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Chapter 1. Software Architecture
Demystified: Let’s Get Started!

A NOTE FOR EARLY RELEASE READERS

With Early Release ebooks, you get books in their earliest form—the
author’s raw and unedited content as they write—so you can take ad-
vantage of these technologies long before the official release of these

titles.
This will be the 1st chapter of the final book.

If you have comments about how we might improve the content
and/or examples in this book, or if you notice missing material within

this chapter, please reach out to the editor (sgrey @oreilly.com)




Figure 1-1.

Software architecture is fundamental to the success of your sys-
tem. This chapter demystifies software architecture. You’ll gain an un-
derstanding of architectural dimensions and understand the differ-
ences between architecture and design. Why is this important? Be-
cause understanding and applying architectural practices helps you
build more effective and correct software systems—those that not
only work better functionally, but also meet the needs and concerns

of the business and continue to operate as your business and techni-



cal environments undergo constant change. So, without further delay,

let’s get started.

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 archi-
tecture—things like its shape, how many rooms and floors it has, its
dimensions, and so on. A house is usually represented through a
building plan, which contains all the lines and boxes necessary to
know how to build the house. Structural things like those shown be-
low are hard to change later and are the important stuff about the
house.

NOTE




This house has a
nice architecture.

L oad—bearing

-:‘,o]urnh-

Figure 1-2.

Architecture is essential for building a house. Can you imagine build-
ing one without an architecture? It might turn out looking something

like the house on the right.

Like physical structures, architecture is essential for building software
systems as well. Have you ever come across a system that doesn’t
scale, is not relaible, or is too difficult to maintain? It’s likely not

enough emphasis was placed on its architecture.



Not uh\']r is this house
ug'l\il', s not very
Qunf.‘{:ionall either.

Figure 1-3.



EXERCISE

Figure 1-4.

Gardening is often used as a metaphor for describing software archi-
tecture. Using the space below, can you describe how planning a gar-
den might relate to software architecture? You can see what we came

up with at the end of this chapter.

Building plans and software
architecture

You might be wondering how the building plans of your home relate
to software architecture. Each is a representation of the thing you’re
building. So what does a “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 so on—in the same way a software architecture dia-

gram specifies its structure —user interfaces, services, databases,



and communication protocols. Both artifacts provide guidelines and

constraints, as well as a vision of the final result.

KBofh of these diasrams_j

represnt building plans.

Figure 1-5.



SHARPEN YOUR PENCIL

Figure 1-6.

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

chapter.

NOTE

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 bed-
room? That’s because those things aren’t structural. In other words,
they don’t specify something about the architecture of the house, but

rather its design.



NOTE
Don’t worry—you’ll learn a lot more about this distinction later in this chapter. Right

now, just focus on the structure of something—in other words, its architecture.

The dimensions of software
architecture

Figure 1-7.

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 dimen-

sions—its height, length and width.



Software architecture is no different. Like a room in your house, you
can describe a software architecture by its dimensions. The differ-

ence is that software architecture has four dimensions.
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logical components

Figure 1-8.
o Architectural characteristics

This dimension describes what aspects of the system the architec-
ture needs to support—things like scalability, testability, availability,

and so on.

9 Architectural decisions



This dimension includes important decisions that have long-term or
significant implications for the system—for example, the kind of data-
base it uses, the number of services it has, and how those services

communicate with each other.
(3) Logical components

This dimension describes the building blocks of the system’s func-
tionality and how they interact with each other. For example, an e-
commerce system might have components for inventory manage-

ment, payment processing, and so on.
O Architectural style

This dimension defines the overall physical shape and structure of a
software system in the same way a building plan defines the overall

shape and structure of your home.

NOTE

Puzzling out the dimensions



You can think of software architecture as a puzzle, with each dimen-
sion representing a separate puzzle piece. While each piece has its
own unique shape and characteristics, they must all fit together and
interact to build a complete picture. And that’s exactly what we’re go-
ing to do—help you put together a much more complete picture of

software architecture.

]

We've 90ing to help you take the puzzle —j\

Preces and build 3 tomp|

ete picture of
/ what software arehitecture is gl a;ouf.

ARCHITECTURAL CHARACTERISTICS —

F1ALS IWHNLOSLIHOBY

SNOISI23d WENLOSLIHOEY —

LOGICAL COMPCONENTS

Figure 1-9.

Everything is interconnected.



Do 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 architecture 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.

All of this interconnectivity represents the domain—the problem you

are actually trying to solve.



THERE ARE NO DUMB QUESTIONS

Q: Do you need all four dimensions when creating an architec-

ture, 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 mis-
take software architects make is using only one or two of these di-
mensions when describing their architecture. “Our architecture is mi-
croservices” describes a single dimension—the architectural style—
but leaves too many unanswered questions. For example, what archi-
tectural 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?

The first dimension: Architectural
characteristics

ARCHITECTURAL CHARACTERISTICS

Figure 1-10.



Architectural characteristics form the foundation of the architecture in
a software system. Without them, you cannot make architectural de-

cisions or analyze important trade-offs.

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 de-
cide 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 character-
istics are critical to you. For example, you might choose a graph data-
base if you need high-speed search capability (we’ll call that perfor-

mance), whereas a traditional relational database might be better if

you need to preserve data relationships (we’ll call that data integrity).



cormante availabil A
{he awo of time i t;s " sme AMoynt of Uptime of 5 wﬁg;':; :ﬁpw fime
o syston 10 P ”mies“ f us;'g"" Measured j s w:rﬂram as the Wb ::
50 s
usingss 1o " "m'nes";gz Would e Tsers o Yeauests pncrea

Here are some of the more tommon avthitetture
thavactevistics. You'll be learning all about these
in Chapter 2.

Figure 1-11.



EXERCISE

Figure 1-12.

Check the things you think might be considered architectural charac-
teristics—something that the structure of the software system sup-

ports. You can find the solution at the end of the chapter.

1 Changing the font size in a window on the user interface

screen

1 Making changes quickly

1 Handling thousands of concurrent users

1 Encrypting user passwords stored in the database

1 Interacting with many external systems to complete a busi-

ness request

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 non-functional requirements, system quality attributes, and
simply “the ilities” because most end with the suffix -ility. We like the

term architectural characteristics because these help define the char-

acteristics of the architecture and what it needs to support.

NOTE

MAKE IT STICK

Figure 1-13.

To architect software you must first address

Capabilities key to the new app’s success




WHO DOES WHAT?

Here’s your chance to see how much you already know about many
common architectural characteristics. Can you match up the architec-
tural characteristic on the left with the definition on the right? You'll
notice there are more definitions than characteristics, so be careful—

not all of the definitions have matches. You can find the solution at

the end of the chapter.

Extensibility Taking into ac?count timefra.mes, buFigets, and .
developer skills when making architectural choices

R We did this
one for You- The system’s ability to keep its other parts

Agility functioning when fatal errors occur
The ease with which the system can be extended

Interoperability with additional features and functionality
The amount of time it takes to get a response to the
user

Fault folerance
The ability to respond quickly to change; a function
of maintainability, testability, and deployability

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

Figure 1-14.

The second dimension: Architectural
decisions



Architectural decisions are choices you make about structural as-
pects of the system that have long-term or significant implications. As
constraints, they’ll guide your development teams in planning and

building the system.

— SNOIZII34 IWEnLISLIHDEY

Figure 1-15.

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 architecture decisions because they involve the

structural aspect of your home.

What should Your home look
like? This kind of detision

/ is an architectural one.

Figure 1-16.



You might decide that your system’s user interface should not com-
municate directly with the database, but instead must go through the
underlying services to retrieve and update data. This architectural de-
cision 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 avthitettuve

detision. Architectural
\ﬁ decision

This avehiteetural
detision imposes
a Cons{‘,\'&int and
atts as a quide.

