
ldentify and Merge Manval Email Social
- group ¥rlps 91 trips 71 entry 7rAlertsy r gateway - ~Travel APl - wedia |
> @ &
g £ - = =
S = =~ =]
T | Presentation 2 = by R = £
£ | Fomirtr | £ S 2 = £ =
; — S
%’. Business rules § g § f-: % E
= Persistence = =3 = S
B[ roeeme ||| | = 2 = E 5
E k: £ g =
< (Y4

The pevsistente layer
n 'HYC Mama\ En{'x\l
domain will manage all
the data entities, like

F\'.s\q{-;, Lodging, ete.

4 . - ——
“ v(((:

You tould deeid

etoe
N3 separate schems ‘Fo\: wote
each of the domains in
the database.
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exercise

From page 291

(Y Exercise
5 Solution

Use this space and refer to the key on the prior page to sketch your physical architecture for TripEZ.

Microkernel architecture diagram

The entities that appear

[ isten | / ) : \
nirestee it [ (web ) (108 ) (Android)
become part of the lavger
doma'm's t,om\?oncn{‘,s,

-W\Clud.lhg YCVS.IS{',CV\CC logif,- ( lde"-ﬁfy ?"d Me.rge Ma"ual
— group trips trips entry
Email
i (i) (o

Travel ‘
partvers )= Fravel P -

\_ Core system Y.

Social media

The eore sys{:cm intludes
all the hon—in{:cg\ra{:ion
pavts of the system.
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microservices architecture

How do you make an architecture easier to change? Business is changing
faster than ever, and software architectures need to keep up. In this chapter you'll learn how to
create a flexible architecture that can change as your business changes, scale as your business
grows, and remain operational even when system failures occur. Intrigued? We hope so, because
in this chapter we’re going to show you microservices—an architectural style that solves all of

these problems and more. Let’s get started on our journey through microservices, bit by bit.
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monitoring system

Are you feeling okay?

StayI.-Ica.lthy, Inc., is a company that specializes in medical

;nomtonng systems for patients in hospitals. Using its systems Let’s h

lc(icctlor; a(rild nurses can monitor a patient’s heart rate, oxygcn, (‘sick"sofo‘rh o d.oy#' get
s, body temperature, blood sugar levels, and more, and even d ¢ Project and

determine whether the patient is sleeping or awake. If ’somcthin e here

goes wrong, a doctor or nurse is notified right away. : \/

Recent :?dvanccs in medicine have given rise to a new set of need:
for medical monitoring. As a result, StayHealthy plans to levera; cS
newer technology to replace its current patient medical monitorgi’n
software with a new system called MonitorMe. Guess what? You’r%

the architect they chose for the new project. =
Below are ic requirements for the new system. You’ll need to figure = .
out what kind of architecture would be best suited for the job :

StayHealthy MonitorMe requirements document
[ The system reads inputs from StayHealthy's patient monitoring equipment and sends the results to a
single monitoring screen.
] MonitorMe must analyze each patient’s vital signs and alert a medical professional if it detects a change
that reaches a preset threshold.
[ For each vital sign, the system must record all readings and measurements for the past five minutes. A
medical professional should be able to review this five-minute history.

O Medical professionals select how they'd like to be notified if something goes wrong. Notifications can be
sent to an assigned nurse or doctor’s cell phoneortoa central nurses’ station.

1 MonitorMe reads inputs from eight different input sources. It is vital that if any of these fails, the other
inputs will still be monitored and recorded.

[ The vital signs monitored by the MonitorMe system include heart rate, blood pressure, oxygen level,
blood sugar, respiration rate, electrocardiogram (ECG), body temperature, and sleep status (sleep or awake).

O The system can measure the vital signs of multiple patients (up to 500) within a single hospital, meaning
each physical hospital location has its own copy of the complete system (including the data).
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en your penci]

microservices

TN

Based on the problem domain and requirements document on the previous page, check off the top five
architectural characteristics you think are critical to the MonitorMe architecture and indicate why you think they
are critical.

Testability (the ease and completeness of testing)

Reason:

Responsiveness (the time it takes fo get a response to the wmedical professional)
Reason:

Peployability (the difficulty and ceremony involved in releasing changes)
Reason:

Abstraction (the level of isolation and knowledge between parts of the systewm)
Reason:

Scalability (the system’s ability to grow to accommodate more users or patients)
Reason:

Fault tolerance (the system’s ability to continue operating when parts of the system fail)
Reason:

Data intearity (the data is consistent and correct across the system and there is no data loss)
Reason:

Workflow (the system’s ability to handle complex business workflows)
Reason:

Concurrency (the system’s ability fo process concurrent requests or operations)
Reason:

———— Solution on page 338
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microservices

Cubicle conversation

306

)
i

Sam: I think we can all agree that microservices is a perfect fit for the new
MonitorMe system.

Mara: Hold on—what brought you to that conclusion so quickly?

Sam: It’s obvious, isn’t it? From a domain perspective, we have independent
monitoring functions, and we need high fault tolerance and comprehensive
like this ave  ~ > testability. Microservices does all this and more.
ons ke

& )
ASSMM\:\;“ Lray- Well show Alex: Slow down a second. I’'m not familiar with microservices, and I have
ao{:,O:ow 4o avoid it by " no idea how it supports all the things you say it does.
i e
better w\dcrs)ca“:‘l‘?d_lw al Mara: I agree with Alex. I know that we need a distributed architecture, so
mieroservites ‘:L do—obbs. microservices might be a fit here. But let’s back up and take a closer look
s \f\c and ks T3 before we jump to any conclusions.

Sam: Okay, I see your point—what might seem obvious to me might not be
obvious to you. It’s important that you both understand what microservices
is all about, and then together we can decide if it’s the right fit for MonitorMe.
So let’s get started.



microservices

What's a microservice?

What’s in a name? When it comes to microservices, plenty. We’ll show you what
a microservice 1s and how it differs from other types of services.

| Generally, a service is a separately deployed unit of
software that performs some business or infrastructure
Monitor process. For example, a single Monitor All Vital Signs
Al Vital service in MonitorMe might perform a lot of functions,
Signs including monitoring the patient’s heart rate, blood pressure,
temperature, and so on. This service does quite a bit, but we
still call it a service. Z_his is quite g small sepy:
el . Vice
/R This large sevvice monitors all Si"ﬁf:sfuy,m {::ly !Tr‘f\orms a
of a patient’s vital signs. a “miCro"—scr:;e.c{S call it
The prefix micro- in microservice refers not to physical size, but to what the service Monitor /
does. For example, a Monitor Heart Rate service is single-purpose and does one Heart
thing really well—it monitors a heart rate. That’s the idea behind microservices. Rate
By contrast, the larger Monitor All Vital Signs service performs many vital sign

monitoring functions.

A wicroservice is a single-purpose, separately deployed
unit of software that does one thing really well.

6% | Exereise

i

We're having trouble determining what single-purpose means. Can you help us by checking off all the functions
below that you would consider single-purpose and therefore possible microservices?

[_] Add a movie to your personal “to watch” list

[ ] Pay for an order using your credit card

[ Generate sales-forecasting and financial-performance reports

[ ] Subwit and process a loan application to get that new car you've always wanted
[ | Determining the shipping cost for an online order

————— Solution on page 339
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data ownership

It’s my data, not yours

Another feature that makes microservices special is that they own their own data. In other words,
each microservice is the only one that can directly access its data.

. Same with

The Morter | | the Motor ,

Hgav ?/‘Lc , Monitor Monifor Temperature Monitor

"‘"’“STY ' Heart Rate Tewperature and Monitor o

et e vead Blood Presure | O8RS
n

mitrosevvices.

or update heart Y Y v
vate data. @ % " \) %

Why? The primary reason is to manage change control. Say you have 50 microservices, all
sharing the same data. If one microservice changes the structure of its data, which the

other 49 microservices are also accessing, all of those other services will need to change at A physical bounded context

the same time. (Is your head exploding yet?) intludes the microservice

: - . o : : : and all of its data.
Physically associating a microservice with its data is known as creating a physical (_/

bounded context. Physical bounded contexts help manage change and coupling; If

other microservices need access to data they don’t own, they must ask the owning service

for it.

The Monitor Heart Rate
eark mitvoservice doesn't ateess the
The Monitor tTear

\{- Sleep Status database diveetly.
Rate mitroservite Rats heart ra o leh
doesn't, have o /7~ \ ‘Rajusheartrateseemslow.lshe 7~ "\

thanoe when the currently awake or asleep?” ) g4
n >
Sleep Status Monitor Sleep Changing the
database thanges. Heart Rate | |< Raju s aslosn” Status gEJC: ZJ;LT:JCWC

\\é ¥ v on|\/ affects

- ) the owning
% mitrosevrvite.

This box /? \ F i J \ » ),

rc\?\rcscv\{:s the
?h\/sital bounded

context. In the example above, the Monitor Heart Rate microservice is asking for the data rather

than directly accessing the data. This way, even if the Sleep Status data structures change,

the Monitor Heart Rate microservice doesn’t have to. This is the whole idea behind
physical bounded contexts.
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microservices

We created the following services for an ecommerce site, but we need your help in figuring

out the data ownership and bounded contexts. Can you associate the database tables below
with the corresponding microservices that should own the data?

This is a
Q\miCroscrvicc-
Customer Customer
Wishlist Profile
Thisis a

database table.

addvesses
Custowmer
Address

= Contains items a
| customer may want
“—1| o buy later

Wishlist
Ifems

77 Contains the
~—| warehouse in whith
eath Frodut‘,{: is

Hem |o0ated
Location

=5 Contains eustomer
“—| bill-to and ship—to

Product
Catalog

We did this

one ‘c or \/ou.

Item
Petail

1 Holds evedit card
== and payment
intormation

Custowmer
Wallet

I .
o Con*{:ams Cus{;omer
o ID, name, email, and
A—

phone number

Custowmer
Name

=™ Contains all
o ?Yodu(',{: details

Inventory Order
Control Shipping
T Used to
~—| caleulate
shipping tosts
Shipping PPin3
Pricing

= Contains the

—

A
A
A~—

number of tems

cw\rcwﬁl\/ in stotk

Inventory

| Contains all

P,

A~
e
A—

shipping details

or an order

Shipment
Manifest

———> Solution on page 340
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microservices

How wicro is “wmiero”?

Figuring out how big or small a microservice should be is hard. By now you know that a
microservice is a single-purpose service that’s separately deployed. But how do
you determine the scope of that single purpose?

As an example, let’s take a look at the MonitorMe functionality for blood pressure.
Monitoring a vital sign involves capturing the input from the medical device attached to the
patient, recording the input, analyzing the measurements, and alerting a nurse or doctor if
something is wrong. We can model this functionality in one of three ways:

¢ Option 1: Create a single monitoring microservice that performs all monitoring “Singlc—ywyosc" heve

and alerting functions. .
g means analyzing the
e Option 2: Create two separate microservices—one that captures and records vital blood pressure data
signs data, and one that analyzes the data and alerts staff if necessary. and alerting staff if

. . . . . somc{')\ing is wrong.
¢ Option 3: Create four separate microservices, each one performing a specific blood

pressure monitoring function.
8 0 8
“Single—purpose” Opﬂon 1 p‘l’lOVI Z

here means T ralvze Blood
itovi apture Bloo nalyze Bloo
monoend Monitor Blood Pressure Pressure

blood pressure,

all four o
. Capture

\> The white
boxes are
the logical ‘Si,hg'c—-[?wposc" heve
com\?oncn'{:& only means retordin

/ Option 3

Capture Blood Record Blood
Pressure Pressure

You don’t have to choose yet. At
this point, we’re only showing
you the different options you
— can choose from to create a Analyze Blood Alert Staff
microservice. Keep reading to find out how Pressure

to make the right choice for your situation.




microservices

Okay, so how am | supposed to
know which of those options to use
for monitoring blood pressure? Is
this another one of those “guessing
games,” like with logical components?

No, granularity is not a guessing game.

Granularity—the scope of what a microservice does—is an important factor
when identifying microservices. Microservices that are too fine-grained
tend to communicate more with each other to complete business functions,
leading to high levels of coupling, poor performance, and overall reliability
issues. This is commonly referred to as the Grains of Sand antipattern, in
which services are so small that they start to resemble sand on a beach.
However, microservices that are too coarse-grained are harder and more
expensive to maintain, test, and scale (which defeats the whole purpose of
using microservices).

So how do you determine the most appropriate level of granularity for

a microservice? By applying forces called granularity disintegrators and
granularity integrators. Granularity disintegrators are forces that tell
you to make your service smaller (meaning it’s doing less work), whereas
granularity integrators are forces that tell you to make the service bigger
(meaning it’s doing more work). Let’s see how these forces work.

Granvlarity Pisintegrators
When should you consider making your o
services smaller, with less functionality? D'S'"Jccﬁrafors

e~Torte servites 1o
— break apart.

? ? ?
/} H H .

How granular should

your service be? ) [rtegrators forte

] S sevvites to tome
Granvlarity Integrators — 1ooctier
When should you consider making your
services bigger, with more functionality?
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increasing

Granularity disintegrators

Granularity disintegrators are forces that help you decide whether you
should break a service apart into several smaller ones. To show you how these
forces can influence your decision to break a service apart, we’ll take a look at
MonitorMe’s Monitor Basic Vital Signs functionality.

The three basic vital signs are blood pressure, temperature, and heart rate. Since
they’re all related, we could put them all in the same microservice or create
separate microservices, one for each basic vital sign.

Code
volatility

T

These are the
gramlarif\/

disintegrator forees.

/

Access
control

Scalability

and throughput

Let’s analyze each of these forces to see how it might help you decide whether to
break the monitoring functionality into separate microservices.

312

Cohesion

Monitor Basic
Vital Signs

Blood Pressure
Heart Rate

Fault
tolerance

ﬁvamla\ri{:\/
disin{icgra{'p?‘
forees make
sevvites smallev. \/
Monitor Blood
Pressure
Blood Pressure
Monitor
Tewmperature

Monitor
Heart Rate

Heart Rate




microservices

Why should you make wicroservices smaller?

Cohesion
A single-purpose microservice has

functionality that is highly cohesive—
meaning all the things it does are closely
related to each other. If the functionalities
of a microservice lack cohesion, then

it might be a good idea to break that
microservice apart.

Fault tolerance and
availability

Do certain functions in a microservice
frequently produce fatal errors? In larger
microservices, all functionalities become
unavailable when a part of the microservice
fails. However, if the faulty functionality is
in its own separate microservice, it won’t
affect other functions.

Access control

The larger the service, the more
difficult it is to control access to
sensitive information. For example, a
Patient Profile microservice containing
functionality to access medical history
might inadvertently allow unauthorized
staff to access this sensitive (and
protected) information.

Moving sensitive functionalities (like
access to medical history) into their
own microservices tsolates them,
making it easier to control access to that
information.

This is also veferved
{0 as “vola‘t‘ulibf——bascd

dccom?osi{ion-) w/

N

Al

Smaller mitvoservites start up much Laster
than larger ones, making muth—needed
funetionality available to the user soonev.

Code volatility

Does one part of the microservice change
faster than others? Constant changes to

one part of a large microservice mean you
have to test the entire microservice, including
functionalities you didn’t change. That’s a
lot of extra work.

Moving a frequently changing function
into its own separate microservice isolates
those changes from other functions,
making it much easier to maintain and test
functionality.

Scalability and
throughput

Do some parts of the microservice need
more scalability than others? If so, breaking
the service apart allows better control over
which portions need to scale and which do
not.

For example, suppose the heart rate
monitoring function accepts sensor
readings every second, but the temperature
monitoring function accepts sensor
readings once every 5 minutes. Separating
these monitoring functions into distinct
services allows each one to accommodate a

different throughput rate. j
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decreasing

Granularity integrators

Granularity integrators work in the opposite direction from disintegrators—
they help you decide when to make services bigger and combine their
functionalities. We’ll use the same Monitor Basic Vital Signs microservice we
broke apart earlier to illustrate why you might want to consider combining
separate microservices into one larger microservice.

Database
transactions
Monitor Blood

Pressure
Shared Blood Pressure

code ——
.(1

These are the granularity Monitor
integrator fortes. Temperature
) -
Data ——
dependencies
Monitor
Heart Rate

Workflow and
choreography

Let’s analyze each of these forces to see how they might help you determine whether
you should put all this monitoring functionality into a single larger microservice.
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Granularity
integrator fortes
g make sevvices bigger.

Monitor Basic
Vital Signs
Blood Pressure

Tewperature

Heart Rate




microservices

Why should you make wicroservices bigger?

Y

A

Database transactions

When requests involve multiple
microservices, you can’t perform a single
database commit or rollback for all updates.
Since each microservice update is in its
own separate transaction, it must instead
be committed or rolled back separately.

It data consistency and integrity

are more important than any of the
disintegrator forces, then it makes sense
to combine the functionality into a single
microservice so that operations take place
in a single database transaction.

Data dependenties are
one 01C 'l:hc most Common
integration drivers.

Data dependencies

When you break a microservice apart, you
also have to break its data apart. However,
if the data 1s highly coupled, it will be
very difficult to break it apart and form
new physical bounded contexts.

An example of data coupling is when

one database table refers to the key of
another database table (known as a foreign
key constraint). Another example of data
coupling is when an entity (like customer
information) 1s spread across multiple tables.

If your data 1s highly coupled and
functions in the microservice need to
share that data, it makes sense to keep
the microservice large and combine the
functions.

Workflow and
choreography

If a single business request requires
separate microservices to communicate
with each other, that’s coupling. Too much
coupling between microservices can have
many negative effects on the system.

For example, performance is affected

by network, security, and data latency.
Scalability 1s affected because each
microservice in the call chain must scale as
the other microservices scale (something
that 1s hard to coordinate). Fault
tolerance is affected because if one of
the microservices in the chain becomes
unresponsive or unavailable, the request
cannot be processed.

If your workflow involves a lot of
coordination between your microservices
and these characteristics are important to
you, consider combining them.

Too muth tommunitation between
miroservites tan make an

arthiteeture look ike spaghetti.
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s all about balance

Determining the appropriate level of granularity for a Mak .
microservice isn’t easy. You have to balance the trade-offs e lt
associated with each granularity disintegrator and integrator, S_t' k
and determine which trade-offs are more important. This 1C

usually involves collaborating with your product owner or
business stakeholder, particularly if the trade-offs are significant.

How small should a mj i

o Croservice be?
,L(Jse this tip and you will see ©

i _ them coarse-grai '

You guessed it—theve are trade eep arse-grained when you begin
offs between these two forees, Then move to fine-grained for the win! o
which is why Yyou have to find
£he vight balance between {')\em.>

°é7ﬁ |
A
& i
& g

Granularity disintegrators
When should you consider making
your services smaller and separating
functionalities?

Granvlarity integrators

When should you consider making

your services bigger and combining
functionalities?

Making our
microservices
smaller would give
us better scalability,
which is important
to us.

Making our
microservices bigger
would give us better

data integrity, which is

important to us.

