






Praise for

TEAM TOPOLOGIES

“Team Topologies provides fresh insights on how to anticipate and adapt to market and technology

changes. To survive, enterprises need to unlearn existing command and control structures and

instead move authority to leaders with the best information to take action and respond. is book

will help executives and business leaders focus on the key strategies of high-performance teams to

effectively address the needs of today and the evolving landscape of tomorrow.”

—Barry O’Reilly, Founder of ExecCamp, Business Advisor, and Author of

Unlearn and Lean Enterprise

“ere is nothing more fundamental to management than how you structure your organization and

what behaviors you encourage. Despite this, few have attempted to catalog and analyze the

organizational design patterns of IT organizations going through digital, DevOps, and SRE

transformations. Skelton and Pais have not only accepted this bold challenge, but they’ve also hit

the mark by creating an indispensable and unique resource.”

—Damon Edwards, Co-Founder of Rundeck

“Team Topologies provides a much-needed framework for evaluating and optimizing team

organization for increased �ow. Teams that have the right size, the right boundaries, and the right

level of communication are poised to deliver value to the company and satisfaction to the team

members. Team Topologies combines a methodical approach with real-world case studies to unlock

the full potential of your tech teams.”

—Greg Burrell, Senior Reliability Engineer at Net�ix

“Team Topologies by Matthew Skelton and Manuel Pais is unique. It is going to have a big in�uence

across tech companies. We need a structured and methodical approach to shaping teams for

continuous delivery instead of copying a few Spotify rituals. is is the book.”

—Nick Tune, API Platform Lead, Navico

“At Condé Nast International, [the DevOps Topologies] was crucial in understanding our current

DevOps state and in de�ning the vision for our aspirational DevOps operating model. We were able

to navigate round the pitfalls and organizational anti-patterns as excellently described in the

models. . . . I am extremely pleased that Matthew and Manuel are growing on the success of the



DevOps Topologies and turning their further learnings into the far-reaching book Team Topologies

for organization design.”

—Crystal Hirschorn, VP of Engineering, Global Strategy and Operations at

Condé Nast

“e high-performing team is the core generator of value in the modern digital economy. But

cultivating and scaling an adaptive ecosystem of such teams is a too-often elusive goal. In Team

Topologies, Skelton and Pais provide innovative tools and concepts for structuring the next

generation digital operating model. Recommended for CIOs, enterprise architects, and digital

product strategists worldwide.”

—Charles Betz, Principal Analyst, Forrester Research

“Matthew Skelton and Manuel Pais say ‘Team Topologies is meant to be a functional book’—and it is.

It’s well constructed and sign-posted, based in sound thinking, and challenges readers to assume,

like them, that an organization is a sociotechnical system or ecosystem. From this assumption

comes practical suggestions, no prescriptions, and skill in explaining an approach that provides for

effective tech/human organization design. For anyone in the tech/organization design �eld, [Team

Topologies is] well worth reading.”

—Dr. Naomi Stanford, Organization Design Practitioner, Teacher, and

Author

“I have found Matthew and Manuel’s work on patterns and language to be incredibly valuable in

both shaping strategies to transform team contexts over time across our organization, as well as in

helping business and technology leadership connect with the topics of �ow and continuous

delivery.”

—Richard James, Head of Digital Technology & Engineering at Nationwide

“Teams are the fundamental building block of organizations, how those teams work and the system

they operate in are the difference between average and high performance. is book is a deep well

of information for how you can optimize your organization’s system for your current context.”

—Jeremy Brown, Director, Red Hat Open Innovation Labs EMEA

“DevOps is great, but how do real-world organizations actually structure themselves to do it? You

can’t just put everyone on a single, silo-less team, all sitting together in one giant open-plan office

and going out to lunch or playing foosball together. Team Topologies provides a practical set of

templates for addressing the key DevOps question that other guides leave as an exercise for the

student.”

—Jeff Sussna, Founder & CEO, Sussna Associates, and Author of Designing

Delivery

“If you’re looking for an analysis of the challenges with the traditional ways of working, and also

some practical guidance on mitigation strategies (e.g., new interaction modes, reducing cognitive

load, and creating appropriate ‘Team APIs’), then this is the book for you!”



—Daniel Bryant, Technical Consultant/Advisor and News Manager at InfoQ

“Team Topologies makes for a fascinating read as it explores the symbiotic relationship between

teams and the IT architecture they support. It goes beyond the common approach of static org

charts or self-organizing chaos and shows how to evolve the people system and IT system together.”

—Mirco Hering, Global DevOps Lead Accenture and Author of DevOps for the

Modern Enterprise
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FOREWORD

eeping our systems small and simple is a worthy goal, yet it is also one

that most successful systems defy. Lehman’s laws of software

evolution, and, in particular, continuing growth, captures the evolutionary

pressure to add capabilities as systems are used and new demands or

opportunities are perceived. Being able to cope with, and even harness,

this increasing complexity raises the importance of dual design arenas: the

design of systems and the design of the organization that creates and

evolves systems. We have a considerable body of work focused on the

former; that is, on systems and software design and architecture,

including an ever growing number of books on domain driven design and

software architecture. Team Topologies addresses the design of the software

development organization, with Conway’s law in view.

e basic thesis [ . . . . ] is that organizations which design systems [ . .

. . ] are constrained to produce designs which are copies of the

communication structures of these organizations. We have seen that

this fact has important implications for the management of system

design. Primarily, we have found a criterion for the structuring of

design organizations: a design effort should be organized according to

the need for communication.1

e above quote from the conclusion of Mel Conway’s classic paper on

organizational design for software development is a most �tting beginning

to this book. Team Topologies describes organizational patterns for team



structure and modes of interaction, taking the force that the organization

exerts on the system as a driving design concern.

As the complexity of the system increases, so, generally, do the

cognitive demands on the organization building and evolving it. Managing

cognitive load through teams with clear responsibilities and boundaries is

a distinguishing focus of team design in the Team Topologies approach. To

achieve duly scoped, bounded responsibilities, natural—and relatively

independent—system (sub)structure is sought to align teams to. is

takes Conway’s law into account and leverages it to help maintain cohesive

structures with clear boundaries and loose coupling (known as the reverse

Conway maneuver, and described herein).

If this was the extent of it, Team Topologies would be a useful

elaboration of Conway’s paper, setting it in the current context. Of course,

Team Topologies is even more than that. Notably, it identi�es four team

patterns, describing their outcomes, form, and the forces they address and

are shaped by. Stream-aligned teams are the primary team form. ese are

teams that are optimized for �ow, with all they need to effect continuous

delivery of value and be fully responsive to the associated feedback cycles.

is means that system design seeks not just loose coupling but a

decomposition that supports �ow and lowers dependencies and

coordination needs between stream-aligned teams. Complicated-

subsystem and platform teams reduce load for stream-aligned teams,

where the latter are internal customers of the former’s subsystem or

platform capabilities (supporting all phases of development, delivery, and

operations for multiple stream teams). Enabling teams likewise serve

other teams, but they are service providers, helping stream-aligned teams

learn new techniques, investigate new technologies, and so forth, allowing

stream-aligned teams to retain focus while growing effectiveness.

Matthew Skelton and Manuel Pais have brought their considerable

experience to bear, describing what these various team forms need to be

successful, but also highlighting variations in context, identifying the

design implications thereof, and indicating anti-patterns to avoid. ey



also, with great generosity, weave in insights from and offer pointers to

related work. is, along with a set of case studies, further textures the

book.

Team Topologies informs and enriches our understanding of

organizational architecture, via the nuanced presentation of these key

structural patterns, interaction modes or dynamics, and considerations for

evolution. And, due to its clarity and focus, it serves as a pragmatic guide

whether forming teams and enabling them to meet their challenges or

helping existing teams become more effective at responsive value delivery.

—Ruth Malan, Architecture Consultant at Bredemeyer

Consulting
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PREFACE

[Modern] organisational design . . . is about designing for

collaborative technologies, for the voice of the customer.

—Naomi Stanford, Guide to Organization Design

eams are always works in progress, but they are also your best shot at

delivering value continuously and sustainably by aligning them with the

business. Ideally, teams should be long lived and autonomous, with

engaged team members. However, teams don’t live in isolation. ey need

to understand how and when to interact with each other. And these team

interactions need to evolve over time to support the distinct phases of

discovery and execution that products and technology go through during

their lifetimes. In short, organizations not only need to strive for

autonomous teams, they also need to continuously think about and evolve

themselves in order to deliver value quickly to customers.

is book offers a practical, step-by-step, adaptive model for

organizational design that we have used and seen work across businesses

at varying levels of maturity: Team Topologies.

However, Team Topologies is not a universal formula for building and

running software systems successfully. ere are teams and organizations

who succeed with organizational dynamics very different from those

described and recommended here (particularly in organizations with

excellent culture and best practices already in place).



Team Topologies is meant to provide clear patterns that are

straightforward for many different teams and organizations to follow and

interpret, not to dictate to outstanding players how to perform. We like to

think of Team Topologies as a set of music parts for an orchestra or big

band, not the melody for a top jazz trumpeter. Printed music for a large

musical ensemble helps the group to succeed but does not dictate every

aspect of performance; lots of detail is left for the ensemble to interpret to

suit the occasion, venue, or mix of players. Likewise, there is huge value in

agreeing to a coherent vocabulary and way of working together across

teams to achieve good software delivery.

e Team Topologies approach helps organizations that are struggling

to �nd a way to optimize their team structure, or for those that are not yet

aware of the impact team design can have on good business outcomes and

software systems in particular. Team Topologies helps organizations

succeed more quickly and more continuously than before.

is book is for anyone who cares about the effectiveness of the

delivery and operations of software systems: C-level leaders (including

CTOs/CIOs, CEOs, CFOs, and so on) managers, heads of department,

software architects and systems architects, and anyone else involved in

building or running software systems who wants or needs to make the

delivery and running of those systems more effective.

How We Came to Write This Book

In 2013, while introducing DevOps and Continuous Delivery at a company

in the UK, Matthew devised the original DevOps Topologies patterns (and

anti-patterns) in a blog post titled “What Team Structure Is Right for

DevOps to Flourish?”1 At the time, the company he was consulting with

was struggling to adopt modern approaches to software delivery, and the



early topology patterns Matthew created provided the company a way to

explore different options.

Manuel interviewed Matthew at the QCon London software

development conference back in 2015, where Matthew was speaking on

Conway’s law and the early DevOps Topology patterns. e resulting

article, “How Different Team Topologies In�uence DevOps Culture,” was

published by InfoQ and translated into several languages.2 Later that year,

Manuel helped to expand the DevOps Topology patterns and there were

contributions from the community.

Since then, the use of DevOps Topology patterns has exploded. ey

have been referenced over and over again in talks, articles, and

conversations. ey have helped organizations of all sizes and from

varying industries around the world to think about the relationships

between teams and how their interactions in�uence both organizational

culture and software architecture.

Over time, we realized that the original DevOps Topologies presented

a static view of team interrelationships that, while useful for initial

discussions, was quite limited in scope. rough our combined experience

with training and consulting organizations from across the world, we

discovered that some teams work better relatively isolated or autonomous,

while other teams work better with strong collaboration. We asked

ourselves why, and we kept evolving our ideas based on feedback from our

clients.

Eventually, this led to the Team Topologies as you see them presented

in this book: a dynamic and evolving approach to organizational design

based on real scenarios from across different geographies and industries.

How to Use This Book



Team Topologies is meant to be a functional book. It is our intention to

provide content that is interactive and delivers as much learning as we are

able to �t within these pages. To help with that, we have made some

design choices that will help you navigate this book.

First, the book is organized in three parts:

Part I of the book explores Conway’s law, the way organizational

interrelationships constrain the design of systems we build, and how we

can use this tendency to our advantage. We then de�ne what we mean by

teams and look at some practical constraints that affect effective

teamwork.

In Part II, we investigate a set of static team patterns that have been

proven in the industry and the implications of choosing one pattern over

another with Conway’s law and organizational context in mind. is

section should help you think about team topologies that are broadly

suitable for your organizational context. is part also provides some

guidance in deciding how to align teams to areas of the system, taking into

account Conway’s law and fundamental team topologies.

Finally, in Part III, we deal with ways to evolve the organization design

to provide powerful capabilities for innovation and rapid delivery in

response to a quickly changing operating context. We explain how to use

the Team Topologies approach to create a sensing organization that

responds to the market and user demands, and accounts for the

implications this has for hiring and skills.

Each part opens with a breakdown of key takeaways from each of the

chapters. roughout the chapters, we have included �gures and callouts

to highlight information we think is helpful to know and/or reference. We

also provide easy-to-recognize scenarios, case studies, and explicit

recommendations for different situations along the way.

Finally, the shapes, colors, and patterns found within many of the

�gures also have consistent meaning throughout much of the book. Here

is the key:



Figure 0.1: e Four Team Types and ree Interaction Modes

For the fullest understanding, you should read the book from cover to

cover, as the subject matter builds up chapter by chapter. However, we

have written the material so that each section is fairly independent.

In that spirit, here are some scenarios with corresponding ways to read

the book that might match with your current situation:

• I need more clarity about different team types and which team types are

effective.

○ Review Chapter 1 (overview), then Chapter 4 (static topologies), then

Chapter 5 (fundamental topologies).

• I need to split up a large, monolithic software system.

○ Review Chapter 6 (boundaries) and then Chapter 3 (the team).

• I need to improve the architecture of the software system.



○ Review Chapter 2 (Conway’s law), then Chapter 4 (static topologies),

then Chapter 6 (boundaries).

• I need to improve the effectiveness of software development teams.

○ Review Chapter 3 (the team), then Chapter 6 (boundaries), then

Chapter 5 (fundamental topologies).

• I need to improve morale and effectiveness within teams.

○ Review Chapter 3 (the team) and then Chapter 5 (fundamental

topologies).

• I need to understand where to invest effort to help with projected

growth.

○ Review Chapter 1 (overview), then Chapter 5 (fundamental

topologies), then Chapter 8 (topology evolution).

• I need to understand how to evolve team topologies to meet changing

business needs.

○ Review Chapter 7 (dynamic aspects) and then Chapter 8 (topology

evolution and organizational sensing).

Key In�uences that Informed this Book

In addition to our own experience, this book is strongly in�uenced by

several related approaches and sets of thinking. First, we assume that an

organization is a sociotechnical system or ecosystem that is shaped by the

interaction of individuals and the teams within it; in other words, that an

organization is the interaction between people and technology. In this

aspect, the book �ts with ideas from the �elds of: cybernetics (especially

the use of the organization as a “sensing mechanism,” which goes back as

far as 1948, when Norbert Wiener’s book Cybernetics: Or Control and

Communication in the Animal and the Machine was �rst published), systems

thinking (particularly the work of W. Edwards Deming), and approaches

such as the Cyne�n framework for assessing domain complexity



(described by Dave Snowden and Mary Boone in their 2007 Harvard

Business Review paper titled “A Leader’s Framework for Decision Making”),

and adaptive structuration theory (a term coined by Gerardine DeSanctis

and Marshall Scott Poole in their Organization Science article, “Capturing

the Complexity in Advanced Technology Use: Adaptive Structuration

eory,” where they emphasized that the impact of technology is not a

given, as it depends on how groups and organizations perceive it).

Second, we assume that “the team” is something that behaves

differently from a mere collection of individuals, and that the team should

be nurtured and supported in its evolution and operation. In this respect,

we draw on ideas from Bruce Tuckman (who proposed the four-stages

model—forming, storming, norming, performing—for team development

in his 1965 paper “Developmental Sequence in Small Groups”), Russ

Forrester and Allan Drexler (who explored team-based organization

performance in their 1999 paper “A Model for Team-Based Organization

Performance”), Pamela Knight (who found evidence that storming takes

place throughout the entire lifetime of a team in her 2007 paper

“Acquisition Community Team Dynamics: e Tuckman Model vs. the

DAU Model”), Patrick Lencioni (who explores common interaction issues

in his seminal book e Five Dysfunctions of a Team: A Leadership Fable),

and similar team-focused theories and research.

ird, we assume that Conway’s law (or a variant of it) is a strong

driver of software product shape and that organizations would bene�t

from explicitly addressing the implications of this law. In this regard, we

draw on writing and ideas from Mel Conway; from software architecture

consultant and team organization design award-winner Ruth Malan; from

oughtWorks technical director and one of the “reverse Conway

maneuver” proponents James Lewis; and from similar authors and

practitioners.

Finally, we draw on numerous sources that describe practical successes

developing and running software systems at scale, including organizations

such as Adidas, Auto Trader, Ericsson, Net�ix, Spotify, TransUnion, and



others. e size and speed of these organizations has made it possible for

them to see tangible gains from changes in organization structure and

team interaction over the space of several months to a few years.

As you travel through this book, we hope you get inspired to challenge

how you think about teams, their structures, and how they function.



PART I

Teams As the Means

of Delivery



KEY TAKEAWAYS

CHAPTER 1

Conway’s law suggests major gains from designing software

architectures and team interactions together, since they are similar

forces.

Team Topologies clari�es team purpose and responsibilities, increasing

the effectiveness of their interrelationships.

Team Topologies takes a humanistic approach to building software

systems while setting up organizations for strategic adaptability.

CHAPTER 2

Organizations are constrained to produce designs that re�ect

communication paths.

e design of the organization constrains the “solution search space,”

limiting possible software designs.

Requiring everyone to communicate with everyone else is a recipe for a

mess.

Choose software architectures that encourage team-scoped �ow.

Limiting communication paths to well-de�ned team interactions

produces modular, decoupled systems.

CHAPTER 3

e team is the most effective means of software delivery, not

individuals.

Limit the size of multi-team groupings within the organization based

on Dunbar’s number.

Restrict team responsibilities to match the maximum team cognitive

load.



Establish clear boundaries of responsibility for teams.

Change the team working environment to help teams succeed.
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1 The Problem with Org Charts

Organizations should be viewed as complex and adaptive organisms

rather than mechanistic and linear systems.

—Naomi Stanford, Guide to Organisation Design

echnology workers are in a constant state of action: creating and

updating systems at an unbelievable rate, and combining different

types of technology to create a compelling user experience. Mobile

applications; cloud-based services; web applications; and embedded,

wearable, or industrial IoT devices all need to interoperate effectively to

achieve the desired business outcomes.

Today, these systems affect nearly every aspect of people’s day-to-day

lives in ways that are increasingly profound. If software is poorly designed

—or more importantly, if there is a mismatch in the interaction of the

software, the provider, and the customer—people will be adversely

affected. ey can be stranded long distances from home if a taxi-hailing

application fails. ey may be unable to pay rent if the software or

processes for internet banking fail. ey may even see their life in danger

if a medical device fails. Never before has explicit sociotechnical design

been so important.

Building and running these highly complex, interconnected software

systems is a team activity, requiring the combined efforts of people with

different skills across different platforms. In addition, modern IT

organizations must deliver and operate software systems rapidly and



safely, while simultaneously growing and adapting to changes and

pressures in the business or regulatory environment. Businesses can no

longer choose between optimizing for stability and optimizing for speed.

But despite these risks and demands, many organizations are still

organizing their people and teams in ways that are counterproductive to

modern software development and operations. Organizations that rely too

heavily on org charts and matrixes to split and control work often fail to

create the necessary conditions to embrace innovation while still

delivering at a fast pace. In order to succeed at that, organizations need

stable teams and effective team patterns and interactions. ey need to

invest in empowered, skilled teams as the foundation for agility and

adaptability. To stay alive in ever more competitive markets, organizations

need teams and people who are able to sense when context changes and

evolve accordingly.

e good news is that it is possible to be fast and safe with the right

mindset and with tools that emphasize adaptability as well as

repeatability, while putting teams and people at the center. As Mark

Schwartz and co-authors put it in their 2016 paper inking Environments,

“the organizational structure must coordinate accountabilities to support

the goals of delivering high-quality, impactful software.”1

As members of the technology teams managing these interfaces, we

must shift our thinking from treating teams as collections of

interchangeable individuals that will succeed as long as they follow the

“right” process and use the “right” tools, to treating people and technology

as a single human/computer carbon/silicon sociotechnical ecosystem. At

the same time, we need to ensure that teams are intrinsically motivated

and are given a real chance of doing their best work within such a system.

is chapter will introduce Team Topologies as an adaptive model for

technology organization design allowing businesses to achieve speed and

stability. But �rst, let’s look at how real communication structures in most



organizations are often quite distinct from what the org chart tells us, and

what the implications of that are.

Communication Structures of an

Organization

Most organizations want or are required to have a single view of their

teams and people called the “org chart.” is chart depicts the teams,

departments, units, and other organizational entities, as well as how they

relate to each other. It usually shows hierarchical lines of reporting, which

imply lines of communication running “up and down” the organization.

e org chart does have its uses in the context of building software

systems, speci�cally around regulatory and legal compliance. However, in a

highly collaborative context �lled with uncertainty over outcomes, relying

on the org chart as a principal mechanism of splitting the work to be done

leads to unrealistic expectations. We need to rely instead on decoupled,

long-lived teams that can collaborate effectively to meet the challenge of

balancing speed and safety.

e problem with taking the org chart at face value is that we end up

trying to architect people as if they were software, neatly keeping their

communication within the accepted lines. But people don’t restrict their

communications only to those connected lines on the chart. We reach out

to whomever we depend on to get work done. We bend the rules when

required to achieve our goals. at’s why actual communication lines look

quite different from the org chart, as shown in Figure 1.1 (see page 6).



Figure 1.1: Org Chart with Actual Lines of Communication

In practice, people communicate laterally or “horizontally” with people from other reporting

lines in order to get work done. is creativity and problem solving needs to be nurtured for

the bene�t of the organization, not restricted to optimize for top-down/bottom-up

communication and reporting.

Org Chart Thinking Is the Problem



Traditional org charts don’t help us understand what the actual patterns

of communication in our organization are, as illustrated in Figure 1.1.

Instead, organizations need to develop more realistic pictures of the

expected and actual communication happening between individuals and

teams. e gaps will help inform what types of systems are a better �t for

the organization.

Furthermore, decisions based on org-chart structure tend to optimize

for only part of the organization, ignoring upstream and downstream

effects. Local optimizations help the teams directly involved, but they

don’t necessarily help improve the overall delivery of value to customers.

eir impact might be negligent if there are larger bottlenecks in the

stream of work. For example, having teams adopting cloud and

infrastructure-as-code can reduce the time to provision new infrastructure

from weeks or months to minutes or hours. But if every change requires

deployment (to production) approval from a board that meets once a

week, then delivery speed will remain weekly at best.

Systems thinking focuses on optimizing for the whole, looking at the

overall �ow of work, identifying what the largest bottleneck is today, and

eliminating it. en repeat. Team Topologies focuses on how to set up

dynamic team structures and interaction modes that can help teams adapt

quickly to new conditions, and achieve fast and safe software delivery. is

might not be your largest bottleneck today, but eventually, you will face

the issue of rigid team structures with poor communication and/or

inadequate processes, slowing down delivery.

inking of the org chart as a faithful representation of how work gets

done and how teams interact with each other leads to ineffective decisions

around allocation of work and responsibilities. Much like a software

architecture document gets outdated as soon as the actual software

development starts, an org chart is always out of sync with reality.

Naturally, we are by no means the �rst to acknowledge the imbalance

between formal organization structures and the way work actually gets

done. Geary Rummler and Alan Brache’s book Improving Performance: How



to Manage the White Space on the Organization Chart set the stage for

continuous business process improvement and management. e recent

focus (at least within IT) on product and team centricity, as illustrated by

Mik Kersten’s book on moving from Project to Product, is another major

milestone. We like to think that Team Topologies is another piece of this

puzzle—in particular, having clear and �uid team structures,

responsibilities, and interaction modes.

Beyond the Org Chart

So if org charts are not an accurate representation of organizational

structures, what is? Niels P�aeging, author of Organize for Complexity,

identi�es not one but three different organizational structures in every

organization:2

1. Formal structure (the org chart)—facilitates compliance

2. Informal structure—the “realm of in�uence” between individuals

3. Value creation structure—how work actually gets done based on inter-

personal and inter-team reputation

P�aeging suggests that the key to successful knowledge work

organizations is in the interactions between the informal structure and

the value creation structure (that is, the interactions between people and

teams).3 Other authors have proposed similar characterizations, such as

Frédéric Laloux in Reinventing Organizations or Brian Robertson’s

Holacracy approach.4

e Team Topologies approach acknowledges the importance of

informal and value creation structures as de�ned by P�aeging. By

empowering teams, and treating them as fundamental building blocks,

individuals inside those teams move closer together to act as a team rather

than just a group of people. On the other hand, by explicitly agreeing on



The Team Topologies

approach adds the dynamic

and sensing aspects

required for technology

organizations that are

missing from traditional

organization design.

interaction modes with other teams, expectations on behaviors become

clearer and inter-team trust grows.

Over the last several decades, there have been many new approaches to

organizing businesses, but usually the new design remains a static view of

the organization that does not take into consideration the real behaviors

and structures that emerge after reorganization. For instance, the “matrix

management” approach that started in the 1990s—and became quite

popular over the next couple of decades—tried to address the inherent

complexity of highly uncertain, highly skilled work by having individuals

report to both business and functional managers. Despite a clearer focus

on business value compared to a purely functional organization of teams,

this is still a static view of the world that becomes outdated as the

business and technology domains quickly evolve.

For workers, re-orgs, like introducing matrix management, can bring a

lot of fear and worry. Often, it’s seen as a time and effort drain that is

more likely to set the business back rather than move it forward. And once

the next technological or methodological revolution hits, the business

undertakes yet another re-org, breaking down established forms of

communication and splitting up teams that were just starting to get their

mojo.

It is increasingly clear that relying on a

single, static organizational structure, like the

org chart or matrix management, is untenable

for effective outcomes with modern software

systems. Instead of a single structure, what is

needed is a model that is adaptable to the

current situation—one that takes into

consideration how teams grow and interact with each other. Team

Topologies provides the (r)evolutionary approach required to keep teams,

processes, and technology aligned for all kinds of organizations.

In her excellent 2015 book, Guide to Organisation Design: Creating High-

Performing and Adaptable Enterprises, Naomi Stanford lists �ve rules of



thumb for designing organizations:5

1. Design when there is a compelling reason.

2. Develop options for deciding on a design.

3. Choose the right time to design.

4. Look for clues that things are out of alignment.

5. Stay alert to the future.

As we continue to move through this book, we will explore how to

address these �ve heuristics for organization design.

Team Topologies: A New Way of Thinking

about Teams

e Team Topologies approach brings new thinking around effective team

structures for enterprise software delivery. It provides a consistent,

actionable guide for evolving team design to continuously cope with

technology, people, and business changes, covering size, shape, placement,

responsibilities, boundaries, and interaction of teams building and

running modern software systems.

Team Topologies provides four fundamental team types—stream-

aligned, platform, enabling, and complicated-subsystem—and three core

team interaction modes—collaboration, X-as-a-Service, and facilitating.

Together with awareness of Conway’s law, team cognitive load, and how to

become a sensing organization, Team Topologies results in an effective

and humanistic approach to building and running software systems.

In particular, it looks at ways in which different team topologies can

evolve with technological and organizational maturity. Periods of technical

and product discovery typically require a highly collaborative environment

(with overlapping team boundaries) to succeed. But keeping the same



structures when discovery is over (established technologies and product)

can lead to wasted effort and misunderstandings.

By emphasizing an adaptive model for organization design and actively

prioritizing the interrelationship of teams, the Team Topologies approach

provides a key technology-agnostic mechanism for modern software-

intensive enterprises to sense when a change in strategy is required (either

from a business or technology viewpoint). e end goal is to help teams

produce software that aligns with customer needs and is easier to build,

run, and own.

Team Topologies also emphasizes a humanistic approach to designing

and building software systems. It sees the team as an indivisible element

of software delivery and acknowledges that teams have a �nite cognitive

capacity that needs to be respected. Together with the dynamic team

design solidly grounded on Conway’s law, Team Topologies becomes a

strategic tool for solution discovery.

The Revival of Conway’s Law

We’ve mentioned the importance of Conway’s law as a driver for team

design and evolution. But what is this law exactly?

In 1968, the computer systems researcher Mel Conway published a

paper in Datamation called “How Do Committees Invent?” in which he

explored the relationship between organizational structure and the

resulting design of systems. e article is full of sparkling insights, some

of which we cover later in this chapter, but this is the phrase that became

known as Conway’s law: “Organizations which design systems . . . are

constrained to produce designs which are copies of the communication

structures of these organizations.”6

Conway based his observation on organizations building early

electronic computer systems. In his words, this “law” indicates the strong



Team structures must

match the required

software architecture or

risk producing unintended

designs.

correlation between an organization’s real communication paths (the value

creation structures mentioned by P�aeging) and the resulting software

architecture,7 or what author Allan Kelly calls the “homomorphic force.”8

is homomorphic force tends to make things the same shape between the

software architecture and team structures. In other words, building

software requires an understanding of communication across teams in

order to realistically consider what kind of software architectures are

feasible. If the desired theoretical system architecture does not �t the

organizational model, then one of the two will need to change.

Eric Raymond stated this in a humorous way in his book e New

Hacker’s Dictionary: “If you have four groups working on a compiler, you’ll

get a 4-pass compiler.”9

Since 1968, it has become increasingly clear that Conway’s law

continues to apply to all software built. ose of us who have built

software systems that had to comply with an “architecture blueprint” can

surely remember having times when it felt like we were �ghting against

the architecture rather than it helping steer our work in the right

direction. Well, that’s Conway’s law in action.

A sort of “revival” of Conway’s law took

place around 2015, when microservices

architectures were on the rise. In particular,

James Lewis, Technical Director at

oughtworks, and others came up with the

idea of applying an “inverse Conway

maneuver” (or reverse Conway maneuver), whereby an organization

focuses on organizing team structures to match the architecture they want

the system to exhibit rather than expecting teams to follow a mandated

architecture design.10

e key takeaway here is that thinking of software architecture as a

standalone concept that can be designed in isolation and then

implemented by any group of teams is fundamentally wrong. is gap



between architecture and team structures is visible across all types of

architectures, from client-server to SOA and even microservices.

Speci�cally, that is why monoliths need to be broken down (in particular,

any indivisible software part that exceeds the cognitive capacity of any one

team) while keeping a team focus, a topic we will discuss in depth in

Chapter 6.

Cognitive Load and Bottlenecks

When we talk about cognitive load, it’s easy to understand that any one

person has a limit on how much information they can hold in their brains

at any given moment. e same happens for any one team by simply

adding up all the team members’ cognitive capacities.

However, we hardly ever discuss cognitive load when assigning

responsibilities or software parts to a given team. Perhaps because it’s

hard to quantify both the available capacity and what the cognitive load

will be. Or perhaps because the team is expected to adapt to what it’s being

asked to do, no questions asked.

When cognitive load isn’t considered, teams are spread thin trying to

cover an excessive amount of responsibilities and domains. Such a team

lacks bandwidth to pursue mastery of their trade and struggles with the

costs of switching contexts.

Miguel Antunes, R&D Principle Software Engineer at OutSystems, a

low-code platform vendor, relayed an example of this very challenge. eir

Engineering Productivity team at OutSystems was �ve years old. e

team’s mission was to help product teams run their builds efficiently,

maintain infrastructure, and improve test execution. e team kept

growing and took on extra responsibilities around continuous integration

(CI), continuous delivery (CD), and infrastructure automation.

Victims of their own success, sprint planning for the now eight-

person-strong team was a mix and match of requests across their stack of



responsibilities. Prioritization was hard, and the frequent context

switching even throughout a single sprint led to a dip in people’s

motivation. is is not surprising if we consider Dan Pink’s three elements

of intrinsic motivation: autonomy (quashed by constant juggling of

requests and priorities from multiple teams), mastery (“jack of all trades,

master of none”), and purpose (too many domains of responsibility).11

While the team in this industry example was providing internal

services to development teams, the effect is the same for teams working

on software for external customers. e number of services and

components for which a product team is responsible (in other words, the

demand on the team) typically keeps growing over time. However, the

development of new services is often planned as if the team had full-time

availability and zero cognitive load to start with. is neglect is

problematic because the team is still required to �x and enhance existing

services. Ultimately, the team becomes a delivery bottleneck, as their

cognitive capacity has been largely exceeded, leading to delays, quality

issues, and often, a decrease in team members’ motivation.

We need to put the team �rst, advocating for restricting their cognitive

loads. Explicitly thinking about cognitive load can be a powerful tool for

deciding on team size, assigning responsibilities, and establishing

boundaries with other teams. (We will cover this in detail in Chapter 3.)

Overall, the Team Topologies approach advocates for organization

design that optimizes for �ow of change and feedback from running

systems. is requires restricting cognitive load on teams and explicitly

designing the intercommunications between them to help produce the

software-systems architecture that we need (based on Conway’s law).

Summary: Rethink Team Structures,

Purpose, and Interactions



Developing and operating software effectively for modern, interconnected

systems and services requires organizations to consider many different

dimensions. Historically, most organizations have seen software

development as a kind of manufacturing to be completed by separate

individuals arranged into functional specialties, with large projects

planned up front and with little consideration for sociotechnical dynamics.

is led to the prevailing problems depicted in Figure 1.2 on page 12.

Figure 1.2: Obstacles to Fast Flow

e Agile, Lean IT, and DevOps movements helped demonstrate the

enormous value of smaller, more autonomous teams that were aligned to



the �ow of business, developing and releasing in small, iterative cycles,

and course correcting based on feedback from users. Lean IT and DevOps

also encouraged big strides in telemetry and metrics tooling for both

systems and teams, helping people building and running software to make

proactive, early decisions based on past trends, rather than simply

responding to incidents and problems as they arose.

However, traditional organizations have often been limited in their

ability to fully reap the bene�ts of Agile, Lean IT, and DevOps due to their

organizational models. It’s no surprise that there is a strong focus on the

more immediate automation and tooling adoption, while cultural and

organizational changes are haphazardly addressed. e latter changes are

much harder to visualize, let alone to measure their effectiveness. Yet

having the right team structure, approach, and interaction in place, and

understanding their need to evolve over time is a key differentiator for

success in the long run.

In particular, traditional org charts are out of sync with this new

reality of frequent (re)shaping of teams for collaborative knowledge work

in environments �lled with uncertainty and novelty. Instead, we need to

take advantage of Conway’s law (organizational design prevails over

software architecture design), cognitive load restrictions, and a team-�rst

approach in order to design teams with clear purposes and promote team

interactions that prioritize �ow of software delivery and strategic

adaptability.

e goal of Team Topologies is to give you the approach and mental

tools to enable your organization to adapt and dynamically �nd the places

and timing when collaboration is needed, as well as when it is best to focus

on execution and reduce communication overhead.

NOTE

We found a fascinating example of strategic and collaborative interaction

in a totally different �eld when researching for this book. It turns out that



grouper �sh and moray eels, seemingly unrelated species (silos,

anyone?), explicitly collaborate (via signals) to hunt down smaller �shes

that hide in crevices. The eel sneaks into the crevices and scares off

smaller �sh, which are then forced to come out and become easy prey for

the grouper. Read on to �nd out how to enable the groupers and eels in

your organization to join forces for better �ow and business outcomes!



I

2 Conway’s Law and Why It Matters

[Conway’s law] creates an imperative to keep asking: “Is there a better

design that is not available to us because of our organization?”