< i Data
/’—\ Pl

Service

The user interface must
go through the data
access service to read
or write data; it cannot
communicate directly with

the database.
This magc
- j‘ vepresents a
You'll be learning a lot sevviee. You'll bc

about architectural s.tiﬂ boi alot in
detisions in thapter 4. 13

T'ms 15 ‘H!C
database.

Figure 1-17.



MAKE IT STICK

Figure 1-18.

Decisions are structural guides for dev teams

Significant trade-offs are mostly their themes

It’s not uncommon to have several dozen or more architectural deci-
sions within any system. Generally, the larger and more complicated

the system, the more architectural decisions it will have.

BE the architect



Figure 1-19.

Your job is to be the architect and identify as many architectural
decisions you can in the diagram below. Draw a circle around
anything that you think might be an architectual decision and
write what that decision might be. After you’re done, look at the
end of the chapter for the solution.



Here's a hint—do you have questions
about why cevtain things ave done
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Figure 1-20.

The third dimension: Logical
components

Logical components are the building blocks of a system, much in the
same way rooms are the building blocks of your home. A logical com-
ponent performs some sort of function—such as processing the pay-

ment for an order, managing item inventory, and tracking orders.



LOGICAL COMPONENTS -

Figure 1-21.

Logical components in a system are usually represented through a
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 use this namespace.

T"‘pES{' rooms ""c]kc
Up the Euiidihﬂ
Hﬂﬂks 04: Your hamg

Figure 1-22.
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Figure 1-23.



SHARPEN YOUR PENCIL

Figure 1-24.

You've just created the following two components for a new system
called BuyFromUs, and your development team wants to start writ-
ing class files to implement them. Can you create a directory struc-

ture for them so they can start coding? Flip to the end of the chapter

for our solution.

Customer Customer
Profile Preferences
T
wr;zfjm SPace {,
ahswfk Wh }‘Oup

Figure 1-25.

A logical component should always have a well-defined role and re-

sponsibility in the system—in other words, what it does.
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Figure 1-26.

MAKE IT STICK

Figure 1-27.

Logical components are blocks in conjunction

They hold the source code for each business function




THERE ARE NO DUMB QUESTIONS

Q: What is the difference between 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.”

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 particular style,
such as Victorian, ranch, or Tudor. The style of a home says a lot
about its overall structure. For example, ranch homes typically have
only one floor; colonial and Tudor homes typically have chimneys;

contemporary homes typically have flat roofs.



Z1ALS IvEnLosLiHIdY

Figure 1-28.

Each reai
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Figure 1-29.

Architectural styles define the overall shape and structure of a soft-
ware system, each with its own unique set of characteristics. For ex-
ample, the microservices architectural style scales very well and pro-
vides a high level of agility—the ability to respond quickly to change
—whereas the layered architecture style is less complex and less
costly. The event-driven architectural style provides high levels of

scalability and is very fast and responsive.



NOTE

F €l
microservi itector ht.
ervices ayered & chtt p o,

There are a number of different
architeetural st\ﬂcs, but Eo\rtun&tc‘y
not as many as there are house styles.

Figure 1-30.

Because the architecture style defines the overall shape and charac-
teristics of the system, it’s important to get it right the first time. Why?
Can you imagine starting construction on a one-story ranch home,
and in the middle of construction changing your mind and wanting a
three story Victorian house instead? That would be a major undertak-
ing, and likely exceed your budget as well as when you want to move

into the house.

Software architecture is no different. It’s not easy changing from a
monolithic layered architecture to microservices. Like the house ex-

ample, this would be quite an undertaking.



MAKE IT STICK

Figure 1-31.

Styles shape the system and help serve its purposes—

You might choose a monolith or microservices.

Figure 1-32.

Later in the book, we’ll show you how to properly select an architec-

ture style based on architectural characteristics that are important to



you.

Which brings us back to an earlier point—all of the dimensions of
software architecture are interconnected. You can’t select an archi-

tectural style without knowing what’s important to you.



BRAIN POWER

Figure 1-33.

The tightly wound tendons and muscles in a lion’s legs enable it to
reach speeds as fast as 80 kilometers per hour and leap up to almost
11 meters in the air. 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 stamina and ¢
E:fy Fun -&Is{: in short bursts. |£ You tan last r;onS::
an the lion chasing You then you just might survive.

Figure 1-34.




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. You can
find the solution at the end of this chapter.

availability-

—_—

This system wmwust be available for our overseas customers. ————— >

/K We did this

ont for You

This is a]bOU'l:

o ARCHITECTURAL CHARACTERISTICS

Figure 1-35.



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

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

LOGICAL COMPONENTS

Qur system uses an event-driven architecture.

We need to support up to 300,000 coneurrent users in
this systew.

The single paywent service will be broken apart into
separate serviees, one for each paywent type we aceept.

314ALS IVANLISLIHDZY

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

We are breaking up the Order class into three
swaller class files.

The user interface shall not communicate directly with
the dafabase.

— SNOISID3a WaNLOZLIHOdY —

Figure 1-36.




If I'm responsible for
the design of a software
system, does that mean

I am responsible for the
architecture of the system
as well? Aren't these the
same thing?




Figure 1-37.

No, architecture and design are different.

You see, architecture is less about appearance and more about struc-
ture, where is design is less about structure and more about

appearance.

The color of your walls, the placement of furniture, and the type of
flooring you use (carpet or wood) are all aspects of design, whereas
the physical size of the room and the height of the ceilings are all part

of architecture —in other words, the structure of the room.

Think about a typical website . The architecture, or structure, is all
about how the web pages communicate with backend services and
databases to retrieve and save data, whereas design is all about
what each page looks like: the colors, the placement of the fields, 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 is considered

design. So let’s investigate these differences.

A design perspective



Let’s say your company wants to replace its outdated order-process-
ing 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.

Lutky You. \/ou}vc been pu n
Wﬁhargc of bu'rld'mg the :ei order
Froﬁcss’mg} 5'ys{cm. This is the 5}5
bre}ak You ve been look'mg for, and
You're anxious o 5::‘!: started.

Figure 1-38.

From a design perspective, you might build a UML class diagram
like this one to show how the classes interact with each other to im-
plement 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.



Ovdevs tan have one or
{-_wo Paymcr\{: {:Wcs, and
payment types tan be
assotiated with zevo or
more ordevs.

Order g’ PaymentMethod
+ viewOrder() 0.." 1.2
+ placeOrder()

+ applyPayment()
+ refundPayment()
Ll o A The CreditCard and
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behavior from the
PQYmCh{Mcfhod ¢lass.

CreditCard GiftCard
+ addNewCard() + getBalance()

+ removeCard()

Figure 1-39.
An architectural perspective

Unlike design, architecture is about the physical structure of the sys-
tem—things like services, databases, and how services communicate

with each other and to 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 with-
in the order payment process, and have a payment orchestrator ser-
vice to manage the payment processing part of the system like the

diagram below.



As a gentle veminder,
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Figure 1-40.
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EXERCISE

Figure 1-41.

Check all of the things that should be included in a diagram from an
architectural perspective. You can find the solution at the end of the

chapter.

1 How services communicate with each other

1 The platform and language in which the services are

implemented

~1Which services can access which databses

1 How many services and databases there are

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). Unfortunately, most
decisions you encounter fall between these two examples within a

spectrum of architecture and design.

Thihgs on this side are Thihgs on this side are
& move about arehitecture. more about design. N
Architecture R e Pesign

You'll find most of Your detisions £l
within the spectrum right about heve.

Figure 1-42.

NOTE




SHARPEN YOUR PENCIL

Figure 1-43.