Qood \)ob! The next step is ‘Cigwing out
which is more important: sealability or
data integrity. As the saying goes, you
tan't have your cake and eat it too.
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Now it’s your turn to apply granularity disintegrators and granularity integrators to decide whether to implement
the Monitor Basic Vital Signs functionality (which covers blood pressure, temperature, and heart rate) as a single

microservice or three separate services. Here is some additional information:

* A patient’s heart rate and blood pressure are the two most critical basic vital signs to monitor. If something
should go wrong with temperature monitoring, heart rate and blood pressure monitoring must continue to

work.

* All three basic vital signs share an alert functionality to notify medical professionals if something goes wrong.

* The heart rate monitoring functionality accepts sensor readings once a second, whereas the temperature and

blood pressure monitoring functions only accept sensor readings once every 5 minutes.

* Each basic vital sign’s data is recorded and stored separately, as simple JSON name/value pairs in a single
document database. For example, the heart rate readings are stored as follows:

{"patient id": "123",

BPM stands for "timestamp": "10452955668",

“beats per minute.” "bpm": "64"}
——

Option 1: Single

Option 2: Separate

microservice microservices
Both oylcions tontain all 1
moniboring Lunctionalities Monitor Blood
Monitor Basic (monitor, vetord, analyze, Pressure
Vital Signs and alert).
Blood Pressure e/

Temperature

Heart Rate

Monitor
Temperature

Monitor
Heart Rate

Heart Rate

Which of the two options would you choose, and why?

—>  Solution on page 341
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shared services

If microservices is all
about breaking business
functionalities into separate

services, what do you do with
shared functionalities like logging,
authorization, and date utilities?

You can still share code in microservices.

Code reuse is a necessary part of software development. Without it, you
would have duplicate functionality almost everywhere in your system.
Functions like logging, metrics streaming, user authorization, and basic
utilities like transforming date formats are common in most (if not all)
systems.

In monolithic systems, this is easy—you write the common functionality
once and use it everywhere in the system, because it’s all compiled
together as one unit. But in distributed architectures like microservices, it’s
not that easy. That’s because each microservice is a separately deployed
unit of software.

So where does all that common functionality go in microservices? Usually
into either a shared library or a shared service. In the following pages, we’ll
show you the trade-offs between these choices.
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Sharing functionality

All of MonitorMe’s vital-sign monitoring microservices have shared functionality
to alert a medical professional if something is wrong with the patient. Let’s look

at the code:

This is Java eode.
package monitorme.common; Tempervatuve s 1s Java code
public class AlertNurse { 2 J

public static void sendAlert(AlertType type, String data) {
} « .n
} 41 degrees Celsius

Let’s say we create three separate microservices for monitoring blood pressure,
temperature, and heart rate. Each one needs this common alert functionality.

The patient’s blood The patient’s heart vate
;’:eszuzc is dk°PPi:3~ (‘ is going up—alert the
r rse
Monitor Blood he nurse] o

Pressure
</ Monitor
Blood Pressure 1 Heart Rate
Monitor
Tewperature Heart Rate

Vv “Replication” means that each

Where should the source code for the common alert functionality go? We could mitroservite has its own topy
replicate the code in each microservice, but that would lead to issues if anyone of the sourte tode. This is
changed it to fix a bug or add new functionality. That leaves us with two choices °'\|)’ useful for {:\rul\/ statie
for where to put the code: in a shared service or in a shared library. Let’s look at sourcte tode.

both options.

(]
ir~Sharpen your penci]
A\ Besides alerting a medical professional, can you list other common functionalities that the

MonitorMe services might need?

————— Solution on page 342
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Code reuse with a shared service

A shared service is a separate microservice that contains a shared functionality
that other microservices can call remotely.

If we put the MonitorMe alert functionality in its own separate shared service,
each monitoring microservice will need to call that shared service if it detects
something wrong with the patient.
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Monitor Blood
Pressure

Blood Pressure

.

This mitvoservice tontains

shared ‘Cum‘,{ionali{:\/ to

anomalies.

alert medical staff of any

SOMC{MHSIS Wi :
the pationt] 0 1R

Monitor
Tewperature

Alert
Staff

( Alert )

B K
®

Monitor Heart
Rate

Heart Rate

Pros

-

Changing common code in a shared service
doesn’t require changing other microservices.

The shared service can be written in any
language and on any platform, which

is handy when you have microservices
implemented in multiple languages.

This is another one of
bad toupling YYOb\CmS»

Like everything in software architecture, shared services
have advantages and disadvantages.

—

those

Cons

Changing a shared service is risky because it
can immediately affect other microservices that
call it.

Because the shared functionality is remote,
network latency can slow its performance.

If the shared service is unavailable,
microservices that need the shared functions
cannot operate.

The shared service must scale whenever other
microservices that call it scale.
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Code reuse with a shared library

A more common approach to shared functionality is to put it in a custom Most Plat-fo,
shared library. A shared library is an independent artifact (like a JAR file Pro9rammip, I”'s and
in Java or a DLL in C#) that is included with each microservice at compile the J Inguages have

ir own Sha
. . . o . - red—|;
time. This means that once the microservice is deployed, each microservice Ormats. ed-;

has all of the shared functionality available to it. K_/

Let’s see how the shared MonitorMe alerting functionality might look if we
were to use a shared library rather than a shared service.

b*é'ry file

This is the Alert shaved
libeary that tontains the

Monitor Blood shaved alcr{:ing ‘cunc{:‘lonah‘{:‘/- Monitor
Pressure Tewmperature

Blood Pressure
-« £ Alert ) ..'9‘( Alert — >

o / %

. \ee no 19" Do you see how the shared alert functionality is included as part of each
This seevice . ) 0 . . . . .
1o el 3 remo microservice’s deployment unit? This means each microservice can simply
S . . . .
ha. proservite aler use the shared code to alert a medical professional, without having to make a
X .
! ol! remote call to a separate service.

Lne nuvse: ©°

Pros Cons
Performance, availability, and scalability are You'll need multiple shared libraries if your
better because the shared functionality is not microservices are written in different programming
remote. Instead, it's bound at compile time to languages or use different platforms.

each microservice.
Managing dependencies between microservices

Changing code in a shared library is less and shared libraries can become difficult if you
risky, because shared libraries can be have a lot of microservices (which is typical in this
versioned to provide agility and backward architectural style).

compatibility.

If you change a shared functionality, you must
Beeause shaved libraries can be versioned,  retest and redeploy the microservices that use it.

Yyou don’t have to do this all at onte. —_
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shared services vs.

Shared Service

Hey there, “old school.” You still around?

Not a chance, bud. Don’t you get it? In the distributed
architecture world, I'm king. Fverything is services—
including me, the shared functionality. Need to
reauthorize a user? Need to alert a nurse that the
patient is having issues? Just call me. What could be
easier?

Fine, you got me there. But when I have to change, I
just do it. No one else has to be involved. When you
change, every service you're attached to has to retest
and redeploy. How disruptive you are!

At least I'm not a conformist. Face it—for every
programming language in your environment, you
have to replicate yourself. I, on the other hand, am
independent. I can be implemented in any language
or platform because I don’t have the same attachment
problem you have.

Whatever. Later, conformist—I'm gonna go find
someone to hang out with who appreciates me.
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Fireside Chats

Tonight’s talk: A shared service and a shared library answer the
question: “Who’s cooler?”

Shared Library

“Old school?” Let me tell you something—not only am
I still around, I’ll outlive you by a long shot.

Right. And when you aren’t around, what then? You
see, unlike you, I'm always around, right by each
microservice’s side.

Oh please! I can clone myself into multiple versions.
That makes me a lot safer to change. You, on the other
hand, are full of risk—you can break the entire system
when you redeploy! You really like to live dangerously,
don’t you?

Attachment problem? Really? Listen—my attachment
to services means I’m faster, more available, more
scalable, and more reliable than you.

And... now you’re not available. See what I mean?



en your penci]

A\

choice.
Option 1: Shared service

microservices

Put your detision and reasoning heve.

N

[ 1 Option 1: Shared service
[] Option Z: Shared library
Reason:

Monitor Blood
Pressure
Blood Pressure \ Alert
Staff
Temperature
;
o

SOMC‘H’IMS)S wron

with the patient/

/

Now that you've seen the two main options for sharing functionality in the microservices architectural style, it's your
turn to decide—should the alert functionality in MonitorMe be a shared library or a shared service? Make sure you
consider external forces (like the problem domain) in addition to the pros and cons of each option, and justify your

Option 2: Shared library

Monitor Blood
Pressure

Blood Pressure

Alert

Monitor
Tewperature

Tewperature

Alert

ot

=1l ]

————> Solution on page 343
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workflow

information from multiple
services. Can | do that ina
microservices architecture?

Dum

Q,: If I make a request involving a workflow that needs multiple microservices to give me an answer, why break those
microservices apart? Wouldn't it be better to make a single service and avoid workflows in the first place?

A: Great question. Remember the granularity disintegrators from several pages ago? Some of those factors—like scalability, fault
tolerance, code volatility, and better, more secure access control—might be important enough to warrant keeping the microservices
separate, even if it means you'll have to add a bit of complexity later to tie those services together with a workflow.

Suppose | heed

Yes, you can! This is called
workflow management.

A workflow is when fulfilling a single business request—a
task request that comes from a user interface—needs
more than one microservice. You can manage a workflow
in microservices by using either of two techniques:
orchestration or choreography. In the next couple of

pages, we’ll show you how these work and discuss their pros
and cons.

therejare no
b Questions
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Managing workflows

A workflow is required when two or more microservices are needed to complete
a single business request. The request might be a nurse (say, Juan) asking “How is
the patient doing today?” To answer, the system must gather information about
the patient’s temperature, heart rate, and blood pressure. This means calling
multiple microservices, one for each vital sign. Juar o :
uan is in ¢:har5¢ of
the patient today.

However, Juan doesn’t want to make three
separate requests to the MonitorMe system.
He would like to make a single request to get all
the vital signs information. This means the
three monitoring microservices need to be
coordinated in a workflow.

Let’s
see how the patient
is doing today...

Let’s look at how to make this happen in
microservices by using either orchestration Juan wants to get this data
(centralized workflow management) or with a single vequest.
choreography (decentralized workflow

management). \

)

Feom all three mitroservites,
whith means {:hc\/ need +o

Heart Rate Blood Pressure be in a yﬂglﬁﬂ

information
Monitor Monitor Monitor Blood Juan needs into

Heart Rate Tewmperature Pressure

S~ °

-/ Exercise

o=
Can you think of any workflows involving multiple microservices that might exist for the MonitorMe patient vital signs
monitoring system? List them in the space below. We did this one for you

Get the status of a patient’s basic vital signs (temperature, blood pressure,
and heart vate).

——— Solution on page 344
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orchestrating

Orchestration: Conducting wmicroservices

When you go to a symphony concert, who do you see in the front,

leading all the musicians? The conductor, of course. This is a
great way to think about orchestration in microservices.

Orchestration is about

for a workflow. A centralized microservice—the orchestrator—

does this, very much like a conductor coordinates all the musicians
performing in a symphony orchestra.

An orchestration service is a separate microservice that is
responsible for calling all the microservices involved in the
workflow. It also handles errors and passes consolidated data back

to the caller (usually the

Now there's a
healthy patient.

This is the
data passed

batk to the
ovthestrator.

_

coordinating all the microservices needed

user interface).

g Thisis the data, tonsolidated

Bbressure: 12060 into a single vesponse that is
Heart Rate: 63bpm FaSSCd back to Juan.
A
: ’ Usually there’
Monitor T e Y there's one orehestrator
Vital Signs pe v'c"(l'*CS‘{: or major wo\r'k«plow‘
Orchestrator so expect a lot of these.
/

Temp: 98F BPressure: 120/80

1)

Monitor
Heart Rate

Heart Rate

\
Monitor Monitor Blood
Tewmperature Pressure

Tewperature Blood Pressure

>

That's a lot to
manage. | ho?c the
Jjob pays well.
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Job Posting: Microservices Orchestrator

. N - vital signs.
Looking for a microservices orchestrator to manage monitoring a patient’s basic vital sig
Duties and responsibilities include:

Call the right microservices in the right order.

= Always know the current state of the workflow and what happens next.

m Consolidate all the data from each microservice.

= Handle errors if any of the microservices fails.
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Like everything, orchestration has trade-offs. Let’s be positive and start with the

good.

The good...

Centralized workflow
Request workflows are
centralized and well understood.
You only need to go to the
orchestrator to understand the
complete workflow.

Workflow state

Since the orchestrator always

knows where the request is in

the workflow, if there’s a failure,
restarting the request where the
workflow left off is much easier.

Sort of like 5 GPS—it always

knows where You ave.

Error handling

Error handling is consolidated
into the orchestrator, so each
microservice doesn’t need to
worry about what to do if an
error occurs—the orchestrator
handles it.

Workflow changes

It’s easy to change the workflow
because all changes occur in one
central place.

Performance
Orchestration tends to be slowed

Tight coupling

Because the orchestrator

The bad...

by communication between the
orchestrator and the microservices,
and because the orchestrator
typically saves the workflow state
to a database each time something
changes.

Scalability

The central orchestrator can
become a bottleneck as requests
increase, because every request
must go through it before reaching
any microservices.

and microservices need to
communicate constantly,
orchestration tends to be highly
coupled.

Availability

If the conductor leaves the
orchestra, the concert is over.
Similarly, if the orchestration

microservice is unavailable, the
request cannot be processed.

This single point of failure is Z—\ )
usually addressed by creating Sort of like having an
multiple instances of the undevstudy tonduttor
backstage in tase the
tonduttor gets sick.

orchestrator.
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Choreography: Let’s dance

Whereas orchestras are conducted, dances are choreographed.
Rarely do you see a conductor leading a group of classical or
modern dancers—instead, the dancers learn their parts and then
communicate with each other. This is a great way to think about
choreography in microservices.

Let’s say the MonitorMe system’s blood pressure monitoring
functionality is separated into four separate microservices, which
communicate to complete the workflow of the monitoring
operation.

Capture Blood Record Blood
Pressure Pressure
- o
( Capture ) ( Record )

/Q This is called a £ the blood pressure dvops
s\’h‘/Smomanomcjccr—oﬂwcrwisc \[_ below 100740, alert the nurse.
known as a blood pressure euff.

Analyze Blood
Like dancers, the microservices communicate “P:'yessuf'le Alert Staff
with each other. Each performs its function, > =>
then calls the next microservice to perform its ( Alert )
function, until the workflow is complete. .

Don’t lead the dancers!

‘ 3 When using choreography, make sure you don'’t fall into the trap of turning one of the
— h ',t‘ microservices into an orchestrator. This is known as the Front Controller pattern. This
W&‘tc pLR pattern is useful for orchestration, but not for choreography.

K’\
= »| Capture Blood This sevvice is now playing two
y, Pressure voles: blood pressure monitor and
orthestrator.
/ Y \
Record Blood Analyze Blood Alert Staff
Pressure Pressure
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Guess what? Choreography has trade-offs as well.

The good...

Scalability

Responsiveness _ _
Each microservice can scale to

Since there’s no central

orchestrator to communicate with meet its throughput demands,

independent of other microservices

N\

Fast, scalable S\/S‘{Zi*ms usually
thoveography. flowever,
:S;{:Lh ou{:g‘(:or the {‘,\radc—ou:s.

continually, responsiveness and
performance tend to be better.

in the workflow.
Loose coupling l\

Since microservices don’t depend

on a central orchestration service to
direct them, the system tends to be
less coupled.

Error handling

Each microservice is responsible

for managing the error workflow if

an error occurs. This can lead to

too much communication between

services.

Recoverability

When a user retries a request that
has failed or is still in progress, it’s
really hard for the system to know
where to restart. That’s because
no single service is responsible for
directing the request to a specific
microservice in the workflow—
each one only sends it to the next
microservice in the call chain.

State management

It’s hard to know what state

the workflow is in when using
choreography, because there’s

no central conductor controlling
the workflow. Usually, one of the
microservices (typically the first
one in the call chain) is designated
the state owner, and other
microservices send it their state.

Be carcful—s{:afc

management
tan lead to {he Front gon‘(::o“cr
.Pa/f,{:crn, destribed in the “Wateh
it!” box on the Previous page.
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| Exercise
StayHealthy, Inc., stands behind MonitorMe and its monitoring devices and display screens. If a problem occurs with
any software or physical hardware, someone from the medical facility can go online and create a trouble ticket. A field
technician will receive the trouble ticket on their mobile phone, come to the medical facility, fix the problem, and mark
the ticket as fixed.

It's up to you: Would you manage the microservices for the trouble ticket system workflow using orchestration or

choreography? Be sure to include the reasons for your choice.

[ ] Choreography
[] Orchestration
Reason:

/: The

_—_—

7

expert uses their
ile app 4o tell
the orthestrator the
ticket is fixed.

These are
Choreography I the steps
Create 3 > | Assian Tick 4 > i i
an Ticket to Upload Ticket to Mark Ticket as
Ticket Expert App Fixed
5 6
1 2 \
Whith workflow should The expert uses their
Juan use o submit 3 N mobile device to mark
ﬁ [_ trouble ticket? a ticket as fixed.
L
G 1 Orchestration
) > Ticket <
B = < Orchestrator
3 8
42//7 \'i
Create Assign Ticket fo Upload Ticket fo Mark Ticket as
Ticket Expert App Fixed
o]

mo!

Solution on page 345
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The microservices
architectural style seems overly
complex to me. There are so
many hard decisions to make.
Why would | ever bother to use
microservices?

You’re right—the microservices
architectural style is complex.
But it’s also powerful.

Using microservices helps us address complex business
problems. Not only does this architectural style excel at
supporting operational characteristics such as scalability,
reliability, availability, and fault tolerance, but it also allows
the system to respond quickly to changes in both business
and technology (known as agility).

That said, the microservices architectural style may not be
a fit for every system. In the next few pages we’ll show you
some of the superpowers of microservices as well as its
weaknesses.
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Microservices architecture superpowers

Every architectural style has its superpowers. Here are some
reasons to use the microservices architectural style.

Maintainability

Because microservices are single-purpose
and separately deployed, you can more
easily locate code that needs to change
for a particular function.

Testability

microservice’s testing scope is much smaller than
that of a larger monolithic application or a system with
large services. This limited scope makes it easier to
fully test a microservice’s functionality.

Deployability

Because microservices are deployed
as separate units of software, there
are fewer risks involved with

releasing a microservice than with
large monolithic systems. You can
also deploy microservices more
frequently—sometimes daily.

Evolvability

It’s relatively easy to add
functionality to a microservices
architecture: you create a new
§ervice, test it, and deploy

1t alongside other existing
microservices in your System.

Scalability Fault tolerance

Microservices scale at a_function level
rather than a spstem level. This means that
you scale only the functionalities you need
to meet increased user load and demand,
saving resources and lowering costs.
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If a particular microservice fails, it doesn’t bring
down the entire system—only that function.
Users can continue to use other functions.
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Microservices architecture kryptonite

Are there reasons not to use the microservices architectural style? You
bet there are. Just like kryptonite diminishes a superhero’s powers,
certain business and architectural characteristics diminish the case for
using microservices. Watch out for them!

Complexity
Microservices is one of the most complex architectural styles. It
involves so many hard decisions—about granularity, transactions,
workflow, contracts, shared code, communication protocols,

team topologies, and deployment strategies, just to name a few,

Complex workflows

Workflows occur when you need to call
multiple microservices for a single.
business request. If the functionality
of your system is too tightly coupled,
breaking it into separately deployed
services will only result in a big ball of
distributed mud. Yuck!