—Mel Conway, Toward Simplifying Application

Development, in a Dozen Lessons

n Chapter 1, we discussed why organizations need to consider team

organization as an integral factor to success. We also discussed the

underpinning ideas and principles that help us understand how teams

work within an organization. We introduced some key concepts that we

will begin to build on throughout the book. In the remaining chapters of

Part I, we will discuss in more detail what Conway’s law reveals about

teams, organization structure, and software architecture; then we will dig

into what a team-�rst approach means. e goal in Part I is to give you the

foundational principles for organization and team design that you will

need to understand as you consider team topologies, starting with

Conway’s law.

Understanding and Using Conway’s Law

Conway’s law is critical to understanding the forces at play when

organizing teams amidst the long-lasting, unattended impact they can

have on our software systems as the latter have become larger and more



interconnected than ever before. But you might wonder if a law from 1968

about software architecture has stood the test of time.

We’ve come a long way after all: microservices, the cloud, containers,

serverless. In our experience, such novelties can help teams improve

locally, but the larger the organization, the harder it becomes to reap the

full bene�ts. e way teams are set up and interact is often based on past

projects and/or legacy technologies (re�ecting the latest org-chart design,

which might be years old, if not decades).

If you’ve ever worked for a large organization, you have likely

encountered examples of monolithic shared databases powering an entire

business. ere were, of course, valid historical reasons for the

predominance of monolithic databases (such as the rise in specialism of

people and teams on technical stack layers) up until DevOps and

microservices gained traction. Factors such as project orientation, cost

cutting via outsourcing, or junior teams without sufficient experience have

contributed to the perpetuation of this (now recognizable) anti-pattern.

Monolithic databases couple the applications that depend on them and

become magnets for small-business logic changes at the database level

(more on this in Chapter 6). Yet, to avoid them, organizations need not

only good architectural practices but also actual team structures and

composition that align with this new way of thinking.

Sportswear company Adidas went through an interesting

transformation where they explicitly looked at Conway’s law as a driver for

organization design. As Fernando Cornago, Senior Director of Platform

Engineering, and Markus Rautert, Vice President of Platform Engineering

and Architecture, explained their IT department went from being seen as a

cost center, with a single vendor providing most of the software (requiring

frequent hand-offs) and only a few in-house engineers (doing more

managing than engineering), to a product-oriented team organization.

Adidas invested 80% of its engineering resources to creating in-house

software delivery capabilities via cross-functional teams aligned with

business needs. e other 20% were dedicated to a central-platform team



taking care of engineering platforms and technical evolution, as well as

consulting and onboarding new professionals. Adidas was able to increase

release frequency of their digital products sixtyfold, while positively

impacting software quality as well.1

Besides empirical experience, there’s also an increasing body of

research that generally con�rms the tendencies outlined by Conway. Alan

MacCormack and colleagues at Harvard Business School undertook

studies of various open-source and closed-source software products and

found “strong evidence to support the hypothesis that a product’s

architecture tends to mirror the structure of the organization in which it is

developed.”2

Studies in other industries, such as vehicle manufacturing and aircraft

engine design, also corroborate this idea.3 In fact, there has been enough

industry research undertaken to show that the homomorphic force

identi�ed by Conway’s law applies broadly.

is quote from Ruth Malan provides what could be seen as the

modern version of Conway’s law: “If the architecture of the system and the

architecture of the organization are at odds, the architecture of the

organization wins.”4 Malan reminds us that the organization is

constrained to produce designs that match or mimic the real, on-the-

ground communication structure of the organization. is has signi�cant

strategic implications for any organization designing and building

software systems, whether in-house or via suppliers.

In particular, an organization that is arranged in functional silos

(where teams specialize in a particular function, such as QA, DBA, or

security) is unlikely to ever produce software systems that are well-

architected for end-to-end �ow. Similarly, an organization that is arranged

primarily around sales channels for different geographic regions unlikely

to produce effective software architecture that provides multiple different

software services to all global regions.



Why are organizations unlikely to discover or sustain certain

architectures? Conway provides some clues in his 1968 article: “Given any

[particular] team organization, there is a class of design alternatives which

cannot be effectively pursued by such an organization because the

necessary communication paths do not exist.”5

Communication paths (along formal reporting lines or not) within an

organization effectively restrict the kinds of solutions that the

organization can devise. But we can use this to our strategic advantage. If

we want to discourage certain kinds of designs—perhaps those that are

too focused on technical internals—we can reshape the organization to

avoid this. Similarly, if we want our organization to discover and adopt

certain designs—perhaps those more amenable to �ow—then we can

reshape the organization to help make that happen. ere is, of course, no

guarantee that the organization will �nd and use the designs we want, but

at least by shaping the communication paths, we are making it more likely.

Organization design using Conway’s law becomes a key strategic

activity that can greatly accelerate the discovery of effective software

designs and help avoid those less effective. (In Chapter 8, we go into more

detail on how to evolve an organization strategically with Conway’s law in

mind.)

The Reverse Conway Maneuver

To increase an organization’s chances of building effective software

systems optimized for �ow, a reverse Conway maneuver (or inverse

Conway maneuver) can be undertaken to recon�gure the team

intercommunications before the software is �nished. Although you might

get initial pushback, with sufficient willpower from management and

awareness from teams this approach can and does work.



e reverse Conway maneuver gained traction in the technology world

around 2015 and has been applied in many organizations since. Accelerate:

e Science of Dev Ops by Nicole Forsgren, PhD, Jez Humble, and Gene Kim

supports the importance of this strategy for high-performing

organizations:

Our research lends support to what is sometimes called the “inverse

Conway maneuver,” which states that organizations should evolve

their team and organizational structure to achieve the desired

architecture. e goal is for your architecture to support the ability of

teams to get their work done—from design through to deployment

—without requiring high-bandwidth communication between

teams.6

Remember the monolithic database anti-pattern we mentioned

earlier? We’ve seen extreme cases where, because there were no stable

teams and all changes were made via temporary projects (mostly

outsourced), applications became deeply coupled at the database level

(shared data and procedures). is later impeded adoption of commodity

systems for certain parts of the business since the latter could not be

decoupled from the rest of the business logic. Instead of freeing up in-

house engineers to work on differentiating features that meet evolving

customer needs, accruing technical debt like this curtails an organization’s

ability to move faster and make a difference against competitors.

So, how can the reverse Conway maneuver help steer team

organization to obtain the desired software architecture?

Let’s look at a deliberate simpli�cation of Conway’s law in an

organization building software to illustrate the ideas and forces at work.

Let’s say that four independent teams, each comprised of front-end and

back-end developers, work on different parts of a system and then hand



over to a database administrator (DBA) for database changes. e �ow of

changes may look conceptually like the diagram in Figure 2.1.

Figure 2.1: Four Teams Working on a Software System

Four separate teams consisting of front-end and back-end developers work on a software

system. Front-end devs communicate only with back-end devs, who communicate with a single

DBA for the database changes.

According to Conway’s law, the software architecture that naturally

emerges from such a team design would have separate front-end and back-

end components for each team, and a single, shared core database (Figure

2.2, see page 20).



Figure 2.2: Software Architecture from Four-Team Organization

Four separate applications, each with a separate user interface (UI) and a back-end application

tier that communicate with a single shared database. is re�ects and matches the team

communication architecture from Figure 2.1; the diagram has simply been rotated ninety

degrees.

In other words, the use of a shared DBA team is likely to drive the

emergence of a single shared database; and the use of separate front-end

and back-end developers is likely to drive a separation between UI and app

tiers, due to the nature of the communication taking place. If this single



shared database and four, two-tier apps is the software architecture we

want, then all is well.

However, if we do not want a single shared database, we have a

problem. e homomorphic force identi�ed by Conway’s law is exerting a

strong pull on the “natural” software architecture to emerge from the

current organization design and communication paths.

For example, let’s say that we want to use a microservices architecture

for some new cloud-based software systems, where each separate service is

independent and has its own data store (Figure 2.3, see page 21).

Figure 2.3: Microservices Architecture with Independent Services and Data Stores



A microservices-based architecture with four separate services, each with its own data store,

API layer, and front-end client.

By applying the reverse Conway maneuver, we can design our teams to

“match” the required software architecture by having separate developers

for the client applications and the API, and a database developer within

the team rather than separate from it (Figure 2.4, see page 22).

Figure 2.4: Team Design for Microservices Architecture with Independent Services

and Data Stores

An organization design that anticipates the homomorphic force behind Conway’s law to help

produce a software architecture with four independent microservices. (Again, this is basically

the diagram in Figure 2.3 rotated ninety degrees.)



According to Conway’s law, this team design will most “naturally”

produce the desired software architecture. If we want our data store to be

aligned with the business domain, then we need to avoid having a single

“fan-in” database person or team (perhaps by adding a data capability

within the application-development team).

Software Architectures that Encourage Team-

Scoped Flow

Conway’s law tells us that we need to understand what software

architecture is needed before we organize our teams, otherwise the

communication paths and incentives in the organization will end up

dictating the software architecture. As Michael Nygard says: “Team

assignments are the �rst draft of the architecture.”7

For a safe, rapid �ow of changes, we need to consider team-scoped �ow

and design the software architecture to �t it. e fundamental means of

delivery is the team (see more in Chapter 3), so the system architecture

needs to enable and encourage fast �ow within each team. ankfully, in

practice, this means that we can follow proven software-architecture good

practices:

• Loose coupling—components do not hold strong dependencies on other

components

• High cohesion—components have clearly bounded responsibilities, and

their internal elements are strongly related

• Clear and appropriate version compatibility

• Clear and appropriate cross-team testing

At a conceptual level, software architectures should resemble the �ows

of change they enable; instead of a series of interconnected components,



we should be designing �ows on top of an underlying platform (we will

cover platforms in Chapter 5).

By keeping things team sized, we help to achieve what MacCormack

and colleagues call “an ‘architecture for participation’ that promotes ease

of understanding by limiting module size, and ease of contribution by

minimizing the propagation of design changes.”8 In other words, we need

a team-�rst software architecture that maximizes people’s ability to work

with it.

Keeping things decoupled and team-scoped should be a key, ongoing

organization test because, as John Roberts says in e Modern Firm, “real

gains in performance can often be achieved by adopting designs that

adhere to [a] disaggregated model.”9 ese performance gains are partly

due to the increased rate of �ow of change and partly due to the

organization’s ability to change the architecture to suit new contexts.

Don Reinertsen, author of e Principles of Product Development Flow,

says “we can also exploit architecture as an enabler of rapid changes. We

do this by partitioning our architecture to gracefully absorb change.”10

Architecture thus becomes an enabler, not a hindrance, but only if we take

a team-�rst approach informed by Conway’s law.

Organization Design Requires Technical

Expertise

If we accept that the self-similar force (between architecture and team

organization) described by Conway is real, then we also need to accept that

anyone who makes decisions about the shape and placement of

engineering teams is strongly in�uencing the software systems

architecture. ere is a logical implication of Conway’s law here, in the

words of Ruth Malan: “if we have managers deciding . . . which services will



be built, by which teams, we implicitly have managers deciding on the

system architecture.”11

How much awareness does the HR department have about software

systems? Does the group of department leaders deciding how to allocate

budget across teams know of the likely effects of their choices on the

viability of the software architecture?

Given that there is increasing evidence for the homomorphism behind

Conway’s law, it is very ineffective (perhaps irresponsible) for

organizations that build software systems to decide on the shape,

responsibilities, and boundaries of teams without input from technical

leaders.

Organization design and software design are, in practice, two sides of

the same coin, and both need to be undertaken by the same informed

group of people. Allan Kelly’s view of a software architect’s role expands

further on this idea:

More than ever I believe that someone who claims to be an Architect

needs both technical and social skills, they need to understand people

and work within the social framework. ey also need a remit that is

broader than pure technology—they need to have a say in

organizational structures and personnel issues, i.e. they need to be a

manager too.12

Fundamentally, we need to involve technical people in organization

design because they understand key software design concepts, such as

APIs and interfaces, abstraction, encapsulation, and so on. Naomi

Stanford puts it like this: “departments and divisions, systems, and

business processes . . . can be designed independently as long as interfaces

and boundaries with the wider organization form part of the design.”13



Restrict Unnecessary Communication

One key implication of Conway’s law is that not all communication and

collaboration is good. us it is important to de�ne “team interfaces” to

set expectations around what kind of work requires strong collaboration

and what doesn’t. Many organizations assume that more communication

is always better, but this is not really the case.

What we need is focused communication between speci�c teams. We

need to look for unexpected communication and address the cause; as

Manuel Sosa and colleagues found in their 2004 research into aircraft

manufacturing, “managers should focus their efforts on understanding the

causes of unaddressed design interfaces . . . and unpredicted team

interactions . . . across modular systems.”14

Mike Cohn, one of the originators of the Scrum product-development

approach, asks these questions to assess the health of inter-team

communication within an organization: “Does the structure minimize the

number of communication paths between teams? . . . Does the structure

encourage teams to communicate who wouldn’t otherwise do so?15

Here, Cohn is addressing the need to ensure that if, logically, two

teams shouldn’t need to communicate based on the software architecture

design, then something must be wrong if the teams are communicating. Is

the API not good enough? Is the platform not suitable? Is a component

missing? If we can achieve low-bandwidth communication—or even zero-

bandwidth communication—between teams and still build and release

software in a safe, effective, rapid way, then we should. is is visualized in

Figure 2.5, which is based on Henrik Kniberg’s “Real Life Agile Scaling.”16



Figure 2.5: Inter-Team Communication

Communication within teams is high bandwidth. Communication between two “paired” teams

can be mid bandwidth. Communication between most teams should be low bandwidth.

A simple way to restrict communication is to move two teams to

different parts of the office, different �oors, or even different buildings. If

the teams are virtual or mostly communicate over a chat messenger tool,

the volume and patterns of the team-to-team communications can help

identify communications that do not match the interactions expected for

the software architecture.

Similarly, if a large team regularly deals with two separate areas of the

system, it can be useful to split this team into two smaller teams dedicated

to each part, although only if it’s the same team members who work on



different systems. If the whole team works on more than one part of the

system by design (for example, a newer service and an older component),

keep the team together. (See Chapter 9 for more on patterns for long-term

“continuity of care” for older software systems.)

Sometimes, two or more teams may feel the need to communicate on

software purely because the code for their parts of the system is in the

same version-control repository or is even part of the same application or

service, whereas logically, it should be separate. In these cases, we need to

use “fracture plane” patterns (which will be discussed in Chapter 6) to split

up the software into smaller chunks that can live in separate repositories.

Everyone Does Not Need to Communicate with

Everyone

With open-plan offices and, particularly, with ubiquitous, instant

communication via chat tools, anyone can communicate with anyone else.

In this situation, one can accidentally fall into a pattern of communication

and interaction where everyone needs to communicate with everyone else

(putting the onus on the consumer to distill what is relevant) in order to

get work done. From the viewpoint of Conway’s law, this will drive

unintended consequences for the software systems, especially a lack of

modularity between subsystems.

If the organization has an expectation that “everyone should see every

message in the chat” or “everyone needs to attend the massive standup

meetings” or “everyone needs to be present in meetings” to approve

decisions, then we have an organization design problem. Conway’s law

suggests that this kind of many-to-many communication will tend to

produce monolithic, tangled, highly coupled, interdependent systems that

do not support fast �ow. More communication is not necessarily a good

thing.



Beware: Naive Uses of Conway’s Law

ere is a danger of misinterpreting Conway’s law and creating a set of

teams that appear to map well to the required architecture but, in fact,

work strongly against fast �ow. Furthermore, the relationship between

cross-team tools and communication is often missed or ignored, but such

tooling can be a powerful driver of self-similar design. In this section, we

identify some potential pitfalls resulting from the naive application of

Conway’s law.

Tool Choices Drive Communication Patterns

e way in which teams use software communication tools can have a

strong in�uence on communication patterns between teams. A common

problem in organizations struggling to build and run modern software

systems is a mismatch between the responsibility boundaries for teams or

departments and those for tools. Sometimes an organization has multiple

tools when a single one would suffice (providing a common, shared view).

Other times, a single tool is used and problems arise because teams need

separate ones.

As we’ve seen, Conway’s law tells us that an organization is

constrained to produce designs that are copies of its communication

structures. We therefore need to be mindful of the effect of shared tools

on the way teams interact. If we want teams to collaborate, then shared

tools make sense. If we need a clear responsibility boundary between

teams, then separate tools (or separate instances of the same tool) may be

best.

Let’s say we need a software development team to work closely with

the IT operations team; having separate ticketing or incident-management

tools for the two teams will likely result in poor inter-team

communication. To help these teams collaborate and communicate, we

should choose a tool that can meet the needs of both groups. Similarly,



having a special “production only” tool that is limited to teams with

security access to production should be avoided. If that tool interacts with

or measures the software being built, then the restricted access to the tool

is likely to drive a communication gap between teams with access and

teams without. e tool can help or hinder communication �ow and,

therefore, the effective interaction of teams.

TIP

Make information visible while keeping security in place.

Log-aggregation tools provide a simple solution for application teams that

need to consult production logs (for debugging purposes, for instance) but

do not have access to production environments. Such tools ship all the logs

to an external location, where they get processed and indexed together (and

anonymized if need be), making it faster to search and correlate events than

individual logs. Teams get access to the information they need while

production security controls remain intact (other than ensuring logs are

being transferred in a secure fashion).

However, when responsibility boundaries between two teams do not

overlap (when the teams have very distinct roles without much need to

collaborate), we will not get much value from insisting on the same

incident-tracking tool or even the same monitoring tool for the two teams,

particularly if one of the teams is outside the organization providing a

service.

In summary, don’t select a single tool for the whole organization

without considering team inter-relationships �rst. Have separate tools for

independent teams, and use shared tools for collaborative teams.

Many Different Component Teams

Some organizations have naively used Conway’s law to create many

different component teams focused on building small parts of systems.

Component teams—better called complicated-subsystem teams (see



Chapter 5)—are occasionally needed but only for exceptional cases, where

very detailed expertise is required. Generally speaking, we need to

optimize for fast �ow, so stream-aligned teams are preferred. We will cover

these aspects more in Chapter 5.

Repeated Reorganizations that Create Fiefdoms or

Reduce Headcount

e underlying aim of many “reorganizations” in the past was to reduce

staff or create �efdoms of power for managers and leaders. When we

change the organization structure to accommodate Conway’s law, we are

aiming to improve the space (context, constraints, etc.) in which

organizations search for solutions with software systems. ese two

approaches are mutually exclusive. With software and “product”

companies, structure should anticipate product architecture. Combined

with a team-�rst approach, regular reorganizations for management

reasons should become a thing of the past.

To put this in the strongest way, regular reorganizations for the sake of

management convenience or reducing headcount actively destroy the

ability of organizations to build and operate software systems effectively.

Reorganizations that ignore Conway’s law, team cognitive load, and related

dynamics risk acting like open heart surgery performed by a child: highly

destructive.

Summary: Conway’s Law Is Critical for

Ef�cient Team Design in Tech

Conway’s law tells us that an organization’s structure and the actual

communication paths between teams persevere in the resulting

architecture of the systems built. ey void the attempts of designing

software as a separate activity from the design of the teams themselves.



e effects of this simple law are far reaching. On one hand, the

organization’s design limits the number of possible solutions for a given

system’s architecture. On the other hand, the speed of software delivery is

strongly affected by how many team dependencies the organization design

instills.

Fast �ow requires restricting communication between teams. Team

collaboration is important for gray areas of development, where discovery

and expertise is needed to make progress. But in areas where execution

prevails—not discovery—communication becomes an unnecessary

overhead.

One key approach to achieving the software architecture (and

associated bene�ts like speed of delivery or time to recover from failure) is

to apply the reverse Conway maneuver: designing teams to match the

desired architecture. We provided a simple example where an organization

could avoid a monolithic database by embedding database skills in the

application team, so that they had sufficient autonomy to maintain a

separate data store (perhaps relying on a centralized DBA team for

recommendations on database design or synchronization with other

databases).

In short, by considering the impact of Conway’s law when designing

software architectures and/or reorganizing team structures, you will be

able to takeadvantage of the isomorphic force at play, which converges the

software architecture and the team design.



E

3 Team-First Thinking

Disbanding high-performing teams is worse than vandalism: it is

corporate psychopathy.

—Allan Kelly, Project Myopia

xperts in organizational behavior have known for decades that modern

complex systems require effective team performance: in particular,

Driskell and Salas found that teams working as a cohesive unit perform far

better than collections of individuals for knowledge-rich, problem-solving

tasks that require high amounts of information.1 Even previously

hierarchical organizations such as the US Army have adopted the team as

the fundamental unit of operation. In the bestselling book Team of Teams,

retired US Army General Stanley McChrystal notes that the best-

performing teams “accomplish remarkable feats not simply because of the

individual quali�cations of their members but because those members

coalesce into a single organism.”2 (italics added)

In software development speci�cally, the speed, frequency, complexity,

and diversity of changes needed for modern software-rich systems means

that teams are essential. Relying on individuals to comprehend and

effectively deal with the volume and nature of information required to

build and evolve modern software is not sustainable. In fact, research by

Google on their own teams found that who is on the team matters less

than the team dynamics; and that when it comes to measuring

performance, teams matter more than individuals.3 We must, therefore,



start with the team for effective software delivery. ere are multiple

aspects to consider and nurture: team size, team lifespan, team

relationships, and team cognition.

Use Small, Long-Lived Teams as the

Standard

In this book, “team” has a very speci�c meaning. By team, we mean a

stable grouping of �ve to nine people who work toward a shared goal as a

unit. We consider the team to be the smallest entity of delivery within the

organization. erefore, an organization should never assign work to

individuals; only to teams. In all aspects of software design, delivery, and

operation, we start with the team.

In most organizations, an effective team has a maximum size of

around seven to nine people. Amazon, for instance, is known for limiting

the size of its software teams to those that can be fed by two pizzas.4 is

limit, recommended by popular frameworks such as Scrum, derives from

evolutionary limits on group recognition and trust known as Dunbar’s

number (after anthropologist Robin Dunbar). Dunbar found �fteen to be

the limit of the number of people one person can trust deeply.5 From

those, only around �ve people can be known and trusted closely.6

Allowing teams to grow beyond the magic seven-to-nine size imperils

the viability of the software being built by that team, because trust will

begin to break down and unsuitable decisions might ensue. Organizations

need to maximize trust between people on a team, and that means

limiting the number of team members.

When delivering changes rapidly, it is important to ensure that high

trust is explicitly valued and designed for. High trust is what enables a

team to innovate and experiment. If trust is missing or reduced due to a

larger group of people, speed and safety of delivery will suffer.



NOTE

High-trust organizations may sustain larger teams.

There are exceptions to the seven-to-nine rule, but these are rare. If an

organization has engendered a very strong culture of trust, mutual

respect, and acceptance of failure, teams might work at up to around

�fteen people. However, in our experience, very few organizations �t this

criteria.

Smaller Size Fosters Trust

e limit on team size and Dunbar’s number extends to groupings of

teams, departments, streams of work, lines of business, and so on. In

addition to Dunbar’s number, anthropological research shows that the

type and depth of relationship we can have with people has clear limits:7

• Around �ve people—limit of people with whom we can hold close

personal relationships and working memory

• Around �fteen people—limit of people with whom we can experience

deep trust

• Around �fty people—limit of people with whom we can have mutual

trust

• Around 150 people—limit of people whose capabilities we can

remember

Some researchers have identi�ed possible limits to effective social

relationships at around 500 and 1,500 (there is roughly a three times

multiplier at work here). e key point is that—whether we like it or not

—there are natural restrictions on the size of effective groupings within

any organization. As the size of a group increases, the dynamics and

behaviors between group members will be subtly or radically different, and



patterns and rules that worked at a smaller scale will probably fail to work

at a larger scale.

Teams need trust to operate effectively, but if the size of a group grows

too large for the necessary level of trust, that group can no longer be as

effective as it was when it was a smaller unit. Within an organization

building and running software systems, it is therefore important to

consciously limit the size of team groupings to Dunbar’s number to help

achieve predictable behavior and interactions from those teams:

• A single team: around �ve to eight people (based on industry

experience)

■ In high-trust organizations: no more than �fteen people

• Families (“tribes”): groupings of teams of no more than �fty people

■ In high-trust organizations: groupings of no more than 150 people

• Divisions/streams/pro�t & loss (P&L) lines: groupings of no more than

150 or 500 people

Organizations can be composed from Dunbar-compatible groupings of

these sizes; when one of the limits is reached, the need to split off another

unit as a semi-independent grouping arises. We can visualize this “scaling

by Dunbar” as concentric circles of increasingly larger or smaller groups

(see Figure 3.1, based on the “onion” concept from James Lewis8):



Figure 3.1: Scaling Teams Using Dunbar’s Number

Organizational groupings should follow Dunbar’s number, beginning with around �ve people

(or eight for software teams), then increasing to around �fteen people, then �fty, then 150,

then 500, and so on.

In the context of products and services enabled by software systems,

the limits exposed by Dunbar’s number mean that the number of people in

different business lines or streams of work should also explicitly be limited

when the number of people in a department exceeds �fty (or 150, or 500),

the internal and external dynamics with other groupings will change. is,



in turn, means that the software architecture needs to be realigned with

the new team groupings so that teams can continue to own the

architecture effectively. is is an example of what we like to call “team-

�rst architecture,” which requires a substantially new way of thinking for

many organizations; but companies like Amazon (with its “two-pizza”

rule) have proven it can be a highly successful and scalable approach.9

TIP

Team-�rst software architecture is driven by Dunbar’s number.

Expect to change the architecture of software systems to �t with the limits

on human interactions set by Dunbar’s number. Approaches like

microservices can help if applied with a team-�rst perspective.

Work Flows to Long-Lived Teams

Teams take time to form and be effective. Typically, a team can take from

two weeks to three months or more to become a cohesive unit. When (or

if) a team reaches that special state, it can be many times more effective

than individuals alone. If it takes three months for a team to become

highly effective, we need to provide stability around and within the team

to allow them to reach that level.

ere is little value in reassigning people to different teams after a six-

month project where the team has just begun to perform well. As Fred

Brooks points out in his classic book e Mythical Man-Month, adding new

people to a team doesn’t immediately increase its capacity (this became

known as Brooks’s law).10 In fact, it quite possibly reduces capacity during

an initial stage. ere’s a ramp-up period necessary to bring people up to

speed, but the communication lines inside the team also increase

signi�cantly with every new member. Not only that, but there is an

emotional adaptation required both from new and old team members in

order to understand and accommodate each other’s points of view and



work habits (the “storming” stage of Tuckman’s team-development

model).11

e best approach to team lifespans is to keep the team stable and

“�ow the work to the team,” as Allan Kelly says in his 2018 book Project

Myopia.12 Teams should be stable but not static, changing only

occasionally and when necessary.

In high-trust organizations, people may change teams once a year

without major detrimental effects on team performance. For example, at

cloud software specialist Pivotal, “an engineer would switch teams about

every 9 to 12 months.”13 In typical organizations with lower levels of

trust, people should remain in the same team for longer (perhaps eighteen

months or two years), and the team should be given coaching to improve

and sustain team cohesion.

NOTE

Beyond the Tuckman Teal Performance Model

The Tuckman model describes how teams perform in four stages:

1. Forming: assembling for the �rst time

2. Storming: working through initial differences in personality and ways of

working

3. Norming: evolving standard ways of working together

4. Performing: reaching a state of high effectiveness

However, in recent years, research by people like Pamela Knight has

found that this model is not quite accurate, and that storming actually

takes places continually throughout the life of the team.14 Organizations

should continually nurture team dynamics to maintain high performance.

The Team Owns the Software

With small, long-lived teams in place, we can begin to improve the

ownership of software. Team ownership helps to provide the vital



“continuity of care” that modern systems need in order to retain their

operability and stay �t for purpose. Team ownership also enables a team to

think in multiple “horizons”—from exploration stages to exploitation and

execution—to better care for software and its viability. As Jez Humble,

Joanne Molesky, and Barry O’Reilly put it in their book Lean Enterprise,15

Horizon 1 covers the immediate future with products and services that

will deliver results the same year; Horizon 2 covers the next few periods,

with an expanding reach of the products and services; and Horizon 3

covers many months ahead, where experimentation is needed to assess

market �t and suitability of new services, products, and features.

e danger of allowing multiple teams to change the same system or

subsystem is that no one owns either the changes made or the resulting

mess. However, when a single team owns the system or subsystem, and

the team has the autonomy to plan their own work, then that team can

make sensible decisions about short-term �xes with the knowledge that

they will be removing any dirty �xes in the next few weeks. Awareness of

and ownership over these different time horizons helps a team care for the

code more effectively.

Every part of the software system needs to be owned by exactly one

team. is means there should be no shared ownership of components,

libraries, or code. Teams may use shared services at runtime, but every

running service, application, or subsystem is owned by only one team.

Outside teams may submit pull requests or suggestions for change to the

owning team, but they cannot make changes themselves. e owning team

may even trust another team so much that they grant them access to the

code for a period of time, but only the original team retains ownership.

Note that team ownership of code should not be a territorial thing. e

team takes responsibility for the code and cares for it, but individual team

members should not feel like the code is theirs to the exclusion of others.

Instead, teams should view themselves as stewards or caretakers as

opposed to private owners. ink of code as gardening, not policing.



Team Members Need a Team-First Mindset

e team should be the fundamental means of delivery rather than the

individual. If we follow this team-�rst approach, we need to ensure that

the people within our teams also have (or develop) a team-�rst mindset.

is may be unfamiliar to some people, but with the right coaching and

time to learn, many people adapt.

For teams to work, team members should put the needs of the team

above their own. ey should:

• Arrive for stand-ups and meetings on time.

• Keep discussions and investigations on track.

• Encourage a focus on team goals.

• Help unblock other team members before starting on new work.

• Mentor new or less experienced team members.

• Avoid “winning” arguments and, instead, agree to explore options.

However, even with coaching, some people are unsuitable to work on

teams or are unwilling to put team needs above their own. Such people can

destroy teamwork and, in extreme cases, destroy teams. ese people are

“team toxic” and need to be removed before damage is done. ere is a

good amount of research in this area. For example, one study found that

“collectively oriented team members were more likely to attend to the task

inputs of other team members and to improve their performance during

team interaction than egocentric team members.”16

Embrace Diversity in Teams

In the context of rapidly changing requirements and technologies, teams

must continuously �nd novel and creative ways to address the challenges

placed upon them and to communicate effectively with other teams.

Recent research in both civilian and military contexts strongly suggests



that teams with members of diverse backgrounds tend to produce more

creative solutions more rapidly and tend to be better at empathizing with

other teams’ needs.17

is diverse mix of people also appears to foster better results, as team

members make fewer assumptions about the context and needs of their

software users. Tom DeMarco and Timothy Lister, authors of the

in�uential book Peopleware, observe that “a little bit of heterogeneity can

be an enormous aid to create a jelled team.”18 In the context of discovering

new possibilities, having a variety of viewpoints and experiences helps

teams traverse the landscape of solutions much more rapidly. As Naomi

Stanford, author of Guide to Organisation Design, puts it: “people and

organizations bene�t from a diverse workforce where differences spark

positive energy.”19

Reward the Whole Team, Not Individuals

W. Edwards Deming, author of Out of the Crisis and a pivotal �gure in the

Lean manufacturing movement, identi�ed one of his key fourteen points

for management as “abolishment of the annual or merit rating and of

management by objective.”20 Looking to reward individual performance in

modern organizations tends to drive poor results and damages staff

behavior. One particularly insidious usage of individual bonuses is when

companies use it to leverage their end-of-year pro�tability. Outstanding

individual efforts might receive limited or no bonuses because of a crisis

year. is increases the misalignment between the individual’s merits and

the bonus they actually receive, leading to frustration and demotivation.

With a team-�rst approach, the whole team is rewarded for their

combined effort. One of the de�ning features of work at technology

company Nokia during its hugely successful years in the 1990s and 2000s

was: “Pay differences across the organization were muted. Bonuses were



small and typically paid on a team basis and on overall company

performance, not individually.”21

e same can be applied to training budgets. With a team-�rst

approach, the whole team rather than each individual gets a single training

budget. If the team wants to send the same person to six or seven

conferences during the year because they are so good at reporting back to

the team, that should be the team’s decision.

Good Boundaries Minimize Cognitive Load

Having established the team as the fundamental means of delivery,

organizations also need to ensure that the cognitive load on a team is not

too high. A team working with software systems that require too high of a

cognitive load cannot effectively own or safely evolve the software. In this

section, we will identify ways in which the cognitive load on teams can be

detected and limited in order to safely promote fast �ow of change.

Restrict Team Responsibilities to Match Team

Cognitive Load

One of the least acknowledged factors that increases friction in modern

software delivery is the ever-increasing size and complexity of codebases

that teams have to work with. is creates an unbounded cognitive load on

teams.

Cognitive load also applies to teams that do less coding and more

execution of tasks, like a traditional operations or infrastructure team.

ey can also suffer from excessive cognitive load in terms of domains of

responsibility, number of applications they need to operate, and tools they

need to manage.

With a team-�rst approach, the team’s responsibilities are matched to

the cognitive load that the team can handle. e positive ripple effect of



this can change how teams are designed and how they interact with each

other across an organization.

For software-delivery teams, a team-�rst approach to cognitive load

means limiting the size of the software system that a team is expected to

work with; that is, organizations should not allow a software subsystem to

grow beyond the cognitive load of the team responsible for the software.

is has strong and quite radical implications for the shape and

architecture of software systems, as we shall see later in the book.

Cognitive load was characterized in 1988 by psychologist John Sweller

as “the total amount of mental effort being used in the working

memory.”22 Sweller de�nes three different kinds of cognitive load:

• Intrinsic cognitive load—relates to aspects of the task fundamental to

the problem space (e.g., “What is the structure of a Java class?” “How do

I create a new method?”)

• Extraneous cognitive load—relates to the environment in which the

task is being done (e.g., “How do I deploy this component again?” “How

do I con�gure this service?”)

• Germane cognitive load—relates to aspects of the task that need special

attention for learning or high performance (e.g., “How should this

service interact with the ABC service?”)

For example, the intrinsic cognitive load for a web application developer

could be the knowledge of the computer language being used (on top of

the fundamentals of programming), the extraneous cognitive load might be

details of the commands needed to instantiate a dynamic testing

environment (which needs multiple hard-to-remember console

commands), and the germane cognitive load could be the speci�c aspects of

the business domain that the application developer is programming (such

as an invoicing system or a video-processing algorithm). Jo Pearce’s work



on cognitive load in the context of software development provides

numerous additional examples.23

Broadly speaking, for effective delivery and operations of modern

software systems, organizations should attempt to minimize intrinsic

cognitive load (through training, good choice of technologies, hiring, pair

programming, etc.) and eliminate extraneous cognitive load altogether

(boring or super�uous tasks or commands that add little value to retain in

the working memory and can often be automated away), leaving more

space for germane cognitive load (which is where the “value add” thinking

lies).

As we have seen earlier in this chapter, there is an effective maximum

size of seven to nine members for a team building and running software

systems (see Figure 3.1 on page 34), so it follows that there is a maximum

amount of cognitive load that a certain team can deal with. Many

organizations do not consider the cognitive load on teams when assigning

responsibility for parts of a software system, instead assuming that by

adding more teams to the problem, the cognitive load will be shared across

the teams. Instead, the teams will suffer from similar communication and

interaction strains as mentioned in Brooks’s law.

If we stress the team by giving it responsibility for part of the system

that is beyond its cognitive load capacity, it ceases to act like a high-

performing unit and starts to behave like a loosely associated group of

individuals, each trying to accomplish their individual tasks without the

space to consider if those are in the team’s best interest.