Circle all of the things that you think fall somewhere in the middle of
the spectrum between architecture and design. You can find the so-

lution in “Sharpen your pencil Solution”.

ile . framework
Bl’eaking up a clags ' Deciding tousea gfaph database Selecting @ user lntET{::.e
Igratin ;
Redes- i Q to m‘cro B
Choosij . . Ignin Services
fra:,c'es'"g a Persistence Breaking apart a 92 web page
Hork Service Choosing an XML parsing library

Figure 1-44.




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

Figure 1-45.

Yes, it matters a lot. You see, 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 deci-
sions that an architect should make (such as choosing the most ap-
propriate architecture style for a system), and others that should be
made together (such as breaking apart services or putting them back

together).



Where along the spectrum does your
decision fall?

Is it strategic or tactical?

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

spectrum.

Figure 1-46.

How much effort will it take to construct or
change?



Architectural decisions require more effort to construct or change,
while design decisions require relatively less. For example, building
an addition to your home generally requires 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.

NOTE

Figure 1-47.

Does it have significant trade-offs?

Trade-offs are the pros and cons you evaluate as you are making a
decision. Decisions that have 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 de-

sign side.

Figure 1-48.

NOTE




BRAIN POWER

Figure 1-49.

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.

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

Figure 1-50.




How should I determine
whether a decision is

more strategic or more
tactical?

Figure 1-51.



Indeed there are. You can use these three questions to help deter-
mine 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 de-
cisions 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 tem-
porary 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.



SHARPEN YOUR PENCIL

Figure 1-52.

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

in? You can find the solution at the end of the chapter.
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High versus low levels of effort



Martin Fowler, a software architect and author, once wrote that “soft-
ware architecture is the stuff that’s hard to change.” You can use Mar-
tin’s definition to help determine where along the spectrum your deci-
sion lies. You see, 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.

NOTE

https://martinfowler.com/architecture/

High effort < > Low effort

Figure 1-54.

Let’s say you are planning on moving from one architecture style to
another; say, from a traditional n-tiered layered architecture to mi-
croservices. 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.
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Figure 1-55.

However, let’s say 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.
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Code Magnets
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To: |

Find Flights




Figure 1-57.

Oh no. 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 these back in the right order based on
the amount of effort it would take to make each change? You can find

the solution at the chapter’s end.
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Significant versus less significant
trade-offs



Some decisions you make might have significant trade-offs, such as
choosing which city to live in. Others might have 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 archi-

tecture; the less significant the tradeoffs, the more it’'s about design.
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EXERCISE

Figure 1-60.

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

solution at the end of the chapter.

Is this a significant trade-off?



Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

No

No

No

No

Picking out what clothes to wear

to work today

Choosing to deploy on the cloud

or on premise

Selecting a user interface

framework

Naming a variable in a class file

Choosing between vanilla and

chocolate ice cream

Deciding which architecture

style to use

Choosing between REST and

messaging

Using full data or only keys for

the message payload

Selecting an XML parsing library



Deciding whether or not to break

Yes No apart a service

Choosing between atomic or

| Yes B No distributed transactions

Deciding whether or not to go

| Yes - No out to dinner tonight

Putting it all together

Now it’s time to put all three of these factors to use. Let’s figure out
whether a decision is more about architecture or more about design,
which will tell us who should be ultimately responsible for the

decision.

Let’s say you decide to use asynchronous messaging between the
Order Placement service andthe 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 deter-

mine where in the spectrum this decision lies.
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Significance of trade-offs
Using a queve will increase responsiveness when _
placing an order, but inventory may not he updated The "5"'“C itant
i a timely manner, likely ereating back-order =~ trade—offs push this

conditions. These are pretty significant frade-offs,  9ccision tloser to
architeeture.

)

Architecture

Taking the mean of all three factors puts the decision
right about here, meaning this decision has some
architectural aspects. We needed all three factors

to determine whether this decision was more about
architecture or design.

Figure 1-62.

You made it!
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It doesn’t take a whole lot
of effort to send a message
10 another service. This is
pretty standard stuff.



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 true-and-false quiz
for you to test your knowledge so far. For each of the statements be-
low, circle whether it is true or false. You can find the solution in “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.

True False






BULLET 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 architecture charac-
teristics 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 house styles, 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.

Software Architecture Crossword

Figure 1-63.

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?
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Figure 1-64.




Across

1 Architectural characteristics
are sometimes called this

4 Tradeoffs are aboutthe
and cons

5 The number of rooms in your
home is part of its

6 How many dimensions it takes
to describe a software
architecture

7 A system’s _ components
are its building blocks

11 You’re learning about
software

12 The overall shape of a house
or a system, like Victorian or
microservices

14 Architecture and design exist
ona_

16 If something takes a lot of
to implement, it’s probably
architectural

18 A website’s user ___involves

lots of design decisions

Down

2 Decisions can be strategic or
3 You might want to become
one after reading this book

4 Strategic decisions typically
involve a lot of these

8 You analyze these when
making an architectural
decision

9 An architectural style
determines the system’s
overall

10 You’ll make lots of
architectural

13 Architectural decisions are
usually  -term

15 Building this can be a great
metaphor

17 It’s important to know
whether a decision is about

architecture or this



19 You can’t step in the same

one twice
20 __ -drivenis an architectural
style

From “Exercise”



EXERCISE SOLUTION

Figure 1-65.

Gardening is often used as another metaphor for describing software
architecture. Using the space below, can you describe how a garden
might relate to software architecture? You can see what we came up

with at the end of this chapter.

NOTE

The overall layout of a garden can be compared to the architectural
style, whereas each grouping of like plants (either by type or color) can
represent the architectural components. Individual plants within a

group represent the class files implementing those components.

NOTE
Gardens are influenced by weather in the same way a software archi-
tecture is influenced by changes in technology, platforms, the deploym-

nent environment, and so on.




From “Sharpen your pencil”

SHARPEN YOUR PENCIL SOLUTION

Figure 1-66.

What features of your home can you list that are structural and relat-

ed to its architecture? You can find our thoughts at the end of this

chapter.
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From “Exercise”



EXERCISE SOLUTION

Figure 1-68.

Check the things you think might be considered architectural charac-
teristics—something that the structure of the software system sup-

ports. You can find the solution at the end of the chapter.

[ | Changing the font size in a window on the user interface screen
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Figure 1-69.

From “Exercise”



EXERCISE SOLUTION

Figure 1-70.

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

architecture perspective. You can find the solution at the end of the

chapter.
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From “Who Does What?”’



WHO DOES WHAT? SOLUTION

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

“Sharpen your pencil Solution”.

Extensibility Taking into ac_:count timefra_mes, bu_dgets, and .
developer skills when making architectural choices
& We did ‘Ehps
one for You- When fatal errors occur, other parts of the system
Aqility continue to function

The ease in which a system can be extended with
Interoperability additional features and functionality

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

Fault tolerance
The ability to respond quickly to change; a function
of maintainability, testability, and deployability

Feasihili
fty The ability of the system to interface and interact
with other systems to complete a business request

Figure 1-72.

From “Sharpen your pencil”



SHARPEN YOUR PENCIL SOLUTION

Figure 1-73.

Circle all of the things that you think fall somewhere in the middle of
the spectrum between architecture and design. You can find the so-

lution in “Sharpen your pencil Solution”.
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Figure 1-74.

From “BE the architect”

BE the architect solution

Your job is to play like the architect and identify as many architectural

decisions you can in the diagram below. Draw a circle around any-



thing that you think might be an architectual decision and write what
that decision might be. After you’re done, look at the end of the chap-

ter for the solution.

Figure 1-75.
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From “Sharpen your pencil”



SHARPEN YOUR PENCIL SOLUTION

Figure 1-77.