Performance

The more microservices communicate
with each other, the worse their
performance will be, They may have to
wait for the network, undergo additional

security checks, and make extra database
calls.

Remember—a
Fh\/SiLal bounded

Monolithic databases tontext intludes

the mitvoservice as TeChnlcally

Fach microservice must own its own data I ! .
and form a physical bounded context. (_/ ;’;{:S all of its partltl one d teams
If your data can’t be broken apart for

Does your organization consist of siloed
whatever reason, stay away from this

teams of user interface developers, backend
architectural style. de.veloper‘s, and database people? If so,
microservices won’t work for you (a reflection
of Conway’s Law). Microservices architecture
requires cross-functional teams. Each team

owns its own group of microservices, all the way
from the user interface to the database.
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Microservices star ratings

Below is a useful chart for understanding what microservices architecture is

good at and what it’s not so good at. One star means that the architectural &—\
characteristic is not well supported; five stars means the characteristic is very

Just like movie veviews.

well supported.

Architectural Characteristic

Star Rating

These thavattevistics

Maintainability

* Kk Kk ok Kk

tontribute to
agility—the ability

to rcs\?ond "\uickl\/ to
thange.

We can seale
m\{,‘(oSC\'V.“"CS at a

funetion \evel.

Testability * % Kk Kk %
Deployability * % % k %
Simplicity *

Evolvability * % k Kk %
Performance * %

Scalability * % Kk &k %
Elasticity * % Kk Xk
Fault Tolerance * Kk Kk Kk %
Overall Cost $ $ $ $ $

Ovevall tost is high due

4o licensing o
orart dat, optinzng
dcv\o\{mcw{l

veorganizing teams

334

fees, breaking

Y\\ac\'mcs, and

e ericesare

<

<N

Too muth
Lommuvx\ca{‘,\on between

mitroservites slows

down vequests:

As you can see, the microservices architectural style is pretty good in terms

simplicity, and cost.

of agility (maintainability, testability, and deployability) and operational
characteristics. However, it’s not so great when it comes to performance,

You might be wondering about the low performance rating. This is because of
latency as services communicate with each other. This latency takes on three
forms: network latency (the time it takes the request to get to the service),
security latency (the time it takes to reauthorize a user, for example), and data
latency (since each microservice makes its own database calls).
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-/ Exercise

Which of the following systems might be well suited for the microservices architectural style, and why? Hint: Take into
account microservices’ superpowers, its kryptonite, and the problem domain.

An online auction system where users can bid on items
Why?

A large backend financial system for processing and
settling international wire transfers overnight
Why?

A company entering a new line of business that
expects constant changes to its system

Why?

A swmall bakery that wants to start taking online orders
Why?

A trouble ticket system for electronics purchased
with a support plan, in which field technicians
cowme to customers to fix problems

Why?

[ ] well suited for microservices
[ ] Might be a fit for microservices

[ ] Not well suited for microservices

[ ] Well suited for microservices
[] Might be a fit for microservices

[ ] Not well suited for microservices

[ well suited for microservices
[ ] Might be a fit for microservices

[ Not well suited for microservices

[ ] well suited for microservices

[T Might be a fit for microservices

[ Not well suited for microservices

[ ] well suited for microservices
[ ] Might be a fit for microservices

[ ] Not well suited for microservices

————> Solution on page 346
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Wrapping it up

Congratulations! The MonitorMe system is up and running, and it’s a success. It’s all
thanks to your understanding of microservices and what types of systems this approach
1s good for.

You've learned that while microservices can be a complicated architectural style, it also
has superpowers that can help solve complex business problems (like the MonitorMe
system we’ve been working on). Let’s close this chapter by reviewing some key points
about microservices.

_ Bullet Points

= A microservice is a single-purpose, separately
deployed unit of software that does one thing really
well.

® A physical bounded context means that a microservice
owns its own data and is the only microservice that
can access that data. If a microservice needs data that
is owned by another microservice, it must ask for it.

® The granularity of a microservice is a measure of its
size—not physically, but the scope of what it does.

® Forces that guide you to make your microservices
smaller are called granularity disintegrators.

® Forces that guide you to make your microservices
bigger are called granularity integrators.

= Balance granularity disintegrators and integrators to
find the most appropriate level of granularity for a
microservice.

® You can make microservices coarse-grained to start
with, then finer-grained as you learn more about
them.

= Two techniques for sharing functionality in
microservices are shared services and shared libraries.

® A shared service is a microservice that contains a
functionality shared by multiple microservices. It's
deployed separately and each microservice calls it
remotely. Shared services are more agile overall and
are good for heterogeneous environments. However,
they are not good for scalability, fault tolerance, or
performance.

® A shared library is an independent artifact (like a
JAR or DLL file) that is bound to a microservice at
compile time. Shared libraries offer better operational
characteristics, like scalability, performance, and
fault tolerance, but make it harder to manage
dependencies and control changes.

® A workflow is when multiple microservices are needed
for a single business request or business process.

Workflows that use orchestration require a central
orchestrator microservice, which works like a
conductor in a symphony orchestra.

In workflows that use choreography, the services talk
to each other, like dancers performing together.

Scalability, fault tolerance, evolvability, and overall
agility (maintainability, testability, and deployability)
are the superpowers of the microservices
architectural style.

® Performance, complexity, cost, monolithic databases
that can't be broken apart, and high semantic
coupling are kryptonite to microservices.

= Microservices should be as independent as possible;
too much communication between them will degrade
the benefits of this architectural style.
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Microservices Crossword

Ready to have some fun and test your knowledge about

what you’ve learned?

T 2
3 4
5 | 6
7 g
0
i | [T 1 ]
2
3
14
15
6
17 | 18 | | I
il RN
Across Down
1. Microservices make it easier for a system to do this 1. handling is part of an orchestrator’s job

5. When you make a service smaller, you make it more
7. Each microservice its own data

11. Workflow where microservices communicate with each other

14. A service does one thing really well
15. Microservices is this type of architecture
17. tolerance keeps a problem from bringing down the

whole system

18. Microservices are -purpose

19. When you need more than one microservice to do the job, it’s
a

2. Kind of component found within a microservice

3. Kind of force that pushes you to make a microservice bigger
4. Watch out for the Controller pattern

6. Each microservice is a separately deployed
8. Code resource that’s often shared

9. A context that restricts data access

10. Workflow where one microservice rules all the others
12. Type of bounded context or architecture diagram
13. Good security includes restricting to data

16. A bad design pattern is an pattern

of software

——— Solution on page 347

337



exercise

From page 305

“Z~Sharpen your penci]
e yOSollllotE;on1

Based on the problem domain and requirements document on page 304, check off the top five architectural
characteristics you think are critical to the MonitorMe architecture and indicate why you think they are critical.

JZL Testability (the ease of and completeness of festing)
Reason: Because this is a evitical medical system, we can't let bugs get into the system (completeness)

IZ[ Responsiveness (the time it takes fo get a response to the medical professional)
Reason: A Pa‘{:icn‘{:)s life eould depend on how fast the medical P\ro‘Ccssiona| is notified of a problem

] Deployability (the frequency and ceremony involved with releasing changes)
Reason: Not exitical—there are no requivements stating there will be many changes in the system

[ Abstraction (the level of isolation and knowledge between parts of the system)
Reason: Not evitical—there are no requirements regarding abstraction

] Scalability (the system’s ability to grow o accommodate more users or patients)
Reason: Not evitical—the system is stoped 4o a single hospital only (hospital beds are the limiting factor)

JZL Fault tolerance (the system’s ability to continue operating when parts of the system fail)
Reason: One vital sion monitoring Lailure can't stop the other vital sians Lunetions from monitoring the patient

EL Data integrity (the data is consistent and correct across the system and there is no data loss)
Reason: The data about a patient’s health must be as aceurate as possible

[ ] Workflow (the system’s ability to handle complex business workflows)
Reason: Not evitical—eath vital sign is monitored separately and no complex workflows ave vequived

IZI Concurrency (the systewm’s ability to process concurrent requests or operations)
Reason: The system must be able £o monitor many diffevent vital sians at the exact same time
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Exercise From page 307

Solution

We're having trouble determining what single-purpose means. Can you help us by checking off all the functions
below that you would consider single-purpose and therefore possible microservices?

RL Add a wmovie fo your personal “to watch” list -
. . ese are omplex protesses with
IZI Pay for an order using your credit card \/_ lots of different funetions.
[ ] Generate sales forecasting and financial performance reports 4/
[ Subwit and process a loan application to get that new car you've always wanted
Iﬂ Petermining the shipping cost for an online order
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exercise

From page 309
(i i
T~Sharpen your penci
[ ]
. Solution
We created the following services for an ecommerce site, but we need your help in figuring out the data ownership
and bounded contexts. Can you associate the database tables below with the corresponding microservices that should
own the data?
Customer Customer Product Inventory Order
Wishlist Profile Catalog Control Shipping
This is a
databaseLable. 7 /
We did this
=2 Contains eustomer one ‘COY yow T Used to
| bill—to and ip—to osany ca.lcu_IaJcc
—— addvesses =] Contains all Shipping shipping capts
Customer ZZ| product details. Pricin
Address o ¢
ltem
Petail
—~nb Contains items a
A L mey m
o {a:st:\/ CIZ {:C:Y wart T2 Holds evedit card
Wishlist | """‘/J'C“F"JC ——\ Contains the
ltems Customer InTormation P numbcr o£ i {_’c
Wallet ] turvently in stqek
Inventory
= Contains tusto
2] Contains the pons lg,nnal:z, ::aiIT and
77| warehouse in whith “—] bhone mumber =) Contains all
—— eath product is Customer 27| shipping details
ltem lotated Nawme ‘po\r an order
Location Shipment
Manifest

340




microservices

Exercise From page 317

olution

Now it's your turn to apply granularity disintegrators and granularity integrators to decide whether to implement
the Monitor Basic Vital Signs functionality (which covers blood pressure, temperature, and heart rate) as a single
microservice or three separate services. Here is some additional information:

* A patient’s heart rate and blood pressure are the two most critical basic vital signs to monitor. If something
should go wrong with temperature monitoring, heart rate and blood pressure monitoring must continue to work.

* All three basic vital signs share an alert functionality to notify medical professionals if something goes wrong.

* The heart rate monitoring functionality accepts sensor readings once a second, whereas the temperature and
blood pressure monitoring functions only accept sensor readings once every 5 minutes.

Each basic vital sign’s data is recorded and stored separately, as simple JSON name/value pairs in a single document
database. For example, the heart rate readings are stored as follows:

{"patient_id": "123",

BPM stands for "timestamp": "10452955668",
beats per minute. "bpm": "64"}
—>
Option 1: Single Option 2: Separate
microservice

microservices

Both options tontain all
mZni{pv;ng -(:unc{:ionahJcies 3 Monitor Blood

Monitor Basic (monitor, vetord, analyze, Pressure

Vital Si let).
ital Signs and aler Blood Pressure
Blood Pressure €/

Tewperature Monitor Monitor
Temperature Heart Rate

Heart Rate Heart Rate

Hcrc's our ‘{Lakc.

Which of these two options would you choose, and why? Option 2: Separate microservices.
Having sepavate sevvices provides better fault tolerance in case one of the monitoring funetions causes the

sevvice to 9o down. Also, data is vecorded and stored sepavately, which works well with physical bounded

tontexts in separate databases to provide better fault tolerance. Finally, each separate service can stale

as needed based on the varying input rates (once a second for heart vate, every 5 minutes for others).
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exercise solutions

aI’Pen your penci] From page 319
Solution

Besides alerting a medical professional, can you list other common functionalities that the
MonitorMe services might need?

Observability—streaming service vesponse times, evvors, uptime, and other metrics and measurements
Logaing—reporting on evrors and other servite funttionality alerts

Auditing—recording when an alert was sent and which medical FV‘O‘("CSSiOha] veteived it
Seeurity—vestricting actess to a monitoring service to authorized medical professionals only
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From page 323

arpen your penci]
e yoSOllfteiom1

Now that you've seen the two main options for sharing functionality in the microservices architectural style, it's your
turn to decide—should the alert functionality in MonitorMe be a shared library or a shared service? Make sure you
consider external forces (like the problem domain) in addition to the pros and cons of each option, and justify your

choice.
Option 1: Shared service Option 2: Shared library
Mo;nifor Blood Monitor Blood Monitor
ressure Pressure Tewperature

Alert Blood Pressure

Blood Pressure \
Staff
Monifor / ( Alert ) Alert

Tewmperature

Alert

Tewperature

Y Somc{:hing’s wron
p b
o

/

=1 ]
o}

This is our detision and veasoning.

N\

[ ] Option 1: Shared service
[ Option Z: Shared library
Reason: We those option 2 (shaved libravy) because it provides:

—better performante (the medical professional will be alerted faster)
—better veliability and fault tolerante (if the Alert Staff shaved service went down, the

system touldn't alert the medical professional)

—better conturventy (if multiple problems oteur at the same time)
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exercise solutions

From page 325

Can you think of any workflows involving multiple microservices that might exist for the MonitorMe patient vital signs
monitoring system? Here are our ideas.

Get the status of a patient’s basie vital signs (temperatuve, blood pressure,
and heart rate)

Find out which vital signs are being monitored for a given patient (requives quevies to multiple monitoring

sevvites)

Register a new patient to be monitored—lots of diffevent information is gathered, like name, identity,
demographics, medical history, and so on, all of whith ¢could be separate mitroservites
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. Y EX@PCiSe From page 330
S/ Solution

StayHealthy, Inc., stands behind MonitorMe and its monitoring devices and display screens. If a problem occurs with
any software or physical hardware, someone from the medical facility can go online and create a trouble ticket. A field
technician will receive the trouble ticket on their mobile phone, come to the medical facility, fix the problem, and mark
the ticket as fixed.

It's up to you: would you manage the microservices for the trouble ticket system workflow using orchestration or
choreography? Be sure to include the reasons for your choice.

These ave
Choreography I Lhe steps
Create 3 Assign Ticket to 4 Upl i i
=5 __* ] Upload Ticket to Mark Ticket as
Ticket Expert App Fixed

1 |2 \
The expert uses their

Which workflow should
Juan use to submit 3 "‘Obllc A

ﬁ \[_ trouble ticket? a ticket as fixed.
gy

Orchestration

Ticket <
Orchestrator
8
/ \5‘
Create Assign Ticket to Upload Ticket to Mark Ticket as
Ticket Expert App Fixed
o]

7
/t Thc expert uses their

[ Choreography obile app o +ell
'l:hc orthestrator the

] Orchestration tiket is fixed.
Reason: Choreography is a simpler solution with less ovevall sevvice

communitation. Also, this is not a omplicated workflow with lots

of error tonditions, so using orthestration seems like ovevkill.
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g E)éeg’lcuigi . From page 335

Which of the following systems might be well suited for the microservices architectural style, and why? Hint: Take into
account microservices’ superpowers, its kryptonite, and the problem domain. Here are our answers.

An online auction system where users can bid on items Ewe" suited for microservices
Why? High scalability and elasticity needs; high [ Might be a fit for microservices
tonturventy; independent functions [] Not well suited for microservices
A large backend financial system for processing and [] Well suited for microservices

settling international wire transfers overnight

k ’ [] Might be a fit for microservices
Why? Mieroservites' superpowers aren't needed

in Lhis kind of | n jXNotwell suited for microservices
In This Kind ot ComPlex system

A company entering a new line of business that [_| Well suited for microservices
expects constant changes to its system E Might be a fit for microservices
Why? High aaility and evolvability mean

[ ] Not well suited for microservices
mitroservices tould fit, but we need more info

A small bakery that wants to start taking online orders [_| Well suited for microservices
Why? The high cost and complexity of mitvoservites []Might be a fit for microservices
would be too muth for a small bakery IX Not well suited for microservices
A trouble ticket system for electronics purchased TXWeII suited for microservices

with a support plan, in which field technicians
come to customers o fix problems

Why? Independent funttions; qood sealability
and elasticity; simple workflows

[ ] Might be a fit for microservices

[] Not well suited for microservices
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“Microservices Crossword Solution

From page 337

[L]

‘U

'O|W|N|S

N|G|L|E

C|R|O

'S

M |

BI{U|T|E|D

CIH|O|R|E|O|G|R[A|P|H|Y

G|R[A[N|U[L[A|R

'E|VIO[L|V|E

R

S|T|R

W|O|R|K|F|L|O[w

P

D

‘EIA(U|L|T
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event-driven architecture
Asynchronous Adventures

What if your architecture could do lots of things at the same time? As
businesses grow and become more successful, they need to be able to handle more and more users,
without slowing down or crashing systems. In this chapter, you'll learn how to design high-performance
systems that can scale as a business grows. Get ready for event-driven architecture, a highly popular
distributed architectural style. It's very fast, highly scalable, and easy to extend—but it's also quite
complex. You'll be learning about lots of new concepts in this chapter, including things like events,
messages, and asynchronous communication, so you can create an architecture that can do many
things at once. Fasten your seatbelt, and let’s go on an asynchronous adventure through event-driven

architecture.

349



diner

Too slow

Imagine going to your favorite diner to order their famous grilled cheese
sandwich, crispy fries, and a chocolate milkshake. Sounds easy, right? But what
if the person taking your order had to make all of those things one at a time,
without any help? Not only would everything take longer, but the diner wouldn’t
be able to serve as many customers. Let’s visualize that workflow:

—> 1. Take the next customer’s lunch order (1 minute)
2. Accept payment from the customer (1 minute)
3. Cook the grilled cheese sandwich (4 minutes)
4. Cook the french fries (5 minutes)
5. Make the chocolate milkshake (4 minutes) This Customey.

ish'{: ")aPPy Wi'Hj
d lunc},,

—— 6. Plate the food and serve the customer

D

Eath order takes |5 minutes,
meanivP the diner tan onl\/
serve four tustomers during

{:hc luneh—hour vush.

This is no way to run a diner! Let’s see if we can make things go a little faster so
they can serve more customers.

‘WH.'{:C yol"_
Pretend you are a customer of this diner. How would you suggest they speed things up? ideas here.
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Speeding things up

If the diner hires three more workers (one to make the sandwiches, one to cook the
french fries, and one to make milkshakes) and they prepare all parts of the meal at
once, completing orders will take half as long. That effectively doubles the number
of customers the diner can serve during the lunch hour.

7=

—> 1. Take the next customer’s lunch order (1 minute) N oh ord "7 7 wine
2. Accept payment from the customer (1 minute) / ow €ach order only Takes | minutes,

meaning the diner tan serve more

L Lus’oomcrs.
3. Cook the grilled cheese sandwich (4 minutes)
4. Cook the french fries (5 minutes) These are done at the same
5. Make the chocolate milkshake (4 minutes) time, only Jcaking 5 minutes
l_ R because of the Lries.