Limiting the cognitive load for a team means limiting the size of the

subsystem or area on which the team works, a tactic suggested by Driskell

and colleagues in their research paper: “For those settings in which

effective teamwork is critical, it may be necessary to structure the task to

make it less demanding (i.e., by delegating subtasks), so that attention can

be maintained on essential task and teamwork cues.24



At the same time, the team needs the space to continuously try to

reduce the amount of intrinsic and extraneous load they currently have to

deal with (via training, practice, automation, and any other useful

techniques).

Measure the Cognitive Load Using Relative Domain

Complexity

A simple and quick way to assess cognitive load is to ask the team, in a

non-judgmental way: “Do you feel like you’re effective and able to respond

in a timely fashion to the work you are asked to do?”

While not an accurate measure, the answer will help gauge whether

teams are feeling overloaded. If the answer is clearly negative,

organizations can apply some heuristics to understand if and why

cognitive load is too high. If it is, the organization needs to take the

necessary steps to reduce cognitive load, thus ensuring that the team is

able to be effective and proactive again. Incidentally, this will increase

motivational levels within the team as members see more value and

purpose in their work.

Trying to determine the cognitive load of software using simple

measures such as lines of code, number of modules, classes, or methods is

misguided. Computer researcher Graylin Jay and colleagues found in 2009

that some programming languages are more verbose than others (and

after the emergence of microservices, polyglot systems became

increasingly more common), and teams using more abstractions and

reusing code will have smaller but not necessarily simpler codebases.25

When measuring cognitive load, what we really care about is the

domain complexity—how complex is the problem that we’re trying to

solve with software? A domain is a more largely applicable concept than

software size. For example, running and evolving a toolchain to support

continuous delivery typically requires a fair amount of tool integration and

testing. Some automation code will be needed, but orders of magnitude



less than the code needed for building a customer-facing application.

Domains help us think across the board and use common heuristics.

While there is no formula for cognitive load, we can assess the number

and relative complexity (internal to the organization) of domains for

which a given team is responsible. e Engineering Productivity team at

OutSystems that we mentioned in Chapter 1 realized that the different

domains they were responsible for (build and continuous integration,

continuous delivery, test automation, and infrastructure automation) had

caused them to become overloaded. e team was constantly faced with

too much work and context switching prevailed, with tasks coming in from

different product areas simultaneously. ere was a general sense in the

team that they lacked sufficient domain knowledge, but they had no time

to invest in acquiring it. In fact, most of their cognitive load was

extraneous, leaving very little capacity for value-add intrinsic or germane

cognitive load.

e team made a bold decision to split into microteams, each

responsible for a single domain/product area: IDE productivity, platform-

server productivity, and infrastructure automation. e two productivity

microteams were aligned (and colocated) with the respective product areas

(IDE and platform server). Changes that overlapped domains were

infrequent; therefore, the previous single-team model was optimizing for

the exceptions rather than the rule. With the new structure, the teams

collaborated closely (even creating temporary microteams when

necessary) on cross-domain issues that required a period of solution

discovery but not as a permanent structure.

After only a few months, the results were above their best

expectations. Motivation went up as each microteam could now focus on

mastering a single domain (plus they didn’t have a lead anymore,

empowering team decisions). e mission for each team was clear, with

less context switching and frequent intra-team communication (thanks to

a single shared purpose rather than a collection of purposes). Overall, the



�ow and quality of the work (in terms of �tness of the solutions for

product teams) increased signi�cantly.

Limit the Number and Type of Domains per Team

To be clear, there is no �nal answer for “Is this the right number and type

of domain for this team?” Domains are not static and neither is the team’s

cognitive capacity. But the reasoning around relative domain complexity

can help shape teams’ responsibilities and boundaries. When in doubt

about the complexity of a domain, always prioritize how the responsible

team feels about it. Downplaying the complexity (e.g., “ere are plenty of

tools for continuous delivery—it’s not difficult.”) in order to “�t in” more

domains with a single team will only lead to failure.

To get started, identify distinct domains that each team has to deal

with, and classify these domains into simple (most of the work has a clear

path of action), complicated (changes need to be analyzed and might

require a few iterations on the solution to get it right), or complex

(solutions require a lot of experimentation and discovery). You should

�netune the resulting classi�cation by comparing pairs of domains across

teams: How does domain A stack against domain B? Do they have similar

complexity or is one clearly more complex than the other? Does the

current domain classi�cation re�ect that?

e �rst heuristic is to assign each domain to a single team. If a

domain is too large for a team, instead of splitting responsibilities of a

single domain to multiple teams, �rst split the domain into subdomains

and then assign each new subdomain to a single team. (See Chapter 6 for

more help on how to break down large domains.)

e second heuristic is that a single team (considering the golden

seven-to-nine team size) should be able to accommodate two to three

“simple” domains. Because such domains are quite procedural, the cost of

context switching between domains is more bearable, as responses are

more mechanical. In this context, a simple domain for a team might be an



older software system that has only minor, occasional, straightforward

changes. However, there is a risk here of diminishing team members’

motivation due to the more routine nature of their work.

e third heuristic is that a team responsible for a complex domain

should not have any more domains assigned to them—not even a simple

one. is is due to the cost of disrupting the �ow of work (solving complex

problems takes time and focus) and prioritization (there will be a tendency

to resolve the simple, predictable problems as soon as they come in,

causing further delays in the resolution of complex problems, which are

often the most important for the business).

e last heuristic is to avoid a single team responsible for two

complicated domains. is might seem feasible with a larger team of eight

or nine people, but in practice, the team will behave as two subteams (one

for each domain), yet everyone will be expected to know about both

domains, which increases cognitive load and cost of coordination. Instead,

it’s best to split the team into two separate teams of �ve people (by

recruiting one or two more team members), so they can each be more

focused and autonomous. (See Figure 3.2 on page 44.)



Figure 3.2: No More than One Complicated or Complex Domain per Team

Before: a larger team is spread thin across four domains (two complicated and two complex)

and struggles to perform well. Intra-team morale is negatively affected, with frequent context

switches and individual disengagement. After: with multiple smaller teams each focusing on a

single domain, motivation rises and the team delivers faster and more predictably. Low

bandwidth inter-team collaboration allows solving occasional issues affecting two or more

domains.



As always, these are only recommendations, not a de�nitive path to

success. Use these guidelines as a starting point from which to adapt as

your organization evolves and learns. Always remember that, in the end,

even if the allocation of domains seems to make sense, if the teams doing

the work are still feeling overwhelmed, stress builds up and morale

weakens, leading to poor results.

Match Software Boundary Size to Team Cognitive

Load

To keep software delivery teams effective and able to own and evolve parts

of the software systems, we need to take a team-�rst approach to the size

of software subsystems and the placement of boundaries. Instead of

designing a system in the abstract, we need to design the system and its

software boundaries to �t the available cognitive load within delivery

teams.

Instead of choosing between a monolithic architecture or a

microservices architecture, design the software to �t the maximum team

cognitive load. Only then can we hope to achieve sustainable, safe, rapid

software delivery. is team-�rst approach to software boundaries leads to

favoring certain styles of software architecture, such as small, decoupled

services. We can visualize this team-�rst approach to software subsystem

boundaries in Figure 3.3 (see page 45).



Figure 3.3: Typical vs. Team-First Software Subsystem Boundaries

On the left, we see typical software subsystem boundaries, with

different parts of systems or products assigned to a mix of multiple teams,

single teams, and individuals. On the right, we see the Team Topologies’

team-�rst approach to software subsystem boundaries, with every part of

the system being team sized and owned by one team.



To increase the size of a software subsystem or domain for which a

team is responsible, tune the ecosystem in which the team works in order

to maximize the cognitive capacity of the team (by reducing the intrinsic

and extraneous types of load):

• Provide a team-�rst working environment (physical or virtual). (You’ll

see more later in this chapter).

• Minimize team distractions during the workweek by limiting meetings,

reducing emails, assigning a dedicated team or person to support

queries, and so forth.

• Change the management style by communicating goals and outcomes

rather than obsessing over the “how,” what McChrystal calls “Eyes On,

Hands Off” in Team of Teams.26

• Increase the quality of developer experience (DevEx) for other teams

using your team’s code and APIs through good documentation,

consistency, good UX, and other DevEx practices.

• Use a platform that is explicitly designed to reduce cognitive load for

teams building software on top of it.

By actively reducing extraneous mental overheads for teams and team

members through these and similar approaches, organizations can give

teams more cognitive space to take on more challenging parts of the

software systems. Conversely, if an organization does not have team-�rst

office space, good management practices, and especially a team-�rst

platform, then the size of software subsystems that teams can take on will

be smaller. A larger number of smaller parts requires more teams to work

on them, costing more. Taking a team-�rst approach to software

subsystem boundaries by designing for cognitive load means happier

teams and (eventually) lower costs.

Albert Bertilsson, Solution Team Lead, and Gustaf Nilsson Kotte, Web

Developer, felt the weight of a continuously increasing cognitive load on



the mobile team they were leading at IKEA back in 2017. As they relayed

to us, in the previous year, the team kept growing as a result of successful

delivery of multiple projects in a short period of time and across multiple

markets.

is high-performing team kept adding more and more responsibilities

on their shoulders, as the number of software products they maintained

kept increasing. Eventually, they started to run into problems due to some

work streams preventing the releases of others. Despite understandable

pushback from the team, Bertilsson and Kotte managed to convince team

members that they really had two products in the same codebase and

needed to split the team in two, following Conway’s law. An interesting bit

to retain here is that this was a high-performing team with all the intrinsic

motivators (autonomy, mastery, and purpose), yet they were still feeling

the pains of cognitive overload.

A further bene�t of taking a team-�rst approach to software

boundaries is that the team tends to easily develop a shared mental model

of the software being worked on. Research has shown that the similarity

of team mental models is a good predictor of team performance, meaning

fewer mistakes, more coherent code, and more rapid delivery of

outcomes.27 As we begin to optimize more and more for the team, the

bene�ts begin to compound in a positive way.

TIP

“Minimize cognitive load for others” is one of the most useful heuristics for

good software development.

Design “Team APIs” and Facilitate Team

Interactions



Now that we see the team as the fundamental means of delivery, we can

begin to design other things around the team. In this section, we explore

concepts such as the team API and well-de�ned team interactions as ways

to produce a coherent, dynamic network of cleanly communicating teams.

De�ne “Team APIs” that Include Code,

Documentation, and User Experience

With stable, long-lived teams that own speci�c bits of the software

systems, we can begin to build a stable team API: an API surrounding each

team. An API (application programming interface) is a description and

speci�cation for how to interact programmatically with software, so we

extend this idea to entire interactions with the team. e team API

includes:

• Code: runtime endpoints, libraries, clients, UI, etc. produced by the

team

• Versioning: how the team communicates changes to its code and

services (e.g., using semantic versioning [SemVer] as a “team promise”

not to break things)

• Wiki and documentation: especially how-to guides for the software

owned by the team

• Practices and principles: the team’s preferred ways of working

• Communication: the team’s approach to remote communication tools,

such as chat tools and video conferencing

• Work information: what the team is working on now, what’s coming

next, and overall priorities in the short to medium term

• Other: anything else that other teams need to use to interact with the

team



e team API should explicitly consider usability by other teams: Will

other teams �nd it easy and straightforward to interact with us, or will it

be difficult and confusing? How easy will it be for a new team to get on

board with our code and working practices? How do we respond to pull

requests and other suggestions from other teams? Is our team backlog and

product roadmap easily visible and understandable by other teams?

For effective team-�rst ownership of software, teams need to

continuously de�ne, advertise, test, and evolve their team API to ensure

that it is �t for purpose for the consumers of that API: other teams. In

Dynamic Reteaming (by Heidi Helfand), Evan Wiley, Director of Program

Management at Pivotal Cloud Foundry (PCF), a major enterprise

Platform-as-a-Service (PaaS) provider, describes how more than �fty

teams are seen at PCF:

We really try to maintain as much contract based, API-based

separation of concerns between teams [emphasis added] as we can. We

try not to share code bases between teams. All the git repos for a

particular team’s feature are wholly owned by that team and if

another team is going to make an addition or change to that code

base, they’ll either do it with a pull request or through cross-team

pairing, where we would kind of send one half of a pair over to the

dependency holding team and one half of that team’s pair back to the

upstream team to work on that feature.28

An even more stringent team API approach is taken at cloud vendor

AWS, where CEO Jeff Bezos insisted on almost paranoid levels of

separation between teams. For example, each team at AWS must assume

that “every [other team] becomes a potential DOS [denial of service]

attacker requiring service levels, quotas, and throttling.”29

Many of the behaviors and patterns that make a good team API also

make for a good platform and good team interactions in general. (See



Chapter 5 for more details about what makes a good platform, and

Chapter 7 for details about promise theory, a team-based approach to

cooperation in sociotechnical systems.)

Facilitate Team Interactions for Trust, Awareness,

and Learning

It is important to provide time, space, and money to enable and encourage

people from different teams with similar skills and expertise to come

together to learn from each other and to develop their professional

competencies.

By explicitly setting aside time and space for teams and people to

intercommunicate and learn, organizations can make learning and trust

building part of the rhythm that facilitates effective team interactions.

Two critical ways this can help teams build trust and awareness and learn

new things are: (1) a consciously designed physical and virtual

environment; and (2) time away from desks at guilds, communities of

practice (a group of people who regularly get together on a voluntary basis

to collectively learn and share knowledge about a domain of interest,

internal tech conferences, etc.

Because this team interaction is outside the everyday building and

running of the main software systems, Conway’s law plays a much less

obvious role, and a freer cross-association between teams can take place.

Crucially, teams that have a chance to rehearse their team interactions in

these contexts tend to �nd it easier to interact with other teams when

building and running software systems, as found in the groundbreaking

research by Robert Axelrod and author Mark Burgess.30

Explicitly Design the Physical and Virtual

Environments to Help Team Interactions



Consciously designed physical and virtual environments are necessary for

teams to learn and build trust. However, different people need different

environments at different times to be productive. Some tasks (e.g.,

implementing and testing a complicated algorithm) might require full

concentration and low levels of noise. Other tasks require a very

collaborative approach (e.g., de�ning user stories and acceptance criteria).

People who work all day with headphones on are seen as anti-social, and

their behavior does not promote interaction and collaboration; but it could

well be that the office environment is generally noisy and these people

require a quiet environment to be effective.

Neither individual cubicles nor fully open-plan seating is generally

suitable for teams: we need something better. Teams need the ability to

collaborate frequently, internally and only occasionally externally (with

other teams). is balance is hard to achieve both in an open-plan layout

(no dedicated work area for the team) and in an individual-workspaces

layout (time together needs to be planned ahead of time and meeting

rooms are often scarce). Spotify recognized this early on in their growth

and arranged their office space to support both needs.31 Back in 2012,

Henrik Kniberg and Anders Ivarsson—then working at Spotify—talked

about how “squads in a tribe are all physically in the same office, normally

right next to each other, and the lounge areas nearby promote

collaboration between the squads.”32

Office design for effective software delivery should accommodate all of

the following modes of work: focused individual work, collaborative intra-

team work, and collaborative inter-team work.

Having workspaces that clearly indicate the type of work going on also

helps reduce disturbance and unnecessary interruptions.

CASE STUDY: TEAM-FOCUSED OFFICE SPACE AT CDL

Michael Lambert, Head of Development, CDL



Andy Rubio, Development Team Leader, CDL

CDL is a UK-based company that is a market leader in the highly

competitive retail-insurance sector.

Here at CDL, our Agile journey has seen us evolve in many ways. One

aspect many people are interested in is how we organize the working

environment for our teams. From the start, we have always had the

luxury of being able to colocate our Agile teams. After moving to new

offices and then quickly outgrowing them, we moved many of our

development project teams back to our old headquarters, which gave

us multiple small project rooms where a development team could set

up home. We liked the space and ownership this brought, but cross-

team communication and visibility of other teams was less optimal.

When our new home, “e Codeworks,” was built, we thought long

and hard about what the layout of the development areas should be.

We visualized everything, so lots of magnetic whiteboards [were]

essential. We liked the team space our old building gave us, but we

needed less isolation of teams, and we had the usual physical

numbers and space constraints. If teams did not have enough space

or only had small cubical clusters or tight horseshoe arrangements,

then availability of meeting rooms for team ceremonies would

become a big problem. Ideally, we wanted both: team space for the

team to get their stuff done and openness for the teams to

collaborate and share.

What we came up with was a “benched bay” approach, with one

long bench for each team, and each bench was flanked by whiteboard

partitions. Where a team butted up to an end wall, we painted it with

smart-surface paint so we could draw on it (see Figure 3.4 on page

52).



Figure 3.4: Office Layout at CDL

e size and growth of teams is also an important factor in

design. Some teams may be smaller while others may need to grow

fast. e bench arrangement allowed for easy growth, especially if

you haven’t got supporting legs and pedestals in the way. Small teams

could spread out while growing teams could squeeze up a bit. Of

course, there is a limit on this. When the team is too big, we split it

into two smaller teams, each taking functionally half of the backlog

to make their own. e beauty of this is each team takes the culture

of the old team with them, and they will diverge and grow themselves

over time; but you can (with luck!) skip the “storming” and “norming”

phases of starting a team from scratch. We deliberately have differing

sizes of bays, where an extra table or two can be accommodated.

Initially, team benches were set centrally and symmetrically

between the dividing whiteboard partitions, but we soon realized



that an asymmetrical arrangement worked much better, where the

bench was closer to one partition. is provided more space on one

side to gather the team yet still allowed the opposite whiteboards to

be used effectively.

We used what we had learned from this arrangement when it

came to fitting out the top floor for our new digital teams. Our

original partitions were expensive, heavyweight structures that could

only be moved at some expense. For the new digital space, we opted

for lots of large, portable, but still substantial, whiteboards. Teams

could now reposition and make breaks as they organized themselves.

is design is by no means perfect. All spaces are compromised in

one way or another. We get things wrong, but we continue to learn

and adapt. One such experiment was to remove the small glass

partitions running down the center of the team benches. Another

was to have height-adjustable sections on the ends of each set of

benches for standing or for people who needed extra legroom.

As the case study from CDL shows, the physical work environment has a

signi�cant effect on the ability of teams to interact in useful ways.

Successful organizations make sure to spend time and money achieving a

good physical environment for their staff.

For example, the bank ING Netherlands explicitly redesigned its office

space as part of a major organizational change around 2015 to align teams

to value streams.33 At ING, several stream-aligned “squads” working on

similar products and services within a stream form a “tribe.” Each tribe has

a separate area within the office, including multiple team-sized spaces, one

for each squad. e thought-out design of the office layout means that

people from other squads or tribes can easily recognize aspects of other

teams’ work (such as kanban boards, WIP limits, status radiators, and so

on) and rapidly learn new approaches. Some organizations have taken this



even further, aligning entire �oors of their office space to separate

business streams, promoting high �ow and easier collaboration within a

stream.

Jeremy Brown from Red Hat Open Innovation Labs told us how they

had everything on wheels (even plants!) in order to frequently recon�gure

their physical environment for different types of work, and for teams to

emerge and evolve their own space.34 In their 2012 book Make Space, Scott

Doorley and Scott Witthoft present many other creative ideas for

arranging physical space in ways that ignite creativity and useful team

interactions.35

CASE STUDY: STREAM-ALIGNED OFFICE LAYOUT FOR

FLOW-BASED COLLABORATION AT AUTO TRADER

Dave Whyte, Operations Engineering Lead, Auto Trader

Andy Humphrey, Head of Customer Operations, Auto Trader

Back in 2013, as we started to move from a print-based business with

many different offices around the country to a 100% digital business,

we began to look at ways we could improve collaboration and

optimize for the flow of work. We reorganized from fifteen offices

into three, with our main office in Manchester, UK, on only two

floors. e working environment was created to be as open plan as

possible, with all senior managers sitting with their teams and no

private offices. is made it much easier for people to communicate

with each other, and we finally started bridging the gap between “the

business” and IT.

Our new offices were built for collaboration, from the way the

desks could be laid out to the limits on the number of monitor

screens that one person could have at their desk (to avoid people

“hiding” behind screens). Over the past few years, we have



experimented with different office layouts and seating plans to help

the right teams communicate and to promote flow:

• Organizing technical and non-technical teams on the same floors

and in the same areas: is helped break down barriers between

departments that shared the same goals and customers. e

equipment given to sales, product, service, and technology became

more aligned so that we could share tools more widely and work in

the same way (e.g., all our sales and service colleagues have

laptops; you don’t have to be a rockstar developer to get a

MacBook anymore).

• Clear-desk policy: We provided lockers for personal belongings and

encouraged people to move around the office and sit where they

needed to be that day in order to add value and not be limited to

sitting at the same desk in the same team.

• Technology restrictions: e desks were designed with single

monitors so that people could see those sitting opposite them and

interact more freely. It was common for some technical staff to

have two or three monitors, so this was not popular; but it’s an

interesting example of becoming a digital organization by actually

restricting the use of some technology in order to meet the goal of

being more collaborative. e desks even had recessed legs,

creating a bench effect, so that people could move between them

without snagging [their] legs—helping pairing and sitting with

other people.

• Writable walls: To encourage more informal, creative

conversations, the walls were made writable so that people could

draw as they discussed, whether they were in a corridor or next to

a car. Most meeting rooms were made of glass so that people could

see who was in there and work out if they needed to be in there

too. We also created more informal meeting spaces—sofas, soft



chairs, etc.—so that people could sit down for a chat with a

colleague without needing to plan a meeting room in advance.

• Event spaces: We also have event spaces designed into all our

buildings, so we can get together as a company and even invite our

local community by hosting events and meetups that help us get to

know and work with people outside our organization.

We now have all the people in a certain business division sitting

together. For example, private advertising is one of our business

areas, handling vehicle sales by private individuals, and everyone

involved in this stream of business sits on the same floor: marketing

people, sales people, developers, testers, product managers, and so

on. is means that everyone in the same business stream can “feel

the pain” together and all decisions are more jointly owned. We have

found that you start seeing things from other people’s viewpoints

when you sit with them.

Our office layout is quite deliberately designed to help flow and

specific collaboration. We based our teams loosely on the model from

Spotify, so we have squads of around eight people that build specific

parts of a system, and collections of squads known as tribes. Each

squad has its own team area located close to other squad areas from

the same tribe. is enables squads from the same tribe to talk easily

to each other—collaborating on similar parts of the system—while

being physically separated from other tribes by walls and floors.

is layout helps teams focus on their business stream area,

minimizing the need to talk with teams from other business areas to

get their day-to-day work done. We bring teams together for cross-

tribe learning by holding regular guild learning sessions and evening

meetups.



e virtual environment is increasingly important as many organizations

adopt a remote-�rst policy. e virtual environment comprises digital

spaces such as a wiki, internal and external blogs and organization

websites, chat tools, work tracking systems, and so forth. Effective remote

work goes beyond having the necessary tools; teams need to agree on

ground rules around working hours, response times, video conferencing,

tone of communication, and other practical aspects that, if

underestimated, can make or break a distributed team, even when all the

right tools are available. In their 2013 book Remote: Office Not Required,

Jason Fried and David Heinemeir Hansson go through how to address

these and many other important aspects for remote teams.36

From an efficient-communication perspective, the virtual environment

should be easy to navigate, guiding people to the right answer quickly. In

particular, chat tools should have channel names or space names that are

easy to predict and search for, with pre�xes to group chats:

#deploy-pre-production

. . .

#practices-engineering

#practices-testing

. . .

#support-environments

#support-logging

#support-onboarding

. . .

#team-vesuvius

#team-kilimanjaro

#team-krakatoa

In a virtual environment, it can be useful to use naming conventions in

usernames to make it easy for people to identify who’s in a particular

team, especially if that team is a central X-as-a-Service team, providing a



platform or component (more on this in Chapter 5). Instead of simply “Jai

Kale” as the display name within the chat tool and wiki, use something like

“[Platform] Jai Kale” to identify that Jai Kale is in the platform team.

Warning: Engineering Practices Are

Foundational

At the end of the day, technology teams need to invest in proven team

practices like continuous delivery, test-�rst development, and a focus on

software operability and releasability. Without them, all the effort

invested in a team-�rst approach to work and �ow will be greatly

undermined or at least underachieved.

Continuous delivery practices support hypothesis-driven development

and automation, operability practices provide early and ongoing

operational checks and discovery, testability practices and test-�rst

development enhance the design and �tness for purpose of solutions, and

releasability practices ensure delivery pipelines are treated as a �rst-grade

product. All of them are critical for fast �ow and require an ongoing effort

by all engineering teams.

Summary: Limit Teams’ Cognitive Load and

Facilitate Team Interactions to Go Faster

In a fast-changing and challenging context, teams are more effective than

groups of individuals. Successful organizations—from the US military to

corporations large and small—treat the team as the fundamental means of

getting work done. Teams are generally small, stable, and long lived,

allowing team members the time and space to develop their working

patterns and team dynamics.



Importantly, due to limits on team size (Dunbar’s number), there is an

effective upper limit on the cognitive load that a single team can bear. is

strongly suggests a limit on the size of the software systems and

complexity of domains that any team should work with. e team needs to

own the system or subsystems they are responsible for. Teams working on

multiple codebases lack ownership and, especially, the mental space to

understand and keep the corresponding systems healthy.

e team-�rst approach provides opportunities for many kinds of

people to thrive in an organization. Instead of needing a thick skin or

resilience in order to survive in an organization that atomizes individuals,

people in a team-�rst organization have the space and support to develop

their skills and practices within the context of a team.

Crucially, because communication between individuals is de-

emphasized in favor of communication between teams for day-to-day

work, the organization supports a wide range of communication

preferences, from those people who communicate best one to one to those

who like large group conversations. Furthermore, the effect of previously

destructive individuals is curtailed. is humanistic approach is a huge

bene�t of choosing teams �rst.



PART II

Team Topologies that

Work for Flow



KEY TAKEAWAYS

CHAPTER 4

Ad hoc or constantly changing team design slows down software

delivery.

ere is no single de�nitive team topology but several inadequate

topologies for any one organization.

Technical and cultural maturity, org scale, and engineering discipline

are critical aspects when considering which topology to adopt.

In particular, the feature-team/product-team pattern is powerful but

only works with a supportive surrounding environment.

Splitting a team’s responsibilities can break down silos and empower

other teams.

CHAPTER 5

e four fundamental team topologies simplify modern software team

interactions.

Mapping common industry team types to the fundamental topologies

sets up organizations for success, removing gray areas of ownership and

overloaded/underloaded teams.

e main topology is (business) stream-aligned; all other topologies

support this type.

e other topologies are enabling, complicated-subsystems, and

platform.

e topologies are often “fractal” (self-similar) at large scale: teams of

teams.

CHAPTER 6

Choose software boundaries using a team-�rst approach.



Beware of hidden monoliths and coupling in the software-delivery

chain.

Use software boundaries de�ned by business-domain bounded

contexts.

Consider alternative software boundaries when necessary and suitable.



I

4 Static Team Topologies

Instead of structuring teams according to technical know-how or

activities, organize teams according to business domain areas.

—Jutta Eckstein, “Feature Teams—Distributed and

Dispersed,” in Agility Across Time and Space

n Part I, we saw the strong pull that Conway’s law exercises on system

architecture by mirroring team structures and communication paths in

the �nal product design. We also highlighted that efficient software

delivery requires a team-�rst approach that relies on long-lived

autonomous teams achieving fast �ow. Part II will focus on how we put

these two ideas together in a way that maximizes �ow yet respects the

cognitive limits of teams.

In Chapter 4, we start with the need to intentionally design teams, and

to understand that good and bad team patterns are a factor of many

aspects, like org size, maturity, and software scale. Today, the prevailing

way to set up or reorganize teams is ad hoc, focused on immediate needs

rather than the ability to adapt in the long run.

In order to be as effective as possible, we need to consciously design our

teams rather than merely allow them to form accidentally or haphazardly.

We call these consciously designed team structures team topologies, a

term that acknowledges that teams should be deliberately “placed” into

organizations while also referring to the boundary of responsibility of

each team.



In this chapter, we’ll take a look at examples of static team topologies

—that is team structures and interactions that �t a speci�c organization’s

context at a given point in time. In particular, we will draw from the

catalog of DevOps Topologies, which makes for a good, approachable

starting point for many organizations.

But �rst, let’s look at a couple of common anti-patterns that result

from ad hoc team design.

Team Anti-Patterns

As we’ve seen so far, the way in which people are organized into teams for

building and operating software systems has a strong effect on the nature

of the resulting systems, following Conway’s law.

When organizations do not explicitly think about team structures and

patterns of interaction, they encounter unexpected difficulties building

and running software systems. In our work with clients, we’ve seen the

occurrence of two particular anti-patterns for team formation across

organizations of different sizes.

e �rst anti-pattern is ad hoc team design. is includes teams that

have grown too large and been broken up as the communication overhead

starts taking a toll, teams created to take care of all COTS software or all

middleware, or a DBA team created after a software crash in production

due to poor database handling. Of course, all of these situations should

trigger some action, but without considering the broader context of the

interrelationships between teams, what seems like a natural solution

might slow down delivery and eat away at the autonomy of teams.

e other common anti-pattern is shuffling team members. is leads

to extremely volatile team assembled on a project basis and disassembled

immediately afterward, perhaps leaving one or two engineers behind to

handle the “hardening” and maintenance phases of the application(s).

While there is a sense of higher �exibility and a perceived ability to



respond faster to deadlines, the cost of forming new teams and switching

context repeatedly gets overlooked (or is unconsciously factored in the

project estimates). A computer will perform the same whether it is placed

in Room A or Room B, but an engineer placed on Team A may perform

very differently than if placed on Team B.

Organizations must design teams intentionally by asking these

questions: Given our skills, constraints, cultural and engineering maturity,

desired software architecture, and business goals, which team topology

will help us deliver results faster and safer? How can we reduce or avoid

handovers between teams in the main �ow of change? Where should the

boundaries be in the software system in order to preserve system viability

and encourage rapid �ow? How can our teams align to that?

Design for Flow of Change

Organizations that build and run large-scale software systems are turning

to organization designs that emphasize the �ow of change from concept to

working software—what we might call “low friction” software delivery.

Older organizational models—with functional silos between different

departments, heavy use of outsourcing, and repeated hand-offs between

teams—do not provide the safety at speed or the organizational feedback

mechanisms necessary for the ongoing evolution of business services

needed to respond to customer and market conditions on a daily basis. As

Naomi Stanford points out, “an organization has a better chance of success

if it is re�ectively designed.”1

Spotify provides a good example of explicit organizational design to

improve the effectiveness of software delivery and operations, as

described by Henrik Kniberg and Anders Ivarsson in their 2012 blog post,

“Scaling Agile @ Spotify.”2 Known as “e Spotify Model,” technical staff at

Spotify are arranged into small, autonomous, cross-functional squads,



each with a long-term mission and comprised of around �ve to nine

people. Several squads that work on similar areas are collected into a tribe,

a sort of affinity grouping of squads. e squads within a tribe are familiar

with the work of other squads and coordinate inside the tribe.

Engineers within a tribe with similar skills and competencies share

practices through a chapter. So, for example, all the testers across six

squads in a tribe could be part of a testers chapter. Line management also

happens via chapters, but the line manager (the chapter lead) is also part

of the day-to-day work of a squad, not an aloof manager. Spotify also uses

a more diffuse “guild,” akin to a community of practice, that can include

people from across multiple tribes, chapters, and squads. “Chapters and

guilds . . . [are] the glue that keeps the company together, [providing]

economies of scale without sacri�cing too much autonomy.”3

Many organizations have mistakenly copied the Spotify model without

understanding the underlying purpose, culture, dynamics, or trajectory of

the Spotify team arrangements. As Kniberg and Ivarsson clearly state in

their post: “We didn’t invent this model. Spotify is (like any good Agile

company) evolving fast. is article is only a snapshot of our current way

of working—a journey in progress, not a journey completed.”4

It is essential that organizations take into account more than a static

placement of people when looking at the design of team interactions.

Shape Team Intercommunication to Enable Flow and

Sensing

Many organizations have signi�cant �aws in the way their teams interact

as part of building and running software systems. Speci�cally, such

organizations seem to assume that software delivery is a one-way process,

leading from speci�cation to design, from design to coding, from coding to

testing and releasing, and from releasing to business as usual (BAU)

operation (see Figure 4.1).



Figure 4.1: Organization not Optimized for Flow of Change

Traditional �ow of change in an organization not optimized for �ow, with a series of groups

owning different activities and handing over the work to the next team. No information �ows

back from the live systems into teams building the software.

is linear, stepwise sequence of changes—usually with separate

functional silo divisions for each stage—(as seen in Figure 4.1)—is

completely incompatible with the speed of change and complexity of

modern software systems. e assumption that the software-development

process has little or nothing to learn from how the software runs in the

live environment is fundamentally �awed. On the contrary, organizations

that expose software-development teams to the software running in the

live environment tend to address user-visible and operational problems

much more rapidly compared to their siloed competitors (see Figure 4.2 on

page 65).



Figure 4.2: Organization Optimized for Flow of Change

Organizations set up for fast �ow avoid hand-offs by keeping work within the stream-aligned

team, and they ensure that the rich set of operational information �ows back into the team.

In Accelerate, Nicole Forsgren, Jez Humble, and Gene Kim collected

data on the software-development practices of hundreds of organizations

around the world, which led them to conclude that “we must . . . ensure

delivery teams are cross-functional, with all the skills necessary to design,

develop, test, deploy, and operate the system on the same team.”5

Organizations that value information feedback from live (production)

systems can not only improve their software more rapidly but also develop

a heightened responsiveness to customers and users.

is superior “sensing” ability comes from treating frontline staff and

teams as highly valuable sources of signals about the market and

environment in which the organization is operating.

When we apply this kind of sensing not only at the edges of the

organization but also inside the organization—between teams—we can

provide a radically enhanced strategic capability for rapidly discovering

de�ciencies in platforms, services, and interfaces, enabling us to address

these problems early and thereby improve the effectiveness of IT as a

whole. (We will look further at this organizational sensing in Part III.)

DevOps and the DevOps Topologies

is kind of organizational sensing “nirvana,” with cross-functional teams

that build, test, and operate their own software, was an unfamiliar concept

to most organizations back in 2009. By then, the classic anti-pattern in

team design and interactions of completely separating responsibilities

between development and operations teams (among others) was

prevalent, with software releases being thrown over the “fence” or “wall”

and communication mostly accomplished through tickets. In the DevOps

world, this became known as the “wall of confusion.”



e DevOps movement emerged around 2009 due to this growing

friction between Dev and Ops, highlighted by an increased pressure on

operations teams to deploy more often as Agile became more mainstream.

e problem was that many organizations adopting Agile were not

explicitly addressing the gap between software delivery speed and

operations teams’ capacity to provide resources or deploy updates. e

misalignment between teams became more and more evident, leading to

poor behaviors and lack of focus on the �ow of work.

A key contribution of DevOps was to raise awareness of the problems

lingering in how teams interacted (or not) across the delivery chain,

causing delays, rework, failures, and a lack of understanding and empathy

toward other teams. It also became clear that such issues were not only

happening between application development and operations teams but in

interactions with many other teams involved in software delivery, like QA,

InfoSec, networking, and more.

Even though many people see DevOps as fundamentally addressing

technological aspects of automation and tooling, only organizations that

also address fundamental misalignments between teams are able to

achieve the full potential bene�ts from adopting DevOps.