You've just created the following two components for a new system
called BuyFromUs, and your development team wants to start writ-
ing class files to implement them. Can you create the directory struc-
ture for them so they can start coding? Flip to the end of the chapter

for our solution.
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From “Who Does What?”



WHO DOES WHAT? 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.
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From “Sharpen your pencil”



SHARPEN YOUR PENCIL SOLUTION

Figure 1-80.

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

in? You can find the solution at the end of the chapter.



This requires a lot of planning, is

\ves
N This ch\S\OEa‘::: more u|s|ona\r\.[, and involves a lot
+* & the ien e of people.
) \9
S Peciding to get Peploying on the
il Plcking a your first dog cloud or on-premises
& programming language
4 Y YOUr new proje You tan usu.a”\f make

these detisions alone.
&N
Choosing a

- — parsing library
. grating Using a design
Ked“if"l“er?faw"r your systemto pattern
user Infertace microservices %o,
R “k
1llﬂll[|l|ﬂm.;-
S =
Strategic Somcwhere Tactical

in between

Figure 1-81.

From “Code Magnets”



Code Magnets Solution
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Figure 1-82.

Oh no. 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
all mixed up. Can you help us put these back in the right order based
on the amount of effort it would take to make each change? You can

find the solution at the chapter’s end.
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EXERCISE SOLUTION



Figure 1-84.

From “Code Magnets”

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

the solution at the end of the chapter.
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From “Exercise”



EXERCISE SOLUTION



Figure 1-86.

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

the solution in “Exercise Solution”.
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From “True or False”



TRUE OR FALSE SOLUTION

True

True | False

@ False

True
False

Figure 1-88.

ThIS is baCkWa\“ds.

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

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

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. W

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.

Software Architecture Crossword
Solution

Figure 1-89.

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?
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Across

1 Architectural characteristics
are sometimes called this

4 Tradeoffs are aboutthe
and cons

5 The number of rooms in your
home is part of its

6 How many dimensions it takes
to describe a software
architecture

7 A system’s _ components

are its building blocks

11 You’re learning about
software

12 The overall shape of a house
or a system, like Victorian or
microservices

14 Architecture and design exist
ona_

16 If something takes a lot of
to implement, it’s probably
architectural

18 A website’s user ___involves

lots of design decisions

Down

2 Decisions can be strategic or
3 You might want to become
one after reading this book

4 Strategic decisions typically
involve a lot of these

8 You analyze these when
making an architectural
decision

9 An architectural style

determines the system’s

overall

10 You’'ll make lots of
architectural

13 Architectural decisions are
usually  -term

15 Building this can be a great
metaphor

17 It’s important to know
whether a decision is about

architecture or this



19 You can’t step in the same
one twice
20 -drivenis an architectural

style



Chapter 2. Everything’s a Trade-off:
The Two Laws of Software
Architecture

A NOTE FOR EARLY RELEASE READERS

With Early Release ebooks, you get books in their earliest form—the
author’s raw and unedited content as they write—so you can take ad-
vantage of these technologies long before the official release of these

titles.
This will be the 3rd chapter of the final book.

If you have comments about how we might improve the content
and/or examples in this book, or if you notice missing material within

this chapter, please reach out to the editor (sgrey @oreilly.com)




Figure 2-1.

What happens when there are no “best practices”? You see, the
nice thing about having best practices is that you can simply use
them to achieve a goal. They’re called “best” (not “better” or “good”)
for a reason—you know they work, so why not just use them? But
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.

It starts with a sneaker app

Archana works for Two Many Sneakers, a company with a very suc-
cessful mobile app where shoe collectors (“sneakerheads”) can buy,
sell, and trade collectible sneakers. With millions of shoes listed, cus-
tomers 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:

f—

Two Many Sneakevs’ j
slogan: gu m]y have two
‘Fcr.Jc, but You tan never
have too many sneakers!

Figure 2-2.
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Figure 2-3.

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 realtime notifications, so
they’ll know whenever someone lists a pristine pair of those Air Jor-

dans they’ve been pining for.

Security is always a concern in online sales. Nobody wants knock-
offs, 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 fraud detection capabili-
ties. 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! I'll
just use messaging to inform the notification and analytics services

every time a new pair of shoes is listed on the app.



Piece of cakel T'll just
use messaging to inform
the notification and
analytics services every
time a new pair of shoes
is listed on the app.
Geniusl




Figure 2-4.
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Figure 2-5.

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 so far:



M 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
analytics service.

Notification
Service

Analytics
Service

™M Word in the office is that there’s a chance that the Finance

Figure 2-6.

department will want updates from the trading service. In other

words, whatever architecture we come up with will need to be
extensible.
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Figure 2-7.

We don’t know what data to send the notification and analyt-
ics services—do the two services get the same kind of data, or
wildly different data? And we don’t know where things stand with

the finance department, so that's another unknown.

{
"sellerId": 12345,
"buyerId": 6789,
"itemId": 1492092517,
"price": "$125.00"
}
NOTE

What should this look like?




To be clear, there are some things we know and plenty that we don'’t.

Welcome to the world of software architecture.

NOTE
As the system’s architects, we need to identify its architectural characteris-

tics. (You learned about those in Chapter 2.)

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



EXERCISE

Figure 2-8.

Which of the following architectural characteristics stand out as im-
portant 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 have provided our solutions at the end of this

chapter. We’'ll get you started:

Lots of downstream
( services need to know
about sneaker trades. modularity
extensibilityy " sounds important! upgradability
low coupling

performance security

Figure 2-9.




BRAIN POWER

Figure 2-10.

All the characteristics in the previous exercise sound pretty good,

right? Seriously, who’d say no to upgradability?

But for each one, ask yourself—is this characteristic critical to the

project’s success? Or is it a nice-to-have?

What’s more, some characteristics conflict. A highly secure applica-
tion 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.

NOTE
Flashback to Chapter 2? You bet it is!




THERE ARE NO DUMB QUESTIONS

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?

A: You're right. In almost all real-life scenarios, your list of architectur-
al characteristics will probably have a healthy mix of “this is what we
want” and “this is something we might want.” Even your customers
can’t answer the question of what they will eventually want. (Wouldn’t
that be nice?) This is the “stuff you don’t know you don’t know,” also

known as the “unknown unknowns.”

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, particu-
larly 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 customers demand

more of you.



Having the trading service
communicate with downstream
services

Our goal is to get the trading system to notify the reporting and ana-
lytics systems automatically. For now, let’'s assume we decide to use
messaging. But that presents a dilemma—should our messaging use

gueues or topics?

NOTE
It’'s OK if you don’t know much about messaging, queues, or topics. 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 plat-
forms offer two models for a publisher of a message (in this case,
that’s the trading service) to communicate with one or more con-

sumers (the downstream services).

The first option is a queue, or a point-to-point communication proto-
col. Here, the publisher knows who is receiving the message. To

reach multiple consumers, the publisher needs to send a message to



one queue for each consumer. If the trading app wants to use queues
to tell the analytics service and the reporting service about trades,

this is what the setup would look like:

NOTE
If it helps, think of queues as being like a group text—you pick everyone you

want to inform, type your message, and hit “send.”

This is 3 7Y
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( Queue g )_} Service
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deing For every Lonsumer, You

Service \ need a separate queue
= % Analytics

N elne EEE—— .
= Qu Service
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This is a message

This is aho%

Lonsumeyr

Figure 2-11.

When using the second option, topics, you are signing on for a broad-
casting model. The publisher simply produces and sends a message.
If another service downstream wants to hear from the publisher, it
can subscribe to the topic to receive messages. The publisher

doesn’t know (or care) how many services are listening.



NOTE
Topics are similar to posting a picture on your go-to social networking site.
Anyone following you will see that picture, since they’ve “subscribed” to

your timeline.