6. Plate the food and serve the customer

Note: we'll be rc(-\cwing
to event—dviven

D01,ng all three activities at the same time significantly reduces customers’ wait tme  geehitecture as EDA
(wz:1 1l call that reshponfizlveness). Because meals »Cl?n lTle rﬁlade flasg-?-" the server taking going forward, beeause

) .
orders can now handle more customers (we’ll call that scalability). we e tool like that (and,

This is the fundamental concept behind event-driven architecture (EDA)— </ {:hank‘(—\uﬂy, we don't get
breaking up processing into separate services, with each of those services performing its paid b‘/ the word).
function at the same time by responding to an event (something that just happened).
In EDA, services communicate asynchronously through an event channel, meaning

)
they don’t wait for responses from other services to complete their work. ‘\_,_D‘:I'i £ wore I'I_
we |l tover a

of these terms.

This is
1::|1 il 3 sevvice w the event. —~ erilled
a rigaevs
Lunch Order Cheese
Lunch ) These ave servites
Order — -) that vespond to
Service an event.
This is the event thannel 5 Fre.“ch /
wheve the event is sent. Fries
Service

We know this is a lot to take in at once, so we’ll take it step by step. But before we jump
in, let us introduce you to Der Nile, a large German online-ordering company that is
having growing pains and needs your help.
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online ordering

Per Nile flows faster than ever

Der Nile is Germany’s largest online retailer, selling everything from
diapers to hair-growth supplements.

Business is booming—so much, as a matter of fact, that the company’s
online ordering system is stressed to the breaking point. Der Nile’s
customers demand fast systems and quick order fulfillment, and the
current system simply can’t handle the volume of orders coming in.
Processing orders takes too long, and fulfillment times are increasing.

Der Nile would like to create a new ordering system from scratch to
handle this growth—and needs your help in designing it.

Here is the basic flow of the legacy online-ordering system currently in
place:

This is Ana—she’s going to
[_ be our Der Nile customer.

C Dev Nile wants to make

online shopping Lun.

352

The customer

and waits

Validate the order Charge the Adjust the If the stock
submits an order —> and gener‘ate —> customer's —> current —> gets t00 low,
order ID credit card inventory order more
Email the Send the order

to the fulfillment
department to pack

customer the

order ID
Email the customer i
that the order is ready The order is packed
to ship ) and ready to ship
Email the customer l
Ship the order to

when the orderis <«——
delivered

l

Mark the order
as complete

the customer



event-driven

| Exerecise

As the architect, how can you modify the current workflow (shown on the previous page) to speed things up a bit?
Draw your ideas for a new workflow in the space below. Hint: What can you do at the same time?

5— Start heve.

The customer
submits an order —>
and waits

———— Solution on page 391
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understanding events

What is an event?

Back in the late 1950s, a journalist asked Prime Minister Harold Macmillan

of the United Kingdom what troubled him the most. “Events, my dear boy,
events,” was his famous reply. Events may have troubled Harold Macmillan, but
they can be a lot of help to us in solving complex business problems.

. . . . . . Pubhshi"ﬂ this book was
An event is something that happens, especially something of importance. Things  an importy,t event |
or

like the World Cup, musical concerts, big promotions at work, weddings, and the authoys.
birthday celebrations are all important events.

In software systems, certain user actions trigger events—things that happen, like
placing a bid for an item up for auction, filing an insurance claim, or making a
purchase.

These are the things the system

This is the This is an event that does as a vesponse to the event.

g user attion. is ga\cra'{:cd -‘:rom the

user acttion.
Subwmit an / Charge customer’s credit
online order / card
Order

— Adjust current inventory

Submitted
\ Prepare the order
Friendly veminder:
Events are a way for a service to let the rest of the system [\ EDA is event—dviven
know that something important has just happened. In EDA, avehiteeture.
events are the means of passing information to other services.
An event usually contains data, like a// the details of an Order ( Order )
online order. On occasion, it might only have £ey information Subwitted Subwitted
(like the order ID). In the latter case, services that must do Order ID: 123 Order ID: 123
something when they receive the event will have go to a data Customer ID: 99876
store to get additional information about it. This event Date R'aced: 22 May
N orly paes Sreet. 123 Mian s

The data inside ap along the City: Anytown

event is VC‘FCV'\rcd 4o ovrder 'D

3 'ﬁw This event passes \ -

along all the

ih‘('\orma{:ion about
the order that was
Jus{: submitted.
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Hold on—in Chapter 3 you talked
about using messages to pass
information from one service to
another. Now you’re talking about
using events. Is an event is the same
thing as a message?

No, an event is not the same thing as
a message. Although they both deliver information to other
parts of the system, there are some important differences between

them.
This is often An event is used to broadcast some action that a service just
veferved to as performed to other services in the system. For example, a service

“five—and—£ OYSC{?'" might tell the rest of the system: A customer just placed an order. A service
“~— sending an event never waits for a response. The service generally
Z has no knowledge about what other services (if any) are listening for
M . that event, or what they’ll do with that information if they respond to
ore on this .

1t.
soon.

g = N A message, on the other hand, is a command, such as Apply the

- /, payment for this order, or a request, like Give me shipping options for this
customer. Because messages are only meant to reach one other service,
the other services in the system are unaware of the message. Services
sometimes stop and wait for a response (for instance, if they are
sending a request for information). Other times, the service might just
issue a command and trust that the receiving service will do its job.

Turn the page to see more differences between an event and a
message.
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distinguishing events

Events versus messages

Here are two really important differences between events and messages:

1. Events are broadcast to other services using topics, whereas messages
are sent to a single service using queues.

Service

Topic

You learned j\

about these in

Cha?‘tcr 3 \/

Queuve

D T —
\

Service || <\
Both these

servites recteive

'H'\C Ssame chn'l:.

Service </

This is the onl\/

' —
Service _)(:) ————————>|Service || service that

veteives the

" message.

2, Events always broadcast something that has already happened,
whereas messages request something that needs to be done.

These are events. w

Order
Placement
Service

Paywment
Service

Shipping
Service

356

Order
— (s

— 5 ( Payment
Rejected

NG Order
Shipped (\
Events are always

stated in past tense.

These are messages. \/

Order
Placewent
Service

Packing
Service

Shipping
Service

> Apply
Payment

— ("
Order

—_— Notify
Customer

Messages are always j\

stated as tommands.



event-driven

en your penci]

It's time to test your knowledge about events and messages. For each of the quotes below, mark whether it is more
likely an event or a message, and indicate why.

“Adventurous Air flight 12, turn left, heading 230 degrees.”
[] Event [ ] Message

Reason:

“In other news, a winter storm front has just moved into the area.”

[] Event [ ] Message
Reason:

“Okay, class, turn to page 42 in your workbooks.” K Ec ckar’cﬁul—-’chis one's
ey,
[T] Event [] Message

Reason:

“Hello, everyone! Sorry I'm late.”

[] Event [] Message
Reason:

“Oh no! I just missed my train!”

[] Event [ ] Message

Reason:

“Excuse wme, sir—do you have the time?”
[ ] Event [ ] Message
Reason:

———— Solution on page 392
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event

Initiating and derived events

Events that originate from a customer or end user are called initiating events.
These are a special type of event that kicks off a business process.

Once a service responds to an initiating event, it might in turn broadcast what
it did to the rest of the system, within the scope of that initiating event. These

events are called derived events because they are internal events generated in
response to the initiating event.

Customer
submits an
order

This is the initiating
event that kieks

s

Order
Subwmitted

Sevvites tan vespond to
an event and in turn

trigger more events.

N~

everything off.

Order
Placement
Service

Order
Placed

Payment
Service

—

A

These ave derived
events trigaeved

by the Ovder
Submitted
initiating event.

Payment
Applied

Did you notice that the Payment service generates two different derived events?
This 1s typical in EDA. Anything a service generates or causes to happen can be

a derived event.
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credht Card ;
Expired

hese are all the things that
tan ?ossibl\/ happen in the
Payment sevvite.

—_—

Email
Notification
Service

Order
Fulfillment
Service




event-driven architecture

| Exercise

Based on the Credit Card Charged initiating event and the corresponding processing below, can you identify what the
derived events should be for each service? Think of as many possible outcomes as you can.

Customer makes This is the
a credit card {  nitiating event
rehase

Credit Card
Charged

<<<<<<<<<<

Fraud Credit
Petection Limit
Service Service
Check for Use as many of these  Verify credit

fraud as You need. \/ou may limit

These are the

not need all of them. derived events.

Fill in what You £hink /
the devived events
might be for eath of —)( ) —>
these servites.
N L

v

)
— S

v

)

N/

———— Solution on page 393
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architectural

Is anyone listening?

When you post something on social media, you often get a reaction—someone
liking or commenting on your post. But how many times have you posted
something only to get no reaction? Maybe you wondered: Did anyone see my
post? Did anyone care?

Ex{cnsibili'l:y is one

In EDA, any action a service performs should trigger a derived event. However, of {}, arthiteetural
there is a chance that no one cares about certain events. So why publish those  characteristis.
events? Because this provides architectural extensibility—the ability to about

] You 'earncd
in Chapter 2.

extend the system to add new functionality.

Let’s say customers in the Der Nile online ordering system get notified

when an order is shipped and also when it has been delivered. The Email
Notification service handles this by sending the customer an email. That event
in turn triggers a Customer Notified derived event.

Sevvites tan vespond to

move than one cnnﬁ)

My orderis
on its way!

Order Shipped

Event Ewail
Notification | [
Service
Order Pelivered

Event

interested in this
devived event, so it
just disappears. [t's a

very Ioncl\/ event.

No sevvices ave
Customer
Notified Event

Now let’s suppose Der Nile wants to do some analytics to learn what times
of the day the system sends the most customer notification emails. Since

the Customer Notified derived event is already being published, you can simply
create a new Notification Analytics service and tell it to listen for that event.
You don’t need to modify any other parts of the system.

This new servite £an

simPly Subsékibc to

'l:he exi {:i
This event is no /_\/ Noki plc'j;{ :\?CS:S{:O”‘"
Iy. .
longer lovely Custowmer Notification
Notified Event Analytics <«
Service
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Asynchronous communication

I thought you said
this architecture
was really fast. How
is this any faster than
microservices?

Event-driven architecture is fast
because it uses mostly asynchronous
(or “async” for short) communication.

You’re probably most familiar with communication styles such as REST or
HTTP, particularly when you need to call an API or another service. These
are forms of synchronous communication. With synchronous (or “sync”)
communication, when a service sends information, it must sit and wait for

a response from the receiving service before doing anything else (even if it’s
just acknowledging receipt of the information). This slows systems down and
makes them less scalable. It’s like calling a friend—you have to wait for your
phone to make a connection to your friend’s phone, let it ring, and wait for
your friend to answer before you can talk.

Having t0 wait
for a vesponst
s veally slow-

Asynchronous communication is a
fancy way of saying that services don’t
wait for a response or acknowledgment
from other services when sending them \
information. This creates systems that are
highly decoupled and very fast. It’s one
of the unique features of event-driven
architecture. It’s like sending your friend
a text—you can do other things while you
wait for their response.

Not having to wait
i means \/ou tan 90
“,3/" S—" do other {:hihss.

furly /
T [
TiNs
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synchronous vs.

Asynchronous Communication

Well, it’s about time you showed up.

Yeah, I've noticed. You’re as slow as a herd of snails
traveling through peanut butter.

Wait? You want me to wait? That’s your whole
problem—you’re always waiting around for answers.
No one has to wait when I’'m around. And that makes
me fast—really fast.

I trust others to get the job done, unlike you. You need
verification for everything, all the time.

I don’t. I can’t be responsible for everyone, you
know. I let others deal with their own issues.

Oh, I'm sorry—did you say something? I wasn’t
listening.

orry—I wasn’t paying attention. at was that?
Sorry—I ’t paying attention. What that?

362

Fireside Chats

Tonight’s talk: Asynchronous and synchronous communication
debate: Who’s more useful?

Synchronous Communication

Sorry I'm late. I can’t seem to multitask, so everything I
do takes such a long time.

Now, wait just one minute!

That may be so, but your problem is that you never
know what’s going on. You ask others to do things, but
you never find out whether those things actually got
done or not.

Yeah, right. Tell me: when an error occurs downstream,

how do you deal with it?

And what if you need information from someone else

before you can finish your work? What do you do then?

That’s exactly my point! You never listen to anyone

else. I may be slow, but at least I pay attention to what’s
going on and communicate with others.

Sigh...



event-driven

Fire-and-forget

Asynchronous communication is one of the foundations of event-driven
architecture. When a service broadcasts information to other services, it doesn’t
wait for a response, nor does it care whether the services are available or not. This
1s known as fire-and-forget communication—the event is sent (that’s the fire part),
and the service moves on to do other things (that’s the forget part). Architects usually
use a dotted line to represent async communication between services.

Do{:{:cd lines The Pay»\cy\{; sevvite
signi‘('\\/ as\/hchrovmous cvc"'l:“a”)’ receives the
[_Commuhica{;ion. event and ves onds
Order LTI 5| Payment when its vesd,
Placement Service ca Y
Service

The Order Placement sevvite
doesn't wait for a vesponse
Lrom the Payment service
onte it sends an event..

Synchronous communication, on the other hand, means that the sending
service must stop and wait for a response from the service it’s calling before
continuing its work. This means that the service being called must be available
to respond, or an error occurs. Architects usually represent synchronous
communication using a solid line.

Solid lines indicate

S\/hchronous
Order [— tommunitation. -
> ayme"f
PI:::\}/T:: AN Service
The Order Placement service must stop and j The Payment service must

be available when the Ovder
Placement sevvice sends it
imco\rma{jon.

wait for a vesponse from the Payment service
before it tan Com‘?lc{:c its work.

Event-driven architecture relies on
asynchronous comwmunication when sending and receiving
events.
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sync or

en your penci]

A\ For each of these tasks, would you use asynchronous or synchronous communication?

Give me the shipping options for this order.

[] Asynchronous  [] Synchronous [ ] Either one would work

Apply payment for this order and let me know if the payment goes through.
[] Asynchronous  [] Synchronous [ ] Either one would work

Fulfill this order for me by picking the items off the shelf and packing thew in a box.
[] Asynchronous  [] Synchronous [] Either one would work

Give me the current status of this order.
[] Asynchronous  [] Synchronous [ ] Either one would work

Our inventory of this item is getting low—please order wmore stock.
[] Asynchronous  [] Synchronous [ | Either one would work

Tell the custowmer that their order has been shipped and is on its way.

[] Asynchronous  [] Synchronous [ ] Either one would work

Update the customer’s profile picture.

[] Asynchronous  [] Synchronous [ ] Either one would work

Post a customer’s review on the product page.
[] Asynchronous  [] Synchronous [ ] Either one would work

——— Solution on page 394
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event-driven

Asynchronous for the win

Communicating between services asynchronously has a lot of advantages. The
first is better responsiveness—in async, it takes less time to complete a request.

Suppose a customer places an online order in Der Nile. It takes 600
milliseconds (ms), or just over half a second, for the Order Placement service to
validate and place the order, and 1,200 ms for the Payment service to apply the
payment. With async, the customer would wait 600 ms to get a response. With
sync, however, they would have to wait 1,800 ms (just shy of 2 seconds). That’s
a big difference in response times.

Wow, that
was fast—only half
a second to place an
order!

Al'{:hough this step
otturs, the user
docsnl{: have to
wait for it.

4

1 Order
Placement || = = = = = = = = = = = 5| Payment

<t Qorvice 3 /\ Service

600 ms Asynt means the Ovder 1200 ws
Placement service doesn't
need to wait for a vesponse.
That took
a long time. Two
seconds to place an
order is too slow for
me.
Sync means the
Ovder Platement
sevvice must stop
and wait for the
Ea\/mcnt sevvice to 3
inish its wovk.
1 L5
— ol Order 7o, ) > Payment
<«—————— Flacement Service
5 Service
600 wms 4 1,200 ws
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sync and async

Asynchronous for the win (continued)

The other big advantage of async is avazlability. Let’s see what happens with
async and sync if the Payment service is unavailable or becomes unresponsive.

Nice! I've
placed my

The Payment

sevvite is down
and unavailable.

As\/m:
Order tommunitation

Placement

2 Service 3 <‘\

The Ovder Placement service doesn't
tare whether the Payment service is
available or not.

What do you mean, “Error, try
again”? Alll want to do is place
my order!

X Syné
2 [— tommunitation
Order

Placement The Ovder Placement
ERROR! 3 Service sevvice tan't
‘Fumcflon Fro‘?crl\/
when the Pa\/mcn{:
sevvite is unavailable.

Iy

Have we convinced you that asynchronous communication is great? Remember the First
Let’s take a look at its trade-offs next. ~ az—cvcry-(:h;h in
s .
ot tware architeetyre i
a trade—off

366



Synchronous for the win

event-driven

The main disadvantage of async communication is error handling. With sync
communication, if there’s a problem with the payment method, the customer knows
right away and has a chance to fix it and resubmit the order. However, with async,

the customer thinks everything is fine because the system hasn’t told them otherwise—
but the Order Placement service can’t process the order until the customer corrects
the payment problem. This makes error handling much more complex.

Oops. Let me
try a different
credit card.

Order

ERROR—Credit
Card Expired 5

My card is

placed the order?

1
————3| Order
Placement
2 Service

Placement
Service

expired? Why couldn’t you
have told me that when |

“Please update your credit card
information so we can process your order” 6

i ——

S\/nch\ronous

tommunitation

2

>

Payment
Service

ERROR—Credit
Card Expired

4

As\/m‘,hronous

tommunitation
Payment
Service

= >

3

' 5

1

\4
Email

Notification
Service

ERROR—
Credit Card
Expired

This is f‘)CH'—ihS
complicated.

.
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arpen your pencil

Now’s your chance to test what you've learned so far about event-driven architecture, events, and asynchronous
processing. Der Nile’s inventory occasionally gets out of sync, as shown below. When this happens, the order cannot
be fulfilled and goes into a back-order state. Der Nile never makes a customer pay for items that are back-ordered,

and the customer can choose whether to wait or cancel the order.
As the architect for Der Nile, what additional events and services would you create to address this situation?

Order 3 3 Order Pa
ywent
Placement Service
Service
Payment
Applied
5

O'rder ERROR—No Stock
Fulﬂllw.aem‘ on Hand, Cannot
Service Fulfill Order

Oh deav!
W\\3£ would

you do now?

H\\S svacc.

———— Solution on page 395

368



event-driven

Patabase topologies

Hang on. All yow've talked about so
far are events and services. Data matters
too, Ya know. When are you going to
start talking about databases in event-
driven architecture?

We’re glad you brought that up.

Data can be a complex topic in EDA. Because EDA
1s so asynchronous, services are highly decoupled from
one another. However, if all the services share a single
database, then they end up being highly coupled to
the database. On the other hand, if each service
owns its own data, like with microservices (discussed
in the previous chapter), then services become
highly coupled to each other because they need to
synchronously ask each other for the data. In either

case, data forms a coupling point—something we try
to avoid in EDA.

In the next couple of pages we’re going to show you
various ways for dealing with databases in EDA:
monolithic databases, domain-partitioned
databases, and the database-per-service pattern.
We’ll talk about their trade-offs to help you decide
which one is most appropriate for your situation.
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monolithic

Monolithic database

In the monolithic database topology, all services share a single database.
The main advantage is that when services need data they don’t own,
they can go directly to the database. This means they don’t have to make
synchronous calls to other services to get data. For example, if the Order
Placement service needs the current inventory and shipping options for a
customer’s order, it can simply query that information from the database.

