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Praise for
TEAM TOPOLO GIES

“Team Topolo gies pro vides fresh in sights on how to an tic i pate and adapt to mar ket and tech nol ogy changes. To sur vive, en ter prises
need to un learn ex ist ing com mand and con trol struc tures and in stead move au thor ity to lead ers with the best in for ma tion to take ac tion
and re spond. This book will help ex ec u tives and busi ness lead ers fo cus on the key strate gies of high-per for mance teams to ef fec tively
ad dress the needs of to day and the evolv ing land scape of to mor row.”

—Barry O’Reilly, Founder of Ex ec Camp, Busi ness Ad vi sor,
and Au thor of Un learn and Lean En ter prise

“There is noth ing more fun da men tal to man age ment than how you struc ture your or ga ni za tion and what be hav iors you en cour age.
De spite this, few have at tempted to cat a log and an a lyze the or ga ni za tional de sign pat terns of IT or ga ni za tions go ing through dig i tal, De- 
vOps, and SRE trans for ma tions. Skel ton and Pais have not only ac cepted this bold chal lenge, but they’ve also hit the mark by cre at ing
an in dis pens able and unique re source.”

—Da mon Ed wards, Co-Founder of Run deck

“Team Topolo gies pro vides a much-needed frame work for eval u at ing and op ti miz ing team or ga ni za tion for in creased flow. Teams
that have the right size, the right bound aries, and the right level of com mu ni ca tion are poised to de liver value to the com pany and sat is- 
fac tion to the team mem bers. Team Topolo gies com bines a me thod i cal ap proach with real-world case stud ies to un lock the full po ten tial
of your tech teams.”

—Greg Bur rell, Se nior Re li a bil ity En gi neer at Net flix

“Team Topolo gies by Matthew Skel ton and Manuel Pais is unique. It is go ing to have a big in flu ence across tech com pa nies. We
need a struc tured and me thod i cal ap proach to shap ing teams for con tin u ous de liv ery in stead of copy ing a few Spo tify rit u als. This is the
book.”

—Nick Tune, API Plat form Lead, Nav ico

“At Condé Nast In ter na tional, [the De vOps Topolo gies] was cru cial in un der stand ing our cur rent De vOps state and in defin ing the
vi sion for our as pi ra tional De vOps op er at ing model. We were able to nav i gate round the pit falls and or ga ni za tional anti-pat terns as ex- 
cel lently de scribed in the mod els. . . . I am ex tremely pleased that Matthew and Manuel are grow ing on the suc cess of the De vOps
Topolo gies and turn ing their fur ther learn ings into the far-reach ing book Team Topolo gies for or ga ni za tion de sign.”

—Crys tal Hirschorn, VP of En gi neer ing, Global Strat egy and
Op er a tions at Condé Nast

“The high-per form ing team is the core gen er a tor of value in the mod ern dig i tal econ omy. But cul ti vat ing and scal ing an adap tive
ecosys tem of such teams is a too-of ten elu sive goal. In Team Topolo gies, Skel ton and Pais pro vide in no va tive tools and con cepts for
struc tur ing the next gen er a tion dig i tal op er at ing model. Rec om mended for CIOs, en ter prise ar chi tects, and dig i tal prod uct strate gists
world wide.”

—Charles Betz, Prin ci pal An a lyst, For rester Re search

“Matthew Skel ton and Manuel Pais say ‘Team Topolo gies is meant to be a func tional book’—and it is. It’s well con structed and
sign-posted, based in sound think ing, and chal lenges read ers to as sume, like them, that an or ga ni za tion is a so ciotech ni cal sys tem or
ecosys tem. From this as sump tion comes prac ti cal sug ges tions, no pre scrip tions, and skill in ex plain ing an ap proach that pro vides for ef- 
fec tive tech/hu man or ga ni za tion de sign. For any one in the tech/or ga ni za tion de sign field, [Team Topolo gies is] well worth read ing.”

—Dr. Naomi Stan ford, Or ga ni za tion De sign Prac ti tioner,
Teacher, and Au thor

“I have found Matthew and Manuel’s work on pat terns and lan guage to be in cred i bly valu able in both shap ing strate gies to trans- 
form team con texts over time across our or ga ni za tion, as well as in help ing busi ness and tech nol ogy lead er ship con nect with the top ics
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of flow and con tin u ous de liv ery.”