The publisher publishes a Notification
message to the topic —~ Service

dei.ng Anyone interested in the messages
Service tan subseribe to the topic
The {'.Ofic, in turn, e)
Trading £ : Analytics
Service notifies all subsevibers Service

Figure 2-12.

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

Analyzing trade-offs

You can’t have your cake and eat it too. The world is full of compro-
mises—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 stor-
age, which costs more, or compress them, which lowers the image

quality.



i

Figure 2-13.

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?

NOTE
If this sounds familiar, it should be! It was part of our discussion of signifi-

cant versus less significant trade-offs in Chapter 1.

If you know which architectural characteristics are most important to
your project, you can start thinking of solutions that will maximize
some of those attributes. But if a solution lets you maximize one char-
acteristic (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.



Your job is twofold —know the trade-offs associated with every solu-
tion you come up with, and then pick the solution that best serves the

most important architectural characteristics.

NOTE
Rich Hickey, creator of the Clojure programming language, once said, “Pro-
grammers know the benefits of everything and the trade-offs of nothing.”

We’d like to add: “Architects need to understand both.”

You can’t have it all. You’ll have to decide which architec-
tural characteristics are most important, and choose the

solution that best allows for those characteristics.

Trade-off analysis: Queue edition

Trade-off analysis isn’t just about finding the benefits of a particular
approach. It’s also about seeking out the negatives to get the full pic-

ture. Let’s look at each option in turn, starting with queues.

With queues, for every service that the trading service needs to noti-
fy, we need a separate queue. If the notification service and the ana-
lytics service need different information, we can send different mes-
sages along each queue. The trading service is keenly aware of

every system to which it communicates, which makes it harder for an-



other (potentially rogue) service to “listen in.” (That’s useful if security
is high on our priority list, right?) Oh, and since each queue is inde-
pendent, we can monitor them separately and even scale them inde-

pendently if needed.

Just 3 Fricndly reminder of
what using 3 queue would
lock like, so You don't have
to £lit back and forth.

) —
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Figure 2-14.

The trading service is tightly coupled to its consumers—it knows ex-
actly how many there are. But we’re not sure if we’ll need to sending
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 extensibility.
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See what we mean when we say “trade-off analysis™?

Trade-off analysis: Topic edition

What about using topics? Well, the upside is clear—the trading ser-
vice only delivers messages to a topic, and anyone interested in lis-
tening for a message from 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 coupling for the win.



This is what using 3
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Figure 2-16.

But topics have a few downsides, too. For one thing, you can’t cus-
tomize 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 circum-

stances, is a potential security risk.

Back to the whiteboard!
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SHARPEN YOUR PENCIL

Figure 2-18.

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. Then check our

answers at the back of this chapter.

Requirements

“Security is important to us” Queues/
Topics

“Different downstream services need different Queues /

kinds of information” Topics

“We’ll be adding other downstream services inthe  Queues /

future” Topics



The first law of software architecture

Queue or topic? 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 extensibility 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 avail-
ability. (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 Ar-

chitecture.
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In software architecture, nice, clean lines and “best practices” are
rare. Every choice you make will involve many factors—often conflict-
ing 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 back-

wards tattoo of it on your forehead so you’ll see it in the mirror! What-

ever it takes.



NOTE
If you find a decision in software architecture that doesn’t have a trade-off,

you haven’t looked at it hard enough.




SHARPEN YOUR PENCIL

Figure 2-21.

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 commu-
nication (like REST and RPC) comes with its own set of trade-offs!
We’ve given you two whiteboards, one for each form of communica-
tion, and we’ve listed a bunch of “-ilities.” We’d like you to consider
how each architecture characteristic would work in both contexts. Is
this characteristic a pro or a con (or neither) in synchronous commu-
nications? What about in asynchronous communications? Place each
“-ility” in the appropriate column. Not all of them apply to this deci-
sion. 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.
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THERE ARE NO DUMB QUESTIONS

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 pro-
posed 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 limitions—one being that it assumes the architec-

ture is static and doesn’t change.

Rather than focusing on the process of ATAM, we prefer to focus on
results. The objective of any trade-off analysis should be to arrive at
an architecture that best serves your needs. You’ll 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).



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

to arrive at an architecture that satisfies the business’s needs.

It always comes back to trade-offs

Some people always pick a particular technique, approach, or tool re-
gardless 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 ap-

plication? And can you live with the downsides?

Whenever someone sings the praises of a certain approach, your re-

sponse should be: “What are the trade-offs?”

NOTE
To be clear, we aren’t saying you shouldn’t use new tools and techniques.
That’s progress, right? Just don’t forget to consider the trade-offs as you

decide.




Making an architectural decision

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

decision.

We mentioned architectural decisions in Chapter 1, but let’s dive a lit-
tle 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:

NOTE
To jog your memory, picking whether you’d like a one- or two-story house

would be an architectural decision.
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I believe we have a
decision—we're going to
split the order-shipping
service apart from the
order-tracking service.

Figure 2-25.



We will use a cache to reduce the load on

the database and improve performance.
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Figure 2-26.

We will build the reporting service as a

modular monolith.
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Figure 2-27.

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.

NOTE
As we put it in Chapter 1: ”Architectural decisions serve as guideposts and

help development teams make the right technical choices.”




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 architec-
tural characteristic. If security is paramount, Two Many Sneakers

might make a decision like this:
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between services roadeasting methanism,
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Figure 2-28.

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:

Perhaps you need to get 1o
We will use node.js as the development framework for |&— market quickly, or maybe you
We will have a large pool of engineers
D with expertise in this
particular ‘Ecﬂhhobﬁy stack.

MVP stands Lor “Minimum Viable Product”

Figure 2-29.



Everything in this chapter so far leads 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 charac-
teristics, technical feasibility, time and budgetary constraints, and

even development concerns. Then, finally, you can make a decision.

SERIOUS CODING

Figure 2-30.

Michael Nygard, author of the book Release It! (Pragmatic Program-
mer, 2018), defines an architecturally significant decision as “some-
thing that has an effect on how the rest of the project will run” or that
can “affect the structure, non-functional characteristics, dependen-
cies, interfaces, or construction techniques” of the architecture. To

learn more, we recommend this blog post: hitps:/www.cognitect.-

com/blog/2011/11/15/documenting-architecture-decisions.



https://www.cognitect.com/blog/2011/11/15/documenting-architecture-decisions

Hold up.
Whiteboards are greaft,
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?

Figure 2-31.



You bring up several good points. 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. It’s important that to record
our decision in a more permanent way. But you subtly suggest some-
thing else. While the decision itself is important, why we made that

decision might be even more important. Which leads us to...

The second law of software
architecture

Making decisions is one of the most important things software archi-

tects 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 perfor-
mance. 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 that 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.



THE SECOND LAW
OF
SOFTWARE
ARCHITECTURE:

Figure 2-32.

You see, future architects (or even “future you”) might be able to dis-
cern 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 rea-

sons, or miss a key factor that swayed your decision.



This is 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? Let’s dive

into that next.

Architectural Decision Records
(ADRs)

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 decision records (ADRs) to record such

decisions because it gives us a specific template to work with.

NOTE

We cannot emphasize enough how important keeping these records is.




An ADR is a document that describes a specific architecture decision.
You write one for every architecture decision you make. Over time,
they’ll build up into an architecture decision log. Remember that ar-
chitecture decisions form the second dimension to describe your ar-

chitecture. ADRs are the documentation that supports this dimension.
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Figure 2-33.

An ADR has seven sections—Title, Status, Context, Decision, Conse-
guences, Governance, and finally Notes. Every aspect of an architec-
tural decision, including the decision itself, is captured in one of these

sections. Let’s take a look, shall we?

Cubicle conversation



Alex j\

Figure 2-34.

Mara: Doing the trade-off analysis between queues and topics took it

out of me.