Ovder Placement
tan get the turver
'\V\VCV\{')OV\I aL\d
shipping oF ons
d\vctﬂ‘l ‘crom {:’\'\c
database. Thats
easy and fast.

However, this decoupling comes with a steep price: managing database

Order
Placement
Service

f

Order 5
Placed

S

Payment
Service

Serviees are

decoupled from ezeh

other when using 3

monolithie da{;abasc..w/

o Paywment
Applied

Inventory

A s'mglc, monolithit

daﬁabasc ‘{’p sevrve —j ——
/\ ~-but the single database ¢,

all sevvices

Service
l

changes. Because all services share the same database, when you make
a change to the structure of one table, it’s difficult to identify all the
services that change will affect. Testing and releasing becomes a tricky
game—one you will all too often lose. This leads to brittle systems that
are difficult to maintain.

What’s more, the shared database becomes a single point of failure, and
one that may not be able to scale as the system grows.

370

Fulfillment
Service

A

Order
Fulfilled

Y

Shipping
Service

Cause issues with sealabilit
fault 'l:o,cvam:c, and th;:\gzl

tontrol. That'’s bad.




event-driven architecture

Monolithic database topology scorecard

Here’s a scorecard for the monolithic database topology. Monolithic databases ave not
necessarily good or bad—it all

\[ depends on what’s important {o You.

Monolithic Database Topology Scorecard

m Service coupling: | Low [ High
GOOD Services are highly decoupled because they don’t need to
synchronously communicate with each other to get data.

ET Performance: | Low | High |

GOOD Data retrieval is fast because services are accessing the database
directly, not through synchronous remote calls to other services.

vl Simplicity: [ Low I High |
GOOD The monolithic database is a simple topology. Complex joins and
queries are done in the database rather than in the services.

m Ease of change: [ Low [ High |

BAD Changing the structure of a database table can affect lots of
distributed services, making systems hard to test.

P Faulttolerance: |Low [ High |

BAD If the single monolithic database goes down, the entire system goes
down, impacting overall fault tolerance and availability.

X Scalability: [Low [ High |

BAD It's harder to scale and provide elasticity because the database must
scale along with the services, and because services could run out of
connections to the database.
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domain-partitioned

Powmain-partitioned databases

With domain-partitioned databases, each domain in the system has its own

database. This means any service that belongs to a particular domain will share

the database for that domain. For example, the Order Placement, Payment, and

Inventory services are all part of the Order Placement domain, so they all share the ~ Se (), apter 10 for 5

same physical database. Ecvij the physical
However, since each domain forms its own broad physical bounded context, a ounded context.
service in one domain can’t directly access a database to get data from another
domain. This means it must make a synchronous call to another service to get The Ovder Placement
the data—and now these services are coupled. service must s\/nchronousl\/
call the Shipping sevvice
Dotked lines to 5d: the shipping
rc‘arcscn{‘, SC?&YQ{C o?{:nons.
domains.
\‘ _______________ Order Order
’ Placement N Fulfillment R
Pla?;:de; " :l":g’ Payment | 1. Payment Fulfillment
! fen a Service o \_ Applied Service !
! Service b :
| . ' |
v Order
; o Fulfilled :
| Inventory Lo :
Service mE )
| b Shipping :
; Lo Service
All sevvices in the }
Ovder Placement
domain tan attess This topology is a well-balanced, middle-of-the-road solution within

. . . .
theiv domain’s event-driven architecture.

database di\rcc{:l\/.
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event-driven

Pomain-partitioned databases topology scorecard

Here’s a scorecard for the domain-partitioned databases topology. The dom ain—partitioned databases

topology provides a good balance.

BAD

Ef Performance:
GOOD

M Simplicity:

GOOD
4 Ease of change:
BAD

BAD

BAD

g Service coupling:

X Faulttolerance:

X Scalability:

4

Domain-Partitioned Databases Topology Scorecard

| Low [ High |

While services within a domain are still highly decoupled because
of shared data, services must make synchronous calls to other
services to get data from outside their domain.

| Low [ High |

Data retrieval is fast for services within a domain because they are
accessing the database directly. However, performance becomes

slower when services access data synchronously outside their domain.

| Low [ High |

Since most data is naturally partitioned by domain, this topology is not
overly complex (but it’s still not as simple as a monolithic topology).

| Low | High |

Changing the structure of a database table only affects services within
the domain, limiting the number of services impacted.

| Low | High |
Database failures only affect services within the domain, making this
topology a little more fault tolerant than the monolithic topology.

| Low [ High |

While still a con, scalability is a little better here than in the monolithic
topology. Databases only need to scale at the domain level, rather
than across the entire system.
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database-per-service topology

Patabase-per-service

Remember the database-per-service pattern from Chapter 10? It isn’t just for
microservices—you can use it for EDA as well.

The database-per-service pattern is just what it sounds like. Every service has
its own database, forming an even tighter physical bounded context than with

We hOF;gfou have

. T . . P'c"{?y monc\/l
the domain-partitioned topology. Here, making database changes is a breeze, This ¢an aet
because the only service affected is the one that owns the data (that 1s, does C%PCnsive.S
writes to the database). You get better fault tolerance and better scalability, too. y;
What’s not to like?
Unfortunately, plenty. You see, whenever services need additional data they
don’t have, they have to ask for that data from the service that owns it using
synchronous calls. That results in a lot of coupling and communication between
services, not to mention much slower performance.
The Ovder Placement
service must
synthronously ¢all the
Wow—that’s a Shipping sevvice to get
lot of sevvice \, the shipping options.
Lou?ling,’
Order ﬁ
Placement > Order > Payment || | Paym.en’r Fulfillment
Service \_ Placed ) Service Applied Service
l l '
\ Order
% @ Fulfilled
— Inventory i ;
Service - Y
Shippin
The Ovder Placement 6\ e SQr\ll)iceg
service must synchronously Each sevviee and data
call the Inventory service tombination forms its own
) 36{: the curvent % thsical boundcd context
ihVCh'{'»OV'\/' - - \)us‘l: like in mitroservites.
—=
!
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event-driven

Patabase-per-service topology scorecard

Here’s a scorecard for the database-per-service topology. This £°P°l°5y is the exact opposite of the monolithic

Polog\/, ‘From d pros—and—ctons Pcrsycc{:ivc.

BAD

BAD

BAD

GOOD

GOOD

GOOD

g Service coupling:

x Performance:

X Simplicity:

Er Ease of change:

M Fault tolerance:

M Scalability:

4
Database-Per-Service Topology Scorecard

| Low [ High |
Since services only have access to data they own, they must make

synchronous calls to other services to get additional data. This highly
couples services in a highly decoupled architecture. That's bad.

| Low [ High |
Because services must make synchronous calls to retrieve other data,
performance becomes much slower than in the other topologies.

| Low | High |
Breaking data apart into small physical bounded contexts is very

hard, due to coupling between data tables and artifacts (such as
foreign keys, triggers, views, and stored procedures).

| Low [ High |

Changing the structure of a database table only affects a single
service within the physical bounded context, making database
changes much easier than in other topologies.

| Low [ High |
Database failures only affect the owning service, making this the
most fault tolerant of the three topologies.

| Low [ High |

Databases scale at the service level, making this a great topology for
high scalability and elasticity needs.
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choosing

- Exercise

For each of these business needs, select which topologies you would consider. You can select more than one
topology.
We expect anywhere between 20 and 300,000 custowmers o be on the system at once.

[] Monolithic Database [] Domain-Partitioned [] Database-Per-Service
Databases

The system wmust be as fast as possible.

[] Monolithic Database ["] Domain-Partitioned [] Database-Per-Service
Databases

This medical monitoring system can never completely fail—parts of it must always stay
running.

[] Monolithic Database [] Domain-Partitioned [] Database-Per-Service
Databases
We're anticipating changing the database a lot in this new line of business.

[] Monolithic Database ["] Domain-Partitioned [] Database-Per-Service
Databases

We have to get the new systew up and running as soon as possible.

[T Monolithic Database [] Domain-Partitioned [] Database-Per-Service
Databases

Our data wmodel is extremely large and complex, with lots of interrelated data.

[] Monolithic Database [] Domain-Partitioned [] Database-Per-Service
Databases

——— Solution on page 396
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event-driven

Event-driven architecture using
the database-per-service topology

looks & lot like microservices to me.
What’s the difference?

Even though they may appear
simliar, EDA and microservices
are very different.

We’re glad you noticed some similarities between

the two architectural styles. Both are distributed
architectures good for scalability, agility, elasticity, and
fault tolerance.

Over the next few pages, we’ll show you some important
differences. But before we move on, how about trying
the short exercise below to see if you can spot any
yourself?

£ You don’t know, that's
okay—keep veading/

en your penci] f

A\ List any differences you can think of between event-driven architecture and microservices.

———— Solution on page 397
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architecture differences

EDA versus wmicroservices

Welcome to the EDA versus microservices Top Six Differences countdown!
Over the next few pages, we’re going to count down six important differences f/\

between these architectural styles, starting with number 6. Ready? Let’s go!

Number 6: Performance

The first difference in our countdown, at number 6, is
performance.

In their book Fundamentals of Software Architecture (O’Reilly), two
of your authors created star ratings for each architectural
style. We gave microservices only two stars out of five for
performance, but we gave EDA five stars. Why?

Well, EDA combines asynchronous processing with the ability
to do multiple things at once, creating very fast systems.
Microservices, however, because of their bounded contexts
and fine-grained nature, frequently need to communicate
synchronously. This creates a lot of latency, which slows the
system down considerably.

Number 5: Physical bounded contexts

[£'s Lime for the Head

First differentes

Coun{:dowh!

Architectural Characteristic

Star Rating

Performance

% %k Kk ok

Event-Driven Architecture

Architectural Characteristic

Star Rating

Performance

*

Microservices Architecture

Coming in at number 5 in our countdown is physical bounded contexts.

Microservices won’t work without these.

In EDA, however, while a physical bounded context is nice to have, it’s certainly
not foundational (or even required). Because data sharing is pretty typical in EDA,
this architecture doesn’t restrict data ownership as strictly as microservices does.

Ther
ey Order Payment _. Fulfilment ere are no

Placement Placed
Service aoel Service

éonfcx{:s here.
Fulflled
Inventory /

Service
Shipping
Service
I . T

Event-Driven Architecture
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Serice thsical bounded

These sevvites and their
data are each in a physical
bounded tontext.

i Order HE i E i
| I lnventory I Payment i
1 Placement 1o . P ; i
i Service P Serviee P Servioe ;

& s . % :

Microservices Architecture




Number 4: Data granularity

Another constraint with microservices that doesn’t exist in EDA is data
granularity.

By definition, a microservices architecture requires each service to own its own
data. This means you have to break apart your data into fine-grained databases
or database schemas—collections of tables that a service owns (writes to).

But in EDA, you can choose a single monolithic database, domain-partitioned
databases, or the database-per-service pattern.

event-driven

You an V‘C‘ersh

)’ow memor), oﬁ {‘.his

VCS{:

viction and Why

it exists by goi
30|
back +o Chapfetgl 0.

Order
Placement Iventony Payuent Order
Service Service
Placement

Servioe
Service

Inventory
Service

Payment
Service

e s

Event-Driven Architecture Microservices Architecture

Number 3: Service granularity

Number 3 in our differences countdown has to do with service granularity.
Recall from Chapter 10 that a microservice 1s a single-purpose service that does one
thing really well. As a result, microservices tend to be fine-grained.

EDA has no such restrictions. Services in an event-driven architecture (formally
called event processors) can be whatever size they need to be—fine-grained,
coarse-grained, it doesn’t matter.

These sevvites
tan be any size.

Event
Processor
Event
Processor Event Microservice
P— Processor
Processor

Event-Driven Architecture

These sevvices ave all vequived
4o be Sin5|c—?w\7c‘>se——hcnéc

the name “mitro.

Microservice

Microservice

Microservices Architecture
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architecture differences

Number 2: Event versus request processing

We’re almost there. Coming in at number 2 is another fundamental difference:
event processing versus request processing. Event-driven architecture is
built on event processing—responding to something that has happened, and in
turn triggering more events. Microservices architecture, on the other hand, is

built on request processing—responding to something that needs to happen, like a This is something
command or a request, and processing that request. &/ that needs to happen.
Order - Order Order . Apply
Placement Placed ) Placement Payment
Service Service
This is
Event-Driven Architecture something that Microservices Architecture

has alveady
happened.

Number 1: Communication style

And finally, coming in at number 1 is the most fundamental difference
between EDA and microservices: communication style. EDA typically uses
asynchronous communication between services, whereas microservices typically

rely on synchronous communication using REST. EDA can occasionally use In mitroservites, Lommunitation
synchronous calls for things like retrieving data it doesn’t have access to, and is usua“\/ done using REST,
microservices can use asynchronous communication when commands don’t which needs a vesponse to
require a response. But those are exceptions rather than the rule. ;_ tontinue Protessing.

| As\/m', | SYV\C

Order { Order [_
- = = = = > | Payment ————> | Payment
Placement . Placement .
) Service \ Service
Service Service
Event-Driven Architecture Microservices Architecture
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event-driven

Who Does Wbat?

Oh dear! We tried to organize these facts , but got them all mixed up. Gan you help us figure out which
statements are about EDA and which are about microservices? Careful—some facts apply to both.

| require a bounded context.

| can use the database-per-service pattern.

Event-Driven
Architecture | create systems that can scale.
| mostly use synchronous communication.
| create high-performance systems.
| save you money because | don’t cost a lot.
We did this
one for you ™ | rely mainly on asynchronous communication.
I\Xi’eroserﬁ’ces
rehitecture

| communicate to services using events.

I'm really good at fault tolerance.

| can use a monolithic database.

——— Solution on page 398
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hybrid

Hybrids: Event-driven microservices

Even with all the differences between EDA and microservices, there’s no reason
you can’t combine them. Doing this creates a Aybrid architecture called event-

driven microservices. k\

You might have observed that the EDA database-per-service pattern for Der Nile A hybrid architecture
looks a lot like microservices. However, just using the database-per-service pattern combines multiple
doesn’t make it event-driven microservices. To see what we mean, take a look at avchitectural s{:\/lcs
this EDA.

That's a big sevvice.
We'll eall it Papa Thi
Bear-... ...and this one’s s event protessor

£ulfills £he order, the
Mama\B:ar... \/ ships and tracks it. ’

Order
Order Order , Order
. oy, Fulfillment )
Submission " Submitted . Shipped
Service .and this one is

y Ve Baby Bear.

™ l | vl

This event protessor aceepts Service
l {:h‘c order Erom the customer, (—\
validates it, applies \’a\/"‘"‘{-’ ¢ All this event

for the order, and adjusts e protessor does
the inventory- % is email the
~ ctustomer when
the order is
shipped.

en your penci]

The above architecture is an acceptable and well-formed EDA, but not a well-formed microservices architecture. Two

fundamental principles are missing that would make it event-driven microservices. Can you list what those two missing
things are?

1. 2.

———— Solution on page 399
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event-driven

To make this architecture an event-driven microservices hybrid, we have to
apply two very important principles of microservices: single-purpose services
and physical bounded contexts.

The Order Submission service has to accept an order, validate it, apply the
payment, and adjust the inventory. It’s certainly not a single-purpose service.
That’s perfectly acceptable in EDA, but not in microservices. The same is true

of the Order Fulfillment service. To make this an event-driven microservices This is a physical bounded
architecture, we’d have to split these services into separate single-purpose services, context, meaning no
each triggering its own events. one else ean ateess the

payment data dircd:l\/.

______________

Subwission
Service »

Order Order

' | Placement || Placed Payment

| Service Serviece Applied
Order ; |

______________

Payment | |—-»

lnventory lnventory
Service Updated

These servites are now

C
mitroservites that use events, =
. . =y
ereating an event—driven
mitrosevvites arthitecture. N /

You might have noticed on the previous page that the Email service is accessing the
Order Submission database directly. In microservices, this isn’t allowed because of the
physical bounded context. In the new hybrid architecture, to retrieve the order data, the
Email service needs to call the Order Submission service (now the Order Placement
service, since we broke that service up). The implementation of tight physical bounded
contexts isolates data access to the owning service.
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EDA

Event-driven architecture superpowers

It’s time to check out the superpowers of the EDA style.

Maintainability

Services in EDA are highly decoupled,
making them fairly independent and
therefore easier to maintain.

Performance
Because EDA mostly uses

asynchronous communication and
can multitask, it’s very fast.

Evolvability

EDA services always trigger
derived events, onto which we
can easily add functionality. This
makes EDA highly evolvable.

Scalability

Event-driven architectures are highly
scalable because of asynchronous F
processing and service decoupling. Each ault tolerance

service can scale independently of others, Because services are highly decoupled in EDA

if’ one service goes down, it doesn’t bring down
other services in the workflow.

with the event channels acting as pressure
release valves if bottlenecks occur.
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Event-driven architecture kryptonite

Kryptonite diminishes a superhero’s powers, just like these system
P P P J Y

features and characteristics diminish the power of EDA. Watch out
for them!

Complexity

EDA is highly complex because it typically uses asynchronous

communication and parallel event processing, and because of its
varied database topologies and their trade-offs.

Synchronous calls

If you have lots of synchronous calls

Testability

I’s really hard to test asynchronous
processing and parallel tasks, making
testability a weakness in EDA. )

between services and workflows that
require synchronously dependent
services, EDA is not for you.

We know You need a Databases

database—what we've Regardless of the database topology you
saying heve is that choose, services are coupled: either to the
databases tan touple database or to each other. There are not
an otherwise highly alot of good trade-offs here.

detoupled system. ~ >
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strengths and

Event-driven architecture star ratings

Below is a useful chart for better understanding what EDA is good at and what
it’s not so good at. One star means that the architectural characteristic is not

well supported; five stars means it’s very well supported.

£\

Just like movie reviews.

Architectural Characteristic

Star Rating

* Kk ok &

While it's easy Maintainability
4o find whevre
4o thange tode, Testability * %
{',cs{:ing and
deployment ave Deployability * % Xk
visky and havrd.
Simplicity *
Evolvability * % Kk Kk k
Less sevvite
ow \\V\ means
;cﬁcﬂssw\a\)\\\b{ Performance * % %k Kk %k
st ity -
and lastie v\_? Scalability * %k k k %k
Elasticity * % k %
Fault Tolerance * % %k % %
Overall Cost $$9%

Because most Lhings ave

asynchronous and decoupled,
fault tolerance is veally high.
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Things like ervop
handlin3 and
asynhronous
Communieation
make EDA

Complex.

<

Finally, an
arthiteetural
style that

Vcr(:orms welll

EDA is great for operational characteristics like performance, scalability,
elasticity, evolvability, and fault tolerance, but struggles when it comes to
simplicity and testing. Asynchronous communication is hard to test, and it’s also
hard to verify that a change in one service or event hasn’t affected other services.
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i Exercise

Which of the following systems might be well suited for the event-driven architectural style, and why? Hint: Think
about EDA’s superpowers, its kryptonite, and the problem domain.