—Richard James, Head of Dig i tal Tech nol ogy & En gi neer ing
at Na tion wide

“Teams are the fun da men tal build ing block of or ga ni za tions, how those teams work and the sys tem they op er ate in are the dif fer- 
ence be tween av er age and high per for mance. This book is a deep well of in for ma tion for how you can op ti mize your or ga ni za tion’s sys- 
tem for your cur rent con text.”

—Jeremy Brown, Di rec tor, Red Hat Open In no va tion Labs
EMEA

“De vOps is great, but how do real-world or ga ni za tions ac tu ally struc ture them selves to do it? You can’t just put ev ery one on a sin- 
gle, silo-less team, all sit ting to gether in one gi ant open-plan of fice and go ing out to lunch or play ing foos ball to gether. Team Topolo gies
pro vides a prac ti cal set of tem plates for ad dress ing the key De vOps ques tion that other guides leave as an ex er cise for the stu dent.”

—Jeff Sussna, Founder & CEO, Sussna As so ciates, and Au- 
thor of De sign ing De liv ery

“If you’re look ing for an anal y sis of the chal lenges with the tra di tional ways of work ing, and also some prac ti cal guid ance on mit i- 
ga tion strate gies (e.g., new in ter ac tion modes, re duc ing cog ni tive load, and cre at ing ap pro pri ate ‘Team APIs’), then this is the book for
you!”

—Daniel Bryant, Tech ni cal Con sul tant/Ad vi sor and News
Man ager at In foQ

“Team Topolo gies makes for a fas ci nat ing read as it ex plores the sym bi otic re la tion ship be tween teams and the IT ar chi tec ture they
sup port. It goes be yond the com mon ap proach of static org charts or self-or ga niz ing chaos and shows how to evolve the peo ple sys tem
and IT sys tem to gether.”

—Mirco Her ing, Global De vOps Lead Ac cen ture and Au thor
of De vOps for the Mod ern En ter prise
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FORE WORD
Keep ing our sys tems small and sim ple is a wor thy goal, yet it is also one that most suc cess ful

sys tems defy. Lehman’s laws of soft ware evo lu tion, and, in par tic u lar, con tin u ing growth, cap tures the
evo lu tion ary pres sure to add ca pa bil i ties as sys tems are used and new de mands or op por tu ni ties are
per ceived. Be ing able to cope with, and even har ness, this in creas ing com plex ity raises the im por tance
of dual de sign are nas: the de sign of sys tems and the de sign of the or ga ni za tion that cre ates and
evolves sys tems. We have a con sid er able body of work fo cused on the for mer; that is, on sys tems and
soft ware de sign and ar chi tec ture, in clud ing an ever grow ing num ber of books on do main driven de- 
sign and soft ware ar chi tec ture. Team Topolo gies ad dresses the de sign of the soft ware de vel op ment or- 
ga ni za tion, with Con way’s law in view.

The ba sic the sis [ . . . . ] is that or ga ni za tions which de sign sys tems [ . . . . ] are con strained
to pro duce de signs which are copies of the com mu ni ca tion struc tures of these or ga ni za tions.
We have seen that this fact has im por tant im pli ca tions for the man age ment of sys tem de sign.
Pri mar ily, we have found a cri te rion for the struc tur ing of de sign or ga ni za tions: a de sign ef- 
fort should be or ga nized ac cord ing to the need for com mu ni ca tion.1

The above quote from the con clu sion of Mel Con way’s clas sic pa per on or ga ni za tional de sign for
soft ware de vel op ment is a most fit ting be gin ning to this book. Team Topolo gies de scribes or ga ni za- 
tional pat terns for team struc ture and modes of in ter ac tion, tak ing the force that the or ga ni za tion ex- 
erts on the sys tem as a driv ing de sign con cern.

As the com plex ity of the sys tem in creases, so, gen er ally, do the cog ni tive de mands on the or ga ni- 
za tion build ing and evolv ing it. Man ag ing cog ni tive load through teams with clear re spon si bil i ties and
bound aries is a dis tin guish ing fo cus of team de sign in the Team Topolo gies ap proach. To achieve duly
scoped, bounded re spon si bil i ties, nat u ral—and rel a tively in de pen dent—sys tem (sub)struc ture is
sought to align teams to. This takes Con way’s law into ac count and lever ages it to help main tain co he- 
sive struc tures with clear bound aries and loose cou pling (known as the re verse Con way ma neu ver,
and de scribed herein).