DevOps Topologies

e DevOps Topologies catalog, originally created by Matthew Skelton in

2013 and later expanded by Manuel Pais, is an online collection of team

design and interactions patterns and anti-patterns that work well for kick-

starting conversations around team responsibilities, interfaces, and

collaboration between technology teams.6 Crucially, successful patterns

are strongly dependent on contextual aspects, like organization and

product size, engineering maturity, and shared goals.

e topologies became an effective reference of team structures for

enterprise software delivery; however, they were never meant to be static

structures, but rather a depiction of a moment in time in�uenced by



multiple factors, like the type of products delivered, technical leadership,

and operational experience. e implicit idea was that teams should evolve

and morph over time.

is chapter presents some of the patterns in the DevOps Topologies

catalog to help illustrate the thinking around choosing team structures

with organization context and needs in mind. It is not intended to be a

deep dive into the DevOps Topologies that are available online; instead, it

is a helpful introduction to team design for technology teams applied to

DevOps. e rest of the book will focus on the broader context of business

and technology teams at large, beyond DevOps.

e DevOps Topologies re�ect two key ideas: (1) ere is no one-size-

�ts-all approach to structuring teams for DevOps success. e suitability

and effectiveness of any given topology depends on the organization’s

context. (2) ere are several topologies known to be detrimental (anti-

patterns) to DevOps success, as they overlook or go against core tenets of

DevOps. In short, there is no “right” topology, but several “bad” topologies

for any one organization.

Successful Team Patterns

An inadequate choice of topology doesn’t necessarily mean that the

desired outcomes aren’t good. It’s often the case that a given topology

doesn’t yield those outcomes because there is a focus on the new team

structure but not enough consideration about the surrounding teams and

structures. e success of different types of teams does not depend solely

on team members’s skills and experience; it also depends on (perhaps

most importantly) the surrounding environment, teams, and interactions.

Feature Teams Require High-Engineering Maturity

and Trust



Let’s take the example of feature teams. We consider a feature team to be a

cross-functional, cross-component team that can take a customer facing

feature from idea all the way to production, making them available to

customers and, ideally, monitoring its usage and performance. Are these a

pattern or an anti-pattern? As you might have guessed by now, it depends.

A cross-functional feature team can bring high value to an

organization by delivering cross-component, customer-centric features

much faster than multiple component teams making their own changes

and synchronizing into a single release. But this can only happen when the

feature team is self-sufficient, meaning they are able to deliver features

into production without waiting for other teams.

e feature team typically needs to touch multiple codebases, which

might be owned by different component teams. If the team does not have

a high degree of engineering maturity, they might take shortcuts, such as

not automating tests for new user work�ows or not following the “boy-

scout rule” (leaving the code better than they found it). Over time, this

leads to a breakdown of trust between teams as technical debt increases

and slows down delivery speed.

A lack of ownership over shared code may result from the cumulative

effects of several teams working on the same codebase unless inter-team

discipline is high.

Around 2015, Ericsson moved to a DevOps approach to building and

running software for emerging telecom business areas, such as “Software-

De�ned Networking” or “Network Functions Virtualization.”7 Teams in

this space became responsible for developing and supporting their

software in production.

Some of Ericsson’s large-scale projects, comprised of multiple

subsystems, require teams working across multiple sites. Each team is

composed of �ve to nine members, and a single subsystem might be

developed by multiple teams. However, teams must include all the core

capabilities/roles to develop and maintain their own features in a largely



independent fashion. Occasionally, very large features are worked on

simultaneously by a few colocated teams, acting as a single, larger feature

team.

However, while inter-team communication and dependencies were

greatly reduced with teams working on intra-subsystem features, someone

still had to keep oversight of the system as a whole and ensure subsystems

integrated and interacted according to the desired user experience,

performance, and reliability. erefore, speci�c roles were created, such as

system architects, system owners, or integration leads. Crucially, people in

these roles work across the entire project/organization sort of like

“communication conduits,” with direct and frequent interaction with

feature teams. ey support them on cross-subsystem concerns (such as

interfaces and integration) to allow them to maintain a regular feature

delivery cadence.

Product Teams Need a Support System

Product teams (identical in purpose and characteristics to a feature team

but owning the entire set of features for one or more products) still

depend on infrastructure, platform, test environments, build systems, and

delivery pipelines (and more) for their work to become available to end

users. ey might have full control over some of these dependencies, but

they will likely need help with others due to the natural cognitive and

expertise limits of a team (as explained in Chapter 3).

e key for the team to remain autonomous is for external

dependencies to be non-blocking, meaning that new features don’t sit idle,

waiting for something to happen beyond the control of the team. For

example, it’s extremely difficult to ensure that a separate QA team will be

available to evaluate a new feature exactly when the product team �nishes

it. Teams have different workloads, priorities, and problems; and generally,

there’s too much uncertainty in building and running software systems for

a pre-de�ned schedule to succeed in coordinating multiple teams on the



same stream of work. Insisting on this approach inevitably leads to wait

times and delays.

Non-blocking dependencies often take the form of self-service

capabilities (e.g., around provisioning test environments, creating

deployment pipelines, monitoring, etc.) developed and maintained by

other teams. ese can be consumed independently by the product teams

when they need them.

For example, Microsoft has been using product teams since the 1980s.

With the availability of Azure as an IaaS and PaaS solution for Microsoft

products and services, teams within Microsoft are able to consume

infrastructure and platform features “as a service.” is allows teams to

signi�cantly increase delivery speed. In particular, the teams building the

Visual Studio product have undergone a radical transformation from a

desktop-�rst, multi-month delivery cycle, to a cloud-�rst, daily/weekly

delivery cycle.8

Creating product teams without a compatible support system,

consisting of easy-to-consume services (preferably via a platform-oriented

approach) and readily available expertise for tasks that the team is

unfamiliar with, creates more bottlenecks. Product teams end up

frequently waiting on “hard dependencies” to functional teams (such as

infrastructure, networking, QA). ere is increased friction as product

teams are pressured to deliver faster, but they are part of a system that

does not support the necessary levels of autonomy.

Cloud Teams Don’t Create Application Infrastructure

Cloud teams that are, for the most part, a rebranding of traditional

infrastructure teams will fail to take advantage of the speed and scalability

that the cloud offers. If the cloud team simply mimics the current

behaviors and infrastructure processes, the organization will incur the

same delays and bottlenecks for software delivery as before.



Product teams need autonomy to provision their own environments

and resources in the cloud, creating new images and templates where

necessary. e cloud team might still own the provisioning process—

ensuring that the necessary controls, policies, and auditing are in place

(especially in highly regulated industries)—but their focus should be in

providing high-quality self-services that match both the needs of product

teams and the need for adequate risk and compliance management.

In other words, there needs to be a split between the responsibility of

designing the cloud infrastructure process (by the cloud team) and the

actual provisioning and updates to application resources (by the product

teams).

SRE Makes Sense at Scale

Site Reliability Engineering is an approach to the operation and

improvement of software applications pioneered by Google to deal with

their global, multi-million-user systems. If adopted in full, SRE is

signi�cantly different from IT operations of the past, due to its focus on

the “error budget” (namely de�ning what is an acceptable amount of

downtime) and the ability of SRE teams to push back on poor software.

People on SRE teams need excellent coding skills and—crucially—a

strong drive (and bandwidth) to automate repetitive Ops tasks using code,

thereby continually reducing toil. Ben Treynor, Vice President of

Engineering at Google, said that SRE is “what happens when you ask a

software engineer to design an operations function.”9

e SRE model sets up a healthy and productive interaction between

the development and SRE teams by using service-level objectives (SLOs)

and error budgets to balance the speed of new features with whatever

work is needed to make the software reliable.

TIP



SRE teams are not essential; they are optional.

That’s right: not every development team at Google uses SRE. “Downscale

the SRE support if your project is shrinking in scale, and �nally let your

development team own the SRE work if the scale doesn’t require SRE

support,” said Jaana B. Dogan, SRE at Google.10

e SRE approach is a highly dynamic approach to building and

running large-scale software systems. e SRE team has several different

interactions with application development teams at different times,

depending on various factors: how many users the software application

has, how reliable the software is, how available the software needs to be

from a product perspective, etc. Figure 4.3 illustrates this.

Figure 4.3: Relationship between SRE Team and Application Team

e relationship between an SRE team and an application-

development team changes at different points of the software’s life and



SRE teams have a strong

relationship with one or

more application-

development team, a kind

of af�nity. In this respect,

we can see the SRE model

as a special kind of stream-

aligned team.

even month by month. Initially (#1 in Figure

4.3), the application development team alone

builds and runs the software in production

until the scale merits SRE help. During a

second stage (#2 in Figure 4.3), as the

application usage increases, SRE provides

guidance (represented in green) to the

application development team on how to

make the application work better at global scale. Later, SRE becomes fully

involved by running and supporting the application (but still collaborating

with the application team) when the scale merits it (#3 in Figure 4.3). At

this point, the product owner for the application must decide a suitable

service-level objective with a corresponding error budget. If at some point

(#4 in Figure 4.3) the application becomes too difficult to support due to

lack of operability, or if the application usage drops off, the application

team takes on operational responsibility again. If the application’s

operability improves sufficiently (to meet the error budget) and

application usage also increases, the relationship might go back to stage

#3.

e dynamic interaction between SRE and application-development

teams is part of what makes the SRE approach work so well for Google and

similar organizations: it recognizes that building and running software

systems is a sociotechnical activity, not an assembly line in a factory.

e SRE model is not an easy option, however. Dave Rensin, Director

of Customer Reliability Engineering at Google Cloud, says “achieving

Google-class operational rigor requires a sustained commitment on your

part.”11 SRE is a dynamic balance between a commitment to operability

from the application-development team and expertise from the SRE team.

Without a high degree of engineering discipline and commitment from

management, this �ne balance in SRE can easily degrade into a traditional



“us and them” silo that leads to repeated service outages and mistrust

between teams.

Considerations When Choosing a Topology

An organization’s context in�uences the successful setup of certain types

of teams, as is apparent from the many team-structure examples we just

provided. Next, we will outline different factors to take into account when

selecting a topology.

Technical and Cultural Maturity

Organizations at different stages of technical and cultural maturity will

�nd different team structures to be effective. For example, by 2013, both

Amazon and Net�ix had a well-established strategy, using cross-functional

teams with end-to-end responsibility for the services they provided to the

rest of the organization.12

Meanwhile, traditional organizations adopting Agile—moving to

smaller batches of delivery—often lacked the mature engineering

practices required to keep a sustainable pace over time (such as automated

testing, deployment, or monitoring). ey could bene�t from a temporary

DevOps team with battle-tested engineers to bring in expertise and, more

importantly, bring teams together by collaborating on shared practices

and tools.

However, without a clear mission and expiration date for such a

DevOps team, it’s easy to cross the thin line between this pattern and the

corresponding anti-pattern of yet another silo (DevOps team) with

compartmentalized knowledge (such as con�guration management,

monitoring, deployment strategies, and others) in the organization.

On the other hand, for a large enterprise where successful DevOps

adoption across the board requires both top-down and bottom-up



alignment, it makes sense to invest in a team of DevOps evangelists that

raise awareness and are vocal about initial achievements in other parts of

the organization.

Organization Size, Software Scale, and Engineering

Maturity

As we’ve seen, choosing a good team topology is highly dependent on the

situational context of the organization and teams within it. At the very

least, organization size (or software scale) and engineering maturity

should in�uence which topologies are chosen in a DevOps context, as

shown in Figure 4.4.

Figure 4.4: In�uence of Size and Engineering Maturity on Choice of Topologies

Organization size (or software scale) and engineering discipline in�uence the effectiveness of

team interaction patterns.



Low maturity organizations will need time to acquire the engineering

and product development capabilities required for autonomous end-to-end

teams. Meanwhile, more specialized teams (development, operations,

security, and others) are an acceptable trade-off, as long as they collaborate

closely to minimize wait times and quickly address issues. For a moderate

scale of organization or software, patterns that emphasize close

collaboration between teams at speed work well. As the size of the

organization or software scale increases, focusing on providing the

underlying infrastructure or platform as a service brings important

bene�ts in terms of user-facing service reliability and the ability to meet

customer expectations. If the organization has a high level of engineering

maturity and discipline, then the SRE model described earlier may be

effective at scale as well.

Splitting Responsibilities to Break Down Silos

Sometimes we can remove or lessen dependencies on speci�c teams by

breaking down their set of responsibilities and empowering other teams to

take some of them on. For example, a pattern increasingly adopted in

many organizations over the past few years has been to separate the

activities of database development (DB Dev) from database administration

(DBA).

e activities of DB Dev and DBA had often been joined in a functional

silo of the database team, but the need for more rapid �ow of change,

coupled with a reduction in the use of shared databases, makes it more

effective to split these roles. In practice, the DBA role typically becomes

part of a platform, whether internally run or as part of a cloud provider’s

Database-as-a-Service offering. (See Chapter 5 for more details about

platforms.)

All the examples we mentioned so far highlight the importance of

thinking about teams’ capabilities (or lack thereof) and how that causes

dependencies between teams. Instead of simply replicating teams or



adding more people when workload increases, it’s important to think

about which dependencies between teams we should remove and which we

should explicitly accept, because we see more bene�ts than disadvantages.

(See Chapter 5 and Chapter 7 for more details about the relationships

between teams.)

Dependencies and Wait Times between Teams

To achieve teams that have well-de�ned responsibilities, can work

independently, and are optimized for �ow, it is essential to detect and

track dependencies and wait times between teams. In Making Work Visible,

Dominica DeGrandis recommends the use of a Physical Dependency

Matrix or “dependency tags” on kanban cards to identify and track

dependencies, and infer the communication needed to make these

dependencies work well: “Visualizing important cross-team information

helps communicate across teams.”13

In their 2012 paper, “A Taxonomy of Dependencies in Agile Software

Development,” Diane Strode and Sid Huff propose three different

categories of dependency: knowledge, task, and resource dependencies.14

Such a taxonomy can help pinpoint dependencies between teams and the

potential constraints to the �ow of work ahead of time.

Whichever tool is used, it is important to track the number of

dependencies per area, and to establish thresholds and alerts that are

meaningful for a particular situation. e number of dependencies should

not be allowed to increase unchecked. Instead, such an increase should

trigger adjustments in the team design and dependencies.

TIP

Detect and track interdependencies.

Spotify relies on a simple spreadsheet to detect and track

interdependencies between squads and tribes. It highlights whether a

dependency is on a squad within the same tribe (acceptable) or in a



different tribe (potentially a warning that team design or work assignment is

wrong). The tool also tracks how soon the dependency will impact the �ow of

the depending team.

Using DevOps Topologies to Evolve the

Organization

So far we’ve addressed multiple aspects that impact the effectiveness of

certain topologies at a given point in time. But organizations, teams, and

strategies change over time, either via an intentional course of action (e.g.,

DevOps dojos to improve teams’ cultural and engineering maturity) or due

to changes in markets and technology.

While many organizations looked at the DevOps Topologies catalog for

“snapshot” advice on effective team structures, some went a couple of

steps further by thinking of an evolutionary path, from a topology that

makes the most sense in today’s context to an end goal that matches

expected changes in organizational capabilities and constraints.

What follows are a couple of industry examples of DevOps

transformations strongly in�uenced by evolving DevOps Topologies over

time to adapt to new contexts.

Pulak Agrawal, Continuous Delivery Architext, and Jonathan

Hammant, UKI DevOps Lead, told us �rsthand how they’ve used the

DevOps Topologies patterns to evolve organizations Accenture consults

for—in particular, at a healthcare client they started with a DevOps team

back in April 2017. ey soon realized they had fallen into an anti-pattern

because the tooling expertise brought in by the DevOps team ended up in

a silo.

In January 2018, they evolved their team structures in order to bring

development, operations, and the DevOps tooling team closer together.

Pulak described to us how this took place:



We delivered an Infrastructure as Code (IaC) project on our client’s

Azure infrastructure, automatically installing, configuring, and

operating an enterprise document management product. We utilized

an “Ops as Infrastructure-as-a-Service” pattern for this project. is

included early involvement from the Ops team who were checking in

operational code and developers who focused on non-functional

production requirements from day one. Individuals from the siloed

tooling team from the earlier stage were present to help support the

infrastructure while this happened.15

A third stage of evolution aimed to build on their earlier success and

fully transition the DevOps team from an execution role to an

evangelizing one, so that development and operations teams would

become self-sufficient and collaborate around automation of the required

steps. Pulak explained:

e [DevOps] team is now evolving into a “DevOps Evangelists team”

pattern, working with the client to educate and enable the individual

project teams, so they make themselves obsolete along the way. ey

will automate the development and operations steps, implement

monitoring and alerting solutions. ey will then look to make

development and operations own the automation and execution of it

themselves.16

In Part III of the book, we will look in more detail at the evolution of

team topologies in a broader context, beyond DevOps.

CASE STUDY: EVOLUTION OF TEAM TOPOLOGIES AT

TRANSUNION (PART 1)



Ian Watson, Head of DevOps, TransUnion

TransUnion (formerly Callcredit) is the UK’s second largest credit reference

agency (CRA), with international offices in Spain, the US, Dubai, and

Lithuania. ey provide expert services for managing consumer data for

businesses across every sector around the world, helping businesses and

consumers make more informed, con�dent decisions.

Ian Watson, Head of DevOps at TransUnion from 2015 to 2018,

recalls how the DevOps Topologies helped them guide their growth over

time.

In 2014, our technology group within TransUnion began a major

expansion to meet growing demand for software-based analytical

solutions. We knew that in order to scale effectively, we had to

consider the interrelationships between different technology teams.

We turned to the DevOps Topologies patterns to help us plan out our

digital transformation. We wanted to bring development (Dev) and

operations (Ops) closer together but avoid a separate “DevOps team.”

Instead, we adopted a hybrid model, with two temporary DevOps

teams collaborating to help bring Dev and Ops together over time.

We realized that our DevOps journey at TransUnion needed to be

based on the evolution of team relationships, not a static

reconfiguration. e DevOps Topologies patterns helped us to reason

about how our digital transformation would happen and accelerated

our adoption of cloud technologies and automation approaches. e

patterns helped us avoid some pitfalls, like a separate DevOps team,

and helped define team responsibilities more effectively. We’ve been

able to scale our technology division significantly over the past four

years, with great results.



Summary: Adopt and Evolve Team

Topologies that Match Your Current Context

Setting up new team structures and responsibilities reactively, triggered by

the need to scale a product, adopt new technologies, or respond to new

market demands, can help in the present moment but often fails to

achieve the speed and efficiency of well thought-out topologies.

Because those decisions are often made on an individual team basis,

they lack consideration for important organization-wide factors, like

technical and cultural maturity, organization size, scale of the software,

engineering disciple, or inter-team dependencies. e result is team

structures optimized for problems that are temporary or limited in scope,

rather than adaptive to new problems over time.

e “DevOps team” anti-pattern is a quintessential example. On paper,

it makes sense to bring automation and tooling experts in house to

accelerate the delivery and operations of our software. However, this team

can quickly become a hard dependency for application teams if the

DevOps team is being asked to execute steps on the delivery path of every

application, rather than helping to design and build self-service

capabilities that application teams can rely on autonomously.

It is critical to explicitly consider the different aspects at play and

adopt topologies that work given the organizational context (which tends

to evolve slowly), rather than adapting those that solve a particular

problem or need in a given moment in time.

In particular, within a DevOps context the DevOps Topologies can help

shed some light on which topologies work well for which contexts.

Forward-thinking organizations take a multi-stage approach to their team

design, understanding that what works best today might not necessarily

be the case in a few years, or even months from now.



I

5
The Four Fundamental Team

Topologies

e architecture of the system gets cemented in the forms of the

teams that develop it.

—Ruth Malan, “Conway’s Law”

n many organizations, there is a variety of team types and there are even

teams taking on multiple roles (e.g., an infrastructure and tooling team).

is sprawl makes it hard for everyone to visualize the full organizational

landscape: Do we have the right teams in place? Are we lacking capabilities

in some areas that are not being addressed by any team? Does it look like

teams have the necessary balance between autonomy and support by

other teams?

Answering these questions becomes simpler if we reduce the number

of team variations to four fundamental team topologies:

• Stream-aligned team

• Enabling team

• Complicated-subsystem team

• Platform team

When used with care, these are the only four team topologies needed

to build and run modern software systems. When combined with effective



software boundaries (as presented in Chapter 6) and team interactions (as

presented in Chapter 7), the restriction of these four team types acts as a

powerful template for effective organization design (see Figure 5.1 on page

80).

Figure 5.1: e Four Fundamental Team Topologies

e four fundamental team topologies—stream aligned, enabling,

complicated subsystem, and platform—should act as “magnets” for all

team types. All teams should move toward one of these four magnetic

poles; that is, we should prefer these types, and aim to adopt the purpose,

role, responsibility, and interaction behavior of these fundamental types

for every team in our organization. Simplifying the types of teams to just

these four helps to reduce ambiguity within the organization. As was

identi�ed by Jiao Luo and colleagues in research published in 2018,

reduced ambiguity around organizational roles is a key part of success in

modern organization design.1

A large or mid-sized organization is likely to have one or more teams of

each fundamental topology; multiple stream-aligned teams are the

starting point (as we will see in this chapter), but an organization may also



have several platform teams, a few enabling teams for different purposes

(perhaps one addressing CI/CD and a second addressing infrastructure or

architecture), and, if strictly necessary, one or two complicated-subsystem

teams.

NOTE

Where is the Ops team? Where is the support team?

There is no “Ops” team or “support” team in the fundamental topologies,

and this is deliberate. The long-lived teams building the systems are very

close to the live operation of the systems they are building. There is no

“handover” to a separate Ops or support team; even with the SRE pattern

(see Chapter 4), the teams are closely aligned. Stream-aligned teams

follow good software-delivery practices (like continuous delivery and

operability), and they are responsible for live operation, even if very little

code is being written. In effect, Ops and support are largely aligned to

streams. (We will go into how successful organizations manage support

activities in the context of rapid, safe �ow of change later in this chapter.)

Now let’s go into more detail on each of the four fundamental team

topologies.

Stream-Aligned Teams

A “stream” is the continuous �ow of work aligned to a business domain or

organizational capability. Continuous �ow requires clarity of purpose and

responsibility so that multiple teams can coexist, each with their own �ow

of work.

A stream-aligned team is a team aligned to a single, valuable stream of

work; this might be a single product or service, a single set of features, a

single user journey, or a single user persona. Further, the team is

empowered to build and deliver customer or user value as quickly, safely,



and independently as possible, without requiring hand-offs to other teams

to perform parts of the work.

e stream-aligned team is the primary team type in an organization,

and the purpose of the other fundamental team topologies is to reduce the

burden on the stream-aligned teams. As we see later in this chapter, the

mission of an enabling team, for instance, is to help stream-aligned teams

acquire missing capabilities, taking on the effort of research and trials, and

setting up successful practices. e mission of a platform team is to reduce

the cognitive load of stream-aligned teams by off-loading lower level

detailed knowledge (e.g., provisioning, monitoring, or deployment),

providing easy-to-consume services around them.

Because a stream-aligned team works on the full spectrum of delivery,

they are, by necessity, closer to the customer and able to quickly

incorporate feedback from customers while monitoring their software in

production. Such a team can react to system problems in near real-time,

steering the work as needed. In the words of Don Reinertsen: “In product

development, we can change direction more quickly when we have a small

team of highly skilled people instead of a large team.”2

Different streams can coexist in an organization: speci�c customer

streams, business-area streams, geography streams, product streams,

user-persona streams, or even compliance streams (in highly regulated

industries). (See Chapter 6 for details on how to organize work along these

different types of streams.) A stream can even take the form of a micro-

enterprise within a large �rm, with an independent focus and purpose

(e.g., innovating on products that do not exist yet). Whichever kind of

stream of changes a stream-aligned team is aligned to, that team is funded

in a long-term, sustainable manner as part of a portfolio or program of

work, not as a �eeting project.

In a modern software organization, we expect most teams to be stream

aligned. e �ow of work is clear, and each stream has a steady, expectable

�ow of work for the stream-aligned team to prioritize.



is stands in stark contrast to traditional work allocation, whereby

either a large request by a single customer or a set of smaller requests by

multiple customers get translated into a project. Once the project is

approved and funded, several teams will potentially get involved (e.g.,

front-end, back-end, and DBA teams) and be required to �t the new work

into their existing backlog.

CASE STUDY: STRICTLY INDEPENDENT SERVICE

TEAMS AT AMAZON

As far back as 2002, Amazon adopted a team topology that used

highly independent teams. is was a deliberate mandate from CEO

Jeff Bezos to ensure that each service or application in the Amazon

estate was truly independent—acknowledging Conway’s law—and

ensured that the teams would be independent as well.3 Amazon is

also known for limiting the size of its software teams to those that

can be fed by two pizzas, in order to increase accountability and

maximize speed of delivery and discovery.4

Around 2002, Jeff Bezos’ sent a mandate to the Amazon

engineering division that set out very specific rules for team

organization:5

Each team is fully responsible for developing and operating its own

service (whereby a service can be seen as one or more features of

Amazon.com or AWS products).

Each service is provided through an API, either for internal or

external consumption; teams do not interfere or make any

assumptions on other teams’ services architecture or technology.

http://amazon.com/


In line with the principle “you build it, you run it” popularized by

Werner Vogels, CTO of Amazon, “service teams” (as they’re called

internally) must be cross-functional and include all the required

capabilities to manage, specify, design, develop, test, and operate

their services (including infrastructure provisioning and client

support). ese capabilities are not necessarily mapped to

individuals; the team as a whole must provide them. Each individual

has a primary area of expertise, but their contributions are not

limited to it.

ere is very little coordination required between service teams,

leading to a highly distributed and heterogeneous stack of

microservices. Interestingly, there is an exception for testing, as

software development engineers in testing (SDETs) work across the

whole organization, looking to promote good testing practices and

tools across teams (but each team has the day-to-day testing role

embedded). ey also ensure a smooth cross-service, cross-device,

cross-geography user experience. e SDET role provides the kind of

valuable input provided by people in a productivity or tooling team,

facilitating and encouraging good practices across teams.

e Amazon two-pizza-team model is an example of stream-aligned

teams: the teams are substantially independent, have ownership over their

services, and have responsibility for the runtime success of the software

they write. e fact that Amazon has been using this model for over

seventeen years shows how effective it can be to align teams to

independent streams of change.

Capabilities within a Stream-Aligned Team

Generally speaking, each stream-aligned team will require a set of

capabilities in order to progress work from its initial (requirements)



exploration stages to production. ese capabilities include (but are not

restricted to):

• Application security

• Commercial and operational viability analysis

• Design and architecture

• Development and coding

• Infrastructure and operability

• Metrics and monitoring

• Product management and ownership

• Testing and quality assurance

• User experience (UX)

It’s critical not to assume each capability maps to an individual role in

the team; that would mean teams would have to include at least nine

members to match the list above. Instead, we’re talking about being able,

as a team, to understand and act upon the above capabilities. is might

mean having a mix of generalists and a few specialists. Having only

specialized roles would lead to a bottleneck every time a piece of work

depended on a specialist who might be currently busy.

NOTE

Site Reliability Engineering (SRE) teams, pioneered by Google, are really a

special kind of stream-aligned team in the sense that they are responsible

for the reliability of large-scale applications running in production. SRE

teams interact primarily with one or more stream-aligned teams

responsible for developing applications, and the �ow of software change

is very much aligned to a stream.



Why Stream-Aligned Team, Not “Product” or

“Feature” Team?

In the past, many software-delivery frameworks used the terms “product

team” or “feature team” to refer to teams with a remit to deliver valuable

end-to-end software increments, but these days there are many reasons

why talking about streams makes more sense than talking about products

or features. Aligning a team’s purpose with a stream helps to reinforce a

focus on �ow at the organization level—a stream should �ow unimpeded.

With the advent of IoT, embedded devices everywhere, and holistic

approaches to service management, the end-to-end user experience looks

different. Customers interact not just with a discrete piece of software but

with a range of products and devices that all run different kinds of

software, from mobile to embedded to voice-led controls. Customers also

interact with brands via multiple channels (in person, social media,

website, phone), expecting consistent responses and interfaces. In the

book Designing Delivery, Jeff Sussna talks about the need for teams to

include “continuous design” capabilities to meet these challenges: with

continuous design we “treat ideas such as service, feedback, failure, and

learning as �rst-class concepts,” and the best way to enable this is with a

stream-oriented view of change with an emphasis on �ow.6

In this multi-channel, highly connected context, a “product” can mean

very different things, making it hard to understand what the

responsibilities of a “product team” are. For instance, in manufacturing

companies, the product might be a �xed-life physical device built by an

engineering team for a number of years and then disbanded as the product

is superseded.

Not only is the term “stream aligned” more suited to a wider range of

situations than either “product” of “feature,” but “stream aligned” also

incorporates and helps to emphasize a sense of �ow (because a stream

�ows). Finally, not all software situations need products or features



(especially those focused on providing public services), but all software

situations bene�t from alignment to �ow.

Expected Behaviors

As we’ve seen, the mission of stream-aligned teams is to ensure the

smooth �ow of work for a given stream, often related to a business

domain area but not always.

What kind of behaviors and outcomes do we expect to see in an

effective stream-aligned team?

• A stream-aligned team aims to produce a steady �ow of feature

delivery.

• A stream-aligned team is quick to course correct based on feedback

from the latest changes.

• A stream-aligned team uses an experimental approach to product

evolution, expecting to constantly learn and adapt.

• A stream-aligned team has minimal (ideally zero) hand-offs of work

to other teams.

• A stream-aligned team is evaluated on the sustainable �ow of change

it produces (together with some supporting technical and team-

health metrics).

• A stream-aligned team must have time and space to address code

quality changes (sometimes called “tech debt”) to ensure that

changing the code remains safe and easy to do.

• A stream-aligned team proactively and regularly reaches out to the

supporting fundamental-topologies teams (complicated subsystem,

enabling, and platform).

• Members of a stream-aligned team feel they have achieved or are in

the path to achieving “autonomy, mastery, and purpose,” the three



key components of engaged knowledge workers, according to Daniel

Pink.7

(We will provide a more detailed view of how stream-aligned teams

relate to the platform in Chapter 8.)

Enabling Teams

In the book Accelerate, Forsgren, Humble, and Kim tell us that high-

performing teams are continuously improving their capabilities in order to

stay ahead. But how can a stream-aligned team with end-to-end ownership

�nd the space for researching, reading about, learning, and practicing new

skills? Stream-aligned teams are also under constant pressure to deliver

and respond to change quickly.

An enabling team is composed of specialists in a given technical (or

product) domain, and they help bridge this capability gap. Such teams

cross-cut to the stream-aligned teams and have the required bandwidth to

research, try out options, and make informed suggestions on adequate

tooling, practices, frameworks, and any of the ecosystem choices around

the application stack. is allows the stream-aligned team the time to

acquire and evolve capabilities without having to invest the associated

effort (in our experience, such efforts and their impact on the rest of the

team also tend to be dramatically underestimated by ten to �fteenfold).

Enabling teams have a strongly collaborative nature; they thrive to

understand the problems and shortcomings of stream-aligned teams in

order to provide effective guidance. Jutta Eckstein calls them “Technical

Consulting Teams,”8 a de�nition that maps well to what we’d expect a

consulting team to provide (guidance, not execution), whether internal or

external to the organization.



Enabling teams actively avoid becoming “ivory towers” of knowledge,

dictating technical choices for other teams to follow, while helping teams

to understand and comply with organization-wide technology constraints.

is is akin to the idea of “servant leadership” but applied to team

interactions rather than individuals. e end goal of an enabling team is to

increase the autonomy of stream-aligned teams by growing their

capabilities with a focus on their problems �rst, not the solutions per se. If

an enabling team does its job well, the team that it is helping should no

longer need the help from the enabling team after a few weeks or months;

there should not be a permanent dependency on an enabling team.

TIP

Use these heuristics from Robert Greenleaf to guide the behavior and drive

of the enabling team: “Do those served grow as persons? Do they, while

being served, become healthier, wiser, freer, more autonomous?”9

A single enabling team might map to any of the stream-aligned team

capabilities we listed in the previous section (user experience, architecture,

testing, and so on), but often they are focused on more speci�c areas, such

as build engineering, continuous delivery, deployments, or test

automation for particular client technology (e.g., desktop, mobile, web).

For example, the enabling team might set up a walking skeleton of a

deployment pipeline or a basic test framework combining automation

tools and some initial scenarios and examples.

Knowledge transfer between an enabling and a stream-aligned team

can take shape on a temporary basis (when a stream-aligned team adopts a

new technology, like containerization, for instance) or on a long-term

basis (for continuously improving aspects, such as faster builds or faster

test execution). Pairing can be quite effective for some types of practices,

such as de�ning Infrastructure-as-Code.



Expected Behaviors

As we’ve seen, the mission of enabling teams is to help stream-aligned

teams acquire missing capabilities, usually around a speci�c technical or

product management area.

What kind of behaviors and outcomes do we expect to see in an

effective enabling team?

• An enabling team proactively seeks to understand the needs of

stream-aligned teams, establishing regular checkpoints and jointly

agreeing when more collaboration is needed.

• An enabling team stays ahead of the curve in keeping abreast of new

approaches, tooling, and practices in their area of expertise, well

before an actual need is expected from stream-aligned teams. In the

past, this has been the mission of architecture or innovation teams,

but the focus on enabling other teams creates a better dynamic.

• An enabling team acts as a messenger of both good news (e.g.,

“ere’s a new UI automation framework that can reduce our custom

test code by 50%.”) and bad news (e.g., “Javascript framework X,

which we’re using extensively, is no longer actively maintained.”).

is helps with management of the technology life cycle.

• Occasionally, the enabling team might act as a proxy for external (or

internal) services that are currently too difficult for stream-aligned

teams to use directly.

• An enabling team promotes learning not only inside the enabling

team but across stream-aligned teams, acting as a curator that

facilitates appropriate knowledge sharing inside the organization

(supporting what Tom DeMarco and Tim Lister call a “key learning

function.”10



CASE STUDY: ENGINEERING ENABLEMENT TEAM

WITHIN A LARGE LEGAL ORGANIZATION

Robin Weston, Engineering Leader, BCG Digital Ventures

In 2017, I led a year-long consulting engagement with a newly-

formed engineering enablement team within a large legal

organization. e organization’s software development capability was

spread among multiple global teams.

e engineering enablement team was formed in response to a

number of painful symptoms being felt throughout the organization,

such as including long feature lead times, coupled release cycles for

separate systems, low team morale, siloed technical knowledge, and

(most fundamentally) the organization losing ground to competitors

due to the inability to keep up an innovative pace of change.

e enablement team consisted of a number of people with

strong skills and awareness across software engineering disciplines

(application development, build and release, testing, etc.). Crucially,

rather than just bringing in new technology and tools, we focused on

sharing good practices and educating teams. Introducing new build

and deployment tooling without tackling the underlying culture and

development teams’ skills can actually do more harm than good. We

devised and published a “team charter” that we committed to and

shared openly throughout the organization:

Our high-level goal is to enable teams to deliver features

faster and with higher quality. We have an initial eight weeks

to improve the following metrics:

Time taken per successful deployment

Absolute number of successful deployments per day

Time taken to fix a failing deployment



Time from code commit to deployment (cycle time)

Trying to fix engineering issues by mandating them from above is

doomed to failure, as you really need buy-in from the folks working at

the coalface. e enablement team itself was intentionally formed

from a mix of external consultants and developers taken from the

existing teams. To help launch the team and its mission, we ran an

organization-wide workshop, inviting representatives from all global

development teams.