Sam: 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 under-

stand the pros and cons of every choice.

Alex: Yeah, yeah. So we decided to use queues, right? Now can we

get back to programming?



NOTE
Guess what? You’re going to be helping the team write their ADR. Keep an

eye out for those exercises.

Sam: Slow down a second. You’re right—we’ve made a decision.

Now we should record our decision in an ADR.

Alex: But why? We already know what we’re going to do. That seems

like a lot of work.

Mara: Look, we know why we chose to go with queues. It’s the option
that best supports the architectural characteristics we want to maxi-

mize in the system, right?

Sam: Correct. And while we know why we made that decision, what
about anyone else who might come along and wonder why we chose
gueues over topics, like future employees? That’s why we should

record our thinking.
Alex: | can see that being useful.

Mara: Great! So can we start drafting our ADR?

Writing ADRs: Getting the title right



Every ADR starts with a title that describes the decision. Craft this ti-
tle carefully. It should be meaningful, yet concise. A good title makes
it easy to figure out what the ADR is 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 is writing a service that provides surveys to customers. They’ve
done a trade-off analysis and have decided to use a relational data-
base to store survey results. Here’s what their ADR title might look
like:

These two pieces together
make up the title.

P — N —_—

042: || Use relational store for customer-survey service

A three—digit The title of the ADR.

numerical prefix,
followed by a tolon.

Figure 2-35.

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 zeroes 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 deci-

sions came before others.

Title B

Status
Context
Decision
Consequences |
overnance

-H'i-ﬂJ[E‘H

Figure 2-36.



THERE ARE NO 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 | ever reuse a ADR number?

A: Every ADR gets a unique identifier. This makes it easier to refer-

ence them without confusion.

NOTE

More about this when we discuss the Status section.




EXERCISE

Figure 2-37.

For the rest of this chapter, you’ll be helping the team at Two Many
Sneakers write out their ADR. They’ve decided to use asynchronous
messaging, with queues between the trading service and down-
stream services. Here, you’ll start with the title. 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,
then see the Solutions page at the end of this chapter for a few of our

ideas.

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 docu-
mentation, making it easier to share and collaborate. Others might
need to look at or even sign off on an ADR. Let’s start by looking at all

of the statuses an ADR can have.

Title
Status
Context

Decision

Consequences
|

Governance

MNotes

Figure 2-38.



@] Request for Comment (RFC)

Use this status for ADRs that need additional input—perhaps
from other teams or some sort of advisory board. Usually, these
ADRs affect multiple teams or address a cross-cutting concern
like security. An ADR in RFC status is typically a draft, open for
commentary and critique from anyone invited to do so. An ADR

in RFC status should always have a ‘respond by” deadline.

NOTE
This is like planning an evening out. You know you’d like to go out and
which friends you want to invite, but you hope they’ll suggest a

restaurant.

NOTE
You ask everyone to respond by Tuesday so you can make reserva-
tions. (The deadline is important, since Ted can never make up their

mind about anything.)

A Proposed

After everyone has a chance to comment, the ADR'’s status
moves to Proposed. This means the ADR is waiting for ap-

provals. You might edit it or even overhaul the decision if you



discover a limitation that makes it a no-go. In other words, you

still haven’t made a decision, but you're getting there.

NOTE
You have a plan for the evening, but you haven’t hit “Send” on the in-

vite yet—just in case the weather turns.

@ Accepted

Does exactly what it says on the tin . A decision has been made,

and everyone is on board who needs to be. An Accepted status
also tells the team tasked with implementing this decision that

they can get started.

NOTE

Oh yeah. Everyone has RSVPed. Time to find a cool outfit!

If there’s no need for feedback from others, you can set the ADR’s
status to Accepted as soon as the decision is made. Most ADRs stay

at Accepted, but there is one more status: Superseded.

You’ve arrived at a decision, which you diligently record in an ADR.

Sealed, signed, 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 relevant. 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 docu-

ment store. Here are the titles and statuses of the old and new ADRs:

The previous ADR

Only an Accepted ADR can
betome Supc\-scdcd.

Status: Acecepted Superseded by 068 )

This u?da'tcd status mentions the _j\
number of the new ADR.

L} 042: Use relational store for customer survey service

Figure 2-39.
This ADR overrides We'll be showi
({:hc previous ADR. ADR 068 -Forh?:l:{eotgs{;

068: Use document store for customer survey service </_ of the chapter, while

you help the Two Many
Sneakers team with
their ADR.

Status: Accepted, Supersedes 042

Now the new ADR has the —j\ K Notite how we mention the number
status Accepted. of the superseded ADR here.

Figure 2-40.



An accepted ADR can move into Superseded status if a future ADR
changes the decision it documents. It’s important for both ADRs to
highlight which ADR did the superseding and which ADR has been
superseded. This bidirectional linking allows anyone looking at a su-
perseded ADR to quickly realize that it’s no longer relevant, and tells
them exactly where to look. Anyone looking at the superseding ADR
can follow the link back to the superseded ADR to understand every-

thing involved in solving that particular problem.

NOTE
Linking ADRs is an important part of a project’s “memory.” It helps everyone

remember what has already been tried.




THERE ARE NO DUMB QUESTIONS

Q: All this superseding and numbering seems overly complicat-
ed. Why not just edit the original ADR?

A: We use a three-digit prefix in the ADR title because it helps se-
guence 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.

Now you need to reevaluate ADR 007. Say you choose to edit it, as

opposed to superseding it with ADR 014. What would happen?

Chronologically speaking, you amend ADR 007 after accepting ADR
013. But if someone tries to follow the decision process by reading the
ADRs, they’d be seeing them in the wrong order! 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. In other
words, the old ADR 007 was no longer relevant after 013, which

makes the new ADR number 014. Confused yet?

Q: So you’re telling me that an Accepted ADR is immutable:

once accepted, it is not permitted to change. Is that right?

A: Look at you! That’s exactly it. Except for when the status of an
ADR goes from Accepted to Superseded, a decision recorded in an

ADR is immutable. Sure, you might edit the ADR to include additional



information, but for the most part, other than the status, things don’t

change much.



EXERCISE

Figure 2-41.

In the previous exercise, you hashed out the title of Two Many Sneak-
ers’ ADR about using queues for messaging. Let’s say your title gets
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:

Writing ADRs: 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.
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Figure 2-42.

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 forced you to make the decision the ADR is cap-
turing. 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.



Title
Status
Decision
Context

Consequences

Governance

MNotes

Figure 2-43.

NOTE
Let’s continue working on the ADR we started with in the Status section.

Context

We need to simplify how we store customer survey responses. The
data currently resides in a relational store, and its rigid schema re-
quirements have become challenging as we evolve the surveys (such

as introducing different or extended surveys for our premium

customers).

There are various options available to us, like the JSONB datatype in

PostgreSQL or document stores like MongoDB.




NOTE
The Context section answers the question “Why did we have to make this

choice to begin with?”

SHARPEN YOUR PENCIL

Figure 2-44.

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 ser-
vices. (Then compare our take in the Solutions section at the end of

this chapter.)




THERE ARE 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 alterna-

tives you considered, followed by your lists of pros and cons.

Using a separate section to list the trade-off analysis delineates it

cleanly, and avoids cluttering the Context section.

Writing ADRs: Writing the decision

We’'ve finally arrived at the actual decision. Let’s start by looking at

the customer survey team’s completed Decision section:

Title
Status

Decision
Context

Consequences

(Governance

MNotes

Figure 2-45.



Decision

We will use a document database for the customer survey.

NOTE

Notice the authoritative voice!

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.

NOTE
The Decision section covers the “why” of the decision itself: re-

member the Second Law?

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 Architec-
ture: “Why is more important than how.” Future you, or anyone else
who reads the ADR, will understand not just the decision but the justi-

fication for it.