An online avction system where users can bid on
itewms [ ] well suited for event-driven architecture

Why? []Might be a fit for event-driven architecture

[] Not well suited for event-driven architecture

A large backend financial system for processing and

settling international wire transfers overnight
Why? []Might be a fit for event-driven architecture

[ ] well suited for event-driven architecture

[ ] Not well suited for event-driven architecture

A company entering a new line of business that
expects constant cha"ges to its system [ ] well suited for event-driven architecture

Why? []Might be a fit for event-driven architecture

[ ] Not well suited for event-driven architecture

A swmall bakery that wants to start taking online
orders |:| Well suited for event-driven architecture

Why? []Might be a fit for event-driven architecture

[T Not well suited for event-driven architecture

A social media site where users ¢can post and respond
to comments [ ] Well suited for event-driven architecture

Why? [ ] Might be a fit for event-driven architecture

[ ] Not well suited for event-driven architecture

———— Solution on page 400
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chapter

Putting it all together

Now, the part you’ve been waiting for—the complete picture of the Der

Nile online ordering system using event-driven architecture. Since there are

lots of database topologies to choose from, we’ll focus on the core parts of Lots of errors £an ollur in
the system: event processors (services) and events. this arehiteeture, whith would
5cncra‘ﬁc Lor\rcsponding ervor
events. We've not showing
those events here—only the
“haPF\/ path” events.

What
a great online
ordering system!

o Orde: . Order Paywent Payment Fulfillment
CLU Placed Service Applied Service
Service

Y y
( Order
lnventory Fulfilled

Service

Y

l Shipping
Warehouse Inventory Service

Service Adjusted
l [ Order

Stock Shipped
Replenished
Y VY

Ewail
Notification
Service

\

Customer
Notified
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Wrapping up

Well done! Thanks to your diligent work and EDA knowledge, Der Nile is scaling up and
performing to meet its high customer demand, with room to grow even more. Let’s close
this chapter by reviewing some key points about event-driven architecture.

— Bu]let Points

® An event is something that happens in the ® Event-driven architecture and microservices are very
system. Events are the fundamental way services different architectural styles:

communicate with each other in EDA. .
® EDA relies mostly on asynchronous

® Events are not the same thing as messages—events communication between services, whereas
broadcast some action a service just performed to microservices typically rely on synchronous
other services in the system, whereas messages are communication using REST.

commands or requests directed to a single service. . . . .
® EDA is built on event processing—processing

® An initiating event originates from a customer or end things that have already happened. A
user and kicks off a business process. microservices architecture is built on request
processing— processing a command or request

- . . oo
A derived event is generated by a service in response about something that needs to happen.

to an initiating event.

= Microservices are fine-grained and single-
purpose, whereas services in EDA can be any
size.

® Any action a service performs should trigger a derived
event to provide architectural extensibility—the ability
to extend the system to add new functionality.

= Microservices requires each service to own its
own data, whereas in EDA services can (and
usually do) share data.

® EDA is fast because it generally uses asynchronous
(async) communication—services don’t wait for a
response or acknowledgment from other services
when sending them information. ® You can combine microservices and EDA to create a

T . hybrid architecture called event-driven microservices.
® Asynchronous communication is sometimes called

fire-and-forget. ® EDA is very complex because it uses asynchronous
communication and parallel event processing, and

® Architects usually use a dotted line to represent async has varied database topologies

communication between services and a solid line to
represent sync communication. ® |t's really hard to test asynchronous processing and

. . . . . parallel tasks, making testability a weakness in EDA.
= Unlike microservices, event-driven architecture can

use a variety of database topologies: = Derived events provide hooks to add functionality,

= With the monolithic database topology, all making EDA highly evolvable.

services share a single database. ® EDA is highly scalable because of asynchronous

rocessing and service decoupling.
= With the domain-partitioned databases P 9 piing

topology, each domain in the system has its
own database, shared by all of the services
within that domain.

= |n the database-per-service pattern, each service
has its own database in a bounded context.
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Event-Driven Crossword

Ready to have some fun and test your knowledge about events,
asynchronous communication, event processors, and multitasking?
Try this crossword puzzle about the event-driven architectural style.

1

10 11

13

14

15 16

- | |

17

18

20 | |

Across

2. How each part of a process is completed and in what order
3. -and-forget communication

5. When you combine a service with a database, you get a
physical bounded

6. Reducing users’ wait time is the goal of making a system
more

8. Async communications don’t for a response

12. Type of communication that requires a response

13. Architectural characteristic that deals with speed

18. Some architectures are easier to with new features
19. These communications are sent to a single service using
queues

20. Certain conditions may

an event

390

Down

1. A way of organizing databases in an architecture

4. Something important that happens

7. Type of event that kicks off a business process

9. Type of event that flows from other events

10. Abbr. for an external communication hub that an app may
call

11. An event is used to
happened

12. Part of an architecture that performs a function

news that something has

14. -partitioned databases

15. Events are delivered via an event
16. A message can be a command or a
17. Services can for event notifications

——— Solution on page 401



event-driven architecture

EXGI’C'IS'G From page 353
Solution

As the architect, how can you modify the current workflow shown on page 352 to speed things up a bit? Draw your
ideas for a new workflow in the space below. Hint: What can you do at the same time? Here’s our solution.

o<

These happen at the s

ame time,

Validate the asynchronously (dotted ine).
puasas iewd ([
and waits _>3cncva{:c order [D ---q--=------ccoconmu- g
¥ ¥
Charge the Ad\’)us{: turvent
Email £he > tustomer’s ihVCh'{ZOY‘/
tustomer the eredit cavd No need for
order D . asynt heve
v —
SChd {"&hc;rdcv H_‘ ‘H’\C S‘{',OCI(
B 4o the fulfillment 3c+,s t00 low,
A department order move
Email the tustomer < The order is packed
that the order is and veady ) g0
veady to ship '
Email the'etustomer Shi the ord E (_D -
hen the order i ip the order o _________ J o nee wai
when B ereen e 4o the tustomer for the item to be

delivered shipped (asyne again)

)

Mavk the order
as complete

you are here » 391



exercise solutions

From page 357

en your penci]
ySolufion

It's time to test your knowledge about events and messages. For each of the quotes below, mark whether it is more
likely an event or a message, and indicate why.

“Adventurous Air flight 12, turn left, heading 230 degrees.”

[] Event Iz( Message

Reason; This is a tommand sent 1o only one airplane about something that needs to
happen.

“ln other news, a winter storm front has just moved into the area.”

E Event [ ] Message
Reason: This is being broadeast to lots of people about something that has just happened.

Lul—this
“Okay, class, turn o page 42 in your workbooks” ¥ E:cf's a;.‘:k\/;
[] Event IX Message

Reason: Even though this is being broadeast to lots of students, it’s a tommand about
something that needs to happen.

“Hello, everyone! Sorry I'm late.”
IX Event [ | Message

Reason: This is something that happened that is being broadeast to many people.
No vesponse is expetted.

“Oh no! 1 just missed my train!”

jZ Event [ ] Message

Reason: Even though no one might be listening, this is something that just happened.
[t isn't divected toward any one individual.

“Excuse wme, sir—do you have the time?”

[] Event Iz[ Message
Reason: This is a vequest made to a single individual about something that needs to happen.
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event-driven

- ' Exercise From page 359
5/ Solution

Based on the Credit Card Charged initiating event and the corresponding processing below, can you identify what the
derived events should be for each service? Think of as many possible outcomes as you can. Here’s our take.

Customer makes This is the
a credit card {  nitiating event
_Purchase

Credit Card

e O
O Charged

CARD'!

Fraut.i Credit
Ve’rec’fmn Limit
Service Service
theck :;or Verify credit
rav imi
a limit These are the
dCV‘chd CVCV\'ES.
Credit Limit
_)( Fraud Detected —)[ Reached )
N FY‘a d Credit Limit
—)( D: tee £: d _)( Exteeded
_,(

~(
=~

Credit Limit
Warning

Credit Limit
Oka\/

— W S

No’cify the customer
that they've tlose to j
their eredit limit.
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exercise

From page 364

‘i~ Sharpen vour penci]
ySollftion1

For each of these tasks, would you use asynchronous or synchronous communication?

Give me the shipping options for this order.

[] Asynchronous IX Synchronous ] Either one would work

Apply payment for this order and let me know if the payment goes through.
[] Asynchronous IZ Synchronous ] Either one would work

jz Asynchronous  [] Synchronous [ ] Either one would work

Give me the current status of this order.
[] Asynchronous IX Synchronous ] Either one would work

Our inventory of this itewm is getting low—please order more stock.
jg Asynchronous [ Synchronous [ ] Either one would work

Tell the customer that their order has been shipped and is on its way.
IX Asynchronous  [] Synchronous [ ] Either one would work

Update the customer’s profile picture.
[] Asynchronous  [] Synchronous XL Either one would work

Post a customer’s review on the product page.
[] Asynchronous [ | Synchronous E Either one would work

Fulfill this order for me by picking the items off the shelf and packing thew in a box.

394




event-driven

From page 368

@ h -1
J~Dharpen YOHI’ penci
o

Solution
Now'’s your chance to test what you've learned so far about event-driven architecture, events, and asynchronous
processing. Der Nile’s inventory occasionally gets out of sync, as shown below. When this happens, the order cannot
be fulfilled and goes into a back-order state. Der Nile never makes a customer pay for items that are back-ordered,
and the customer can choose whether to wait or cancel the order.

As the architect for Der Nile, what additional events and services would you create to address this situation?

Order o
Placement 3_) Order Psavrmgn’r Payment
Service Placed ervice Refunded

Payment
Applied Oh dear!
Wha—h wou\d

you do now?

5
O.rder ERROR—No Stock
FUlfl"’fle"f on Hand, Cannot
Service Fulfill Order
6
—c-
7
8 Email
Notification
Service

Backorder
Email Sent

395



exercise

Exereise From page 376

Solution

For each of these business needs, select which topologies you would consider. You can select more than one
topology.

We expect anywhere between 20 and 300,000 customers to be on the system at once.

[] Monolithic Database jz[ Domain-Partitioned IX Database-Per-Service
Databases
The system wmust be as fast as possible.

& Monolithic Database B Domain-Partitioned [] Database-Per-Service
Databases

This medical monitoring system can never completely fail—parts of it must always stay
running.
[T Monolithic Database [] Domain-Partitioned B Database-Per-Service
Database

We're anticipating changing the database a lot in this new line of business.

[] Monolithic Database & Domain-Partitioned E Database-Per-Service
Databases

We have to get the new system up and running as soon as possible.

E Monolithic Database E Domain-Partitioned [] Database-Per-Service
Databases

Our data wmodel is extremely large and complex, with lots of interrelated data.

E Monolithic Database [] Domain-Partitioned [] Database-Per-Service
Databases
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From page 377

en your penci]
ySolution

List any differences you can think of between event-driven architecture and microservices.

Pevformante

Physical bounded contexts These 4
€ some of the

Ones we ¢
ame up wit),

Data 5ranu|ari+,\/
Sevvite g\ranula\ri{:\/
Event vs. vequest protessing

As\/nthronous versus synchronous protessing
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From page 381

Who Does Whai?
Solution

Oh dear! We tried to organize these facts, but got them all mixed up. Gan you help us figure out which
statements are about EDA and which are about microservices? Careful—some facts apply to both.

| require a bounded context.

| can use the database-per-service pattern.

Event-Driven

rehitecture | create systems that can scale.

"' | mostly use synchronous communication.
”“' | create high-performance systems.
%’ | save you money because | don’t cost a lot.
| rely mainly on asynchronous communication.

Aﬁicr@ser‘/‘ices

rehitecture

| communicate to services using events.

I'm really good at fault tolerance.

| can use a monolithic database.
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From page 382

Solution

The architecture on page 382 is an acceptable and well-formed EDA, but not a well-formed microservices architecture.
Two fundamental principles are missing that would make it event-driven microservices. Can you list what those two

en your penci]

missing things are?

2. Physical bounded context (data ownership)

1. Sinale—purpose services
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EXerciS.e From page 387
| Solution

Which of the following systems might be well suited for the event-driven architectural style, and why? Hint: Think
about EDA’s superpowers, its kryptonite, and the problem domain.

An online auction system where users can bid on items IX
Well suited for event-driven architecture

Why? The problem domain fits EDA, and this system [ ] Might be a fit for event-driven architecture
needs high levels of sealability, elasticity, and [ ] Not well suited for event-driven architecture

responsiveness.

A large backend financial system for processing and
settling international wire transfers overnight
Why? None of EDA’s supevpowers are needed for []Might be a fit for event-driven architecture

this problem. E Not well suited for event-driven architecture

[ ] Well suited for event-driven architecture

A company entering a new line of business that

expects constant changes to its system [_] Well suited for event-driven architecture
Why? EDA might be a possibility, since it makes EMight be a fit for event-driven architecture
thanae easier. [] Not well suited for event-driven architecture

A swmall bakery that wants to start taking online

orders [ ] well suited for event-driven architecture
Why? EDA is too tomplex and expensive Lor 3 small [] Might be a fit for event-driven architecture
bakery. TX Not well suited for event-driven architecture

A social media site where users can post and respond

to comments IXWeII suited for event-driven architecture
Why? The asynt and broadeast capabilities of EDA []Might be a fit for event-driven architecture
are a 9ood fit heve. [] Not well suited for event-driven architecture
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Event—DPiven Crossword Solution

From page 390
F
IW|O|R|K|F[L[O]w]
P
FET1[RTE] [ClO[N]TTEIX]T]
v L
IR[E|s[P|O|N[S[I[V]E]|
NfTe] N
W[ATI]T Y 1]

— o] @

‘Al [B E| || 'S|Y|N]|C
[P [E[R]|F[o|R[M[A[N][C[E D]
cl Rl [ [of T [ [’ _ [9]
H| |E] A Vi L Vi (L] M)
Al [Q] o] [E] v [ [ [Al
[N| Y] C Df [G] Cl |S| [
N| |E A E|X|T[E[N]|D|

[M[E|S[S|A|G|E]|S E]
L] 7] TIR[1[G[G[E[R] N
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do §t yourselt
Testing Your Knowledge

Ready to test your skills in creating a distributed architecture? in this
chapter, you’re the software architect. You'll be determining architectural characteristics, building a
logical architecture, making architectural decisions, and deciding whether to use microservices or
event-driven architecture. The exercises in this chapter will give you an end-to-end view of what a
software architect does and show you how much you've learned. Get ready to create an architecture
for a student standardized test-taking system called Make the Grade. Good luck—we hope you get an

A on your architecture!
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testing system

Welcome to Make the Grade

Congratulations—you’ve j
you've just been hired by Datavi i
congrat : ‘ y Dataville Public School i
ystem for standardized testing. All students in a specific graflz Tet\zof:;o\lflvlill‘ljtak
ake

the same test to d 1
etermine how well st
udents, teachers, and
, the schools are doi
ing.

Make the Grade requirements document

O Students will take 2 web-based test in their homeroom, proctored by their homeroom teacher.
Because tests are timed (2 hours), the system must present questions as fast as possible.

O Each studentis presented with a multiple-choice question on the screen. Once they answer it,
the system captures the answer and delivers the next question. Students may skip guestions,
but may not go back to prior ones—only moving forward is allowed.

0 Once captured, each answer is automatically graded (correct or incorrect) and the results are
stored in a central relational database, which has only 300 database connections available.

O

Anywhere from 20 to 200,000 students could be taking tests at the exact same time.

O The Dataville Public Schools testing administrator is responsible for scheduling tests and for
maintaining tests, answer keys, and the list of students (used when students sign in to the
system).

O Rita, the head of Dataville Public Schools, uses the system to generate student reports, teacher
evaluations, and school reports after all testing is complete.

O The proctor (teacher) uses the system to find out when tests are scheduled.

Meet Rita,

head of

Dataville Rita has some oth
Publie géhoom i’“FOY“{:an-{: rcqu'l\"cv::nts

for the SYS‘{ZCm. 2

Pay attention oy .
’ It's imperativ
bef:ﬁuse these ot ep; e that no student answers are lost, even if the system
things are
important. “We need this system in plac
] in six months.” place for the start of the next term, which is

“You absolutely have to mak
e sure that st :
system and steal the test answer keys.” dents cannot hack into the

l;aus;gr?td?egn’t occur every day. Some days there are only 20
Sude tis akéng a t_est; other days there could be 200,000 at the exact
me. Sometimes tests might be staggered throughout the day.”

yi
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Student festing workflow

Now that you have the requirements, let’s take a look at the primary workflow of
the Make the Grade system so you can better understand those requirements.

1. What is your quest?

A.To cross the Bridge of Death _Get question By Submit answer
B. To seek the Holy Grail : W
C. To answer your silly questions

T

do it

"student id": "45",
"question": "1",
"answer": "B" }

Get next question

(3]

™ o

Generate reports once
all testing is complete

o

Test Answer
Patabase

Store results

0

Auto grade

Y

"student_id": "45",

"question": "1",
"answer" : "B" ’
"grade": "Correct" }

arpen your pencil

architectural solution.

Given the requirements for Make the Grade, list some challenges that you will need to address when creating an

—— Solution on page 420
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planning

Planning the architecture

I've given you the
requirements, so what’s the
big delay? Why aren’t you
developing the system? We only
have six months.

Make The Grade requirements document

* Students will take a web-based test from their assigned classroom and teacher. Because tests
are timed (2 hours), the system must present questions as fast as possible.

* Each student is presented a question on the screen. Once they answer it, the system captures
the answer and delivers the next question to the student. Students may skip questions, but
they not go back to prior questions

* Once captured, the student answer is automatically graded (correct or incorrect) and the
results stored in a central student answer database, which s relational and only has 300
connections available.

* There can be anywhere from 20 to 200,000 students all taking the same test at the exact same
time.

* The testing administrator schedules tests, maintains tests and corresponding answer keys,
and also maintains the list of students (this is used when the student signs into the system).

*The student reports, ports, school reports, and
testing reports (common questions students always get wrong, and so on) for the education
department after all testing is complete.

Even though Rita is impatient
+o see some \?\ro?\rcss, don't let
that sway You from C\'caﬁhg
a solid and wc”—-{:hough{—ouic

We have to create an architecture first. arehitecture

As you've learned, architecture is a critical part of any software system.
Without it, the system will likely fail to achieve any of its goals.

Before you start developing code, you have to create an architecture.
This means going back to what you learned in Chapter 1 about the four
dimensions of software architecture.

Don’t worry—we’ll get the system done. But first, it’s important to know
what we’re building,
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do it

The architects’ roadmap

Let’s get the Make the Grade architecture started. You’ll use the steps you've
learned to translate requirements into an architecture.

o Start heve. 1

|_ architectural characteristics —

Fiha” )
% you'l 4
2 O 1= Lo
Fehiteet, .
Then \/ou'll need to J.H o o;*{e:h:ssms e
get logical. 'mensions. ¢ Next, you'll

J

1— sjuauodwod jesibo]

dotument Your
brilliant detision.

J

p [ean)oajiyoie

architectural style

C, You now know enough +o e
pick a style.

This diagram will serve as your roadmap as you make your way through each of the
exercises, so get used to seeing it. The next few pages will walk you through these steps.

Good luck on your journey—Dataville Public Schools is counting on you.
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identifying

Step 1:
Identify architectural characteristics

In this first step, you’ll use the requirements below to identify the
architectural characteristics that are critical for the success of the Make
the Grade student test-taking system. On the next page, identify up t
seven driving characteristics. Then select the three you think are the
most critical for the system to be successful.