I felt strongly that an engineering enablement team should plan

for its own extinction from the very first day to avoid other teams

becoming dependent. We broadcasted all the work that we were

doing with the aim that all other teams would become self-sufficient.

To this end, we ran mob programming sessions, recorded demos, and

invited every team to our showcases. We estimated that a quarter of

our team’s time was spent actually implementing solutions; the rest

was sharing knowledge.

After the first eight weeks, we saw the following results from our

key metrics:

72% decrease in deployment lead time

700% increase in deployment pipeline runs per day

Deployment pipeline run duration decreased 98% (from ten hours

down to fifteen minutes!)

Failing build fixed within twenty-three hours on average

(previously there had never been a green build!)

Although the absolute numbers themselves weren’t that

impressive, the fact that we could demonstrate clear progress was a

great confidence boost and gave us the trust within the organization

to push for more wide-reaching changes to attack other pain points.



e primary purpose of an enabling team is to help stream-aligned

teams deliver working software in a sustainable, responsible way. Enabling

teams do not exist to �x problems that arise from poor practices, poor

prioritization choices, or poor code quality within stream-aligned teams.

Stream-aligned teams should expect to work with enabling teams only for

short periods of time (weeks or months) in order to increase their

capabilities around a new technology, concept, or approach. After the new

skills and understanding have been embedded in the stream-aligned team,

the enabling team will stop daily interaction with the stream-aligned team,

switching their focus to a different team.

Enabling Team versus Communities of Practice (CoP)

Both enabling teams and communities of practice (CoP) can help to

increase awareness and capabilities within other teams. e members of

an enabling team work on enabling activities full-time, whereas a CoP is a

more diffuse grouping of interested individuals from across several teams,

with an aim to share practices and improve working methods on a weekly

(or monthly) basis. In her book Building Successful Communities of Practice,

Emily Webber says “Communities of practice create the right environment

for social learning, experiential learning, and a rounded curriculum,

leading to accelerated learning for members.”11

Enabling teams and CoP can co-exist because they have slightly

different purposes and dynamics: an enabling team is a small, long-lived

group of specialists focused on building awareness and capability for a

single team (or a small number of teams) at any one point in time, whereas

a CoP usually seeks to have more widespread effects, diffusing knowledge

across many teams. Of course, several enabling teams can also have their

own “enabling-teams community of practice!”

Complicated-Subsystem Teams



A complicated-subsystem team is responsible for building and maintaining

a part of the system that depends heavily on specialist knowledge, to the

extent that most team members must be specialists in that area of

knowledge in order to understand and make changes to the subsystem.

e goal of this team is to reduce the cognitive load of stream-aligned

teams working on systems that include or use the complicated subsystem.

e team handles the subsystem complexity via speci�c capabilities and

expertise that are typically hard to �nd or grow. We can’t expect to embed

the necessary specialists in all the stream-aligned teams that make use of

the subsystem; it would not be feasible, cost-effective, or in line with the

stream-aligned team’s goals.

Examples of complicated subsystems might include a video processing

codec, a mathematical model, a real-time trade reconciliation algorithm, a

transaction reporting system for �nancial services, or a face-recognition

engine.

e critical difference between a traditional component team (created

when a subsystem is identi�ed as being or expected to be shared by

multiple systems) and a complicated-subsystem team is that the

complicated-subsystem team is created only when a subsystem needs

mostly specialized knowledge. e decision is driven by team cognitive

load, not by a perceived opportunity to share the component.

Consequently, we expect to have only a few complicated-subsystem

teams in a Team Topologies–driven organization when compared to the

number of component teams in a traditional structure. (Later in this

chapter, we’ll look at how to map traditional component teams to one of

the fundamental topologies supporting stream-aligned teams.)

Expected Behaviors

As we’ve seen, the mission of complicated-subsystem teams is to off-load

work from stream-aligned teams on particularly complicated subsystems

that need to be developed by a group of specialists.



What kind of behaviors and outcomes do we expect to see in an

effective complicated-subsystem team?

• A complicated-subsystem team is mindful of the current stage of

development of the subsystem and acts accordingly: high

collaboration with stream-aligned teams during early exploration

and development phases; reduced interaction and focus on the

subsystem interface and feature evolution and usage during later

stages, when the subsystem has stabilized.

• With a complicated-subsystem team, delivery speed and quality for

the subsystem is clearly higher than if/when the subsystem was

being developed by a stream-aligned team (before the decision to

split).

• e complicated-subsystem team correctly prioritizes and delivers

upcoming work respecting the needs of the stream-aligned teams

that use the complicated subsystem.

Platform Teams

e purpose of a platform team is to enable stream-aligned teams to

deliver work with substantial autonomy. e stream-aligned team

maintains full ownership of building, running, and �xing their application

in production. e platform team provides internal services to reduce the

cognitive load that would be required from stream-aligned teams to

develop these underlying services.

is de�nition of “platform” is aligned with Evan Bottcher’s de�nition

of a digital platform:

A digital platform is a foundation of self-service APIs, tools, services,

knowledge and support which are arranged as a compelling internal



product. Autonomous delivery teams can make use of the platform to

deliver product features at a higher pace, with reduced

coordination.12

is approach has been successfully adopted in many internet-era

organizations. e platform team’s knowledge is best made available via

self-service capabilities via a web portal and/or programmable API (as

opposed to lengthy instruction manuals) that the stream-aligned teams

can easily consume. “Ease of use” is fundamental for platform adoption

and re�ects the fact that platform teams must treat the services they offer

as products that are reliable, usable, and �t for purpose, regardless of if

they are consumed by internal or external customers. Jutta Eckstein has a

suitable recommendation: “Technical-service teams should always regard

themselves as pure service providers for the domain teams.”13

Peter Neumark, former platform engineer at Prezi, stresses the need

for alignment of purpose between the platform team and the stream-

aligned teams they support: “A platform team’s value can be measured by

the value of the services they provide to product teams.”14

In practice, platform teams are expected to focus on providing a

smaller number of services of acceptable quality rather than a large

number of services with many resilience and quality problems. ere will

always be a need to balance the effort invested with quality. As with

commercial products, the platform can provide different levels of service.

If all the stream-aligned teams ask for “premium level” services (e.g., zero

downtime of the service, auto scaling, self-recovery in case of failure), then

it will likely become impossible for the platform team to cope with

demand.

TIP

Don Reinertsen recommends using internal pricing (for infrastructure and

services) to regulate demand, helping to avoid everyone asking for premium



level.15 An example could be tracking cloud-infrastructure costs by team or

service.

ere is a wide range of boundaries for what a platform can be. A thick

platform might consist of the combination of several inner platform teams

providing a myriad of services. A thin platform could simply be a layer on

top of a vendor-provided solution. (Later in this chapter, we expand on

what constitutes a good platform.)

Platform examples at a lower level of the stack could range from

provisioning a new server instance to providing tools for access

management and security enforcement. A stream-aligned team can then

decide to use these patterns without fearing a lack of in-depth skills or

effort available to acquire them.

NOTE

Common platforms we �nd abstract away infrastructure, networking, and

other cross-cutting capabilities at a lower level of the stack. This is a great

�rst step but, as explained later in this chapter, a platform can refer to a

higher level of abstraction.

Expected Behaviors

As we’ve seen, the mission for a platform team is to provide the underlying

internal services required by stream-aligned teams to deliver higher level

services or functionalities, thus reducing their cognitive load.

What kind of behaviors and outcomes do we expect to see in an

effective platform team?

• A platform team uses strong collaboration with stream-aligned

teams to understand their needs.



• A platform team relies on fast prototyping techniques and involves

stream-aligned team members for fast feedback on what works and

what does not.

• A platform team has a strong focus on usability and reliability for

their services (treating the platform as a product), and regularly

assesses if the services are still �t for purpose and usable.

• A platform team leads by example: using the services they provide

internally (when applicable), partnering with stream-aligned teams

and enabling teams, and consuming lower level platforms (owned by

other platform teams) whenever possible.

• A platform team understands that adoption of internal new services,

like new technologies, is not immediate, but instead evolves along an

adoption curve.

CASE STUDY: SKY BETTING & GAMING—PLATFORM

FEATURE TEAMS (PART 1)

Michael Maibaum, Chief Architect, Sky Betting & Gaming

Sky Betting & Gaming is a British-based gambling company owned by e

Stars Group, with headquarters in Leeds, West Yorkshire, and offices in

Sheffield, London, Guernsey, Rome, and Germany. Founded in 1999, the

company has been a major force for innovation in the online betting and

gaming industry. From around 2009, the company began investing heavily

in in-house technical expertise in order to drive rapid innovation, effective

delivery, and 24/7 operations.

Since I joined the company in 2012, Sky Betting & Gaming (SB&G)

has been a place of almost constant, rapid change. To begin with,

technology at SB&G was an infrastructure focused function, focused

on hosting applications developed by third parties. In 2009, after a



period of relatively slow growth, the business decided it needed to be

able to move faster and have more control.

Our in-house software delivery has always taken an Agile

approach; as it grew, we went through a number of organizational

changes, moving from a small number of scrum teams to many

squads in tribes and sub-tribes. Early in that process, we started

incorporating DevOps into the way we worked. We started with

specific goals in mind and a distinct “seed” team—for example,

improving build and release tools, because while we were successfully

being “Agile” in our software development, we realized we were

having problems delivering it to live efficiently and reliably. Later, we

used DevOps practices as a core part of squads, and eventually we

evolved dedicated reliability teams, combined with operations people

being embedded in the delivery teams.

During this time of rapid growth, we needed to solve the problem

of configuration management, and to make our services more reliable

and to help provide the tools needed to maintain a disaster recovery

(DR) environment in sync with production systems. Drawing from

the lessons of how we started our DevOps journey, we created a

platform evolution team drawn from a mixture of software and

infrastructure backgrounds. e platform evolution team’s first

priority was implementing a configuration management system

using the well-known tool Chef—working to “Chef all the things,”

working through the backlog of existing systems, and trying to

support the rollout of new or changed services.

Soon after this, we started learning some lessons pretty quickly.

e initial implementation of Chef at SB&G was the product of a

centralized function with a specific goal (help fix DR), battling to keep

up with a period of rapid change and expansion. It became clear that

this organizational origin had resulted in a design approach that

became a significant constraint. We had a large Chef environment

and a significant set of tools built up around it for platform control



that lots of people used. Soon they started tripping over each other—

problems with shared dependencies, differing priorities, difficulties

upgrading—all the usual problems of coupled systems shared

between many teams.

(Continued in Chapter 8)

Compose the Platform from Groups of Other

Fundamental Teams

In large organizations, a platform will need more than one team to build

and run it (and in some cases, separate streams may each have their own

platform). In these situations, a platform is composed of groups of other

fundamental team types: stream aligned, enabling, complicated

subsystem, and platform. Yes: the platform is itself built on a platform

(see more on this later in this chapter). However, the streams to which

platform teams align are different from the streams for teams building the

main (revenue-generating or customer-facing) products and services. In a

platform, the streams relate to services and products within the platform,

which could be things like logging and monitoring services, APIs for

creating test environments, facilities for querying resource usage, and so

on. From the viewpoint of the product owner of the platform, there are

clear internal streams of value within the platform to which stream-

aligned teams align to help them deliver value to the customers of the

platform: the teams that use the platform (see more on this later in this

chapter). We can see these inner topologies in Figure 5.2 on page 96.



Figure 5.2: Platform Composed of Several Fundamental Team Topologies

In a large organization, the platform is composed of several other fundamental team

topologies: stream-aligned Dev teams, complicated-subsystem teams, and a lower-level

platform.

In effect, this creates nested or “fractal” teams within the platform—

what we like to call inner topologies. As James Womak and Daniel Jones

put it, “a product-line manager overseeing an entire product may work

with a number of value-stream managers at lower levels taking

responsibility for different courses of the value stream.”16 We simply apply

the recommendations and guidelines for the various fundamental team

topologies within the platform boundary.

From the viewpoint of the Dev teams, the platform is a single entity

that provides them with a service that they simply consume via an API:



machine or container provisioning, network con�guration, etc. However,

inside the platform team there are several distinct teams (dealing with

network, environments, metrics, etc.) that themselves collaborate with or

provide a service to other platform teams.

is “nested” approach is similar to the “layered Ops” approach

outlined by veteran technologist James Urquhart, based on his experience

at Sun Microsystems and Cisco. In the layered approach, one team

provides the base infrastructure hardware (physical and virtual) and a

second team focuses on running supporting services on top of the base

infrastructure.17 (See Chapter 8 for a more detailed view of this multi-

team platform approach.)

CASE STUDY: EVOLVING HIGHLY RESPONSIVE IT

OPERATIONS AT AUTO TRADER

Dave Whyte, Operations Engineering Lead, Auto Trader

Andy Humphrey, Head of Customer Operations, Auto Trader

Auto Trader is the UK’s largest digital automotive marketplace. It aims to

improve the process of buying and selling vehicles in the UK by continually

evolving the ecosystem to provide a better experience for consumers,

retailers, and manufacturers alike. Auto Trader is a 100% digital business.

Starting life as a local classi�ed magazine in 1977, it has grown and

evolved alongside its customers. In 2013, it successfully completed the

transition from a print title and became a fully digital marketplace. Auto

Trader listed on the London Stock Exchange in March 2015 and is now a

member of the FTSE 250 Index.

Moving from a print-oriented organization to a 100% digital business

required huge changes within Auto Trader. Back in 2013, the

organization was very siloed and not joined up, with “the business” in



London and “IT” in Manchester, nearly two hundred miles away. IT

work was done with big projects—usually with contractors, not

permanent staff—and organizational reporting lines caused big

problems and mistrust. Developers would leave a project on the day

of go-live, which destroyed the sense of operational responsibility

and continuity of care for the software systems.

To make things worse, before 2013 new software-development

projects were financed with capital expenditure (CapEx) but the IT

operations activities were treated as operational expenditure (OpEx,)

which produced a sharp divide between teams building things and

teams running things. Software development (Dev) time was booked

90% to CapEx; effectively, they were told, “You must build new

things.” ey could not work on fixes or things that were right for the

customer. Dev was working to serve the “boss” of product

management rather than users of the services. We knew we had to

change this.

So in 2013, we moved everyone to OpEx. Now everyone is simply

doing the work needed to make the company money. With our OpEx-

only model, everyone is closer to the customer because we are not

thinking about “building new stuff for the product manager” but

meeting the needs of users. In fact, OpEx is a deliberate enabling

constraint for us: we have a stable workforce of around eight hundred

people, and we have no plans to grow hugely. is stable set of people

helps with the continuity of care for our software applications and

services.

As part of the move to 100% digital, we moved to long-lived,

multi-disciplined squads with the responsibility of an end-to-end

customer journey. We based the model loosely on the ideas from

Spotify but made these work for our context. We also created a

special continuous-delivery (CD) team to help other teams adopt CD

practices, like automated deployment pipelines, test automation, rich

monitoring, and automated environment provisioning. Within three



months, we had fully automated deployment for the first application,

and then we started on the next application. As this enabling team

got more of an understanding of what needed to be done, we realized

that it made sense to turn this team into a kind of platform-

development team (which we called Infrastructure Engineering).

Fast-forward to 2018, and the remit of Infrastructure

Engineering is to build and evolve a platform that takes the pain away

from Dev teams, allowing them to take control of their products and

services, including operational aspects of their products. Within the

platform area, we have several different squads, some focused on new

product development for platform features (using standard Agile

software development techniques like TDD [test-driven

development], retrospectives, and product owners), and some

focused on day-to-day operational activities. We don’t have any

“DevOps” people; instead, we have experienced operations engineers

who do in-depth analysis of live service problems. is means that

our focus in the infrastructure area is on the flow of work for Dev

teams and how application and infrastructure changes affect

customers.

e platform enables squads to focus not only on visible product

features but also the invisible operational concerns that are essential

to a modern digital offering like Auto Trader. e platform gives

product squads the time to care about operability. Interestingly,

unlike other organizations, we have never embedded Ops people in

Dev squads. Instead, we have an Ops “squad buddy” for each Dev

squad, a person from Ops who regularly works with specific Dev

squads, attending their standups and providing the “glue” between

Dev and Ops.

Since 2013, we have had no concept of an IT department within

Auto Trader: product and technology are the same department, the

same big team. We have taken the Lean thinking approaches of

process design and flow into other areas of the organization, so we



now have accounts and sales departments using kanban boards with

WIP limits. e sales department even does blameless post-incident

reviews for missed sales opportunities!

Avoid Team Silos in the Flow of Change

Generally speaking, teams composed only of people with a single

functional expertise should be avoided if we want to deliver software

rapidly and safely. Traditionally, many organizations created islands, or

“silos,” of functional expertise by grouping the staff, such as:

• Testing or “quality assurance” (QA)

• Database administration (DBA)

• User experience (UX)

• Architecture

• Data processing (such as ETL)

For years, many organizations used a dedicated “operations” team to

manage all aspects of the live or production systems, preventing �ow of

changes with an explicit hand-off from teams building software coupled

with delays accepting the changes. is model also works poorly for safe

and rapid �ow of change; instead, we combine stream-aligned teams that

support and operate software in production together with platform teams

that provide the underlying “substrate” for stream-aligned teams.

Organizations that optimize for a safe and rapid �ow of change tend to

use mixed-discipline or cross-functional teams aligned to the �ow of

change—what we call stream-aligned teams. Sometimes a particular area

is so complicated that a dedicated complicated-subsystem team is needed

(see earlier in this chapter). But such teams never sit in the �ow of change;



instead, they provide services to stream-aligned teams. Work is never

handed off to another team for a later stage in the �ow.

TIP

Keeping things simple with cross-functional teams.

The use of cross-functional, stream-aligned teams has a very useful side

effect. Precisely because stream-aligned teams are composed of people

with various skills, there is a strong drive to �nd the simplest, most user-

friendly solution in any given situation. Solutions that require deep expertise

in one area are likely to lose against simpler, easier-to-comprehend solutions

that work for all members of the stream-aligned team.

A Good Platform Is “Just Big Enough”

A well-designed and well-run platform using what Henrik Kniberg calls

“customer-driven platform teams”18 can be a signi�cant “force multiplier”

for software delivery within organizations, but care needs to be taken to

ensure that the platform always serves the needs of consuming

applications and services, not the other way round.

A good platform provides standards, templates, APIs, and well-proven

best practices for Dev teams to use to innovate rapidly and effectively. A

good platform should make it easy for Dev teams to do the right things in

the right way for the organization; this applies to all kinds of product

development, not just those involving software. Too often, a platform is

left to former system administrators to build and run without using well-

de�ned software development techniques (Agile practices, TDD,

continuous delivery, product management, etc.); or it receives so little

funding and attention from the organization that it never helps other

teams, only hinders them.

The Thinnest Viable Platform



e simplest platform is purely a list on a wiki page of underlying

components or services used by consuming software. If those underlying

components and services always work reliably, then there is no need for a

full-time platform team. However, as the underlying substrate becomes

more complicated—even if all components and services are still

outsourced—a platform team can provide a valuable management

abstraction over the details of the platform, dealing with the coordination

of new and deprecated APIs and components. If an organization needs to

build custom solutions and integrations into the platform to meet the

needs of Dev teams, then the activities of the platform team increase in

scope further.

In all cases, we should aim for a thinnest viable platform (TVP) and

avoid letting the platform dominate the discourse. As Allan Kelly says,

“software developers love building platforms and, without strong product

management input, will create a bigger platform than needed.”19 A TVP is

a careful balance between keeping the platform small and ensuring that

the platform is helping to accelerate and simplify software delivery for

teams building on the platform.

Cognitive Load Reduction and Accelerated Product

Development

Consider the successful, well-liked software technology platforms of the

past few decades: the IBM 8086 processor, the Linux and Windows

operating systems, Borland Delphi, the Java Virtual Machine, the .Net

Framework, Pivotal Cloud Foundry, Microsoft Azure, and (recently) the

IoT platform balena.io and container platform Kubernetes. ese

platforms have all generally succeeded in reducing the complexity of the

underlying systems while exposing enough functionality to be useful to

teams building on the platform. is drive to “simplify the developer’s life”



(as Conway puts it)20 and reduce cognitive load (see Chapter 3) is an

essential aspect of a good platform.

By aiming to reduce cognitive load on Dev teams, a good platform

helps Dev teams focus on the germane (differentiating) aspects of a

problem, increasing personal and team-level �ow, and enabling the whole

team to be more effective. As Kenichi Shibata of global publishing

company Conde Nast International says, “e most important part of the

platform is that it is built for developers.”21

Compelling, Consistent, Well-Chosen Constraints

To avoid the too-common trap of building a platform disconnected from

the needs of teams, it is essential to ensure that the platform teams have a

focus on user experience (UX) and particularly developer experience

(DevEx). is means that as the platform increases in size, expect to add

UX capabilities to the platform teams. Shibata says: “Developers will

sometimes have frustrations. . . . ere should be a way to give feedback to

platform developers and how the platform is doing in general. Without

this, the platform lives in isolation with the rest of the company. Adoption

will be strenuous at best.”22

An attention to good UX/DevEx will make the platform compelling to

use, and the platform will feel consistent in the way the APIs and features

work. How-to guides and other documentation will be comprehensive (but

not verbose), up to date, and focused on achieving speci�c tasks, not

documenting every last corner and niche of the platform.

e platform attempts to “get out of the way” of Dev teams, enabling

them to build what they need with few pre-conceptions about how teams

need to do that. A good test for DevEx is how easy it is to onboard a new

Developer to the platform.

Built On an Underlying Platform



Every software application and every software service is built on a

platform. Often the platform is implicit or hidden, or perhaps not noticed

much by the team that builds the software, but the platform is still there.

As the philosophical expression goes: it’s turtles all the way down.

In a software context, this metaphor means that each platform is itself

built on another platform, even if the underlying platform is hidden or

implied. If the underlying or lower-level platform is not well de�ned or

stable, the upper platform will itself be unstable, and unable to provide the

�rm foundation needed to accelerate software delivery within the rest of

the organization. If the underlying platform has operational quirks or

performance problems, the platform team group will need to build

insulation abstractions and workarounds for the operational problems,

and/or advertise the potential problems to Dev teams and make it easy for

them to avoid hitting the problems. is corresponds with the multi-layer

viable-systems model (VSM) described by Stafford Beer in the classic book

Brain of the Firm.23

TIP

To help clarify the platform layers in use in your organization, draw the

platform layers on a large diagram. This will help to explain to internal

platform teams and to teams that use that platform exactly what the

platform provides and what it depends on.

Manage as a Live Product or Service

e platform has users (Dev teams) and clearly de�ned active hours of

operation (whenever Dev teams are using it). e users will come to

depend on the reliability of the platform and will need an understanding

of when new features will appear and when old features will be retired.

erefore, in order to help the Dev team users to be as effective as

possible, we need to: (1) treat the platform as a live/production system,



with any downtime planned and managed, and (2) use software-product-

management and service-management techniques.

When we treat the platform as a live or production system, we need to

undertake all the normal activities and practices that we would with any

other live system: de�ne the hours of operation, de�ne the response time

for incidents and support, ensure we have an on-call rota to support the

platform, manage incidents and unplanned downtime with suitable

communication channels (such as service status pages), and so on.

Naturally, as the platform grows, it can be useful to reconsider exactly

what is needed from the teams within the organization and what can

actually be provided externally, thereby reducing the need for an ever-

increasing operational-support burden on the platform teams: “the

platform team’s main clientele is the product teams,” as Kenichi Shibata

says.24

So, how do we manage a live software system with well-de�ned users

and hours of operation? By using software-product-management

techniques. e platform, therefore, needs a roadmap curated by product-

management practitioners, possibly co-created but at least in�uenced by

the needs of users (Dev teams). e platform team will almost certainly be

working with user personas for the users (such as Samir the Web

Developer, Jennifer the Tester, Mani the Product Owner, Jack the Service

Experience Engineer, and so on). e user personas will help the platform

team to empathize with the needs, frustrations, and goals of typical users

of the platform. Members of the platform teams will engage with

customers (Dev teams and others) regularly to understand what they

need.

Crucially, the evolution of the platform “product” is not simply driven

by feature requests from Dev teams; instead, it is curated and carefully

shaped to meet their needs in the longer term. Feature usage is tracked

with metrics and used to shape conversations about prioritization. A

platform is not just a collection of features that Dev teams happened to



ask for at speci�c points in the past, but a holistic, well-crafted, consistent

thing that takes into account the direction of technology change in the

industry as a whole and the changing needs of the organization. A good

platform will also serve to reduce the need for security and audit teams to

spend time with the Dev team.

Convert Common Team Types to the

Fundamental Team Topologies

Many organizations would bene�t from increasing the clarity around the

de�nition and purpose of their teams. In fact, we think that most

organizations would see major gains in effectiveness by mapping each of

their teams to one of the four fundamental topologies; that is, identify

which of the four fundamental topologies would represent the best way of

working for each team, and then change that team’s remit to adopt the

purpose and behavior patterns of that topology.

Move to Mostly Stream-Aligned Teams for Longevity

and Flexibility

Most teams in a �ow-optimized organization should be long-lived, multi-

disciplined, stream-aligned teams. ese teams take ownership of discrete

slices of functionality or certain user outcomes, building strong and

lasting relationships with business representatives and other delivery

teams. Stream-aligned teams can expect to have cognitive load matched to

their capabilities through the support and help they get from enabling

teams, platform teams, and complicated-subsystem teams.

Infrastructure Teams to Platform Teams



Traditionally, many infrastructure teams were responsible for all aspects

of the live/production infrastructure, including any changes to

applications deployed on that infrastructure, as shown in Figure 5.3:

Figure 5.3: Traditional Infrastructure Team Organization

Many traditional infrastructure teams (on the right) blocked �ow by being responsible for all

changes to production infrastructure, including application changes, frequently gated by ITIL

change processes. Work from Dev teams (on the left) was handed over to infrastructure or Ops

teams for deployment, preventing �ow.

Converting an infrastructure team into a platform team enables rapid,

safe �ow of change both within the platform and—crucially—within

stream-aligned teams.

e change from infrastructure team to platform team is not simple or

straightforward, because a platform is managed as a product using proven

software development techniques that may be quite unfamiliar to

infrastructure people. But as the examples elsewhere in this chapter show,

it’s an approach that works well.



Component Teams to Platform or Other Team Types

Existing teams based on a technology component should either be

dissolved, with the work going into stream-aligned teams or converted

into another team type: as part of the platform (if the component is a

lower-level “platform” component), to an enabling team (if the component

is easy enough for stream-aligned teams to work with), or to a

complicated-subsystem team (if the subsystem really is needed and really

is too complicated for stream-aligned teams to work with). In any case, the

team should adopt the corresponding team behaviors and interaction

modes.

TIP

For organizations that are successful at delivering software rapidly and

safely, most teams are stream aligned, with only around one in seven to one

in ten teams not stream aligned. That is, based on what successful

organizations report, the ratio of stream-aligned teams to other kinds of

teams should be between about 6:1 and 9:1.

For example, database-administrator (DBA) teams can often be

converted to enabling teams if they stop doing work at the software-

application level and focus on spreading awareness of database

performance, monitoring, etc. to stream-aligned teams. Some

organizations have had success converting a DBA team into part of the

platform, providing a specialized service around database performance,

con�guration, availability, and so forth, but the DBA team is no longer

responsible for schema changes or application-level database concerns.

Likewise, “middleware” teams can also be converted to platform teams

if they make those parts of the system easier to use for stream-aligned

teams, reducing cognitive load for developers by customizing, simplifying,

or wrapping the middleware into easy-to-consume self-serve services

aligned to the key organization goals.



Tooling Teams to Enabling Teams or Part of the

Platform

A tooling team can easily turn into a siloed tool maintenance team over

time if the initial mandate for the team is not speci�c enough or not time

bounded. Besides the emotional attachment to the toolchain, team

members’ technical skills can become outdated and their effort wasted in

minor improvements led by inertia rather than by real needs.

Tooling teams are typically better run either as enabling teams—with a

short-lived and highly focused remit—or as part of the platform (with a

clear, well-informed roadmap).

Converting Support Teams

Traditionally, many organizations used a single cross-service team to

support applications and services in the live/production environments.

When speed of change and system complexity were low, this model

enabled organizations to optimize costs around the number and skills of

people in the support team.

However, with rapid and constant change to software systems,

successful organizations are now looking again at the composition and

placement of support teams to aid the �ow of change rapidly and safely.

e model for IT support that consistently seems to work best has two

aspects: (1) support teams aligned to the stream of changes, and (2)

dynamic cross-team activity to resolve live service incidents.

In this model, if dedicated support teams are needed, they are aligned

to the stream of change, alongside a team or squad building the software

systems. e team with a focus on support sits within the family or tribe

of teams that are aligned to the same stream of change. In this context,

the team providing support tends to evolve a greater awareness for the

experience of the user of the whole service, adding end-to-end synthetic

transaction monitoring, particularly in situations where IT and software

are only a minor aspect. In fact, some organizations rename such teams



“service-experience teams” to take account of the fact that the end-to-end

user experience may involve much more than just IT systems, as shown in

Figure 5.4 (see page 107).

Figure 5.4: Support Teams Aligned to Stream of Change

e new model for support teams: aligned to the �ow of change, usually paired with one or

more stream-aligned Dev teams. Incidents are handled with dynamic “swarming.”



When an incident occurs with the live production systems, the support

teams initially attempt to resolve the problem within stream areas alone.

If the problem is entirely within stream, there is no need for any other

team to get involved. If necessary, other stream-aligned support teams are

brought in to help diagnose the problem; and if the incident affects many

teams, a dynamic “swarm” or “incident squad” of support specialists is

formed from the various support teams to triage the problem and restore

service as rapidly as possible. As service-management specialist Jon Hall

explains, there are additional bene�ts too: the “inclusion of inexperienced

frontline support staff in these swarms gives exposure to knowledge that

would otherwise only start to be gained after eventual promotion to more

specialist teams.”25

ese two different views of support have two important effects: (1) By

keeping support teams aligned to streams, we help to keep the streams as

independent as possible (as they should be) by creating a strong incentive

to design the systems for each stream to be independent at runtime.

Effectively, we avoid a Conway’s law effect of “monolithization” in the

production environment, which otherwise tends to occur with a single

team responsible for supporting all production systems. (2) We also

rapidly share knowledge of newly discovered limitations and �aws in the

software systems, enabling support teams in each stream to feedback

learning quickly into teams building the systems.

NOTE

Organizations with a need to interact with users directly over the

telephone or in person still maintain a call center or service desk, but

conceptually, the service desk sits off to one side of the systems (away

from the �ow of change and �ow of information from live systems),

allowing information around live-running systems to �ow back into the

stream-aligned teams.



Converting Architecture and Architects

e most effective pattern for an architecture team is as a part-time

enabling team (if one is needed at all). e team being part-time is

important: it emphasizes that many decisions should be taken by

implementing teams rather than left to the architecture team. Some

organizations compose a virtual team from members of other teams. is

virtual team meets regularly to discuss and evolve the architecture aspects

of the systems. is is akin to the chapter or guild terminology used by

Spotify (see Chapter 4).

Crucially, for effective modern software development, the architecture

team should support the other teams, helping them to be as effective as

possible, rather than imposing designs or technology choices on other

teams. As Forsgren, Humble, and Kim put it in Accelerate, “Architects

should collaborate closely with their users—the engineers who build and

operate the systems through which the organization achieves its mission

—to help them achieve better outcomes and provide them the tools and

technologies that will enable these outcomes.”26

A crucial role of a part-time, architecture-focused enabling team is to

discover effective APIs between teams and shape the team-to-team

interactions with Conway’s law in mind. (We cover this aspect of

architecture more in Chapter 7.)

Summary: Use Loosely Coupled, Modular

Groups of Four Speci�c Team Types

Many organizations struggling with rapid, sustainable software delivery

have a wide range of different types of teams, each with different (usually

poorly de�ned) responsibilities. To avoid this problem, restrict teams to

just four fundamental types—stream aligned, enabling, complicated

subsystem, and platform. is focuses the organization on team



interaction patterns that are known to promote �ow at both personal and

organizational levels.

Organizations developing and running non-trivial software systems

today need to optimize their teams for a safe and rapid �ow of change

strongly informed by how live production systems work (or fail). is

means that the majority of teams need to be loosely coupled, aligned to

the �ow of change (the “stream”), and capable of delivering a useful

increment in the product, service, or user experience for which they are

responsible.

Helping stream-aligned teams achieve this high rate of �ow are

enabling teams (which identify impediments and cross-team challenges,

and simplify the adoption of new approaches), complicated-subsystem

teams (if needed, to bring deep specialist expertise to speci�c parts of the

system), and platform teams (which provide the underlying “substrate” on

which stream-aligned teams can build and support software products and

services with minimal friction).

is standardization on the types and responsibilities of teams

building and running software systems helps to increase �ow by ensuring

that most teams are stream aligned, with supporting capabilities and skills

provided by enabling, complicated-subsystem, and platform teams.

In turn, the platform itself is run as a product or service, with well-

established software-product-management techniques used to prioritize

work, regular interaction with customers of the platform (mostly stream-

aligned teams), and a strong focus on UX and DevEx. e platform itself

may be composed of internal stream-aligned teams, enabling teams,

complicated-subsystem teams, and even lower-level platform teams, using

the same team types and interactions that are used by the teams

consuming the platform.

e focus on empowering stream-aligned teams to achieve fast �ow

helps to drive decisions at all levels of the organization and provides the

overarching mission for all teams.
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6 Choose Team-First Boundaries

When code doesn’t work . . . the problem starts in how teams are

organized and [how] people interact.

—Eric Evans, Domain-Driven Design

low is difficult to achieve when each team depends on a complicated

web of interactions with many other teams. For a fast �ow of change to

software systems, we need to remove hand-offs and align most teams to

the main streams of change within the organization. However, many

organizations experience huge problems with the responsibility

boundaries assigned to teams. Typically, little thought is given to the

viability of the boundaries for teams, resulting in a lack of ownership,

disengagement, and a glacially slow rate of delivery.

In this chapter, we de�ne and explore ways of �nding suitable

boundaries within and across software systems that enable teams to own

and evolve their part of the system effectively and sustainably in ways that

encourage �ow. ese techniques apply equally well to monolithic software

and to software that is already more loosely coupled. Crucially, these

boundaries are “team sized”: we align software and system boundaries to

the capabilities of a single team, which immediately makes ownership and

sustainable evolution of the software much more feasible.

By carefully exploring and validating the boundaries of responsibility

between teams—and using techniques like domain-driven design and

fracture planes—we align the software architecture to the problem



domain, increasing the �ow of changes and providing the organization

with the capability to evolve the sociotechnical system more rapidly and

effectively.

A Team-First Approach to Software

Responsibilities and Boundaries

Many problems in delivering software come from accidentally unclear

boundaries between different teams and their responsibilities. is is

often shadowed by a software architecture with high coupling between its

different parts (even if on paper the architecture was supposed to be

highly modular and extensible), as Conway’s law tells us. Such a system is

commonly called a “monolith.”

e research published in Accelerate demonstrates that tightly coupled

architectures negatively in�uence the capacity of having autonomous

teams with clear responsibilities. e authors also mention architectural

approaches that help decouple such architectures: “Architectural

approaches that enable this strategy [of supporting teams’ full ownership

from design through to deployment] include the use of bounded contexts

and APIs as a way to decouple large domains into smaller, more loosely

coupled units.”1

But when we want to move from a monolithic software system to more

loosely coupled services, we must also consider how the new architecture

will affect the teams involved. We need to take into account their cognitive

capacity, their location, and their interest in the new services.