NOTE
In the Context section, you explained why this decision was on the table. The
Decision section, which immediately follows it, explains the decision itself.

Together, they allow the reader to frame the decision correctly.

NOTE
This is also a great place to list others who signed off on this decision. For

example, “the Marketing department requires...” is an example of CYA.

NOTE

“Cover Your Assets”! :)




WATCH IT!

Figure 2-46.

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 justify-
ing a decision. Even explaining context can sometimes make it hard

to stay objective.

Treat an ADR like a journalist treats a news article —stick to the facts

and keep your tone neutral.



EXERCISE

Figure 2-47.

Time for you to write the Decision section of the ADR for Two Many
Sneakers. Here are the main factors the team considered when mak-

ing 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, includ-
ing the corresponding justification. Your section should answer the
question “Why queues?” Hint: Be sure to focus on the decision and
the “why.” See the Solutions at the end of the chapter for our own

take.

NOTE
Feel free to glance back at the trade-off analysis we did earlier in

the chapter to refresh your memory.




THERE ARE NO DUMB QUESTIONS

Q: I am 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 cele-
brate. That’s the context—the circumstances surrounding the deci-

sion 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 chose that partic-
ular restaurant because its menu has vegetarian and gluten-free op-
tions, and it allows anyone with dietary restrictions to make substitu-

tions. That’s the justification for your decision.

Writing ADRs: Considering the
consequences



Every decision has consequences. Did you work out extra hard yes-
terday? If so, you might be sore this morning. (But maybe a little bit

proud of yourself, too!)

Title
4L*jt.'i_lu-.v-u
Contexi

Decision

Consequences

Governance

Notes

Figure 2-48.

It’s important to realize the consequences—good and bad—of archi-
tectural decisions and document them. This increases transparency
by ensuring that everyone understands what the decision entails, in-
cluding the team(s) affected by it. Most importantly, it allows everyone
to assess whether the decision’s positive consequences will outweigh

its negative consequences.

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:



O 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?

O Does this ADR introduce or decommission infrastructure? What

does that entail?

O Are cross-cutting concerns like security or observability affected? If

so, what effects will that have across the organization?

O 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 easier?

NOTE

Time and money are big—be sure to think this one through!

O Does the ADR introduce any one-way paths? (For example, using
gueues means we can’t control the order of messages.) If so, elabo-

rate on this.

NOTE
Of course, the ADR might make things simpler and more cost-effective. If so,

that’s definitely worth highlighting.




Collaborating with others is a great way to make sure your assess-
ment is thorough. No matter how hard you think through the conse-
qguences of the ADR, you’re likely to miss a few things; multiple per-
spectives will reveal more potential consequences. Here’s a sample

Consequences section:

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.

NOTE
Highlight the consequences of the decision for the implementa-

tion team.

The IT team will need to shut down survey functionality during the
data migration from the relational database to the document

database.

NOTE

This might affect customer experience—be sure to mention that.




SHARPEN YOUR PENCIL

Figure 2-49.

Help the Two Many Sneakers team iron out the Consequences sec-

tion 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.

. » Queues mean a higher degree of coupling between services.

NOTE
There are no right or wrong answers, but if you’d like to see how
we approached this, glance at the solution at the end of the

chapter.




BRAIN POWER

Figure 2-50.

Think about an architectural decision made in your current project, or
one you’ve worked on in the past. That might be the choice of the
programming language used, the application’s structure, or even the
choice of database. Can you think of at least two intended conse-

guences and two unintended consequences of that decision?

Writing ADRs: Ensuring governance



Title
Sliii ns
Context

Decision
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Figure 2-51.

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 is why the Governance section plays a vital role in any ADR.
Here, you outline how you’ll ensure that your organization doesn’t de-
viate from the decision—now or in the future. You could use manual
techniques like pair programming or code reviews to ensure compli-
ance, or you could use automated means like specialized testing

frameworks.



NOTE
One of your authors has written a book called “Building Evolutionary Archi-
tectures” that shows you how to use “fithess functions” for architectural

governance. Be sure to pick up a copy. (After you’re done with this book, of

course!)

NOTE
These two sections aren’t part of the standard ADR template, but we think

they add a lot of value.

NOTE
If the word “governance” conjures up ideas of regulatory compliance, well,
this isn’t that.

Writing ADRs: Closing notes



Title
Status
Context

Decision
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Figure 2-52.

The notes section is simply just that—metadata about the ADR itself.

Here’s a listing of fields we like to include in our ADRs:

NOTE
This section is handy even if the tool you use to store your ADRs automati-
cally records things like creation and modification dates. Yes, including this
information may be repetitive, but making it part of the ADR makes it easier to

discover.

O Original author

O Approval date

O Approved by

O Superseded date



O Last modified date

O Modified by

O Last modification



EXERCISE

Figure 2-53.

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 cre-
ate 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.”)



Title

Status

Context

Decision

Consequences

Figure 2-54.

And there you have it: a complete ADR in its full glory.

NOTE

They grow up so quickly! :’) We’re so proud of you all.







THERE ARE NO DUMB QUESTIONS

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 read-

ing 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 non-developers don’t always know how to access version-con-
trolled documents. If you do choose to store your ADRs this way, we
recommending 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. Re-

place 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.

Q: Do 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 lan-
guage-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/#decision-capturing-tools.



https://adr.github.io/#decision-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 specif-

ic 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 au-
tomation. 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?

A: 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 en-

tire organization—no small feat, given Amazon’s size.

Most cross-project or cross-team ADRSs 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.

The benefits of ADRs

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 for-
mat 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 architectural deci-
sions—not just for you and your team, but for your entire organiza-

tion. Let’s quickly recap:
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WATCH IT!

Figure 2-56.

Keep the ADR process as frictionless as possible

It's tempting to add sections to the ADR template in the hope of being
comprehensive. While that's a noble goal, it adds work. If you keep
“feeding the beast,” the documentation process gets harder. That can

discourage people, and some might stop writing ADRs altogether.

Focus on concision and brevity. Keep it simple. You'll thank us later.

Two Many Sneakers is a success

The team at Two Many Sneakers are ecstatic. Their customers love
getting realtime 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.



Just got the email from
Finance: they want the
trading service to keep the
compliance service in the
know. That should be an
easy change.

Learning about the two laws
of software architecture sure
made this easy. Not only do
we know we've made the right
decision, we've also captured
it inan ADR. I feel so much
better.

Figure 2-57.

Grokking the two laws of software architecture will serve you well.
Now you know that there are no “best practices” in software architec-
ture —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.



BULLET POINTS

« There is nothing “static” about architecture. It’s constantly chang-
ing and evolving.

« Requirements and circumstances change. It's up to you to
change 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 collabo-
rative exercise helps you identify the pros and cons of every pos-
sible option.

« The First Law of Software Architecture is: Everything in soft-
ware architecture is a trade-off.

« The answer to every question in software architecture is “it de-
pends.” To learn which solutions are best for your situation, you’ll
need to identify the top priorities and goals. What are the require-
ments? What’s most important to your stakeholders and cus-
tomers? 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, tech-
nical, 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 im-
portant 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,
Compliance, and Notes.

Over time, your ADRs will build into a log of architectural deci-
sions 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 Super-
seded and the new ADR becomes Accepted.

The Context section of an ADR explains why the decision need-
ed 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 out-
weighs 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, ap-
proved, and last modified.

« ADRs are important tools for abiding by the Second Law of Soft-
ware Architecture, because they capture the “why” along with the
“what.”

« ADRs are necessary for building institutional knowledge and

helping teams learn from one another.

The “two laws” crossword

S

Figure 2-58.




Think you’ve mastered the two laws of software architecture? Why

don’t you document your knowledge by completing this crossword?