If this was the ex tent of it, Team Topolo gies would be a use ful elab o ra tion of Con way’s pa per, set- 
ting it in the cur rent con text. Of course, Team Topolo gies is even more than that. No tably, it iden ti fies
four team pat terns, de scrib ing their out comes, form, and the forces they ad dress and are shaped by.
Stream-aligned teams are the pri mary team form. These are teams that are op ti mized for flow, with all
they need to ef fect con tin u ous de liv ery of value and be fully re spon sive to the as so ci ated feed back cy- 
cles. This means that sys tem de sign seeks not just loose cou pling but a de com po si tion that sup ports
flow and low ers de pen den cies and co or di na tion needs be tween stream-aligned teams. Com pli cated-
sub sys tem and plat form teams re duce load for stream-aligned teams, where the lat ter are in ter nal cus- 
tomers of the for mer’s sub sys tem or plat form ca pa bil i ties (sup port ing all phases of de vel op ment, de- 
liv ery, and op er a tions for mul ti ple stream teams). En abling teams like wise serve other teams, but they
are ser vice providers, help ing stream-aligned teams learn new tech niques, in ves ti gate new tech nolo- 
gies, and so forth, al low ing stream-aligned teams to re tain fo cus while grow ing ef fec tive ness.

Matthew Skel ton and Manuel Pais have brought their con sid er able ex pe ri ence to bear, de scrib ing
what these var i ous team forms need to be suc cess ful, but also high light ing vari a tions in con text, iden- 
ti fy ing the de sign im pli ca tions thereof, and in di cat ing anti-pat terns to avoid. They also, with great
gen eros ity, weave in in sights from and of fer point ers to re lated work. This, along with a set of case
stud ies, fur ther tex tures the book.

Team Topolo gies in forms and en riches our un der stand ing of or ga ni za tional ar chi tec ture, via the
nu anced pre sen ta tion of these key struc tural pat terns, in ter ac tion modes or dy nam ics, and con sid er a- 
tions for evo lu tion. And, due to its clar ity and fo cus, it serves as a prag matic guide whether form ing
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teams and en abling them to meet their chal lenges or help ing ex ist ing teams be come more ef fec tive at
re spon sive value de liv ery.

—Ruth Malan, Ar chi tec ture Con sul tant at Bre- 
de meyer Con sult ing
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PREF ACE

[Mod ern] or gan i sa tional de sign . . . is about de sign ing for col lab o ra tive tech nolo gies, for the
voice of the cus tomer.

—Naomi Stan ford, Guide to Or ga ni za tion De- 
sign

Teams are al ways works in progress, but they are also your best shot at de liv er ing value con tin u- 
ously and sus tain ably by align ing them with the busi ness. Ide ally, teams should be long lived and au- 
ton o mous, with en gaged team mem bers. How ever, teams don’t live in iso la tion. They need to un der- 
stand how and when to in ter act with each other. And these team in ter ac tions need to evolve over time
to sup port the dis tinct phases of dis cov ery and ex e cu tion that prod ucts and tech nol ogy go through dur- 
ing their life times. In short, or ga ni za tions not only need to strive for au ton o mous teams, they also
need to con tin u ously think about and evolve them selves in or der to de liver value quickly to cus- 
tomers.

This book of fers a prac ti cal, step-by-step, adap tive model for or ga ni za tional de sign that we have
used and seen work across busi nesses at vary ing lev els of ma tu rity: Team Topolo gies.

How ever, Team Topolo gies is not a uni ver sal for mula for build ing and run ning soft ware sys tems
suc cess fully. There are teams and or ga ni za tions who suc ceed with or ga ni za tional dy nam ics very dif- 
fer ent from those de scribed and rec om mended here (par tic u larly in or ga ni za tions with ex cel lent cul- 
ture and best prac tices al ready in place).