Without taking into account the team angle, we risk splitting the

monolith in the wrong places or even creating a complex system of

interdependent services. is is known as a “distributed monolith” and

results in teams lacking autonomy over their services, as almost all

changes require updates to other services. Examples like Amazon’s service



teams (Chapter 4) show that we need to think and guide team interactions

to achieve the desired service independence.

Hidden Monoliths and Coupling

ere are many kinds of monolithic software, some of which are hard to

detect at �rst. For example, many organizations have taken the time and

effort to split up an application monolith into smaller services only to

produce a monolithic release further down the deployment pipeline,

wasting an opportunity to move faster and safer. We need to be fully aware

of what kinds of monoliths we’re working with before we start making

changes.

Application Monolith

An application monolith is a single, large application with many

dependencies and responsibilities that possibly exposes many services

and/or different user journeys. Such applications are typically deployed as

a unit, often causing headaches for users (the application is not available

during deployment) and operators (unexpected issues because the

production environment is a moving target; even if we tested the monolith

in an environment similar to production, it has surely drifted since then).

Joined-at-the-Database Monolith

A joined-at-the-database monolith is composed of several applications or

services, all coupled to the same database schema, making them difficult

to change, test, and deploy separately. is monolith often results from

the organization viewing the database, not the services, as the core

business engine. It’s common to �nd that one or more database-

administration (DBA) teams were put in place to not only maintain the



database but also coordinate changes to the database—a task they are

often understaffed for—and they become a large bottleneck to delivery.

Monolithic Builds (Rebuild Everything)

A monolithic build uses one gigantic continuous-integration (CI) build to

get a new version of a component. Application monoliths lead to

monolithic builds, but even with smaller services, it’s possible that the

build scripts set out to build the entire codebase instead of using standard

dependency-management mechanisms between components (such as

packages or containers).

Monolithic (Coupled) Releases

A monolithic release is a set of smaller components bundled together into a

“release.” When components or services can be built independently in CI

but are only able to test in a shared static environment without service

mocks, people end up bringing into that same environment all the latest

versions of the components. ey proceed to deploy the whole set of

components as one, as this gives them con�dence that what they tested is

what will run in production. Sometimes this approach is also the result of

having a separate QA team responsible for testing the different

components (batching multiple service changes makes sense from the

perspective of a QA team with limited capacity).

Monolithic Model (Single View of the World)

A monolithic model is software that attempts to force a single domain

language and representation (format) across many different contexts.

While it may make sense to favor this kind of consistency in small

organizations (and only if the teams explicitly agree this is a good idea),

this approach can inadvertently start imposing constraints on the



architecture and implementation as soon as an organization reaches more

than a handful of teams and/or domains.

Monolithic Thinking (Standardization)

Monolithic thinking is “one size �ts all” thinking for teams that leads to

unnecessary restrictions on technology and implementation approaches

between teams. Standardizing everything in order to minimize variation

simpli�es management oversight of engineering teams, but it comes at a

high premium. Good engineers are able and keen to learn new techniques

and technologies. Removing teams’ freedom to choose by enforcing a

single technology stack and/or tooling strongly harms their ability to use

the right tool for the job and reduces (or sometimes kills) their motivation.

In Accelerate, the authors mention how their research indicates that

enforcing standardization upon teams actually reduces learning and

experimentation, leading to poorer solution choices.2

Monolithic Workplace (Open-Plan Of�ce)

A monolithic workplace is a single office-layout pattern for all teams and

individuals in the same geographic location—typically isolated individual

work spaces (cubicles) or an open-plan layout without explicit barriers

between people’s desks.

e idea that offices should have a standardized layout is prevalent.

While it might simplify the work of the building contractor, it can have a

recurring negative effect on individuals and teams. Furthermore, the

common belief that open-plan offices increase collaboration has been

disputed by a �eld study that found that in two organizations that adopted

open offices “the volume of face-to-face interaction decreased signi�cantly

(approximately 70%) . . . with an associated increase in electronic

interaction.”3 In our experience, this happens when there’s a

misunderstanding that what is needed is colocation of purpose, not just



colocation of bodies. (See Chapter 2 for more ideas about team-�rst office-

space layouts, and Chapter 7 for different team-interaction modes.)

Software Boundaries or “Fracture Planes”

Although each kind of monolith brings certain disadvantages, there are

also dangers to be aware of when splitting up software between teams.

Splitting software can reduce the consistency between different parts of

the software and can lead to accidental data duplication across multiple

subsystems. e user experience (UX) across multiple parts of the software

can be degraded if we’re not careful to achieve a coherent UX, and

additional complexity can be introduced if we split software into a more

distributed system.

First, we must understand what a fracture plane is. A fracture plane is a

natural seam in the software system that allows the system to be split

easily into two or more parts. is splitting of software is particularly

useful with monolithic software. e word monolith itself comes from

Greek, meaning “single stone.” Traditional stonemasons hit stones at

particular angles to split the rocks in clean segments, taking advantage of

their natural fracture planes. We can look for similar fracture planes in

software to �nd the natural split points that lead to software boundaries.

It is usually best to try to align software boundaries with the different

business domain areas. A monolith is problematic enough from a technical

standpoint (particularly, the way it slows down the delivery of value over

time as building, testing, and �xing issues takes increasingly more time).

If that monolith is also powering multiple business domain areas, it

becomes a recipe for disaster, affecting prioritization, �ow of work, and

user experience.

However, there are multiple other possible fracture planes for

software, not only business domain areas. We can and should break down

a monolith by combining different types of fracture planes.



Fracture Plane: Business Domain Bounded Context

Most of our fracture planes (software responsibility boundaries) should

map to business-domain bounded contexts. A bounded context is a unit for

partitioning a larger domain (or system) model into smaller parts, each of

which represents an internally consistent business domain area (the term

was introduced in the book Domain-Driven Design by Eric Evans4).

Martin Fowler explains how a bounded context must have an

internally consistent model of the domain area:

DDD [domain-driven design] is about designing software based on

models of the underlying domain. A model acts as a ubiquitous

language to help communication between software developers and

domain experts. It also acts as the conceptual foundation for the

design of the software itself—how it’s broken down into objects or

functions. To be effective, a model needs to be unified—that is, to be

internally consistent so that there are no contradictions within it.5

In the book Designing Autonomous Teams and Services, DDD experts

Nick Tune and Scott Millett give an example of an online music-streaming

service with three subdomains that align well to business areas: media

discovery (�nding new music), media delivery (streaming to listeners), and

licensing (rights management, royalty payments, etc.).6

Identifying bounded contexts requires a fair amount of business

knowledge and technical expertise, so it’s normal to make mistakes

initially. But that should not deter you from improving and adapting as

you understand your context better, even if that involves some kind of

recurring “cost” of service redesign. ere is often some level of semantic

coupling in our design whereby, in the words of Michael Nygard, “a

concept may appear to be atomic just because we have a single word to

cover it. Look hard enough and you will �nd seams where you can fracture



that concept.”7 In other words, a piecemeal type of evolution is expected

when breaking down systems by bounded context.

Other advantages of applying DDD include focusing on core

complexity and opportunities within a bounded context for a given

business domain, exploring models via collaboration between business

experts (because there are now smaller domains to think about), building

software that expresses these models explicitly, and having both business

owners and technologists speaking an ubiquitous language within a

bounded context.

In summary, the business domain fracture plane aligns technology

with business and reduces mismatches in terminology and “lost in

translation” issues, improving the �ow of changes and reducing rework.

Fracture Plane: Regulatory Compliance

In highly regulated industries, like �nance or healthcare, regulatory

requirements can often provide hard borders for software. ey often

require organizations to adopt speci�c mechanisms for auditing,

documenting, testing, and deploying software that falls within the scope

of those regulations, be it credit card payments, transaction reporting, and

so on.

On one hand, it’s a good idea to minimize the amount of variation in

those processes across different systems. For example, having different

release/delivery processes depending on the type of system and changes

being made. But ensuring such processes, including manual approvals or

activities, are always mapped in the delivery pipeline and having

appropriate access controls to the pipeline gives traceability of changes

across all systems while covering most auditing requirements.

On the other hand, following strict requirements should not be forced

on areas of the system that are not as critical. Splitting off subsystems or

�ows within the monolith that are in the scope of regulations is a natural

fracture plane.



For instance, the Payment Card Industry Data Security Standard (PCI

DSS) establishes a set of rules around requesting and storing credit card

data. Compliance with PCI DSS should fall on a dedicated subsystem for

card data management, but these requirements should not apply to an

entire monolith that happens to include payment functionality. Splitting

along the regulatory-compliance fracture plane simpli�es auditing and

compliance, as well as reduces the blast radius of regulatory oversight.

Finally, there’s an aspect of team composition and interaction at play

here as well, especially in larger organizations. With a single, larger team

responsible for the monolith, it’s typical that people from compliance

and/or legal teams participate only occasionally in planning and

prioritization sessions, where the scope of the work does not justify full-

time team membership for those stakeholders. When the subsystem gets

split off, it suddenly makes more sense to have a smaller but compliance-

focused team, including business owners from compliance and/or legal

areas.

Fracture Plane: Change Cadence

Another natural fracture plane is where different parts of the system need

to change at different frequencies. With a monolith, every piece moves at

the speed of the slowest part. If new reporting features are only needed

and released on a quarterly basis, then it will likely become very hard, if

not impossible, to release other types of features more frequently than

that, as the codebase is in �ux and not ready for production. Changes get

lumped together, and the speed of delivery gets seriously affected.

Splitting off the parts of the system that typically change at different

speeds allows them to change more quickly. e business needs now drive

the speed of change, rather than the monolith imposing a �xed speed for

all.

Fracture Plane: Team Location



Teams distributed geographically and across different time zones are

obviously not colocated. But even teams with members working in the

same office building on different �oors or in different physical spaces can

be considered geographically separate.

Within distributed teams, communication is limited since they must

explicitly request a physical or virtual space and time to communicate

across locations. e remaining (unplanned) intra-team communication

(which can be as high as 80%) happens within the physical boundaries of

each of the team’s partitions.

Working across different time zones aggravates these communication

delays and introduces bottlenecks when manual approvals or code reviews

are needed from people in different time zones with little working-time

overlap. Heidi Helfand stresses the issues with distinct time zones in her

book Dynamic Reteaming:

If you must have remote workers, you will need to do extra work to

foster the collaboration within the team and between the teams in

order to build the community. You should try to have the same time

zone versus different time zones; otherwise, people won’t want to

meet with each other because it cuts into their personal time at

home.8

We’d argue that for a team to communicate efficiently, the options are

between full colocation (all team members sharing the same physical

space) or a true remote-�rst approach (explicitly restricting

communication to agreed channels—such as messaging and collaboration

apps—that everyone on the team has access to and consults regularly).

When neither of these options is feasible (full colocation or remote �rst),

then it’s better to split off the monolith into separate subsystems for

teams in different locations. In this way, an organization can leverage



Conway’s law and align the system architecture with the communication

constraints in real life.

Fracture Plane: Risk

Different risk pro�les might coexist within a large monolith. Taking more

risk means accepting a higher probability of system or outcome failure in

favor of getting changes into the hands of customers faster. As a side note,

having true continuous-delivery capabilities in place with a loosely coupled

system architecture (not a monolith) actually decreases the risk of

deploying small changes very frequently.

ere are multiple types of risks (usually mapped to business appetite

for change) that can suggest fracture planes. Regulatory compliance is a

speci�c type of risk, which we addressed earlier. Other examples include

marketing-driven changes with a higher risk pro�le (focusing on customer

acquisition) versus lower risk pro�le changes to revenue-generating

transactional features (focusing on customer retention).

e number of users might also drive acceptable risk. For instance, a

multi-tier SaaS product might have millions of users in its free tier and

only a few hundred customers in the paying tiers. Changes to popular

features in the free tier might fall into a higher risk pro�le, as any major

failure could mean losing millions of potential paying customers. Changes

to paid-only features might actually sustain less risk if the speed and

personalization of support for those few hundred customers makes up for

occasional failures. For similar reasons, internal systems in an

organization can typically handle higher risk pro�les (although that

doesn’t mean they shouldn’t be treated as a regular product, even if they’re

for internal use only).

Splitting off subsystems with clearly different risk pro�les allows

mapping the technology changes to business appetite or regulatory needs.

It also allows each subsystem to evolve its own risk pro�le over time,



adopting practices like continuous delivery that allow increasing speed of

change without incurring more risk.

Fracture Plane: Performance Isolation

In particular types of systems, differentiating levels of performance might

be bene�cial. Of course, performance should always be a concern for every

system; and it should be analyzed, tested, and optimized where possible.

However, parts of applications subject to peaks of demand at a large

scale (like yearly tax submissions on the last day), require a level of scaling

and failover optimization not necessary for the rest of the system.

Splitting off such a subsystem based on particular performance

demands helps to ensure it can scale autonomously, increasing

performance and reducing cost. A full tax-return application could then,

for example, be composed of a tax submission and validation subsystem

that is performance critical and can handle millions of submissions in a

short time period. Other subsystems such as tax simulation, processing,

and payment can live with less critical performance.

Fracture Plane: Technology

Technology is often (historically) the only type of boundary used when

splitting up teams. Consider how common it is to have separate teams for

front end, back end, data tier, etc.

However, these common kinds of technology-driven splits typically

introduce more constraints and reduce �ow of work rather than improve

it. at is because the separate teams are less autonomous, as product

dependencies remain while each team has less visibility on the work as a

whole, and inter-team communication paths are slower than intra-team.

ere are situations where splitting off a subsystem based on

technology can be effective, particularly for systems integrating older or

less automatable technology. Flow can be considerably slower when

changes involving such older technology are required, either because more



manual tests must be run or difficulties are expecting implementing

changes due to poor documentation and lack of an open, supportive

community of users (a given for modern tech stacks). Finally, the

ecosystem of tools (IDEs, build tools, testing tools, etc.) around such

technology tends to behave and feel very different from modern

ecosystems, increasing the cognitive load on team members that need to

switch between these very different technologies. Splitting the team

responsibilities along technology lines in these cases can help teams to

own and evolve software effectively.

When deciding whether to split along technology fracture planes, �rst

investigate whether alternative approaches could help increase the pace of

change in older tech, as that would remove constraints and bene�t the

business (while allowing a monolith split along more valuable fracture

planes, like business-aligned bounded contexts). For example, in his book

DevOps for the Modern Enterprise, Mirco Hering explains how to apply good

coding and version-control practices when dealing with proprietary COTS

products.9

Fracture Plane: User Personas

As systems grow and expand their feature sets, their customer base

(internal or external) also grows and diversi�es. Some groups of users will

rely on a given subset of features to get their jobs done, while other groups

will require another subset. In products with tiered pricing, the subset is

built in by design (higher paying customers have access to more features

than lower or non-paying customers). In other systems, admin users have

access to more options and controls than regular users; or simply, more

experienced users make more use of certain features (like keyboard

shortcuts) than novice users. us, it makes sense to split off subsystems

for user personas in these types of situations.

e effort required to remove dependencies or coupling between

features is compensated with a sharper focus on customers’ needs and



experience using the system, which should result in higher customer

satisfaction and improve the organization’s bottom line. In fact, such a

structure can also improve the speed and quality of customer support—it

becomes easier to map issues to a given subsystem and team. Teams

responsible for subsystems aligned with enterprise personas might want

to ensure there is always availability to deal with (enterprise) support

issues as smoothly as possible.

Natural “Fracture Planes” for Your Speci�c

Organization or Technologies

Sometimes other natural or available team-�rst fracture planes for

assigning work can be identi�ed. e litmus test for the applicability of a

fracture plane: Does the resulting architecture support more autonomous

teams (less dependent teams) with reduced cognitive load (less disparate

responsibilities)?

Of course, achieving such results often requires some initial

experimentation and �ne tuning. It is unlikely to guarantee a speci�c end

result without actually giving it a fair try �rst. A simple heuristic that can

help guide assessment of your system and team boundaries is simply to

ask: Could we, as a team, effectively consume or provide this subsystem as

a service? If the answer is yes, then the subsystem is a good candidate for

splitting off and assigning to a team to own and evolve.

FINDING GOOD SOFTWARE BOUNDARIES AT

POPPULO

Stephanie Sheehan, VP of Operations at Poppulo

Damien Daly, Director of Engineering at Poppulo

Poppulo enables organizations to plan, target, publish, and measure

the impact of their communications across multiple digital channels,



all in one place. Over four years from 2012 we trebled in size, opened

offices in the US, and grew an extensive customer portfolio of the

world’s greatest brands, including Nestlé, Experian, LinkedIn, Honda,

and Rolls-Royce. As of 2019, the Poppulo platform is used by more

than 15 million employees in more than a hundred countries. Getting

to this point we have had to scale from a single development team to

eight product teams, one SRE team, and an infra-team in the space of

three years.

Back in 2015, we expected significant growth in our customer

base and in the size of our engineering staff, so we wanted to make

sure that we split up the monolith in a way that helped the new

teams to be largely independent and autonomous. As we hired more

engineers, the architecture and practices which worked for a single

team were not going to scale. We put DevOps and continuous

delivery practices at the center of our design choices and started

transitioning to a microservices-type architecture from our existing

(successful) monolithic system.

We began by adopting a stronger focus on “the team” as the

means to get work done. Previously we sometimes had bottlenecks

around individuals, but by taking a team approach and adopting

practices like pairing (and later, mobbing) we began to see better flow

of work as team members helped each other to complete tasks. We

then began instrumenting our code and adding telemetry so that we

had visibility of how the code actually worked in production.

Together with end-to-end deployment pipelines, the improved

logging and metrics allowed teams to understand the code better and

start to take ownership.

e Poppulo products help organizations to communicate

electronically with large numbers of people, so our business domains

are centered around concepts like people, content, events, email,

mobile, and analytics. We knew from reading and watching

conference talks the importance of giving aligned autonomy to



delivery teams through clean separation of domains. We therefore

spent some time assessing how independent each domain really was

and playing though scenarios on whiteboards before splitting the

software along these domain boundaries. We were keen to ensure

that we were not too adversely affected by Conway’s law, so making

sure that we had effective domain separation was crucial.

We value collaboration and autonomy in our work, so we

organized ourselves into “matrix product teams,” cross functional

teams who sit together and completely own an area of the product.

Our product teams are typically made up of four developers, one

production manager, one QA, and one UX/UI designer. Our teams

speak directly to customers and stakeholders: they shadow support

calls; they design, build, and measure the impact of their solutions;

and they are accountable for the quality of the solutions they deliver.

We use some techniques from DDD, particularly event storming,

to understand and model the domains in our business context. At a

more technical level, we use Pact for contract testing services and

inter-team communication. Pact has really helped us to adopt a clear,

defined approach to testing services, setting expectations across all

teams about how to test and interact with other teams.

Most of our delivery teams are aligned to business domain

bounded contexts such as email, calendar, people, surveys, and so on.

We also have a few parts of the system that align to regulatory

boundaries (particularly ISO 27001 for information security

management) and to the need for cross-domain reporting of feature

usage. ese areas are handled by either a small specialist team or

through collaboration across several teams.

We also have a team that helps to provide consistent user

experience (UX) across all parts of the software. e UX team acts as

internal consultants across all the delivery teams, enabling them to

adopt good UX practices quickly. We run an SRE capability for dealing

with the high volume of traffic and enhancing operability.



Taking the time to understand our business domains and split

our monolithic software up to match the domains has helped us to

scale our engineering division from sixteen people to seventy people

since 2015. Investing in telemetry and a good operational focus has

helped the teams understand the software they are building. By

adopting cross-functional product teams with what we call “aligned

autonomy” we have seen good ownership of software services within

teams, which in turn enables us to have a fast flow of change while

minimizing downtime.

Real-World Example: Manufacturing

When we talked about technology as a fracture plane, we stressed how this

should be applied sparsely and mostly for older technology that feels and

behaves considerably different from modern software stacks. Inevitably,

you will �nd exceptions. e difficulty is understanding when an exception

is valid and when an easy way to make quick progress ultimately limits

effectiveness.

To illustrate, let’s look at a scenario that we found at a rather large

manufacturing client we worked for. is large manufacturing company

produces physical devices for consumers. All the devices are equipped with

IoT capabilities, including remote control from a mobile app and remote

software updates via the cloud. Devices are controlled from both the cloud

(via scheduled activity) and by interactive user control (using the mobile

app). All activity logs and product data are sent to the cloud, where they

are processed, �ltered, and stored.

It would be extremely challenging for a stream-aligned team to own

this entire end-to-end user experience—mobile app, cloud processing, and

embedded software for the device—given the size and cognitive-load

limitations highlighted early in the book. Making end-to-end changes



across three very different tech stacks (embedded, cloud, and mobile)

requires a skill mix that is hard to �nd, and the associated cognitive load

and context switching would be untenable. At best, changes would be

suboptimal in technical and architectural terms; at worst, they would be

fragile, lead to steadily increasing technical debt, and possibly provide a

poor user experience for customers overall.

Instead, by accepting the technical limitations of the system, teams

could be organized along the natural technology boundaries (an embedded

team, a cloud team, and possibly, a mobile team). e gap between these

technologies (in terms of skills and speed of deployment) imposes a

different pace of change for each, which is the key driver for separate

teams.

ere are two main options in this case (see Figure 6.1 on page 124):

(1) Treat the cloud software as the platform and the mobile and embedded

IoT software as clients/consumers of the platform. is will work well if

the rate or ease of change of the consuming apps is at least as rapid as

changes in the cloud platform. (2) Treat the embedded IoT devices as a

platform and make the cloud and mobile apps clients/consumers of this

platform. Either model can work, but in each, the team behaving as a

platform will need to adopt platform-like approaches.



Figure 6.1: Mobile, Cloud, and IoT Technology Fracture Plane Scenario

With three very disparate technologies (mobile, cloud, and IoT), an organization must decide

on an approach to fracture planes that makes sense based on the cognitive load and the change

cadence in each area.

is approach will require regular coordination between teams for

features that impact two or more technology areas. Changes might need to

be scheduled to the cloud platform’s APIs before a new software version



can be deployed to the embedded devices. is coordination, however,

should also serve to establish common ways of working between the teams

(e.g., semantic versioning, logging approaches, API-�rst development).

Over time, these shared practices and knowledge might enable a future

restructure of team boundaries, as the pace of change becomes more

similar across technologies.

Summary: Choose Software Boundaries to

Match Team Cognitive Load

When optimizing for �ow, stream-aligned teams should be responsible for

a single domain. is is a challenge when domains are hidden in

monolithic systems that include many different responsibilities and are

mostly driven by technology choices, providing functionalities across

multiple areas of business.

We need to look for natural ways to break down the system (fracture

planes) that allow the resulting parts to evolve as independently as

possible. Consequently, teams assigned to those parts will experience

more autonomy and ownership over them.

Looking to align subsystem boundaries with (mostly independent)

segments of the business is a great approach, and the domain-driven

design methodology supports that approach nicely. But we need to beware

and sense for other fracture planes, such as change cadence, risk,

regulatory compliance, and so on. Often, a combination of fracture planes

will be required.

Finally, we need to be aware of different types of monoliths impeding

�ow and causing unnecessary dependencies between teams. While we

typically think of system architecture as a monolith, there are other, more

subtle ways in which coupling creeps in, even when the system

architecture is already modular (for example, shared databases, coupled



builds and/or releases, and more). As Amy Phillips puts it, “If you have

microservices but you wait and do end-to-end testing of a combination of

them before a release, what you have is a distributed monolith.”10

When considering subsystem boundaries, the main aim should be to

�nd software fracture planes that align to business domain bounded

contexts, because most of these bounded contexts will map to streams of

change that are natural for the organization. is, in turn, means that

business-domain boundaries can be aligned to stream-aligned teams,

helping to focus on �ow across the organization.

Fracture planes can be chosen around speci�c challenges (e.g.,

technology, regulation, performance, geographic location of staff, user

personas) to help avoid hand-offs between teams and promote �ow.

In all cases, it is essential to make software segments team sized so

that teams can effectively own and evolve their software in a sustainable

way.



PART III

Evolving Team Interactions for

Innovation and Rapid Delivery



KEY TAKEAWAYS

CHAPTER 7

Choose speci�c team interaction modes to enhance software delivery.

Choose between three team interaction modes—collaboration, X-as-a-

Service, and facilitating—to help teams provide and evolve services to

other teams.

Collaboration can be a powerful driver for innovation but can also

reduce �ow.

X-as-a-Service can help other teams deliver quickly but only if the

boundary is suitable.

Facilitating helps to avoid cross-team challenges and detects problems.

CHAPTER 8

Use different team topologies simultaneously for strategic advantage.

Change team topologies and team interactions to accelerate adoption of

new approaches.

Differentiate between explore, exploit, sustain, retire phases using

team topologies.

Expect multiple, simultaneous team topologies to meet different needs.

Recognize triggers for organization change.

Treat operations as high-�delity sensory input for self-steering.

CONCLUSION

Combine a team-�rst approach with Conway’s law, the four

fundamental topologies, team interaction modes, topology evolution,

and organizational sensing.

Get started: begin with the team, identify streams, identify the

thinnest viable platform, identify capability gaps, and practice team



interactions.



I

7 Team Interaction Modes

Technologies and organizations should be redesigned to

intermittently isolate people from each other’s work for best

collective performance in solving complex problems.

—Ethan Bernstein, Jesse Shore, and David

Lazer, “How Intermittent Breaks in Interaction

Improve Collective Intelligence”

n Part II, we saw how combinations of the four fundamental team

topologies—stream aligned, enabling, complicated subsystem, and

platform—provide a clear pattern for software delivery with fast �ow.

However, simply arranging teams into patterns is not enough for high

effectiveness; it is also necessary to identify how these teams interact and

when to change the teams and their interactions.

Part III will look at how the evolution of team interactions can become

a strategic advantage for organizations building software systems.

rough a combination of well-de�ned team interaction patterns and clear

heuristics for evolving team topologies, organizations can use team

interactions as a sensing mechanism for innovation and self-steering

toward better customer or user outcomes.

So far, we have seen several static (point-in-time) team topologies that

work well for different scenarios, along with some guidelines for choosing

sensible team boundaries. However, it is not sufficient to simply choose a

team boundary a single time and expect no further changes; instead,



organizations must anticipate the need for evolution of team patterns to

meet business, organizational, market, technological, and personnel

needs.

As teams gain more experience in one area, new technology becomes

available, or the organization expands and contracts in size, the dynamics

between teams and economics (particularly the economies of scale)

change, and the choice of team topologies can help facilitate that change.

In some cases, the same two teams might need to collaborate closely at

some point in time but be independent six or nine months later in order to

achieve the most effective software delivery outcomes. e team

topologies used should adapt and evolve to meet emerging challenges,

while still retaining the key team-focused and architectural considerations

encountered in Part I.

In this chapter, we explore three core team interaction modes that

simplify and clarify the essential interactions needed between teams

building software systems: collaboration, X-as-a-Service, and facilitating.

ese team interaction modes de�ne expectations and behavior patterns

for all teams in the organization, simplifying team interactions and acting

as a way to detect misaligned boundaries.

We will also explore some essential team interaction modes that

should guide choice of evolution for team topologies. e dynamics behind

team interaction modes act as the foundation for choosing team

topologies effectively. Crucially, using a well-de�ned set of team

interaction patterns avoids the ambiguity present in many team-software

relationships, thereby producing more coherent subsystem boundaries

and APIs.

Well-De�ned Interactions Are Key to Effective

Teams



In many organizations, poorly de�ned team interactions and

responsibilities are a source of friction and ineffectiveness. A team may

have been told it is autonomous and self-organizing, but team members

�nd they have to interact with many other teams in order to complete

their work; and this feels frustrating. Another team may have

responsibility for providing an API or service, but they don’t really have

the experience to do this effectively.

When considering the relationship between any teams, a key decision

is whether to collaborate with another team to achieve an objective or to

treat the other team as providing a service (see Figure 7.1 on page

133).is choice between collaboration or consuming a service can be

made at many different levels within the organization: consuming

infrastructure as a service (from AWS, Azure, or Google Cloud, for

instance), collaborating on logging and metrics, relying on a complicated-

subsystem team to build a complex audio-processing codec, or working

together on application deployment. What must be avoided is the need for

all teams to communicate with all other teams in order to achieve their

ends; just as a jazz band coordinates the music it plays, we should expect

to carefully curate the communication that takes place within an

organization.

Figure 7.1: Collaboration vs. X-as-a-Service

Collaboration means explicitly working together on de�ned areas. X-as-a-Service means one

team consumes something “as a service” from another team.



NOTE

Intermittent collaboration gives the best results.

Researchers recently devised an ingenious experiment to assess the

effectiveness of team-based solutions to complex problems. Bernstein

and colleagues found that “groups whose members interacted only

intermittently . . . had an average quality of solution that was nearly

identical to those groups that interacted constantly, yet they preserved

enough variation to �nd some of the best solutions too.”1 Intermittent

collaboration found better solutions than constant interaction.

The Three Essential Team Interaction Modes

To understand how and when to adapt the Team Topologies model for

software systems, we need to de�ne and understand three essential ways

in which teams can and should interact, taking into account team-�rst

dynamics and Conway’s law:

Collaboration: working closely together with another team

X-as-a-Service: consuming or providing something with minimal

collaboration

Facilitating: helping (or being helped by) another team to clear

impediments

A combination of all three team interaction modes is likely needed for

most medium-sized and large enterprises (and these modes are useful to

introduce at smaller organizations sooner than many people expect). In

addition, one team might use two different interaction modes for two

different teams with which it works. We represent these different

interaction modes graphically using the patterns in Figure 7.2:



Figure 7.2: e ree Team Interaction Modes

Collaboration mode is shown with diagonal cross-hatching, X-as-a-Service mode is shown with

brackets, and facilitating is shown with dots.

For example, let’s say Team A is a stream-aligned team working on

software for managing personal �nances. ey may use the collaboration

mode to interact with Team B on new cloud-monitoring tooling, and use

the X-as-a-Service mode to interact with Team C, which provides the

platform on which the software runs (see Figure 7.3 on page 135).

Figure 7.3: Team Interaction Modes Scenario

Stream-aligned Team A collaborates with complicated-subsystem Team B (shown with cross-

hatching) while also consuming the platform provided by Team C, using the X-as-a-Service

mode (shown with brackets).

Formalizing the ways in which teams should interact when building

software systems helps to more easily assess the effectiveness of many

aspects of software delivery by more explicitly de�ning interfaces between



Collaboration: working

closely together with

another team

teams; in turn, it is expected (from Conway’s law) that these interfaces will

be re�ected in the software systems being built. Mike Rother, considering

the huge success of the Japanese manufacturer Toyota, wrote: “e roots

of Toyota’s success lie not in its organizational structures but in

developing capability and habits in its people.”2

Interaction modes should become team habits. By expecting and

helping to achieve these kinds of team interactions, teams experience

increased clarity of purpose, improved team engagement, and reduced

frustration with other teams. Limiting team interaction in this way also

deliberately addresses the homomorphic aspects of building systems that

follow from Conway’s law (see Chapter 2). Teams should ask: “What kind

of interaction should we have with this other team? Should we be

collaborating closely with the other team? Should we be expecting or

providing a service? Or should we be expecting or providing facilitation?”

TIP

A key part of the Team Topologies approach is in the choice between two

teams collaborating and one team consuming something “as a service”

from another team.

Collaboration: Driver of Innovation and Rapid

Discovery but Boundary Blurring

e collaboration team mode is suitable where

a high degree of adaptability or discovery is

needed, particularly when exploring new

technologies or techniques. e collaboration

interaction mode is good for rapid discovery

of new things, because it avoids costly hand-offs between teams. For

instance, perhaps there is signi�cant innovation in a space that spans the

expertise of two existing teams, Team A and Team B, such as cloud-based

sensor management (combining cloud technologies and sensor



technologies) or secure local networking with wearable devices (combining

networking knowledge and expertise from the clothing industry). e

collaborative mode requires good alignment and a high appetite and

ability for working together between teams.

During early phases of new systems development, and during periods

where there is a need to quickly discover new information, technology

limitations, and suitable practices, the collaboration mode is highly

valuable. is is because team topologies that use collaboration can rapidly

uncover new ways of working and unexpected behaviors of technologies.

is collaboration occurs between groups with different skill sets in

order to bring together the combined knowledge and experience of many

people to solve challenging problems. Collaboration leads to new insights

into how technologies work, with learning brought back into other teams

(this corresponds to the “divergent thinking” approaches of Dr. Kyung Hee

Kim and Robert A. Pierce3).

ere are two useful ways to visualize teams interacting using the

collaboration mode. e �rst is to visualize two teams with distinct

expertise and responsibilities working together on a small set of things. In

this �rst collaboration interaction, the two teams substantially retain their

responsibility and expertise for their natural area of focus, and work

together on a speci�c subset of activities and details.

e second visualization of collaboration mode identi�es that the

nature of working together between teams can be almost total: although

there were originally two teams with different skills and expertise, now

there is effectively a single team pooling expertise and responsibilities.

(Care must be taken to not let the number of people exceed Dunbar’s

number of �fteen).

In both cases—with a small de�ned overlap, and with a full overlap of

focus and responsibilities—the two teams must take on joint

responsibility for the overall outcomes of their collaboration, because the

act of collaborating creates a blurring of responsibility boundaries.



Without joint responsibility, there is a danger of loss of trust if something

goes wrong.

When a team is in the context of discovery or rapid learning that

extends beyond the expertise of one team, it should be expected for that

team to collaborate closely with another team with different skills.

However, the cognitive load of ongoing collaboration can be much higher

than working purely inside the team’s “natural” area. is means the

communication overhead is going to be higher, possibly resulting in the

apparent reduction of team effectiveness when viewed as a single team.

Instead, the investment in higher effectiveness is being made in the

ensemble of the two teams through rapid discovery of new practices. is,

in turn, means that when two teams are interacting using the

collaboration mode, there should be a high value gained from working

together due to the high cost of collaboration; the reward needs to be

tangible. ere should also be little or no friction between teams, as any

friction will make collaboration difficult.

Furthermore, Conway’s law tells us that with the discovery and rapid

learning that comes from the collaboration mode, the responsibilities and

architecture of the software will tend to be more blended together. If clear,

well-de�ned interfaces to services or systems between two teams is

needed, then using the collaboration mode for extended periods is not

likely to be the best choice. Short-term or light-touch occasional

collaboration to establish or re�ne the interfaces is �ne, but a need for

ongoing collaboration suggests incorrect domain boundaries and/or team

responsibilities, or the incorrect mix of skills within a team.

Table7.1: Advantages and Disadvantages of Collaboration Mode

Advantages Disadvantages

Rapid innovation and discovery

Fewer hand-offs

Wide, shared responsibility for each team

More detail/context needed between

teams, leading to higher cognitive load



X-as-a-Service: consuming

or providing something with

minimal collaboration

Possible reduced output during

collaboration compared to before

Constraint: A team should use collaboration mode with, at most, one other team at a

time. A team should not use collaboration with more than one team at the same time.

Typical Uses: Stream-aligned teams working with complicated-subsystem teams;

stream-aligned teams working with platform teams; complicated-subsystem teams

working with platform teams

X-as-a-Service: Clear Responsibilities with

Predictable Delivery but Needs Good Product

Management

e X-as-a-Service team interaction mode is suited to situations where

there is a need for one or more teams to use a code library, component,

API, or platform that “just works” without much effort, where a

component or aspect of the system can be effectively provided “as a

service” by a distinct team or group of teams.