10 11

12 13

14

15

16

17 18

19 20

Figure 2-59.

Across

3 Two Many

4 More important than how, according to the Second Law



5 If you’re too excited about a new tool, you might have _ Object

Syndrome

6 “Everything in software architecture is a trade-off’ isthe ___ of

software architecture (2 wds.)

9 High or low interdependence

11 Important architectural characteristic for a fast-growing business
14 Documents made up of seven sections (abbr.)

15 Heterogeneous

17 Best tone to use when writing an ADR

18 Examples of messaging mechanisms include queues and
19 Topics use a fire-and-__ system

20 Two Many’s mobile app communicates with the trading
Down

1 Short way to say ‘not at the same time’

2 You should record every architectural you make



5The __ of an ADR might be “accepted”

7 An architecture characteristic that’s especially important for finan-

cial transactions
8 Topics can be independently
10 A top-heavy Swedish ship

11 Architects are responsible for making architecturally

decisions
12Anew ADRcan ___ anoldone
13 ADR section that tells you why a decision needed to be made

16 You can list pros and cons on a board



EXERCISE SOLUTION

Figure 2-60.

Which of the following architectural characteristics stand out as im-
portant 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 have provided our solutions at the end of this

chapter. We’'ll get you started:

Lots of downstream
( servites need to know .
modularity

| about sneaker trades. .
imu'b;gz;-s: © 14 (extensibility) s sounds important! upgradability
ooming, Thi

‘Tco;omcid}:;? to low coupling
o ow .

?:ﬁierformance > security

Figure 2-61.




SHARPEN YOUR PENCIL

Figure 2-62.

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. Then check our

answers at the back of this chapter.

Requirements

“Security is important to us” .
O / "Topies
“Different downstream services need different kinds of information” / TOPiCS

“We'll be adding other downstream services in the future” QllBllBS /@

Figure 2-63.




SHARPEN YOUR PENCIL SOLUTION

Figure 2-64.

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 commu-
nication (like REST and RPC) comes with its own set of trade-offs!
We've given you two whiteboards, one for each form of communica-
tion, and we’ve listed a bunch of “-ilities.” We’d like you to consider
how each architecture characteristic would work in both contexts. Is
this characteristic a pro or a con (or neither) in synchronous commu-
nications? What about in asynchronous communications? Place each
“ility” in the appropriate column. Not all of them apply to this deci-
sion. 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.



responsiveness | transactions i
P error handling i

consistency '

coordination b

extensibility

deployability | fault tolerance I
Figure 2-65.
ﬁ
Using syne eommunieations | Using as i
l yne Lommunieati
Pros g S Pros M
COI\SISECMY Cx{:ehslbllr{:y I"CS?Ohschhcss tonsisl; ¢ Cohs
evvor handling fault tolevance ex{:cnsibi]i{y evr :: :,
| ‘ or handlin _
transactions responsiveness \ fault {Olerancc ﬁaﬂs&cﬂons ; !

Figure 2-66.




EXERCISE SOLUTION

Figure 2-67.

For the rest of this chapter, you’ll write your first ADR. Here, you'll
start with the title. The team at Two Many Sneakers has decided to
use asynchronous messaging, with queues between the trading ser-
vice and downstream services. They need to write an ADR for this
decision. 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, then see the Solutions page at the end of this

chapter for a few of our ideas.

NOTE
012: Use of queues for asynchronous messaging between order

and downstream services




EXERCISE SOLUTION

Figure 2-68.

In the previous exercise, you hashed out the title of Two Many Sneak-
ers’ ADR about using queues for messaging. Let’s say you get the
greenlight. Write down the title you chose in the space below and give

it a status:

Titletom’ Use of queues for asyhchmmus messaging between order and downstream sevvites

Status: /1¢eepted

Figure 2-69.

Whoops! It's been a few months, and 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:0l Z: Use of queues for asynthronous messaging between order and downstream sevvices

Status: Superseded by O21

Figure 2-70.

Now write down the title and status of the newly introduced ADR:

Title:OLl: Use of topits for asynthronous messaging between order and downstream sevvices

Status: Attepted, Supersedes OI2

Figure 2-71.




SHARPEN YOUR PENCIL SOLUTION

Figure 2-72.

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 ser-
vices. (Then compare our take in the Solutions section at the end of

this chapter.)

NOTE
The trading service must inform downstream services (namely
the notification and analytics services, for now) about new items
available for sale and about all transactions. This can be done
through synchronous messaging (using REST) or asynchronous

messaging (using queues or topics).




EXERCISE SOLUTION

Figure 2-73.

Time for you to write the Decision section of the ADR for Two Many
Sneakers. Here are the main factors the team considered when mak-

ing 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, includ-
ing the corresponding justification. Your section should answer the
question “Why queues?” Hint: Be sure to focus on the decision and
the “why.” See the Solutions at the end of the chapter for our own

take.

NOTE
We will use queues for asynchronous messaging between the

trading and downstream services.




NOTE
Using queues makes the system more extensible, since each
queue can deliver a different kind of message. Furthermore, since
the trading service is acutely aware of any and all subscribers,
adding a new consumer involves modifying it—which improves

the security of the system.




SHARPEN YOUR PENCIL SOLUTION

Figure 2-74.

Help the Two Many Sneakers team iron out the Consequences sec-

tion 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.

Queues mean a higher degree of coupling between services.

We will need to provision queuing infrastrastructure. It will re-

quire clustering to provide for high availability.

If additional downstream services (in addition to the ones we
know about) need to be notified, we will have to make modifica-

tions to the trading service.




EXERCISE SOLUTION

Figure 2-75.

Let’s bring it 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 cre-
ate 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.”)



Title

Ol2: Use of queues for asynthronous messaging between order and downstream servites

Status

Actepted

Context

The ‘E\radins servite must inform downsbream servites fhamcly the notification and analyﬁics serviles, for now)
about new items available for sale and about all transactions. This tan be done through synthronous messaging
(using REST) or asynthronous messaging (using queues or topics).

Decision

We will use queues for asynthvonous messaging between the trading and downstream sevvites.

Using queues makes the system more extensible, sine eath queue can deliver a different kind of message.
Furthermore, sinte the trading service is acutely aware of any and all substribers, adding a new consumer involves
modifying it—which improves the seturity of the system.

Consequences

Queues mean a higher degree of coupling between services.
We will need to provision queuing infrastrastructuve. [t will vequive tlustering to provide for high availability.

[£ additional downsbream sevvices (in addition o the ones we know about) need fo be notified, we will have o
make modifications to the brading servile.

Figure 2-76.

And there you have it! A complete ADR in its full glory.

The “two laws” crossword solution



Figure 2-77.

Think you’ve mastered the two laws of software architecture? Why

don’t you document your knowledge by completing this crossword?
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Figure 2-78.
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Across

3 Two Many

4 More important than how, according to the Second Law



5 If you’re too excited about a new tool, you might have _ Object

Syndrome

6 “Everything in software architecture is a trade-off” isthe ___ of

software architecture (2 wds.)

9 High or low interdependence

11 Important architectural characteristic for a fast-growing business
14 Documents made up of seven sections (abbr.)

15 Heterogeneous

17 Best tone to use when writing an ADR

18 Examples of messaging mechanisms include queues and
19 Topics use a fire-and-__ system

20 Two Many’s mobile app communicates with the trading
Down

1 Short way to say ‘not at the same time’

2 You should record every architectural you make



5The _ of an ADR might be “accepted”

7 An architecture characteristic that’s especially important for finan-

cial transactions
8 Topics can be independently
10 A top-heavy Swedish ship

11 Architects are responsible for making architecturally

decisions
12 A new ADR can an old one
13 ADR section that tells you why a decision needed to be made

16 You can list pros and cons on a board
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