Team Topolo gies is meant to pro vide clear pat terns that are straight for ward for many dif fer ent
teams and or ga ni za tions to fol low and in ter pret, not to dic tate to out stand ing play ers how to per form.
We like to think of Team Topolo gies as a set of mu sic parts for an or ches tra or big band, not the
melody for a top jazz trum peter. Printed mu sic for a large mu si cal en sem ble helps the group to suc- 
ceed but does not dic tate ev ery as pect of per for mance; lots of de tail is left for the en sem ble to in ter- 
pret to suit the oc ca sion, venue, or mix of play ers. Like wise, there is huge value in agree ing to a co- 
her ent vo cab u lary and way of work ing to gether across teams to achieve good soft ware de liv ery.

The Team Topolo gies ap proach helps or ga ni za tions that are strug gling to find a way to op ti mize
their team struc ture, or for those that are not yet aware of the im pact team de sign can have on good
busi ness out comes and soft ware sys tems in par tic u lar. Team Topolo gies helps or ga ni za tions suc ceed
more quickly and more con tin u ously than be fore.

This book is for any one who cares about the ef fec tive ness of the de liv ery and op er a tions of soft- 
ware sys tems: C-level lead ers (in clud ing CTOs/CIOs, CEOs, CFOs, and so on) man agers, heads of
de part ment, soft ware ar chi tects and sys tems ar chi tects, and any one else in volved in build ing or run- 
ning soft ware sys tems who wants or needs to make the de liv ery and run ning of those sys tems more
ef fec tive.

How We Came to Write This Book
In 2013, while in tro duc ing De vOps and Con tin u ous De liv ery at a com pany in the UK, Matthew

de vised the orig i nal De vOps Topolo gies pat terns (and anti-pat terns) in a blog post ti tled “What Team
Struc ture Is Right for De vOps to Flour ish?”1 At the time, the com pany he was con sult ing with was
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strug gling to adopt mod ern ap proaches to soft ware de liv ery, and the early topol ogy pat terns Matthew
cre ated pro vided the com pany a way to ex plore dif fer ent op tions.

Manuel in ter viewed Matthew at the QCon Lon don soft ware de vel op ment con fer ence back in
2015, where Matthew was speak ing on Con way’s law and the early De vOps Topol ogy pat terns. The
re sult ing ar ti cle, “How Dif fer ent Team Topolo gies In flu ence De vOps Cul ture,” was pub lished by In- 
foQ and trans lated into sev eral lan guages.2 Later that year, Manuel helped to ex pand the De vOps
Topol ogy pat terns and there were con tri bu tions from the com mu nity.

Since then, the use of De vOps Topol ogy pat terns has ex ploded. They have been ref er enced over
and over again in talks, ar ti cles, and con ver sa tions. They have helped or ga ni za tions of all sizes and
from vary ing in dus tries around the world to think about the re la tion ships be tween teams and how their
in ter ac tions in flu ence both or ga ni za tional cul ture and soft ware ar chi tec ture.

Over time, we re al ized that the orig i nal De vOps Topolo gies pre sented a static view of team in ter- 
re la tion ships that, while use ful for ini tial dis cus sions, was quite lim ited in scope. Through our com- 
bined ex pe ri ence with train ing and con sult ing or ga ni za tions from across the world, we dis cov ered that
some teams work bet ter rel a tively iso lated or au ton o mous, while other teams work bet ter with strong
col lab o ra tion. We asked our selves why, and we kept evolv ing our ideas based on feed back from our
clients.

Even tu ally, this led to the Team Topolo gies as you see them pre sented in this book: a dy namic and
evolv ing ap proach to or ga ni za tional de sign based on real sce nar ios from across dif fer ent ge ogra phies
and in dus tries.

How to Use This Book
Team Topolo gies is meant to be a func tional book. It is our in ten tion to pro vide con tent that is in- 

ter ac tive and de liv ers as much learn ing as we are able to fit within these pages. To help with that, we
have made some de sign choices that will help you nav i gate this book.

First, the book is or ga nized in three parts:
Part I of the book ex plores Con way’s law, the way or ga ni za tional in ter re la tion ships con strain the

de sign of sys tems we build, and how we can use this ten dency to our ad van tage. We then de fine what
we mean by teams and look at some prac ti cal con straints that af fect ef fec tive team work.