During later phases of systems

development and periods where predictable

delivery is needed (rather than discovery of

new approaches), the X-as-a-Service model

works best. In this model, teams can rely on

certain aspects of their technology landscape being provided as a service

by other teams (internal or external), allowing the team to focus on

delivering their work.

e challenging aspects of the service will already have been discovered

by a previous “divergent” approach using close collaboration, leaving the

most effective solution to be run as a service. Relying on something “as a

service” requires excellent work from the XaaS team(s)—not easy to

achieve—but results in the delivery team having to understand less about

non-core aspects of their work, allowing them to deliver more quickly (this



corresponds to the “divergent thinking” approaches of Dr. Kyung Hee Kim

and Robert A .Pierce).

With X-as-a-Service, there is great clarity about who owns what: one

team consumes something that the other team provides. Less context is

needed by each team compared to working in collaboration mode, so the

cognitive load on each side can be “lower than.” By design, innovation

across the boundary happens more slowly than with collaboration,

precisely because X-as-a-Service has a nice, clean API that has de�ned the

service well. We can see this relationship in Figure 7.4.

Figure 7.4: X-as-a-Service Team Interaction Mode

In this case, the team on the right is providing something “as a service” to the team on the left

(perhaps an API, some developer tooling, or even an entire platform).

For a component or aspect of a system to be provided effectively as a

service, not only must the responsibility boundary make sense in the

context of the business or technical domain, but the team providing the

service will also be required to be adept at understanding the needs of the

teams that consume its service and managing their aspect of the system

using service-management principles (through the use of versioning,

product management, and so forth).

In the X-as-a-Service team interaction mode, the two interacting teams

have little need for day-to-day collaboration in order to use or provide the

component/API/feature as a service. is is an explicit bene�t of the X-as-

a-Service model: if the aspect being provided needs little interaction from

the consuming team, then—almost by de�nition—it is highly �t for



purpose, and is helping the consuming team to do their work effectively.

is means that for the X-as-a-Service model, there should be a high value

gained from some teams being able to ignore low-level details of the

service that they consume from another team, allowing them to move

quickly without needing to be concerned with implementation details.

NOTE

The X-as-a-Service model works well only if the service boundary is well

chosen and well implemented, with a good service-management practice

from the team providing the service.

For something to be provided as a service—whether a component, an

API, a testing tool, or an entire delivery platform—the team responsible

must have a strong sense of responsibility toward both the consumers and

the viability of the thing they are providing. ey must make the developer

experience (DevEx) highly compelling. e service they provide should be

straightforward to use, test, deploy, and/or debug; and the documentation

on how to use it should be clear, well-written, and up to date.

Furthermore, the service they provide must be managed in a way that

keeps it viable over time: requests for new features from consuming teams

are considered but not built just because a team has asked for them.

Instead, the purpose and remit of the thing is evolved with the best

interest of all consumers in mind, with enhancements carefully scheduled

and planned in consultation with other teams.

Even a simple code library for, say, low-level XML transformations will

bene�t from applying product-management and DevEx principles. e

team that builds and supports the XML library should think about

versioning and backwards compatibility, a communicated roadmap for

retiring the older versions of the library, helping consumers of the library

move to newer versions, and so on. For anything larger than a code library,

the need for these X-as-a-Service approaches is even greater.



Table7.2: Advantages and Disadvantages of X-as-a-Service Mode

Advantages Disadvantages

Clarity of ownership with clear

responsibility boundaries

Reduced detail/context needed between

teams, so cognitive load is limited

Slower innovation of the boundary or API

Danger of reduced �ow if the boundary or

API is not effective

Constraint: A team should expect to use the X-as-a-Service interaction with many other

teams simultaneously, whether consuming or providing a service.

Typical Uses: Stream-aligned teams and complicated-subsystem teams consuming

Platform-as-a-Service from a platform team; stream-aligned teams and complicated-

subsystem teams consuming a component or library as a service from a complicated-

subsystem team.

Facilitating: Sense and Reduce Gaps in Capabilities

e facilitating team interaction mode is suited to situations where one or

more teams would bene�t from the active help of another team facilitating

(or coaching) some aspect of their work. e facilitating interaction mode

is the main operating mode of an enabling team (see Chapter 5) and

provides support and capabilities to many other teams, helping to enhance

the productivity and effectiveness of these teams. e remit of the team

undertaking the facilitation is to enable the other team(s) to be more

effective, learn more quickly, understand a new technology better, and

discover and remove common problems or impediments across the teams.

e facilitating team can also help to discover gaps or inconsistencies in

existing components and services used by other teams.

Teams that interact using the facilitating mode typically work across

many other teams, detecting and reducing cross-team problems and

helping to inform the direction and capabilities of things like code

libraries, APIs, and platforms provided as a service by other teams or

organizations.

A team with a facilitating remit does not take part in building the main

software systems, supporting components, or platform but, instead,



Facilitating: helping (or

being helped by) another

team to clear impediments

focuses on the quality of interactions between

other teams building and running the

software. For example, a team facilitating the

effectiveness of three stream-aligned teams

(see Chapter 5) might �nd that the logging

service provided by the platform is quite difficult to con�gure: all three

teams �nd it difficult to use. e team helping the three teams can then

facilitate some improvements to the logging service from the platform.

Because only one of the two teams in a facilitation team interaction is

building the main software systems, the effects of Conway’s law have

already been anticipated: the team doing the facilitating helps to de�ne

and clarify the communication between other teams based on the system

desired architecture.

Table7.3: Advantages and Disadvantages of Facilitation Mode

Advantages Disadvantages

Unblocking of stream-aligned teams to

increase �ow

Detection of gaps and misaligned

capabilities or features in components

and platforms

Requires experienced staff to not work on

“building” or “running” things

The interaction may be unfamiliar or

strange to one or both teams involved in

facilitation

Constraint: A team should expect to use the facilitating interaction mode with a small

number of other teams simultaneously, whether consuming or providing the facilitation.

Typical Uses: An enabling team helping a stream-aligned, complicated-subsystem, or

platform team; or a stream-aligned, complicated-subsystem, or platform team helping a

stream-aligned team.

Team Behaviors for Each Interaction Mode

Each team-interaction mode works best with a corresponding set of team

behaviors. ese team behaviors can be thought of as “styles” of behavior,



rather like a concert band adopting different styles of musical performance

to suit the context: jazz, swing, orchestral �lm score, and so on. e band

(or team) is made up of the same people, but the style they adopt as a

group changes depending on the kind of effect they need to have. is also

holds for situations where the band (team) needs to perform together with

another group, such as a quartet or choir: the performance style of the

band changes to enable the two combined groups to succeed in their

performance.

Just as a concert band changes its performance style to suit the needs

of the music it is playing and the other groups it is performing with, a

team following the Team Topologies approach to software delivery should

adopt different “styles” of team behavior depending on which other team

or teams it is interacting with.

Leading technologist James Urquhart, writing about team

intercommunication with Conway’s law in mind, describes the need for “a

communication backchannel that avoids much of the politics, bandwidth

constraints, and simple inefficiency of human-to-human

communication.”4 is is exactly the kind of outcome this chapter’s well-

de�ned team interactions should provide. Furthermore, behavioral studies

suggest that humans work best with others when we can predict their

behavior. As humans, we can build trust by providing consistent

experiences for others in the organization. Clear roles and responsibility

boundaries help this by de�ning expected behavior and avoiding what

some refer to as “invisible electric fences.”5

TIP

Promise theory as a way to design systems for team interaction.

Promise theory—devised by technologist and researcher Mark Burgess—

explains how and why it is preferable to construct inter-team relationships in

terms of promises rather than in terms of commands and enforceable

contracts. For example, by adhering to the meaning of the

major/minor/patch/build numbering indicated by semantic versioning



(SemVer), the team promises not to break software that depends on their

code.6

Team Behaviors for Collaboration Mode: “High

Interaction and Mutual Respect”

Teams interacting using the collaboration mode should expect to have

high interaction and mutual respect with the collaborating team. is

typically means that team members should expect activities to take much

longer than they might expect as the “boundary spanning” aspects of

collaboration discover and solve previously unknown problems. Rewarding

one team for the work of the other team can help to align behaviors—

what Don Reinertsen, author of Principles of Product Development Flow,

calls the “Principle of Overlapping Measurement.”7

TIP

How to train for collaboration mode.

Some training or coaching in basic collaboration skills such as pair

programming, mob programming, and whiteboard sketching—together with

speci�c training around boundary-spanning collaboration—can be valuable

for teams interacting using collaboration mode.

Team Behaviors for X-as-a-Service Mode:

“Emphasize the User Experience”

Teams interacting using the X-as-a-Service mode should expect to

emphasize the user experience of the thing being provided as a service. For

example, if a platform team is providing a set of dynamic cloud testing

environments for a stream-aligned team to use, both the platform team

and the stream-aligned team should emphasize the experience of

interacting with the environments: what the API feels like, how easy it is

to see the resources being used, how compelling the features are to use,



etc. Clearly, the functionality of the platform is also important, but in

order to drive the best and most fruitful interaction between teams, a

focus on the experience of using the platform is essential.

TIP

How to train for X-as-a-Service mode.

Some training or coaching in core user-experience (UX) and developer-

experience (DevEx) practices can be valuable for teams interacting using X-

as-a-Service mode.

Team Behaviors for Facilitating Mode: “Help and Be

Helped”

Teams interacting using the facilitating mode should expect to help and be

helped. Let’s say that a stream-aligned team is being helped by an enabling

team to adopt new practices. People in the stream-aligned team need to be

open to being helped by the enabling team; they need to have an open

mind to new approaches and be aware that the enabling team has probably

seen some better approaches.

TIP

How to train for facilitating mode.

Some training or coaching in how to facilitate or how to be helped by another

team can be valuable for teams interacting using facilitating mode.

Choosing Suitable Team Interaction Modes

Each of the four fundamental team topologies—stream aligned, enabling,

complicated subsystem, and platform—have certain characteristic

behaviors that make them work well in an organizational context.



Sometimes, a team may need to adopt a different mode of interaction with

other teams (either temporarily or on a permanent basis) in order to

improve outcomes.

Each fundamental team topology is likely to encounter different

interaction modes. Aligning team interactions to these three modes helps

ensure that the teams are operating as effectively as possible for their

current organizational purpose. Figure 7.5 (see page 145) shows the

primary interaction modes for each of the four fundamental team

topologies.

Figure 7.5: Primary Interaction Modes for the Four Fundamental Team Topologies



Stream-aligned teams use X-as-a-Service or collaboration; enabling teams use facilitation;

complicated-subsystem teams use X-as-a-Service; platform teams use X-as-a-Service for teams

that consume the platform.

e typical and occasional team interaction modes of the fundamental

team topologies can be mapped to the essential team interaction modes as

shown in Table 7.4.

Table 7.4: Team interaction modes of the fundamental team topologies

Collaboration X-as-a-Service Facilitating

Stream-aligned Typical Typical Occasional

Enabling Occasional Typical

Complicated-subsystem Occasional Typical

Platform Occasional Typical

Table 7.4 provides a useful reminder of how different teams can expect

to interact with other teams in the organization. For example, a stream-

aligned team can typically expect to interact with other teams using either

collaboration or X-as-a-Service, whereas a platform team mostly expects to

interact using X-as-a-Service. is gives some further hints for the kinds of

interpersonal skills likely to be needed for each type of team: platform

teams will need strong product- and service-management expertise,

whereas enabling teams will need people with strong mentoring and

facilitating experience.

Choosing Basic Team Organization

With an understanding of the team interaction modes, we can choose an

initial organization design that is likely to help produce the software

architecture required. Expectations should be set with coworkers that the

interaction modes and team structures will need to change at least a little



as the organization “senses” whether the boundaries chosen are in fact the

best boundaries.

CASE STUDY: TEAM INTERACTION DIVERSITY AT IBM

AROUND 2014

Eric Minick, Program Director for Continuous Delivery, IBM

Since 2013, Eric Minick has led the introduction and dissemination of new

practices across the worldwide IBM technical teams.

When I joined IBM in 2013, the enterprise software industry was

going through some significant changes brought about by cloud

technologies and ubiquitous automation. Part of my role at the time

was to help bring then-new DevOps and Agile practices to 40,000

developers in several dozen locations (on six continents). ere were

many different kinds of team interactions happening, and so, to help

encourage a shift to the newer ways of working, we had an

“advocates” team (see Figure 7.6).

Figure 7.6: Team Interaction Modes at IBM around 2014

Team interaction modes at IBM around 2014, with a team of “DevOps advocates”

coordinating and facilitating learning and team changes.



e advocates team included a handful of full-time people and

some part-timers. It gathered successful patterns from various teams

around the world to encourage and educate others, helping the ideas

to diffuse through the organization at IBM. Its approach included

formal training for teams and their executives. Meanwhile, there was

a drumbeat of content like internal webinars that would draw an

audience of thousands of technologists.

e advocates team probably doesn’t fit neatly as a team topology

because we saw ourselves as a temporary team that should not be

needed in a few years’ time, or as I said on Twitter at the time: e

goal for a “DevOps Team” should be to put itself out of business by

enabling the rest of the org.

Use the Reverse Conway Maneuver with

Collaboration and Facilitating Interactions

When we undertake a reverse Conway maneuver (see Chapter 2), the

homomorphic pull of self-similarity that Conway’s law identi�es is

anticipated: the organization is set up to match the communication paths

needed in the software and systems architecture. However, a new

architecture cannot be expected to emerge as soon as a new team structure

has been devised and implemented. Precisely due to the forces behind

Conway’s law, the existing software architecture will initially “push back”

against the new team structures.

To help make the new organizational structure work—and to sense

whether the new responsibility boundaries are actually correct—the

reverse Conway maneuver should be used with temporary but explicit

collaboration modes between the teams building the software, along with

one or more enabling teams (and possibly other teams) acting in a

facilitating mode. By using temporary, explicit collaboration across the

new boundaries and by using a high degree of facilitating for the stream-



aligned and complicated-subsystem teams, any problems with the new

responsibility boundaries can be quickly identi�ed, giving the team the

opportunity to adjust the design earlier, before too much has been built.

e team responsibilities for software subsystems during the

collaboration phase may need to be back to front to begin with so that the

team ownership can be effective long term. For example, let’s say that a

large software monolith needs to be split into separate segments (aligned

to streams, components, or new aspects of a platform). Teams that

“logically” own a higher-level component may need to work on the lower

layer (platform) for a period of time in order to split out that code,

especially if they wrote the too-coupled code in the �rst place. As the

collaboration period progresses, the team that logically owns the lower

layer can take on more responsibility from the original team until the new

team takes full ownership of the lower layer.

Discover Effective APIs between Teams by Deliberate

Evolution of Team Topologies

As we saw in Chapter 5, a dedicated architecture team is usually an anti-

pattern to be avoided. However, a small group of software and systems

architects can be hugely effective within an organization when the remit of

architecture is to discover, adjust, and reshape the interactions between

teams, and therefore, the architecture of the system.

is is because with Conway’s law in force within a system-building

organization, the architecture of the organization is the architecture of the

system. Or, as Ruth Malan puts it, “[t]he organizational divides are going

to drive the true seams in the system.”8 Allan Kelly—longtime advocate of

using the reverse Conway manuever to shape teams, says: “someone who

claims to be an Architect needs both technical and social skills. . . . ey

also need a remit that is broader than pure technology—they need to have



a say in business strategies, organizational structures, and personnel

issues, i.e., they need to be a manager too.”9

e architect should be thinking: “Which team interaction modes are

appropriate for these two teams? What kind of communication do we need

between these two parts of the system, between these two teams?” e

architect in an organization following the Team Topologies approach is

therefore the designer of team APIs that anticipate the intended software

architecture.

Effectively, instead of trying to rely entirely on individuals within

teams to perform boundary spanning (which can be stressful and needs

both good social and technical skills), use people skilled in API design to

design the APIs between teams within the organization.

Choose Team Interaction Modes to Reduce

Uncertainty and Enhance Flow

e different team interaction modes have different characteristics,

making them suitable for different kinds of activities or goals. In this

section, we identify which team interactions modes to use in different

circumstances.

Use the Collaboration Mode to Discover Viable X-as-

a-Service Interactions

e X-as-a-Service interaction mode can be highly effective in helping

software-delivery teams achieve fast �ow. However, as with any service, if

the service boundaries are not well drawn and the service attempts to

provide either too much or too little without enough �exibility, the X-as-a-

Service interaction will not be effective; the service will not meet the needs

of consuming teams.



To address the problem of poorly drawn service boundaries, the

collaboration team interaction mode can be used to help redraw service

boundaries in a new place, either contracting or expanding the remit of

the service (or adding more �exibility) in order to make the service more

suitable for consuming teams. In fact, ongoing, lightweight collaboration

interactions at service boundaries should be expected to make sure that all

services are as effective as they can be. We want “just enough”

collaboration at the service boundaries to adjust the scope of the service to

meet the needs of consuming and providing teams.

If an organization is trying to establish a new X-as-a-Service

interaction, the same pattern applies: collaborate closely to establish viable

“as a service” boundaries and then continue with lightweight collaboration

to validate that the boundaries are effective.

e collaboration team interaction mode can be used to drive the rate

of innovation of both application and platform/infrastructure, which is

particularly useful for new and emerging products or service offerings.

TIP

Collaborate on potentially ambiguous interfaces until the interfaces are

proven stable and functional.

Change the Team Interaction Mode Temporarily to

Help a Team Grow Experience and Empathy

If the current mode of interaction between teams has been in place for

some time and possibly needs some revitalization, changing the

interaction mode temporarily can help team members refresh and grow

their experience, and increase empathy for the other team. Evan Wiley of

Pivotal describes how, for a team with a dependency on another team,

“those teams may arrange to swap pairs, and somebody might go from one

team to another team for a few days or a week to get the feature done.”10



As Heidi Helfand puts it, “when you deliberately plan out the [team

changes] in your organization, you provide new learning opportunities for

people.”11

It is vitally important that the changes are deliberate (and probably

also temporary) with the full consent, understanding, and enthusiasm of

the people involved. Dynamic Reteaming by Heidi Helfand provides many

useful recommendations for making team changes as smooth as possible.

Use Awkwardness in Team Interactions to Sense

Missing Capabilities and Misplaced Boundaries

e patterns of team interactions can be used to detect and respond to

problems with the design of the system, potentially anticipating software

problems before the code reaches production.

Let’s consider two examples:

1. A stream-aligned team that should be consuming a calculation

component “as a service” from a complicated-subsystem team is

spending signi�cant amounts of time on instant messenger and in

person talking to the complicated-subsystem team to try to use the

component.

2. A platform team expects to be collaborating closely with a stream-

aligned team in order to assess a new technology approach but is getting

little interaction from the other team.

In the �rst case, we know that the X-as-a-Service interaction should be

low friction and should need only occasional or limited communication. If

the stream-aligned team is spending many hours trying to use a

component, this is a signal that something is amiss: Is the component

boundary in the right place? Is the component API well speci�ed? Is the

component easy enough to use? Does the complicated-subsystem team

have a missing capability within the team, such as UX or DevEx?



In the second example, the platform team is expecting signi�cant

communication with the stream-aligned team, because they are supposed

to be using the collaboration interaction mode to discover new technology

solutions together. In this case, the absence of inter-team communication

is a sign that something is wrong in the stream-aligned team: Do they

understand the value of adopting the collaboration mode at this point? Do

they have enough skills to undertake this collaboration, or is another team

better suited? Is the boundary that the teams are trying to bridge too

ambitious?

As Don Reinertsen says, “We need to be alert for the white space

between the roles, gaps that nobody feels responsible for.”12

TIP

Techniques from domain-driven design (DDD) such as event storming and

context mapping can help accelerate awareness of appropriate boundaries.

See Chapter 6 for more details on DDD.

Summary: Three Well-De�ned Team

Interaction Modes

An effective, modern organization building and running software is a

product of the interactions between teams. Yet many organizations fail to

de�ne what good team interactions look like, resulting in confusion,

annoyance, and ineffectiveness. Simply de�ning a set of teams with

responsibility boundaries is not enough to produce an effective

sociotechnical system; it is also necessary to de�ne sensible and effective

interactions between teams.

In this chapter, we’ve seen how three core team interaction modes

provide the clarity needed for all team interactions within the

organization:



• Collaboration: two teams work closely together for a de�ned period to

discover new patterns, approaches, and limitations. Responsibility is

shared and boundaries blurred, but problems are solved rapidly and the

organization learns quickly.

• X-as-a-Service: one team consumes something (such as a service or an

API) provided “as a service” from another team. Responsibilities are

clearly delineated and—if the boundary is effective—the consuming

team can deliver rapidly. e team providing the service seeks to make

their service as easy to consume as possible.

• Facilitating: one team helps another team to learn or adopt new

approaches for a de�ned period of time. e team providing the

facilitation aims to make the other team self-sufficient as soon as

possible, while the team receiving the facilitation has an open-minded

attitude to learning.

e combination of well-de�ned team types and well-de�ned team

interactions provides a clear and powerful way to promote team-based

organizational effectiveness, avoiding the ambiguities and con�icts that

many organizations experience.
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8
Evolve Team Structures with

Organizational Sensing

e design . . . is almost never the best possible, [so] the prevailing

system concept may need to change. erefore, flexibility of

organization is important to effective design.

—Mel Conway, “How Do Committees Invent?”

odern organizations face huge challenges in responding to rapid

changes in regulatory and market conditions, customer and user

demands, rapidly-moving trends, and powerful shifts in technology

capabilities. A successful modern organization needs to be able to shape-

shift to deal with these changing circumstances by designing for

adaptability. erefore, when designing modern organizations for building

and running software systems, the most important thing is not the shape

of the organization itself but the decision rules and heuristics used to

adapt and change the organization as new challenges arise; that is, we

need to design the design rules, not just the organization.

is chapter covers a set of design rules for modern, software-powered

organizations, taking into account the true implications of Conway’s law,

team-�rst decision-making, and the four fundamental team topologies

described in Chapter 5.



How Much Collaboration Is Right for Each

Team Interaction?

As we saw in Chapter 7, the two primary interaction modes for teams are

collaboration, where two teams with different skills come together to work

on something, and X-as-a-Service, where one team provides and one team

consumes, and there doesn’t need to be very much collaboration at all. It’s

important to recognize that neither mode is better or worse than the

other; they simply are useful for different kinds of work.

Collaboration is good for rapid discovery and avoiding hand-offs and

delays, but the downside is a higher level of cognitive load. Each side of the

collaboration needs to understand more about the other side, so the team

members have to retain more in their heads. However, this “collaboration

tax” is worth it if the organization wants to innovate very rapidly.

By contrast, with X-as-a-Service there is great clarity about which team

owns what. ere is also less mental context needed for each team, so the

cognitive load on each side of the relationship is lower. It’s likely that as a

whole, the teams innovate more slowly with X-as-a-Service than

collaboration, precisely because their interaction is mediated and de�ned

by a clean API that has locked down the interaction possibilities. X-as-a-

Service is best for situations where predictable delivery is more important

than rapid discovery.

is approach is backed by recent research into high-performing

organizations presented in Accelerate:

In teams which score highly on architectural capabilities [which

directly lead to higher performance], little communication is required

between delivery teams to get their work done, and the architecture

of the system is designed to enable teams to test, deploy, and change

their systems without dependencies on other teams. In other words,

architecture and teams are loosely coupled.”1



TIP

Restrict any ongoing collaboration between teams to explicit valuable

activity.

Collaboration is expensive. Unnecessary collaboration is particularly

expensive, especially as it can mask or hide de�ciencies in underlying

platforms or capabilities. Any ongoing collaboration activity must, therefore,

be justi�ed as valuable discovery, valuable capability building, or valuable

de�ciency-�lling activity.

To reach the level of a high-performing organization, it is important to

decide how much collaboration is appropriate for each team-to-team

interaction. Should Team A simply be able to consume services from Team

B with little effort? If they should but cannot yet, should Team A

collaborate with Team B for a short time (ree weeks? ree months?) in

order to better de�ne the API for Team B and enable Team A to consume it

“as a service”? Exactly what should the teams collaborate on, bearing in

mind that the collaboration will likely tend to blur the boundaries of each

part of the system between Team A and Team B?

CASE STUDY: ADOPTION OF KUBERNETES TO DRIVE

ORGANIZATIONAL CHANGE AT USWITCH

Paul Ingles, Head of Engineering, uSwitch

Paul Ingles, at consumer-rating service uSwitch, describes how, after

many years of slowly increasing complexity, they realized that Dev

teams were having to understand too much of the underlying

technology stack to be properly effective.

What was needed was a platform abstraction that minimized Dev

team cognitive load.2 ey adopted a new cloud infrastructure

abstraction (called Kubernetes) in order to help with this shift: “We



didn’t change our organization because we wanted to use Kubernetes;

we used Kubernetes because we wanted to change our organization.”3

is deliberate use of a change in team interaction to force a

beneficial change in delivery capability is the essence of strong,

strategic technology leadership.

Accelerate Learning and Adoption of New

Practices

Deliberately changing the interaction mode of two teams to collaboration

can be a powerful organizational enabler for rapid learning and adoption

of new practices and approaches. If one team has signi�cant experience in

a valuable set of practices—such as test automation—from which the

second team would bene�t, then bringing the two teams together in

collaboration mode for a few months can not only help to improve and

de�ne the API between the teams but also produce a step change in the

capability of the second team. is “deliberate collaboration” is particularly

useful where two groups have very different prior experience due to the

prevailing practices around their respective technologies.

Consider (as shown in Figure 8.1) a team that is adept at building

cloud-based software and is building some cloud-hosted metric collection

and analytics software that receives data from a �eet of IoT devices

running embedded software. Bringing this team together to collaborate

closely with a team of embedded software specialists—whose experience

is much more low level—would not only help both teams to better

understand the challenges across this embedded/cloud technology divide

but also bring bene�ts around test automation.



Figure 8.1: Collaboration between Cloud and Embedded Teams

Two teams (“cloud” and “embedded”) collaborate to share practices and increase awareness.

e results will include heightened awareness of the options for future team interactions: (1)

treat the cloud software as a platform for the embedded team to use, (2) treat the embedded

devices as a platform for the cloud team to use, or (3) continue with close collaboration.

e cloud team probably treats test environments as ephemeral and

dynamic, and can help the embedded team take a more nimble approach to

testing. In return, the embedded team can help the cloud team understand

the memory and processing restrictions of the embedded IoT devices and

tailor their code and protocols to better suit the limited hardware.



is collaboration period will also help the organization assess whether

the cloud software or the embedded devices can and should be treated as a

platform (in the sense used in this book) with the corresponding behaviors

from the platform-providing team. e alternative is, of course, for the

teams to continue to collaborate, possibly with an enabling team providing

some mediation. As the collaboration continues, the teams may realize

that their respective change cadences are increasingly aligning, in which

case they may decide to form a “paired” set of teams, both stream aligned.

CASE STUDY: EVOLUTION OF TEAM TOPOLOGIES AT

TRANSUNION (PART 2)

Dave Hotchkiss, Platform Build Manager, TransUnion

(Continued from Chapter 4)

At the start of our transformation in 2014, we realized that the

development (Dev) and operations (Ops) groups were separated by a

large gap. We knew that a separate team of evangelists could help

bring Dev and Ops closer together; but in our case, we decided to use

two teams, because the gap was so wide.

From the Dev group we created a system-build (SB) team, and

from the Ops group we created a platform-build (PB) team. We then

focused on getting SB and PB collaborating closely, which was a

simpler problem to solve initially than getting all the Dev and Ops

teams to collaborate (see Figure 8.2 on page 158).



Figure 8.2: System-Build and Platform-Build Team at TransUnion

A team from Dev (SB) and a team from Ops (PB) exploring close interactions.

We drew out a timeline of the team evolution, inspired by the

DevOps Team Topologies patterns. We expected to need to focus on

awareness or operability within Dev teams to begin with, so our

initial team evolution had the SB team collaborating closely with the

Dev teams and the PB team. is really helped improve things, like

deployment automation, metrics, logging, and other operational

aspects (see Figure 8.3 on page 158).

Figure 8.3: System-Build and Platform-Build Team Collaboration at

TransUnion

e two teams, SB and PB, collaborating closely.

Back in 2014, we expected to have evolved the SB and PB teams

to a nice enabling team within twelve months. As it happened, this

transition took quite a bit longer than we initially thought (three



years longer!) as we started to move our services to Azure; but by

early 2018, we had made this work (see Figure 8.4 on page 158). e

benefits to the business were really clear: safer, more regular

production changes, fewer deployment mistakes, and better

traceability of changes (essential in the highly regulated financial

sector in which TransUnion operates).

Figure 8.4: System-Build and Platform-Build Teams Merged at TransUnion

e SB and PB teams merged, helping to bring Dev and Ops together.

By late 2018, we had gone even further, finally merging the SB

team back into the Dev teams and PB into the Ops teams, bringing

higher levels of operational awareness and accountability, and leaving

Ops to manage the underlying platform, with some strategic

infrastructure running in Azure Cloud (see Figure 8.5).

Figure 8.5: System-Build and Platform-Build Teams Merged Back into Dev

and Ops at TransUnion



e SB and PB teams merged back into Dev and Ops, providing Platform-as-a-

Service.

Our early realization that this should be an evolution of teams

was really important for our success. People knew that things would

take some time, and the clear but changing responsibility boundaries

helped people to understand their part in the process.

Constant Evolution of Team Topologies

Collaboration is costly but good for discovery of new approaches, and X-as-

a-Service is good for predictable delivery; so teams can be set up to match

the needs of each area of the software system and each team. But what

happens when the requirements or operating context changes?

Interaction modes of different teams should be expected to change

regularly, depending on what the teams need to achieve. If a team needs to

explore part of the technology stack or part of the logical domain model

currently handled by another team, then they should agree to use

collaboration mode for a speci�c period of time. If a team needs to

increase its delivery predictability following successful discovery of new

approaches with another team, then it should move away from

collaboration mode toward X-as-a-Service to help de�ne the API between

the teams.

In this way, teams should expect to adopt different interaction modes

for periods of time depending on what they need to achieve. Of course,

Conway’s law tells us that during the discovery and rapid learning taking

place as part of collaboration mode, the responsibilities and architecture of

the software is likely to be more “blended together” compared to when the

teams are interacting using X-as-a-Service. By anticipating this fuzziness,

some awkward team interactions (“the API is not well designed” and so



forth) can be avoided by tightening up the API as the team moves to X-as-

a-Service.

e evolution of team topologies from close collaboration to limited

collaboration to X-as-a-Service can be visualized in Figure 8.6 (see page

160).

Figure 8.6: Evolution of Team Topologies

e evolution of Team Topologies from close collaboration to limited collaboration (discovery)

through to X-as-a-Service for established, predictable delivery.

Initial close collaboration evolves into more limited collaboration on a

smaller number of things as the technology and product is better

understood through discovery, and it further evolves into X-as-a-Service

once the product or service boundary is more established.

In a larger enterprise, this “discover to establish” pattern is expected to

happen all the time with different teams at different stages of

development. ere should be multiple discovery activities happening

simultaneously, with other teams taking advantage of well-de�ned APIs to

be able to consume things as a service, as shown in Figure 8.7 (see page

160).



Figure 8.7: Evolution of Team Topologies in an Enterprise

Team 1 continues to collaborate with a platform team, discovering new patterns and ways of

using new technologies. is discovery activity eventually enables Team 2 to adopt an X-as-a-

Service relationship with the platform team. Later, Teams 3 and beyond adopt a later version

of the platform, using it as a service without having to collaborate closely with the platform

team.

In some organizations, teams may operate on a permanent basis with

many teams using collaboration, especially if the rate of innovation is very

high. Other organizations may have a tendency toward mostly X-as-a-

Service interactions, because they have a well-de�ned problem space and

mostly need to execute on well-understood business problems. e key

point here is that teams need different interaction modes depending on

what they need to achieve.

Ultimately, by expecting and encouraging team interactions to move

between collaboration and X-as-a-Service for speci�c reasons,

organizations can achieve agility.

Keeping the interrelations between teams in the organization well

de�ned and dynamic provides the foundation for what Jeff Sussna calls a



“continuous design capability” for external and internal contexts.4 is

dynamic reshaping provides a key strategic capability. John Kotter, expert

in organizational change, says: “I think of [strategy] as an ongoing process

of ‘searching, doing, learning, and modifying’. . . . e more the

organization exercises its strategy skills, the more adept it becomes at

dealing with a hypercompetitive environment.”5

TIP

Evolve different team topologies for different parts of the organization at

different times to match the team purpose and context.

We have seen that team interactions should explicitly evolve over time,

depending on what the teams are doing. In a discovery phase, some degree

of collaboration is expected, but close collaboration often doesn’t scale

across the organization. e aim should be to try to establish a well-

de�ned and capable platform that many teams can simply use as a service.

Organizations should aim to move from discovery activities to

establish predictable delivery over time as new commodity services and

platforms become available. e implication for organizations is that the

experience of people in different teams within the organization will differ

depending on the kind of thing they’re working on at that point in time.

Not all teams will interact with other teams in the same way, and that is

what we want.

Different topologies and different team interactions for different parts

of an organization need to evolve at different times based on what they are

doing and what they are trying to achieve. e organization must ask

itself: “Are we trying to discover things? And how rapidly do we need to

discover them?” ere might be times when there is a need to colocate

people—at the same desks or simply on the same �oor in the same

building—to produce the kind of proximity that encourages the right

amount of collaboration. At other times, teams might move to separate



�oors or even separate buildings in order to help enforce an API boundary;

a slight distance in terms of communication can help do that (see Chapter

3 for more details on office layouts).

e team topologies within an organization change slowly over several

months, not every day or every week. Over a few months, change should

be encouraged in the team interaction modes, and a corresponding change

should be expected in the software architecture.

CASE STUDY: SKY BETTING & GAMING—PLATFORM

FEATURE TEAMS (PART 2)

Michael Maibaum, Chief Architect, Sky Betting & Gaming

(Continued from Chapter 5)

Platform Evolution had reached a tipping point, and we had a choice

to make: we could dissolve the team and make each of the now

relatively large product teams responsible for their own configuration

management, or we could try and figure out how to support those

teams more effectively—to enable them to accelerate delivery with

high quality and reliability.

We decided that the Platform Evolution team had to change,

becoming a product team with services and support capabilities, in

order to think and design the things they were working on as services

to be consumed by other teams. In short, the team had to focus on

features that drive value to the business.

Platform Evolution became Platform Services and began to work

with a very different worldview. eir mission was to provide services

designed to support other teams with features and capabilities driven

by their customers. In other words, Platform Services became a

product-driven team.



Alongside the work to break down our Chef monolith, Platform

Services developed a number of customer-focused services, providing

centralized value-add services to teams, including AWS integrations,

build and test environments, logging platforms, and much more. In

each case, Platform Services took a fundamental capability that

teams needed (and could, in theory, build for themselves) and

provided a managed service equivalent. Platform Services took the

time to provide bespoke adaptations that delivery teams needed to

make the standard tool more valuable and easier to use in the SB&G

environment; and in doing so, saved the business the overhead of

repeating those solutions in many teams around the business.

rough this period, Platform Evolution/Services were most

closely aligned with the in-house software teams. It was often a point

of debate and contention on the appropriate boundaries of

responsibility, particularly between our infrastructure team and

Platform Services. Platform Services was building things like firewall

and load-balancer automation, tools to support our increasing usage

of AWS, secrets management and PKI, but it was often struggling

with the organizational boundaries between it and the infrastructure

team. e question arose of how much should infrastructure be

responsible for in the “platform layer”? And—slightly more delicately

—were they organized in a way to support products?