Remember, implicit characteristics are those that are implied in
virtually every software architecture. (Would you ever not worry about
security?) If you see one you feel is eritical for the success of the system,
move it over to the driving characteristics area.

“It's imperative that no student answers are lost, even if the system
crashes.”

AERN

“We need this system in place for the start of the next term, which is
in six months.”

“You absolutely have to make sure that students cannot hack into the
system and steal the test answer keys.”

“Testing doesn't occur every day. Some days there are only 20
students taking a test; other days there could be 200,000 at the exact
same time. Sometimes tests might be staggered throughout the day.”

— architectural characteristics

5- T
You are heve.

SuoIsoap [einyoeyyose

/—~ sjuauodwos 1eaibog

architectural style — |

We ¢opied the requirements
h
make it easiev 1003 ol

to identif

thavactevistics.

You to use them
Y the driving arehiteetural

J

eb-based testin their h
d (2 hours), the system

ultiple-choice q

O Students will take aw
Because tests are time

O Each studentis presented witham

eran ‘

e system captures the answ . et
tbhut rﬁay not go back to prior ones—only moving forwar

tically graded (corre

swer is automa
i which has only 300

tured, each
e i lational database,

stored ina central re

O Anywhere from 20 to 20

¢ Schools testing admini

ille Publi .
BT i answer keys, and the list

maintaining tests,
system).
d of Dataville Public Sch

Rita, the hea
. and school reports after

evaluations,

O The proctor (teacher) uses the system tofi
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do it yourself

%) Exercise

In Chapter 2, we showed you how to use this template to limit the number of architectural characteristics. Flip back to
page 70 if you need a refresher on how to use it.

Top 3  Driving Characteristics Implicit Characteristics

JSeasibility (cost/time)

security

maintainability

observability

/Q These are implied tharacteristies. Move

them to the Driving Chavacteristies
column if You think {hc\/ ave evitical to
the suteess of the system.

o baek
You need jo Chaf’fev- 2f

o000 g ong

PICk 'thc {:OF ‘t"W‘CC mOS‘E i”\FOV"{;ah‘[: ones (l'\ aV\\/ OV'dCY‘)- C°'"'hoh arc 025 O‘P fheSc
dharacﬁerisf," ectural

es.
Possible Candidate Architectural Characteristics

performance data integrity deployability

responsiveness  data consistency testability

availability adaptability configurability
fault tolerance  extensibility customizability
scalability interoperability  recoverability
elasticity concurrency auditability

Solution on page 421

you are here » 409



identifying

L]

STep 'Z- . [ architectural characteristics 7
ldentify logical components g :
8 0
Good job! Now that you’ve identified the critical architectural ] You ave here. F
characteristics for Make the Grade, it’s time to apply what you learned in 5 (—J 9':
Chapter 4 to create logical components. _E 5
. . . . ] =
Using the requirements and primary workflow on the previous pages, N &
use the actor/action approach to identify the users and their actions. Then 2 8
identify as many logical components as you can on the next page. ‘\ S
7]

architectural style — |

Here’s some additional information you might find useful for this exercise:

@ Students sign in to the system using their student ID. The system will verify the date,
student ID, test, and teacher when a student signs in.

@ Rita, the head of Dataville Public Schools, will wait at least one day after testing has This gives the system time
K to vetord all the answevs

finished before generating reports.
in the database.

@ The classroom teacher acts as the proctor for the test, watching the students to make
sure they don’t cheat and providing assistance. The teachers use the system to find

out when a test is scheduled for their class.

@ When atest is created, the questions and answers are sent to the test administrator,
who enters them into the system. The same goes for any modifications to existing

tests.

arpen your penci]

Using the actor/action approach, identify the actions for each of these actors.

2 2 g 22

Student System Test Teacher
Adwinistrator (Proctor) Public Schools

/

Signin

5

We did this

one ‘COV‘ you.

———— Solution on page 420
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Using the space below, draw your logical components and their interactions.

Logical Architecture Key Use this key for your

\og\ca\ avthitetture.
35
Actor

R
oo oAsy“c LX) 0) epor{
s QY e

— > Solution on page 422
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choosing

Step 3

Choose an architectural style

We know that this system will have separate parts that require different
architectural characteristics, so it makes sense to use a distributed
architecture, such as microservices or event-driven architecture.
Leveraging what you’ve learned about both styles, use the next page to
analyze their pros and cons with respect to the Make the Grade test-
taking system. You will also need to go back to the requirements, your
logical architecture, and the star rating charts for each architectural style

— architectural characteristics ]

sjuauodwod 1ea16oj

(we’ve added those for you below). Choose an architectural style based on

your analysis.

L

You ave heve.

Event-Driven Architecture

e N Microservices
bekter that Architectural Characteristic | Star Rating Architectural Characteristic | Star Rating
L\narachcY'\Sﬁ‘ Maintainability % % % & Maintainability Y % %k
is supported Testability 3 % % k& Testability %
Deployabilty I %k kK ok Deployabily * ok Kk
s | Simelcy +* Simplicity %
Both of Evolvabilty Y % % K K Evolvability Y% % %k
these styles Performance * % Performance +* %k % k k
are tomplex. Scalabilty Y % % k% Scalability Y % % Kok
g:ﬁ::tfz Elasticity kK Elasticty * % & %
architecture. Fault Tolerance Y % % % % Fault Tolerance Y % % % %
Overall Cost $$%$%9% Overall Cost $$9%

Here are some considerations that might help you decide which

architectural style would be better suited for Make the Grade:

@ Go back to your logical architecture diagram and count the actions you identified
that you would consider events. If you find there aren’t many events, event-driven

architecture might not be the right choice.

@ Think about the nature of the data in the system. If most of the data is shared, then
microservices probably isn’t the right choice.

@ Think about how many actions you identified are synchronous and how many are
asynchronous. If you have a lot of synchronous actions, event-driven architecture

might not be a good fit.

412

SUoIS29p [einyoeyyose

architectural style — |

These three
tharatteristies
are the same

for both s{:ylcs.



do it

4 WDZ | Exercise

Outline the pros and cons of each architectural style to help you make a choice about which one might be most
appropriate for Make the Grade.

Microservices Architecture Analysis

Pros Cons

Event-Driven Architecture Analysis
Pros Cons

List your winning choice here:

—— > Solution on page 423
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documenting

Step 4:
Pocument your decision

— architectural characteristics
]

You are heve.

Good work: you’ve just chosen which architectural style you are going

to use for Make the Grade. Now’s your chance to explain w/y you made

the choice you did and document your architectural decision.

As you learned in Chapter 3, an architectural decision record, or

N

ADR, is an effective way to document your architectural decisions. Use
the ADR on the next page to document your architectural style decision.
Assume that this is your 11th architectural decision.

/K Revisit Chapter 3 if You
need a vefresher on
architeetural decision vretords.

414

What should | put in the
Consequences section of
my ADR if my architectural
decision doesn’t have any
cohsequences?

Suorsaop jeinyoayyose

/ﬁ sjusauodwod IeaiBboj

architectural style — |

Every architectural decision has
consequences.

Maybe it’s cost, or maybe it’s sacrificing a little bit of performance

to have better security. Regardless, every architectural decision has
consequences.

Think about the trade-off analysis you just did. Each one of those
trade-offs implies a consequence—something you were willing to
give up (or accept) to get something better. The Consequences section
of an ADR is a great place to document your trade-off analysis
and the corresponding consequences of your decision.

If you can’t find any consequences in your architectural decision,
keep looking, because they’re there.



do it

Architectural Decision Record

Title:

e~
Status: Proposed We did this

one ‘FOV‘ YOu,
Context:
Decision:
ic— What is the impact of Your detision? What
Consequences: trade—offs are you willing to aceept?

———— Solution on page 424
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diagramming

Step 5:

— architectural characteristics ]

Piagram your architecture g :
g 3 2

g " b, 2

Now it’s time to combine all four dimensions of software architecture 2 / e §

.. . . 0

and show us your vision of the Make the Grade architecture. In this last g 2'
exercise, you’ll diagram your architecture on the following page using the b 8
key on this page. 5 §-
There’s not a lot of room to diagram your architecture, but that’s @ 'c";'
intentional. While a lot of detail can go into architecture diagrams, what i @
architectural style — |

we’re asking you to do is sketch out a high-level physical view showing the
user interfaces, services, databases, communication type (sync or async),
and how all of these architectural artifacts connect to each other.

Physical Architecture Key

User Interface

Service
Name

Patabase

ooooAsyncooo)
) L —

Event or Message

416

Draw a computer screen to represent the user interface, and
indicate which type(s) of users are interacting with it. For example,
if you have separate user interfaces for the test administrator and the
education department (for generating reports), show two computer

screens. If they share a single user interface, show one computer Feel free 1o
screen with multiple actors interacting with it.
ahno{;a'l;c Your

) . diagram 1o elavify
Use a box to represent a service. Be sure to include the components Points or destribe
that the services implement, which should match the logical -(-),;,,95‘
components you identified in the prior exercise. Also, indicate
which user interfaces access the service and which other services d

communicate with the service. Last, give your service a meaningful

and descriptive name.

Draw a cylinder to represent each physical database in your solution.
Your label should indicate what type of data it stores (for example,
Student Answers). Show which services write to the database and which
services are read-only by drawing arrows to indicate the data flow to

and from the services. (Writes assume reads.)

Draw dotted lines to represent asynchronous communication (such as
using a queue, topic, or stream), and solid lines to represent synchronous
(blocking) communication between services and user interfaces.

If your architecture uses messages or events, draw a box or an
envelope to indicate the data being passed (for example, Student
Answer) or the event being triggered (for example, Answer Submitted).



do it

" Exerecise

Use this space and refer to the key on the previous page to sketch your physical architecture for Make the Grade.

————  Solutions on pages 425-426
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chapter

There are no right (or wrong) answers!

Congratulations—you’ve just created an architecture!

What we’re about to show you are the exercise “solutions.” We’ve used quotes there because

our answers are not the only ones possible. You see, there are no right or wrong answers in

software architecture: it’s all about analyzing trade-offs and being able to justify your decisions.

Compare your answers with the ones we’re about to show you. See how your solutions differ

and think about what you might have done differently, or confirm that you made what seems

to you to be the most appropriate choice. We’ll show you our Make the Grade architectures

for microservices and event-driven architecture, since both these styles are viable options.

Software architecture is always a learning process. Each new problem brings a whole new set

of conditions, constraints, and business and technical concerns. There is no one-size-fits-all

architecture—it’s up to you, the architect, to come up with the most appropriate architecture

for your situation.

— Bu]Jet Points

= When analyzing requirements for a business problem,

always gather additional information from the
business stakeholders or project sponsor.

While there’s no “checklist” for creating an
architecture, the four dimensions of software
architecture (introduced in Chapter 1) provide a good
roadmap.

Identifying driving architectural characteristics
requires you to analyze the business requirements
and technical constraints.

Implicit architectural characteristics become driving
characteristics if they are critical or important to the
success of the system.

Make sure you can tie each driving characteristic back
to some sort of requirement or business need.

When identifying logical components and creating
a corresponding logical architecture, try to avoid
adding physical details such as services, databases,
queues, and user interfaces—those artifacts go into
the physical architecture.

® When choosing an architectural style, make sure

you take into account the characteristics of the
architectural style, the problem domain, and the
driving architectural characteristics you identified.

Hybrid architectures (those combining two or more
different architectural styles) are very common. Just
be sure to verify that the hybrid architecture still
addresses your critical architectural characteristics.

® Architectural decision records (ADRs) are a great way

to document your choices. They communicate the
reasons for your architectural decisions as well as your
trade-off analyses.

When diagramming your physical architecture, be
sure to include all the components you identified in
your logical architecture.

Remember that there are no right or wrong answers
in software architecture. As long as you can provide
a reasonable justification for your architectural
decisions, you are on the right track for success.
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do it

You got through the

entire book? Including all
the exercises? Well, then—
we want you!

You are well on your way to
thinking architecturally!

We are going to assume that you actually read this book all
the way through and didn’t just jump to the end. If so, we
congratulate you for it! Job well done.

Congratulations!

You've made it to the end.
Though there is still the appendix.

And the index.
And there’s a website...
You aren’t getting away that easily!

(Go ahead, you can admit it—you just can’t get
enough of software architecture, can you?)

419



exercise solutions

From page 405

arpen your pencil
Solution

Given the requirements for Make the Grade, list some challenges that you will need to address when creating an
architectural solution.

e Storing up to 200,000 simultaneous student answers in a velational database that has only 300 connettions.

@ Delivering the next question to each student as fast as possible while making sure student answers are not lost.
® Coming up with a viable solution that ¢an be delivered within a six—month time frame.

® Making the system elastic to redute tost and resouree use when testing is not happening or there are only a
few students taking a test.

From page 410

arpen your penci]
f ySoll?ﬁon1

Using the actor/action approach, identify the actions for each of these actors.

X X X X X

Student System Test Teacher Head of Pataville

/ \ Adwinistrator (Proctor) Public Schools

Grade Write to

answev database Get test Qenerate
sthedule veports
éi’s;c;{: Sehedule
A tests
Sigh in Mzintin Maintain list
]\ € of students
We did this
one for You. Submit

answevr

420 Chapter 12
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| "'@

TN LD /

e E)éegﬁli?iin From page 409

In Chapter 2, we showed you how to use this template to limit the number of architectural characteristics. Flip back to
page 70 if you need a refresher on how to use it.

Top 3  Driving Characteristics Implicit Characteristics
¢ We only have

Feasibility ~ six months/ casibility (cost/time
< Need 4o protect -

Scduri‘t\/ the answer kcy 4—@

Thevre ¢an be 20 4o 200,000 students—
Elasticity the very definition of elasticity. maim‘ainability

We have to deliver the
Rcs‘?onsivencss next ‘\UCS{""” ViS""E away- ObSerdbilit_y

I£ the system isn't available,
Availabili’c\/t\ students ean't take a test.

We absolutely eannot
Data in{:cg\ri{;\/t\ lose student answevs.
We don't want the students to have to
_Recoverability ¢ start the test over if the S\/chm trashes.

O X OK K OO

Possible Candidate Architectural Characteristics

performance data integrity deployability

responsiveness  data consistency testability

availability adaptability configurability
fault tolerance  extensibility customizability
scalability interoperability  recoverability
elasticity concurrency auditability

you are here » 421
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o<

Exercise From page 411

Solution

Using the space below, draw your logical components and their interactions.

Logical Architecture Key

O O These tomponents are
j: j: pavt of the test-
‘[:aking fund{:ionali{:\/
intevacts tevacks
intevat

intevacts
ooooAsym;ooo)
e SYNC

This is asyne so the :
student doesn't — :

ad
reacs have to wait.

Avtomatic
Grading

writes

Y

Student
Answers

reads

Student
Maintenance

Test
Maintenance

<@

Test
Scheduler

intevacts

y

Test

interacts Reporting

intevacts

NS

+o know when the % This is the
O test is taking place. - dministrative N
e . .
j\ Adwinistrator ‘cunc‘{‘,lonall‘{‘,\/. N Kepor’r
e

Proctor (Teacher) Head of Patavil
Public Schools

The prottor needs genevates

422 Chapter 12
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From page 413

appropriate for Make the Grade.

Pros

A mitvoservites architecture provides good
elasticity, scalability, and fault tolerante—things
Make the Grade needs.

Partitioning data, so that eath mitroservice
owns its own data, provides a good level of fault
tolevante and data atcess tontrol.

Make the Grade has lots of separate, independent
parts—test taking, arading, maintenance, and
veporting—so it lends itself well to separately
deployed, single—purpose sevvices that don't vequire
muth interaction.

Event-Driven Architecture Analysis

Pros

Event—dviven avehitecture (EDA) is highl\/ vesponsive
and provides the elastieity, scalability, and fault
tolerante Make the Qrade needs.

A student submitting an answer can be considered

an event; the vesponses would be to deliver the next
question and au{:oma{:ically grade the answer. However,
this is a fairl\/ isolated event—really the only one in
the system.

List your winning choice here: Based on our analysis, we selected microservices for Make the Grade.

- Outllne the pros and cons of each architectural style to help you make a choice about which one might be most

Microservices Architecture Analysis

Cons

Mievroservites gets a low ycrfoman(,c vating, but we
tould addvess this b\/ using eaching and minimizing
tommunitation between services.

The test administrator’s functionalities write to

a database that other sevvices need to vead (for
test questions, student sign—on information, answer
keys, and so on). This implies that we need to share
data, something for which mievoservites is not well
suited. However, this data is fairl\/ static and ean
be shaved through in—memory taching.

Cons

The test administrator’s funetionalities (student
and test maintenante and test sthcduhng and
veporting) are not veally suited for EDA.

There aren’t many events in this system—mostly,
vequests are being made to the system. The only
event we identified was a student submitting
an answer, but that event only has one listener
(the au‘{:o—grading ‘Funtﬁonali{:\/).

Lhis isn't the only

ber
Remer ,{: our thoite based on ow

answevr, Jus
analysis:

you are here » 423
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\ Exercise From page 415

Solution

Architectural Decision Record

Title: Oll: Use of the mitroservites arehiteetural s{:\/|c for the Make the Grade sys-(:an

Status: Proposed

Context:

Make the Grade is a test—taking system that needs high levels of vesponsiveness, fault tolevante, elasticity, and
data integrity. Because theve are separate parts of the system (admin, veporting, grading, and test taking) that
vequive diffevent architectural chavactevisties, a distributed avehiteeture is appropriate. The two thoices are
microservices and event—driven architecture.

Decision:
We will use the mitrosevvites arehiteetural s‘[:\/lc-

Mitvroservices provides the netessary fault tolerance, elasticity, and sealability.

Pevformante defitienties and high vesponsiveness needs are addressed through minimal inter—service communication,
tathing to minimize data vetrieval needs (student information, test questions, and test answer keys), and
as\/nch\ronous communication for automatic grading and s{:oring students’ answers.

Data intearity (preventing data loss) is addvessed by using pevsistent queues between the Capture Answer and
Au{:oma'{:ic 6\radin5 Lom?oncn'{:s, a|on3 with ¢elient atknow|cd5mcn‘l: mode in the Au‘[‘.oma{:ic 6radin3 Lom?oncn‘[‘,, )
make sure that eath student answer stays on the queue until it is persistent in the Student Answer Database.

The test administration ‘(:unb[:ionah{:\/ will be a s'mglc mitroservite that combines the test scheduling, Lest
maintenante, and student maintenante funetionalities. Reporting will be a single mitroservice as well.

Consequences:

chhnicall\/ ?ar‘{:i{:ioncd £eams will need +o be \reorganiztd into C\'oss—‘("uné‘[:iond teams and will work in Parallcl
in order o finish the s\/s{:cm in six months.

We will need to use in—memory cathing to address the system’s performante, elasticity, and data sharing needs.

We will need additional infrastructure to support mitroservices: syccificall\/, a sevvite orthestrator like
Kubernetes and a more effective CI/CD deployment pipeline.

424 Chapter 12
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p Exercise From page 417
| Solution

Use this space and refer to the key on the page 416 to sketch your physical architecture for Make the Grade.

Microservices Architecture Piagram

Onte the answer is on the
pevsisted queue, the next
question is presented.