Once this conversation started, it became clear that it overlapped

with conversations within our infrastructure team about how they

should be organized. Infrastructure was the last significant function

in the business with a clear delivery/operations split in the team, and

there was an appetite to try something different. Infrastructure

reorganized around products and services; smaller teams owned the

end-to-end life cycle of a coherent set of related things, with a drive

to make them better for their customers around the business. As part

of that transformation, it also became obvious where Platform



Services fit best—not as one team between infrastructure and the

rest of technology but as part of the infrastructure function.

Some services—like load balancer and firewall automation—

found a more natural home in one of our networking-related squads,

while some remained in the two Platform Services squads: Platform

Engineering and Delivery Engineering. We seeded automation

engineers into infrastructure squads around services that had never

had that capability, and developed an infrastructure product function

to support the team’s engagement with the wider business.

We now have infrastructure-platform feature teams, just like we

have customer-facing product feature teams; and while the change

hasn’t been simple or without its challenges, it’s clear from the level

of engagement, sense of ownership, and reduced friction with other

areas of the business that the change has been transformative. From

the other areas of the business, it’s now clear who to talk to and what

that team is doing and why, when it often wasn’t before, because it

was all just “infrastructure.”

Combining Team Topologies for Greater

Effectiveness

At any one time, different teams within an organization will have different

interaction and collaboration needs. Different kinds of team topologies

should be expected to be seen simultaneously. Some degree of

collaboration between teams is expected, but collaboration often doesn’t

scale across the organization; and consuming things as a service is often

more effective as the number of teams increases.

For example, perhaps we have four stream-aligned teams building

different parts of the software system. One of the teams may be in

collaboration mode with the platform team, undertaking some discovery



work on new logging technology, while the other three teams are simply

consuming the platform in X-as-a-Service mode.

Superimposed on the same diagram, the interactions might look like

this: e �rst stream-aligned team has a collaboration interaction with the

platform team—the teams collaborate on new technology approaches and

learn new techniques rapidly. e stream-aligned team is supported by a

enabling team. e other three stream-aligned teams treat the platform as

a service and are also supported by the enabling team. ese different

interactions are present to re�ect the nature of the work being undertaken

by the stream-aligned teams and the kind of interactions present in the

software they are building.

In this example, there are three different kinds of team interactions

happening simultaneously: the stream-aligned teams are experiencing a

facilitating interaction with the enabling team, and three of the four

stream-aligned teams expect an X-as-a-Service interaction with the

platform, leaving one stream-aligned team to undertake the discovery

work with the platform team via a collaboration interaction.

Because the interaction modes are clear and explicit, and because these

are mapped to well-de�ned purposes, people on different teams within the

organization understand why they interact in different ways with other

teams. is helps to increase engagement within teams and to enable

teams to use any friction from the interactions as signals to detect a range

of problems. We explore some of these signals in the next section.

Triggers for Evolution of Team Topologies

Using the advice from Chapter 5, it is fairly straightforward to map an

organization’s structure to the four fundamental team topologies at a

speci�c point in time, but it’s often difficult to have the required

organizational self-awareness to detect when it’s time to evolve the team

structure. ere are some situations that act as triggers to redesign team



topologies within the organization. Learning to recognize these will help

an organization continue to adapt and evolve with its needs.

Trigger: Software Has Grown Too Large for One Team

Symptoms

• A startup company grows beyond �fteen people (Dunbar’s number).

• Other teams spend lots of time waiting on a single team to undertake

changes.

• Changes to certain components or work�ows in the system routinely

get assigned to the same people, even when they’re already busy or

away.

• Team members complain about lack of system documentation.

Context

Successful software products tend to grow larger and larger as more

features get added and more customers adopt the product. While initially

it is possible that everyone in the product team has a fairly broad

understanding of the codebase, that becomes increasingly more difficult

over time.

is can lead to an (often unspoken) specialization within the team

regarding different components of the system. Requests that require

changes to a speci�c component or work�ow routinely get assigned to the

same team member(s), because they will be able to deliver faster than

other team members.

is reinforcing cycle of specialization is a local optimization (“get this

request delivered quickly”) that can negatively affect the team’s overall

�ow of work when planning gets dictated by “who knows what” rather

than “what’s the highest priority work we need to do now.” is level of

specialization introduces bottlenecks in delivery (as storied in e Phoenix



Project and explained in e DevOps Handbook). e routine aspect can also

negatively affect individual motivation.

Another aspect at play occurs when the team no longer holds a holistic

view of the system; thus, it loses the self-awareness to realize when the

system has become too large. While there is some correlation between

system size in terms of lines of code or features, it is the limit on cognitive

capacity to handle changes to the system in an effective way that is most

of concern here.

Trigger: Delivery Cadence Is Becoming Slower

Symptoms

• Team members qualitatively feel it takes longer to release changes than

it used to.

• Team velocity or throughput metrics show a clear downward variation

compared to one year ago. (ere is always some variation, so make sure

it’s not accidental.)

• Team members complain that the delivery process used to be simpler,

with fewer steps.

• Work in progress keeps increasing, with many changes waiting for

another team’s action.

Context

A long-lived, high-performing product team should be able to steadily

improve their delivery cadence as they �nd ways to work more efficiently

together and remove bottlenecks in delivery. However, a pre-requisite for

these teams to �ourish is to grant them autonomy over the entire life cycle

of the product. is means no hard dependencies on external teams, such

as waiting for another team to create new infrastructure. Being able to



self-serve new infrastructure via an internal platform is a soft dependency

(assuming the provisioning self-service is maintained by a platform team).

is level of autonomy is difficult to achieve in many organizations. In

fact, it’s common to see the opposite: reducing autonomy by introducing

new hard dependencies between teams. It could be an attempt at

increasing test coverage by creating a quality assurance (QA) team to

centralize testing of all the products and, theoretically, allocate work to

testers more efficiently. While such a goal is laudable, this team design

introduces a “functional silo” (QA), whereby all teams delivering software

will need to wait on the QA team to be available to test their updates.

e emergence of DevOps highlighted the divide between development

and operations teams in the 2010s, but it’s the same problem—to a

greater or lesser extent—for all other silos that intervene in the product

delivery life cycle.

Note that it’s also possible that delivery has slowed down because of

accrued technical debt. In this scenario, the complexity of the codebase

might reach a state where even small changes are costly and frequently

cause regressions. at means deliveries take much longer to develop and

stabilize than when the codebase was initially created.

Trigger: Multiple Business Services Rely On a Large

Set of Underlying Services

Symptoms

• Stream-aligned teams have limited visibility of end-to-end �ow within

their service area.

• It becomes difficult to achieve a smooth and rapid �ow of change due to

the number and complexity of subsystem integrations.

• Attempts to “reuse” an existing set of services and subsystems becomes

more and more challenging.



Context

In some highly regulated industry sectors, such as �nance, insurance,

legal, and government, several different high-level business services may

rely on a large set of separate underlying services, APIs, or subsystems. For

example, an insurance company may need to conduct lengthy physical

checks on factory machinery in order to provide an updated insurance

quote; or a bank may need to await delivery of proof-of-address documents

before opening a new bank account. e lower-level systems on which

these higher-level business services rely might provide specialist payment

mechanisms, data cleansing, identity veri�cation, background legal

checks, and so forth, each of which needs multiple teams working on it to

evolve and sustain the service. Business process management (BPM)—

perhaps augmented with machine learning (ML)—can help to automate

some of the work in these cases; but engaged, aware teams still need to

con�gure and test the BPM work�ow scenarios. Some of these services

and subsystems may be built and provided in house, but others may be

provided by external suppliers.

In order to deliver useful business value, the higher-level streams need

to integrate with many lower-level services (the realm of enterprise service

management). If the streams have to integrate separately with each

underlying service, it can be challenging to assess the effectiveness of �ow

and to diagnose errors in long-running processes that may have some

human-decision input. For example, the underlying services may not

expose tracking mechanisms or may each have a separate way to identify

transactions.

e solution to these kinds of multi-service integration problems is

twofold: (1) “Platformize” the lower-level services and APIs with a thin

“platform wrapper” that provides a consistent developer experience

(DevEx) for stream-aligned teams with things like request-tracking

correlation IDs, health-check endpoints, test harnesses, service-level

objectives, and diagnostic APIs. is “outer platform” is built on a still



lower-level platform, but that remains hidden from stream-aligned teams.

(2) Use stream-aligned teams for each high-level business service

responsible for operational telemetry and fault diagnosis: building and

evolving “just enough” telemetry integration and diagnostic capabilities to

be able to detect where problems occur. Being in control of telemetry and

diagnostics enables the stream-aligned teams to trace and improve the

�ow of change in their stream (see Figure 8.8 on page 168).

Figure 8.8: Example of a “Platform Wrapper”



Increase �ow predictability in higher-level business services (streams) through the use of a

“platform wrapper” to “platformize” the lower-level services and APIs, allowing the streams to

treat all their dependencies as a single platform with a holistic roadmap and consistent DevEx.

e streams also have rich telemetry to track �ow and resource usage of the platform.

As part of the rich telemetry around each higher-level business service,

the stream-aligned team builds and owns: (1) a lightweight digital-service

“wrapper” that provides consistent logging time stamps, consistency in

correlation IDs, request/response identi�cation and logging, etc. when

calling different underlying services and APIs in the platform; (2) logging,

metrics, and dashboarding for the digital-service wrapper, allowing all

“stream side” coordination to be tracked and traced (even if the “platform

side” aspects are variable in their visibility initially).

To support a sustained and predictable �ow in the higher-level

business services, the platform wrapper must improve the DevEx around

the platform services—consistency and standards around logging,

metrics, dashboards, correlation IDs, etc.—so that greater traceability is

possible from within the digital-service wrapper built by stream-aligned

teams.

Self Steer Design and Development

Historically, many organizations have treated “develop” and “operate” as

two distinct phases of software delivery, with very little interaction and

certainly almost no feedback from operate to develop. Modern software

delivery must take a completely different approach: the operation of the

software should act as and provide valuable signals to the development

activities. By treating operations as rich, sensory input to development, a

cybernetic feedback system is set up that enables the organization to self

steer.



Treat Teams and Team Interactions as Senses and

Signals

With well-de�ned, stable teams taking effective ownership of different

parts of the software systems and interacting using well-de�ned

communication patterns, organizations can begin to activate a powerful

strategic capability: organizational sensing.

Organizational sensing uses teams and their internal and external

communication as the “senses” of the organization (sight, sound, touch,

smell, taste)—what Peter Drucker calls “synthetic sense organs for the

outside.”6 Without stable, well-de�ned neural communication pathways,

no living organism can effectively sense anything. To sense things (and

make sense of things), organisms need de�ned, reliable communication

pathways. Similarly, with well-de�ned and stable communication

pathways between teams, organizations can detect signals from across the

organization and outside it, becoming something like an organism.

Many organizations—those with unstable and ill-de�ned teams,

relying on key individuals and (often) suppressing the voices of large

numbers of staff—are effectively “senseless” in both meanings of the

word: they cannot sense their environmental situation, and what they do

makes no sense. When speed of change was measured in months or years

(as in the past), organizations could manage with very slow and limited

environmental sensing; however, in today’s network-connected world,

high-�delity sensing is crucial for organizational survival, just as an animal

or other organism needs senses to survive in a competitive, dynamic

natural environment.

Not only do organizations need to sense things with high �delity, they

also need to respond rapidly. Organisms generally have separate

specialized organs for sensing (eyes, ears, etc.) and responding to input

(limbs, body, etc.). e kinds of signals that different teams will be able to

detect will differ depending on what the team does and how close it is to

external customers, internal customers, other teams, and so on, but each



team will be capable of providing sensory input to the organization and

responding to the information by adjusting their team interaction

patterns.

ankfully, to help us with this task of what Naomi Stanford calls

“environmental scanning,”7 we have modern digital tools. Rich telemetry

from digital metrics and logging helps teams achieve a real-time view of

the health and performance of their software systems; and lightweight,

network-connected devices (IoT and 4IR) provide regular sensor data from

many thousands of physical locations.

So, what kinds of things should an organization sense? ese

questions can help an organization discover the answer:

• Have we misunderstood how users need/want to behave?

• Do we need to change team-interaction modes to enhance how the

organization is working?

• Should we still be building thing X in house? Should we be renting it

from an external provider?

• Is the close collaboration between Team A and Team B still effective?

Should we move toward an X-as-a-Service model?

• Is the �ow of work for Team C as smooth as it could be? What hampers

�ow?

• Does the platform for teams D, E, F, and G provide everything those

teams need? Is an enabling team needed for a period of time?

• Are the promises between these two teams still valid and achievable?

What needs to change to make the promises more realistic?

IT Operations as High-Value Sensory Input to

Development

Moving quickly relies on sensory feedback about the environment. To

sustain a fast �ow of software changes, organizations must invest in



organizational sensing and cybernetic control. A key aspect of this sensory

feedback is the use of IT operations teams as high-�delity sensory input

for development teams, requiring joined-up communications between

teams running systems (Ops) and teams building systems (Dev). Sadly,

many organizations prevent themselves from moving quickly and safely.

As Sriram Narayan says, “Project sponsors looking to reduce cost opt for a

different team of lower-cost people for maintenance work. is is false

economy. It hurts the larger business outcome and reduces IT agility.”8

Instead of trying to optimize for lowest cost in so-called “maintenance”

work, it is essential that organizations use signals from maintenance work

as input to software-development activities. In the e DevOps Handbook,

Gene Kim and colleagues de�ne e ree Ways of DevOps for modern,

high-performing organizations:9

1. Systems thinking: optimize for fast �ow across the whole

organization, not just in small parts

2. Feedback loops: Development informed and guided by Operations

3. Culture of continual experimentation and learning: sensing and

feedback for every team interaction

e second and third ways rely on strong communication pathways

between Ops and Dev. As we saw in Chapter 5, one of the simplest ways to

ensure a continual �ow of high-�delity information from Ops to Dev is to

have Ops and Dev on the same team, or at least aligned to the same

stream of change as a stream-aligned pair of teams, with swarming for

operational incidents. For organizations that have yet to move to this

model or have a separate operations group, it is vital that communication

paths are established and nurtured between Ops and Dev. is provides

high-�delity information about operational aspects, such as operability,

reliability, usability, securability, and so forth, to enable Dev teams to

course correct and navigate toward software designs that reduce

operational overheads and improve reliability.



Treating Ops as an input to Dev requires a radical rethinking of the

roles of these often-separate groups. Jeff Sussna, author of Designing

Delivery, puts it like this: “Businesses normally treat operations as an

output of design. . . . In order to empathize, though, one must be able to

hear. In order to hear, one needs input from operations. Operations thus

becomes an input to design.”10

As Jeff implies, the aim here is to empathize with the various groups of

users of the software and services we are building. By developing greater

empathy for users, we can improve the kinds of interactions we have with

them, enhancing their experiences and better meeting their needs.

Increasingly, software is less of a “product for” and more of an

“ongoing conversation with” users. To make this ongoing conversation

effective and successful, organizations need a “continuity of care” for its

software. e team that designs and builds the software needs to be

involved in its running and operational aspects in order to be able to build

it effectively in the �rst place. e team providing this “design and run”

continuity of care also needs to have some responsibility for the

commercial viability of the software service; otherwise, decisions will be

made in a vacuum separate from �nancial reality.

How can we encourage teams to continue to care about the software

long after they have �nished coding a feature? One of the most important

changes to improve the continuity of care is to avoid “maintenance” or

“business as usual” (BAU) teams whose remit is simply to maintain

existing software. Sriram Narayan, author of Agile IT Organization Design,

says “separate maintenance teams and matrix organizations . . . work

against responsiveness.”11 By separating the maintenance work from the

initial design work, the feedback loop from Ops to Dev is broken, and any

in�uence that operating that software may have on the design of the

software is lost (see Figure 8.9).



Figure 8.9: New-Service and “Business as Usual” (BAU) Teams

Having separate teams for “new stuff” and BAU tends to prevent learning, improvements and

ability to self-steer. It is a non-cybernetic approach.

Having separate teams for new-stuff and BAU also tends to prevent

learning between these two groups. e new-service team gets to

implement new technologies and approaches but without any ability to see

whether these approaches are effective. e new approaches may be

damaging, but the new-service team has little incentive to care, as only the

BAU team will feel the pain of these poor choices. Furthermore, the BAU

team typically has little chance to apply newer telemetry techniques to

existing software, leaving them blind to the signals potentially available to

indicate customer happiness or unhappiness.

Instead, it is much more effective to have one team responsible for new

services and BAU of an existing system side by side. is helps the team to

increase the quality of signals from the older system by retro-�tting

telemetry from the newer system and increasing the organization’s ability

to sense its environment and self steer (see Figure 8.10).



Figure 8.10: Side-by-Side New Service and BAU Teams

A cybernetic approach to maintaining older systems has a single stream-aligned team (or pair

of teams) developing and running the new service and the older systems, enabling the team to

retro-�t newer telemetry to the older system and increase the �delity of the sensing from both

systems.

In effect, each stream-aligned team should expect to look after one or

more older systems in addition to the newer systems they are building and

running. is helps them learn about a wider range of user and system

behaviors, and avoid repeating mistakes made in earlier systems.

To generate and receive high-�delity information from frontline,

operational systems, highly skilled, highly aware people are needed. is

means that—contrary to how many IT operations teams were staffed in

the past—people in IT operations need to be able to recognize and triage

problems quickly and accurately, providing accurate, useful information to

their colleagues who are focused on building new features. Instead of the

IT-operations service desk being staffed with the most junior people, it

should be staffed with some of the most experienced engineers in the

organization, either exclusively or in tandem with some of the more junior

members.

Summary: Evolving Team Topologies



e rapid pace of change in technology, markets, customer and user

demands, and regulatory requirements means successful organizations

need to expect to adapt and evolve their organization structure on a

regular basis. However, organizations that build and run software systems

need to ensure that their team interactions optimize for �ow, Conway’s

law, and a team-�rst approach (including team cognitive load). By

deploying the four fundamental team topologies with the three core team

interaction modes, organizations gain crucial clarity of purpose for their

teams on an ongoing basis. Teams understand how, when, and why they

need to collaborate with other teams; how, when, and why they should be

consuming or providing something “as a service”; and how, when, and why

they should provide or seek facilitation with another team. us, an

organization should expect to see different kinds of interactions between

different kinds of teams at any given time as the organization responds to

new challenges.

e combination of well-de�ned teams and well-de�ned interaction

modes provides a powerful and �exible organizational capability for

structural adaptation to changing external and internal conditions,

enabling the organization to “sense” its environment, modify its activities,

and focus to �t.
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CONCLUSION

The Next-Generation Digital

Operating Model

A second effect on performance of creating small, empowered units is

to increase the likely speed of adaptation to new information.

—John Roberts, e Modern Firm

oftware delivery in most organizations has been plagued by problems

for many years—problems that new technology promises to solve but

rarely (or never) does. ese problems include disengaged teams, too many

recurring surprises with changes in technology and markets, pushing

against Conway’s law, software that has grown too big for teams, a

confusing array of organization design options and delivery frameworks,

teams pulled in many different directions, painful reorganizations every

few years, and poor �ow of change. Not every organization has all of these

problems, but most have some and many have almost all, despite repeated

attempts to avoid them. So, what is the cause of these ongoing problems?

e reason so many organizations experience so many problems with

software delivery is because most organizations have an unhelpful model

of what software development is really about. An obsession with “feature

delivery” ignores the human-related and team-related dynamics inherent



in modern software, leading to a lack of engagement from staff, especially

when the cognitive load is exceeded.

e real implications of Conway’s law are almost completely ignored by

most organizations, leading to, at best, happy accidents with architectural

choices and, at worst, signi�cant ongoing friction as the organization

spends time and effort “�ghting” the homomorphic force. Similarly, many

organizations are unaware of how a poorly chosen “reorg” can destroy an

organization’s strategic capability for innovation and sustainable software

delivery.

ere is an often bewildering range of team models and scaled delivery

frameworks with apparently very little to distinguish them. Furthermore,

the behavior patterns of teams are rarely speci�ed, leaving teams without

clear guidelines for effective interaction with other teams, resulting in

either too-tight inter-team coupling or a kind of isolationist autonomy

that doesn’t really scale.

Team Topologies helps to address all these points by setting forth a

team-�rst approach to software delivery predicated on four fundamental

team types, three team interaction patterns, and ways of using difficulties

in delivery that empower the organization to sense its surroundings. In

effect, Team Topologies presents a well-de�ned way for teams to interact

and interrelate that helps to make the resulting software architecture

clearer and more sustainable, turning inter-team problems into valuable

signals for the self-steering organization. is is summarized in Figure 9.1:



Figure 9.1: Core Ideas of Team Topologies

Four Team Types and Three Interaction

Modes

Building and running a software system can be achieved using only four

team types. Other team types can be actively harmful to an organization.

e four fundamental Team Topologies are:

• Stream aligned: a team aligned to the main �ow of business change,

with cross-functional skills mix and the ability to deliver signi�cant

increments without waiting on another team.

• Platform: a team that works on the underlying platform supporting

stream-aligned teams in delivery. e platform simpli�es otherwise

complex technology and reduces cognitive load for teams that use it.

• Enabling: a team that assists other teams in adopting and modifying

software as part of a transition or learning period.



• Complicated subsystem: a team with a special remit for a subsystem

that is too complicated to be dealt with by a normal stream-aligned

team or platform team. Optional and only used when really necessary.

e combination of these speci�c team types is all that’s needed for

effective software delivery with fast �ow. However, the interaction modes

between these four fundamental team topologies are vitally important to

understanding and nurturing effective software delivery:

• Collaboration mode: two teams work together on a shared goal,

particularly during discovery of new technology or approaches. e

overhead is valuable due to the rapid pace of learning.

• X-as-a-Service mode: one team consumes something provided by

another team (such as an API, a tool, or a full software product).

Collaboration is minimal.

• Facilitating mode: one team (usually an enabling team) facilitates

another team in learning or adopting a new approach.

Team interactions outside these three core interaction modes are

wasteful and indicative of poorly chosen team responsibility boundaries

and poorly understood team purposes.

Team-First Thinking: Cognitive Load, Team

API, Team-Sized Architecture

To increase the clarity of purpose and de�ne the boundary of

responsibility of teams, choose a fundamental team type and an

interaction mode. Team Topologies takes this “team �rst” approach several

steps further by introducing some additional team-related guidelines that

have strong outcomes for sustainable software delivery.



e Team Topologies approach treats the team as the fundamental

means of delivery, where a team is not simply a collection of individuals

with the same manager but an entity with its own learning, goals, mission,

and reasonable autonomy. A team learns and delivers together because

when this happens, the results far outperform mere collections of

individuals. e team considers not just its code as part of its external

“API” but also its documentation, onboarding processes, interactions with

other teams in person and via chat tools, and anything else that other

teams need in order to interact with its members.

To avoid software becoming ever larger and eventually overwhelming a

team, the size of subsystems (or components) are limited to that

manageable by a single team. Speci�cally, exceeding the maximum

cognitive load that a team can deal with as a team is avoided, ensuring that

the whole team is comfortable with the complexity and mental overheads.

is “team-sized architecture” focuses on people �rst, and is a more

sustainable and humane approach to software architecture than either

monolithic or microservices architectures, both of which focus on the

technology �rst.

Strategic Application of Conway’s Law

Back in 1968, Mel Conway offered superb insight into the relationship

between the communication structure of the organization and the

resulting system designs, and it has become a powerful enabler (and

constraint) for today’s software-rich organizations: “Research which leads

to techniques permitting more efficient communication among designers

will play an extremely important role in the technology of system

management.”1

In today’s context and terminology, the word “designers” can be

replaced with “software teams.” In other words, restructuring teams and



facilitating (or potentially deliberately limiting) communication between

teams has a much better chance of building systems that work well in

production and feel natural to evolve over time. e corollary here is that

increased collaboration is not always the same as increased

communication. at is, if we know we need to be able to deploy different

parts of the system independently, with a short lead time, and we decide

to use small, decoupled services in order to do so, we need to make our

teams similarly small and decoupled, with clear boundaries of

responsibility.

Even performance-oriented organizations might be hindering the

adoption of effective technologies and practices due to their team

organization. For instance, large, up-front designs by software architects

are doomed to fail unless the designs align with the way in which the

teams communicate.

Approaches to building and operating cloud software such as

microservices accommodate the need for human-sized chunks of

functionality alongside enhanced deployability. Teams have a greater

chance of innovating and supporting a system if they can understand the

constituent parts and feel a sense of ownership over the code, rather than

being treated like workers on an assembly line. e use of approaches like

promise theory (see Chapter 7) can help teams increase their day-to-day

practical ownership of code and APIs. Organizations that develop and

operate their own software systems must, therefore, set up their

organizations radically differently from how it was done in the past. Team

structures must match the required software architecture or risk

producing unintended designs.

Evolve Organization Design for Adaptability

and Sensing



Not only do organizations need to consider team structure at a single

point in time, but team structures and communication pathways need to

evolve with technological and organizational maturity. Periods of technical

and product discovery typically require a highly collaborative environment

(with fading team boundaries) to succeed. But keeping the same structures

when discovery is done (established technologies and product) can lead to

wasted effort and misunderstandings. In particular, organizations should

expect teams to collaborate to discover new patterns and execution

models, then push these down into the platform and supporting tooling.

Team Topologies is not static but capable of and expected to change as

the situation changes. Multiple factors come into play when deciding

which of the fundamental team topologies and interaction modes best �t

the needs of the organization at a given point in time.

Team Topologies Alone Are Not Suf�cient for

IT Effectiveness

e Team Topologies approach to software systems represents a major

step forward for many organizations around the world, providing insights

into how and why different team combinations and interactions work and

when to use them, along with practical advice and patterns to follow in

speci�c circumstances.

However, Team Topologies alone will not produce an effective

software-delivery and operations organization. Beyond the structures and

dynamics suggested in this book, important additional ingredients of

success include:

• A healthy organizational culture: an environment that supports the

professional development of individuals and teams—one in which



people feel empowered and safe to speak out about problems, and the

organization expects to learn continuously.

• Good engineering practices: test-�rst design and development of all

aspects of the systems, a focus on continuous delivery and operability

practices, pairing and mobbing for code review, avoiding the search for a

single “root cause” for incidents, designing for testability, and so on.

• Healthy funding and �nancial practices: avoiding the pernicious

effects of a CapEx/OpEx split between different parts of the IT

organization (or at least mitigating the worst aspects of this by

estimating CapEx/OpEx through sampling the work), avoiding project-

driven deadlines and large-batch budgeting wherever possible, and

allocating training budgets to teams or groups rather than individuals.

• Clarity of business vision: the executive or leadership provides a

clear, non-con�icting vision and direction for the rest of the

organization, with horizons at human-relevant timescales (such as three

months, six months, twelve months) and clear reasoning behind the

priorities, so people in the organization can understand how and why

these were chosen.

You can think of it like elements needed for creating and maintaining a

garden: the Team Topologies approach acts like the instructions for

placing the �owers and plants, along with patterns for pruning and

training; whereas the cultural, engineering, and �nancial elements are like

the soil, water, and fertilizer that helps the plants grow healthily.

Unhealthy cultures, poor engineering practices, and negative �nancial

in�uences all act as poisons or growth inhibitors in this garden. Software

cannot be expected to grow and thrive—even with excellent patterns for

pruning and planting provided by Team Topologies—if the environmental

conditions are hostile.

A lack of clarity in business vision is akin to asking a horticulture team

to “create a garden” without any indication of the purpose of the garden.



Should we grow fruit or vegetables? Should we aim for colorful �owers all

year round or just in summer? Is the garden to be used for meditation or

for another purpose? Likewise, clarity of purpose and vision in an

organization helps to set the context for everyone in the organization to

act in ways that address that purpose.

Next Steps: How to Get Started with Team

Topologies

1: Start with the Team

First, as an organization ask yourself: What does the team need in order

to:

• Act and operate as an effective team?

• Own part of the software effectively?

• Focus on meeting the needs of users?

• Reduce unnecessary cognitive load?

• Consume and provide software and information to other teams?

Answering these questions honestly should lead to team-�rst

approaches to office space, developer tooling, usability of platforms,

realistic subsystem/domain splitting, team-friendly architecture, rich

telemetry, and so forth.

Having started with the team, you can address other important

aspects of fast �ow for modern software: alignment to streams, the

platform, and additional capabilities to support and enhance the work of

teams.

2: Identify Suitable Streams of Change



Each organization needs to choose a set of change streams that act as

“pipes” down which the most important changes �ow. ese streams are

the main focus for �ow within the organization, and all other work within

the organization takes place to help �ow within these streams (directly or

indirectly). Exactly what is chosen for the streams depends very much on

the nature of the organization, but some typical streams might be:

• Citizen-oriented tasks for government online services: applying

for a passport, paying taxes, or registering for a set of healthcare

options (task-oriented streams).

• Business banking products: online money management, automation

of bank transactions, invoicing clients (role-oriented streams).

• Online ticket purchasing: searching for tickets, purchasing tickets,

managing “My Account” and refunds (activity streams).

• Regional products: European market, North American market, Asian

market, etc. (geographical streams).

• Market segment: consumer, small and medium business, enterprise,

large corporate (user-type streams).

Stream-aligned teams should be aligned to the streams you identify.

ese high-level streams should match the “change pressure” from the

core of your organization. If there is no clear or obvious set of change

streams, then it is usually bene�cial to identify these before going further.

3: Identify a Thinnest Viable Platform (TVP)

After you have identi�ed the most relevant streams for your organization,

identify the services needed to support a reliable, swift �ow of change in

those streams. In practice, these services will form the platform on which

the streams depend, but as we noted in Chapter 5, a platform does not

have to be a huge, expensive investment. On the contrary, a platform can

be “just big enough” to meet the �ow needs for the streams: anything from



a set of documentation on a wiki that helps teams use the underlying

services to a full, in-house, custom-technology solution built to meet the

specialist needs of the stream-aligned teams.

Naturally, the platform will evolve over time as the technology

ecosystem evolves. e platform teams may start off needing to build a

custom solution for, say, infrastructure provisioning, but a few years later,

may discard that work in favor of a newly available, open-source or cloud-

provider solution that �ts better with industry trends.

Remember: technology is only ever a part of the platform; roadmaps,

guided evolution, clear documentation, a concern for DevEx, and

appropriate encapsulation of underlying complexity are all key parts of an

effective delivery platform for stream-aligned teams.

4: Identify Capability Gaps in Team Coaching,

Mentoring, Service Management, and

Documentation

Having a team-�rst approach based around core streams of change enabled

by a platform is a great place for an organization to start; however, the

capabilities and skills needed to make this setup work are more varied and

less common than many organizations expect. As we have seen in previous

chapters (especially Chapter 5 and Chapter 7), you need to ensure that

your teams are populated not just with technologists focused on code or

computer systems but also with people who have other skills. In particular,

you need people who understand and practice:

• Team coaching

• Mentoring (especially of senior staff)

• Service management (for all kinds of teams and areas, not just for

production systems)

• Well-written documentation



We have deliberately

omitted details of how to

undertake large-scale

transformations in an

organization. For excellent

patterns of organizational

change, see the work of

Mary Lynn Manns and

Linda Rising.2

• Process improvement

ese kinds of capabilities help teams

within the organization to continually

improve their practices, communicate, and

interact with other teams, which, in turn,

helps the whole organization to safely

increase the rate of change �ow. No serious

sports team would consider not employing

coaches and trainers, and no serious

organization should be without coaches and

trainers either.

5: Share and Practice Different Interaction Modes

and Explain Principles behind New Ways of Working

Many people have never really experienced a team-�rst way of working, so

it will feel strange to them. Take the time to explain and demonstrate the

team-interaction modes. Explain why some teams are closer together and

some teams are further apart. Explain the basics of Conway’s law, and how

the conscious design of teams and intercommunications can help improve

the software architecture of the systems being built by restricting the

solution search space and saving time and effort for everyone.

Emphasize the humanistic aspects of Team Topologies: the focus on

the team, the explicit limits on cognitive load, the reduction in noise and

interruptions due to team-�st office space, and a limit on free-for-all

communications. Identify the focus on fast �ow of change for the core

business streams, supported by a “thinnest viable platform” and related

teams and coaching.

Above all, share how the Team Topologies approach makes for better

outcomes for humans, software systems, and the organization itself.



GLOSSARY

API (application programming interface): a description and speci�cation for how to interact

programmatically with software.

application monolith: a single, large application with many dependencies and responsibilities

that possibly exposes many services and/or different user journeys.

bounded context: a unit for partitioning a larger domain (or system) model into smaller parts,

each of which represents an internally consistent business domain area.

Brooks’s law: law coined by Fred Brooks which states that adding new people to a team doesn’t

immediately increase the capacity of a team.

cognitive load: the amount of working memory being used.

collaboration mode: team(s) working closely together with another team.

complicated-subsystem team: responsible for building and maintaining a part of the system that

depends heavily on specialist knowledge.

Conway’s law: law coined by Mel Conway that states that system design will copy the

communication structures of the organization which designs it.

domain complexity: how complex the problem is that is being solved via software.

Dunbar’s number: coined by anthropologist Robin Dunbar, which states that �fteen is the limit of

people one person can trust; of those, only around �ve can be known and trusted closely.

enabling team: team(s) composed of specialists in a given technical (or product) domain; they

help bridge the capability gap.

extraneous cognitive load: relates to the environment in which the task is being done (e.g., “How

do I deploy this component, again?” “How do I con�gure this service?”).

facilitating mode: team(s) helping (or being helped by) another team to clear impediments.

�ow of change: a stream of related updates or alterations to a software service or system, usually

aligned to user goals or other core focus of the business.

fracture plane: a natural “seam” in the software system that allows it to be easily split into two or

more parts.



germane cognitive load: relates to aspects of the task that need special attention for learning or

high performance (e.g., “How should this service interact with the ABC service?”).

intrinsic cognitive load: relates to aspects of the task fundamental to the problem space (e.g.,

“What is the structure of a Java class?” “How do I create a new method?”).

joined-at-the-database monolith: composed of several applications or services all coupled to the

same database schema, making them difficult to change, test, and deploy separately.

monolithic build: uses one gigantic continuous integration (CI) build to get a new version of a

component.

monolithic model: software that attempts to force a single domain language and representation

(format) across many different contexts.

monolithic release: a set of smaller components bundled together into a “release.”

monolithic thinking: “one-size-�ts-all” thinking for teams that leads to unnecessary restrictions

on technology and implementation approaches between teams.

monolithic workplace: a single office layout pattern for all teams and individuals in the same

geographic location.

organizational sensing: teams and their internal and external communication are the “senses” of

the organization (sight, sound, touch, smell, taste).

platform team: enables stream-aligned teams to deliver work with substantial autonomy.

reverse Conway maneuver: organizations should evolve their team and organizational structure

to achieve the desired architecture.

stream-aligned team: a team aligned to a single, valuable stream of work.

team API: an API surrounding each team.

Team Topologies: model for organizational design that provides a key technology-agnostic

mechanism for modern software-intensive enterprises to sense when a change in strategy is

required (either from a business or technology point of view).

thinnest viable platform: a careful balance between keeping the platform small and ensuring

that the platform is helping to accelerate and simplify software delivery for teams building on the

platform.

X-as-a-Service mode: consuming or providing something with minimal collaboration.
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