The data eath

sevvite needs is Student Interface Wc’\\ use mu\b\;\c t)navmc\s
S‘{‘pV‘Cd in an in— ‘(:or c\aSbf"JC\I ahd
memory cathe. additional fault tolerante:
Student Information \9 Sign-in | \[
Patabase Test Taker Auto Grader

Student P - -
Question 9

= | | =
Answer
Information < :fudem
!
Studont nawers
Maintenance _ |
)/ <
A Test
Information <

Test Contains £
. questions,
/ Test — | test sthedule.
Scheduling

— Student Av;swer
Test Database Database

Test Adwinistration
Interface Reporting
Prottors use his Test
tevbate 4o get the Reporting
Lest sthedule.

Reporting Interface
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/ E)éegﬁlitsi?) . From Page 417

Use this space and refer to the key on page 416 to sketch your physical architecture for Make the Grade.

Event-Driven Architecture Diagram
P,(o(,bors use this

inkecfate to 3&,
\f the test sthedule.

— > Subwit
Answer

If"ff‘ —
Capture
P — Student Interface
Test Adwinistration / The next

Interface Eﬁtﬁ: Y
Sign-in
s the student B
in{erfau. Answer
Sign-in > Subwitted
AL
Adwinistrative ry : s event delivers \,
Student Y the fiest o\ucsﬁon.
Maintenance
B /) Next Question Auto Grader
Test Sianed-i Avtomatic
; gned-in Next Test
Cache
T
Scheduling / /9 4

All data is cached on
s stavtup for each sevvice.

This database /é t—af

tontains everything Central Vafabase
extept the student

answeys.

Reporting

Test
Reporting

Reporting Interface

Database
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append‘ix: leftovers

There’s a lot more to be said about software architecture. we promise,

you’re done with this book. But reading this book is just the first step in your journey to thinking

architecturally, and we couldn’t in good conscience let you go without a little more preparation. So,
we've gathered a few additional juicy bits into this appendix. Each of the topics that follow deserves as
much attention as the other topics we’ve covered. However, our goal here is just to give you a high-
level idea of what they’re all about. And yes, this really is the end of the book. Except for the index, of

course—it’s a real page-turner!
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coding

#] The coding architect

After reading this book,
I'm interested in becoming
a software architect—but | also
really like writing source code. Can
I still do that as an architect?

Yes! We firmly believe that software architects
should still write source code. Not only does it help
you maintain your technical skills, but it also shows you how your
architectural decisions play out in real life.

However, it’s not always easy to balance hands-on coding with
software architecture. As you’ve seen, there’s a lot to software
architecture. It will take up most (if not all) of your time.

Don’t worry though—we’ll share some tips and techniques for
writing software while being an effective software architect.

428



appendix:

Don’t become a bottleneck

Be careful not to take ownership of code that is on the product’s critical path.
Leave things like the underlying framework code and really complex or crucial
parts of the system to your development team. That way;, if you get pulled away
by architecture-related stuff, you won’t hold up your team.

N7 Write proof-of-concept code

~—— Having trouble making an architectural decision? How about writing some

‘é code to demonstrate each option? Writing proof-of-concept code is a great

; way to better understand the implications of your architectural decisions while
maintaining your technical expertise. A word of advice, however—unless you
know for sure you’re going to throw it away, take the time to write the best

Here ave some move production-ready code you can. It could very well end up in production.
ways to make sure

ou don't betome 3

\[ bottleneck.

Pay back some technical debt

. Hha O‘ Almost every development team accumulates technical debt (needed changes
|| that are deferred to a later time). Help your team out by addressing some of it.
They’ll appreciate it, and if you get called away, it won’t hold them up.

¥ Jom 0 v

Get involved during production outages

When an outage strikes, step in to assist, if you can. Help your development
team identify the root cause and make the code changes needed to get the
system back up and running. This also gives you an opportunity to see the
detailed implementation of your architecture.

And heve are

Some ways {:o

_chay Co“'{:ihlﬂous’y
Do lots of code reviews [ involved.

No one fkes doing code reviews. But it’s a good way to stay involved, and it
helps you make sure the source code stays aligned with your architectural
decisions.
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4] Expectations for architects

We’ve talked a lot in this book about architecture, but not so much
about the role of a software architect. While the specifics will vary
from company to company, here are some things any software
architect will be expected to do, regardless of title.

Make architectural
decisions

An architect is expected to define architectural
decisions and design principles and use them to
guide technology decisions within the team, the
department, and/or across the enterprise.

Continually analyze the
architecture

An architect is expected to always be analyzing
the current architecture and technology
environment and making recommendations
for solutions and improvements. This
continuous analysis is a way of checking for
architectural vitality—that is, how viable

Keep current with the the architecture still is, given constant changes
latest trends in business and technology:.

To remain relevant (and retain a job!),
developers must keep up to date on
technical and industry trends. For architects,
it’s even more critical to keep current. Doing
so helps you prepare for the future and

make correct decisions. Ensure Compllance with

the architecture

Architects should continually verify that the
development teams are following the approved
architectural decisions and design principles.
This is called architectural governance.
Regardless of how good the architecture is, the
system won’t work unless everyone adheres to
your architectural decisions.
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appendix:

As an avehiteet, it's important to

Cultivate diverse exposures / " know a little about a lot of things.

and experiences

An architect 1s expected to be familiar with
technologies, frameworks, platforms, and
environments of all sorts. This doesn’t mean you
need to be an expert in all of them, but you should
have some knowledge of what’s out there.

Possess exceptional
interpersonal skills

Having exceptional leadership and interpersonal
skills 1s important. Typically, technologists,
developers, and architects prefer to solve technical
problems, not people problems. But an architect

1s expected to provide technical guidance to the
team and lead them through implementing the
architecture. Leadership skills are at least half of
what it takes to become an effective software
architect, regardless of your role or title.

The American computer stientist
Gevald Weinburg is famous for saying,
“No matter how it looks at Fivst, it's
always a people problem” (hitps://
oveil ly/ W\/DBQ).

Move about this in a ch_’ 5

Know the business
domain

Effective software architects understand the

business domain of a problem space. Without
knowing what the business does and how, it’s
difficult to understand the problem, goals, and

requirements well enough to design an effective

architecture.

Understand and
navigate office politics

Many people will challenge your decisions.
Product owners, project managers, and
business stakeholders may see a solution as
too costly or not fast enough to implement.
Developers and other architects may
challenge your approach if they feel theirs is
better. You’ll be expected to make a case for
what you propose. You must navigate office
politics and apply basic negotiation skills to
get your decisions approved.
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#3 The soft skills of architecture

Like we said on the last page, at least half of being a software architect
1s having great people skills. You’ll need them to lead and guide your
development team, gain the respect of your peers, and get everyone to
agree to a common vision and direction.

We call these “soft” skills, but they are hard skills to acquire. Using
them effectively requires years of practice and trial and error. Here are
some soft skill techniques to help you become a more effective software
architect.

Demonstrate, don’t discuss

Rather than arguing a point with another architect or development team,
demonstrate it. Every environment is different, which is why simply

Googling never yields correct answers. When you compare the options in
a production-like environment and show the results, there’s little room for

argument.
T_ Say it with us:
“DCMOV\S‘{:Y‘G‘{:ion dc('\ca{:s

. . »
distussion.

Know when to fight and when to let go

Choosing your battles wisely 1s the mark of a great leader and makes you a
reasonable person to work with. It gains you respect. Fight to the death for
something that’s crucial to making the architecture work, but let things go if
they’re not so important.

Choosihg Your battles is

good advice, even outside of
software arehiteeture. You've
weltome.

Focus on business value

When talking with business stakeholders, describe your decision or solution
in terms of its business value. Business stakeholders aren’t interested in
things like fault tolerance or testability—they care about things like time

to market, regulatory compliance, and mergers and acquisitions. Translate
your technical concerns into business ones and you’ll be speaking their
language.
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This is the ADR
from C\\a\’{?“ 12.

Divide and conquer

In the book The Art of War, the ancient Chinese warrior Sun Tzu advises, “If
your enemy’s forces are united, separate them.” You can use this tactic when
faced with all-or-nothing situations. Do all parts of the system need 400 ms
response times or 99.999% availability? Dividing the problem into parts can
help you identify what’s hard to achieve, which makes negotiation easier.

appendix:

Involve developers in your architectural decisions

We have learned two basic leadership rules over the years:

Rule Number 1: If developers don’t know why you made a decision, they are less likely to
agree with it.

Rule Number 2: If developers aren’t involved in a decision, they are less likely to follow it.

Keep your developers involved. Collaborate by asking their opinions about a particular
decision, involving them in a risk-storming exercise, or using the Request for Comment
status in an ADR. Always justify your architectural decisions—and make sure everyone on
the development team understands that justification.

_~» communication «_ Keep things simple, clear, and concise

0

Nothing helps an architect gain respect and trust better than being able to
explain things in clear, concise terms. It makes you more approachable. People

_» clarity “

i
i
|
|
1
|
5
|
i

N\

Be available to your development team
Nothing is more frustrating for a developer or business stakeholder than having @@
a critical question come up when you aren’t around to answer it. Make sure not

to spread yourself too thin—be there for your team. Ja"s““:\ — 2:23
Blocking out your calendar early in the morning or late in the afternoon is a Izl; E :3(; :4; -E l:z Z':
great way to ensure you don’t get cooped up in meetings all day. Use that time 122324 25 2 27 28

to collaborate with your development team and be available to answer their e \

will want to ask you things and get you involved. We call this the “four Cs” of
architecture—be Clear, be Concise, Communicate, and Collaborate. You need
all four to become an effective software architect.

uoIsIPUod <~

. Voo,
> collaboration <«

questions. They’ll be grateful for it, and you will gain a lot of respect.
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tips and tricks

44 Piagramwming techniques

Back in Chapter 3, we discussed ADRs as the best way to document the analysis
process that leads to a decision. Another common method architects use to
document architecture is diagrams. Architecture diagrams illustrate many
important details that team members benefit from visualizing, such as structure,
topology, communication, dependencies, and integration points.

This topic can (and does) fill entire books. We’re just here to provide some quick
tips to make your diagrams better, regardless of how you create them.

Keep it simple
Don’t try to create comprehensive architecture diagrams that include

every detail. If you do, your diagrams will suffer from the “hairball effect”—
becoming too complex and dense to understand.

Trading platform:
Major information flows

OREILLy

Communida'{:ion
Patterns by
Jacqui Read is a
great vesource,
if you'd like to

lca\rn movre.

Always include a title

Most architecture diagrams represent a view or perspective, and your title
should make yours explicit.

Use unidirectional arrows to represent
communication

Double-headed arrows are ambiguous. Did the author intend to indicate
two-way communications, or is just that the default arrow?

Using unidirectional arrows removes all ambiguity and makes
documentation more explicit.

~_ Trades

Use tlear titles for
Your diagvams.

Single—headed

arrows remove

An\bigui{:\/. l

v

Originating trades

M > ATP M

Adjusted trades

Did the arthitect mean
that this is two—way

Lommunica{jOV\?

Don't use mysterious
atronyms, either!/

(7 =

ATP

. Originating trades
Portfolio |— orarng frades A?éi?.‘i;"
Use real labels, not acronyms Mawager |_Adustetrades | proard,
Only insiders understand acronyms. Spell oo v el \)\

things out whenever possible to avoid confusion
and eliminate the need for extra documentation.
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Use solid lines for sync and dotted for async
communication

Architects need a way to specify whether communication is

synchronous (blocking) or asynchronous (nonblocking). A solid
line 1s common shorthand for synchronous communication, and a

dotted one represents the asynchronous alternative.

Use consistent shapes and colors

Don’t use arbitrary shapes to try to save room; consistent
shapes and colors cut down on the visual “noise” created by

needless inconsistency.

appendix:

This is a
synehronous

(b'ockihg) eall.

Portfolio
Manager

€

Originating frades

Adjusted trades

)

Ahd this is an
asynthronous

(nonblocking) eall.

Advanced
Trading
Platform

Record-
Keeping
System

Transactions

Advanced

Portfolio
Manager

—————————— >|

€

Stock Rating
System

The

the

Ratings
—

Event
handler

External
system

Originating trades

Platform writes to

The Advanted Trading
Platform ealls the
AdJuS'EMCn‘{: Rules
service and waits

\[ (blocks) for the vesult.

Trading

Adjusted trades Platform

Advanted Trading

database.

Rebalancing
Tool

Adjustment
Rules

——

Ny

These sevvices only vead

Key

Event handler written and
maintained by internal team

External system accessed
through a standard API

Asynchronous call

Synchronous call

Operational database

‘('\\rom ’chc da{;abasc.

Always include a key

Just about the only universal shape in software
diagrams 1s the database cylinder. Pretty much
everything else is up for grabs. Don’t make your
viewers guess! Adding an explicit key makes the
diagram accessible to a broader audience, with less
extra documentation.
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growing your

#% Knowledge depth versus breadth

An unexpected thing happens to your brain when you

The knowledge base of

a super—extited junior
become a software architect—the new role changes the Stuff [_ developer—"| can't
kinds of things you seek out and learn. Consider this you know believe | get paid to
structure, which categorizes all the information in the Stuff K do this/”
world, as far as you know at the beginning of your career. T0 V‘Z" how

you dont know
Early in your tareer,
there's a lot you ~ Stuff you don't know
don't know that you don’t know

\/ou’ll need to know.

Junior developer knowledge pyramid

Paying attention to
projetts over time makes
you yroficicn{: with move

Lechnical stuff.

NN

you know

Stuff you know
you dont know

As you move along in your career from a junior
software developer to a tech lead, the “stuff you
know” grows—things like programming languages,
frameworks, tools, and platforms. You're also able to
help and mentor other developers in this role.

Stuff you don't know
you don’t know

Senior developer/tech lead

Over time, as you gather more expertise and become
the go-to person, you start to grow the middle part
of the pyramid—the “stuff you know you don’t
know.” Because you’re maintaining your hardcore
technical skills as well (the “stuff you know”), it takes
alot of effort to get to this point. Congratulations!

Stuff We ean tell You—

k £inding out about
youknow this stuff is 3

Stuff you know S:;’::Zni;:mbling

you don’t know -
Stuff you don't know

you dont know
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Technical breadth

yydop
[eamyda)

Technical depth versus breadth

New architects’ knowledge pyramids start out
looking like those of tech leads, but you should
make an effort to broaden your experience base.
If you have expertise in .NET, for example, see
if you can do some work on a Java project, a user
interface—heavy Javascript project, or a hard data
architecture problem... you get the idea.

appendix:

Your technical depth consists of every topic on

i / which you have expertise.

S{:uﬁ—' You Remaining an expert in any technology requires

k_/ghau ‘(;o

:maintain

investing time to keep up with constant change.
Thus, maintaining technical depth takes time.

Your technical breadth includes the areas in
which you have expertise, what you know about
the existence of other solutions, and what you
know about some of these solutions’ trade-offs.
As an architect, knowing that there are five
different ways to solve a problem is better than
deeply knowing one way to solve it.

Stuff
you know

Stuff you know
you don't know

Stuff you don't know
you don’t know

Junior architect

Losing expertise is a
necessary but painful part

O‘("Shi‘(:'m our tolus
LT gy you ot

m depth to breadth.

The sweet spot for Stuff

arthiteets is 5rcai you know

breadth: knowing the

options and JCV&EC‘MC%—\S

‘C v 3 vaviety o situations

a:d im?lcch{:a{ions. Stuff you know
you dont know

Over time, your expertise will slowly fade a bit

(which is extraordinarily painful), but this will
have the benefit of increasing your breadth of
knowledge. Remember, software architecture

decisions are all about trade-offs.

Stuff you don’t know you don't know

Senior architect
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architectural

#@ Practicing architecture with katas

The legendary martial artist and actor Bruce Lee once said, “I fear not

How do you get
better at anything
inlife? Practice,

the man who has practiced 10,000 kicks once, but I fear the man who practice, practice.
has practiced one kick 10,000 times.” So how do you attain that kind of
proficiency with software architecture? Glad you asked! We recommend

architectural katas.

A kata 1s an individual form of exercise used in many martial arts to
practice moves until they’re perfected. In the same spirit, architectural
katas simulate the process of designing a real architecture.

Architectural katas are intended for several small groups of three to five
people. Each group becomes a project team and works on a different kata.
(We sometimes get two teams to do each kata, just to see what differences
arise.) A moderator keeps track of time and facilitates the exercise.

The moderator assigns each group a project needing development. The
team meets for a while, asking questions of the “customer” (the moderator)
for clarification. They discuss technology options that could work and
sketch out a rough vision of their solution. Then they present their solution
to the other project teams and answer challenges (hard but fair questions).
Choosing an overall winner is optional.

The key to getting better at software
architecture is to practice it—evenin a
simulated exercise.

Do we have Yyour attention?
Keep veading to find out move.
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appendix:

How to run katas

Katas are meant to be an adaptable exercise, so follow the rules
below when they make sense for your organization, context,
and needs. Any questions not covered by these rules are the
domain of the moderator.

Preparation

Gather several teams of three to five people. (We prefer odd numbers, so disputes
can be decided by a majority.) Generally, people who work together in the real
world should not be on the same teams; this exercise stresses collaborating with
other architects you don’t already know.

Gather supplies like poster paper or whiteboards. The artifacts you produce may
be very low-tech, depending on the time, complexity, and resources you commit.

Speaking of time, a kata exercise could take as little as 45 minutes or last as long as
several weeks! Your authovs have done
,\\_/ several katas for veal
tompanies that gave teams
Ciﬁh{l weeks to work out 3
. . solution.

Discussion

The teams get together and work through the exact process

outlined in this book: analyzing architectural characteristics,

determining logical components, choosing an architectural style,

and documenting their decisions.

Any technology is fair game, although you should honor
reasonable constraints (you won’t have an unlimited budget or get
to hire new developers). The focus is on architecture and trade-off
analysis.

Presentation

Each team presents its solution and answers questions.

Ny
S

A
§
N

When you are listening to another project team presenting, your
job 1s to ask questions. Try to keep them constructive. Don’t focus
on only the good parts of the solution or only the deficiencies.
Strive for balanced feedback.

N
q
§
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Start heve. While
some of the
matevial may seem
(:amiliav, it's a
worthy suctessor to

+this book. L%
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| feel like there’s so much
more to know. Are there
are any other resources |
can reach for?

..................

You don’t know
about the website? it has

updates, interesting links

and posts, and much more!

Don't worry.
This isn't goo(ﬂ)ye.

Congratulations on reading all the way to the
end and doing all the exercises! Job well done.

In case you haven’t noticed, you’ve come a long
way 1n this book—and your software architecture
journey 1s just getting started. We’d like to
suggest some next steps.

First, point your browser to
hitps://wwwe. headfirstsoflwarearchitecture.com to learn
what’s next! Then check out the books below.

What's next? So much more!

OREILLY

Fundamentals of

Software

Architecture

An Engineering Approach

Mark Richards & Neal Ford

OREILLY

Software
Architecture:
The Hard Parts

Modern Trade-Off Analyses for Distributed
Architectures

This title is most
apropos. Dive deep
into the veally hard
Fa\r{:s o‘(: so‘p‘f:wavrc

arthitecture with
Mark Rchorse. this book.

) Pramod Sadalage &
Zhamak Dehghani
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