In Part II, we in ves ti gate a set of static team pat terns that have been proven in the in dus try and the
im pli ca tions of choos ing one pat tern over an other with Con way’s law and or ga ni za tional con text in
mind. This sec tion should help you think about team topolo gies that are broadly suit able for your or- 
ga ni za tional con text. This part also pro vides some guid ance in de cid ing how to align teams to ar eas of
the sys tem, tak ing into ac count Con way’s law and fun da men tal team topolo gies.

Fi nally, in Part III, we deal with ways to evolve the or ga ni za tion de sign to pro vide pow er ful ca pa- 
bil i ties for in no va tion and rapid de liv ery in re sponse to a quickly chang ing op er at ing con text. We ex- 
plain how to use the Team Topolo gies ap proach to cre ate a sens ing or ga ni za tion that re sponds to the
mar ket and user de mands, and ac counts for the im pli ca tions this has for hir ing and skills.

Each part opens with a break down of key take aways from each of the chap ters. Through out the
chap ters, we have in cluded fig ures and call outs to high light in for ma tion we think is help ful to know
and/or ref er ence. We also pro vide easy-to-rec og nize sce nar ios, case stud ies, and ex plicit rec om men da- 
tions for dif fer ent sit u a tions along the way.

Fi nally, the shapes, col ors, and pat terns found within many of the fig ures also have con sis tent
mean ing through out much of the book. Here is the key:
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Fig ure 0.1: The Four Team Types and Three In ter ac tion Modes

For the fullest un der stand ing, you should read the book from cover to cover, as the sub ject mat ter
builds up chap ter by chap ter. How ever, we have writ ten the ma te rial so that each sec tion is fairly in de- 
pen dent.
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In that spirit, here are some sce nar ios with cor re spond ing ways to read the book that might match
with your cur rent sit u a tion:

I need more clar ity about dif fer ent team types and which team types are ef fec tive.
Re view Chap ter 1 (over view), then Chap ter 4 (static topolo gies), then Chap ter 5

(fun da men tal topolo gies).
I need to split up a large, mono lithic soft ware sys tem.

Re view Chap ter 6 (bound aries) and then Chap ter 3 (the team).
I need to im prove the ar chi tec ture of the soft ware sys tem.

Re view Chap ter 2 (Con way’s law), then Chap ter 4 (static topolo gies), then Chap- 
ter 6 (bound aries).

I need to im prove the ef fec tive ness of soft ware de vel op ment teams.
Re view Chap ter 3 (the team), then Chap ter 6 (bound aries), then Chap ter 5 (fun da- 

men tal topolo gies).
I need to im prove morale and ef fec tive ness within teams.

Re view Chap ter 3 (the team) and then Chap ter 5 (fun da men tal topolo gies).
I need to un der stand where to in vest ef fort to help with pro jected growth.

Re view Chap ter 1 (over view), then Chap ter 5 (fun da men tal topolo gies), then
Chap ter 8 (topol ogy evo lu tion).

I need to un der stand how to evolve team topolo gies to meet chang ing busi ness needs.
Re view Chap ter 7 (dy namic as pects) and then Chap ter 8 (topol ogy evo lu tion and

or ga ni za tional sens ing).

Key In flu ences that In formed this Book
In ad di tion to our own ex pe ri ence, this book is strongly in flu enced by sev eral re lated ap proaches

and sets of think ing. First, we as sume that an or ga ni za tion is a so ciotech ni cal sys tem or ecosys tem
that is shaped by the in ter ac tion of in di vid u als and the teams within it; in other words, that an or ga ni- 
za tion is the in ter ac tion be tween peo ple and tech nol ogy. In this as pect, the book fits with ideas from
the fields of: cy ber net ics (es pe cially the use of the or ga ni za tion as a “sens ing mech a nism,” which goes
back as far as 1948, when Nor bert Wiener’s book Cy ber net ics: Or Con trol and Com mu ni ca tion in the
An i mal and the Ma chine was first pub lished), sys tems think ing (par tic u larly the work of W. Ed wards
Dem ing), and ap proaches such as the Cynefin frame work for as sess ing do main com plex ity (de scribed
by Dave Snow den and Mary Boone in their 2007 Har vard Busi ness Re view pa per ti tled “A Leader’s
Frame work for De ci sion Mak ing”), and adap tive struc tura tion the ory (a term coined by Ger ar dine De- 
Sanc tis and Mar shall Scott Poole in their Or ga ni za tion Sci ence ar ti cle, “Cap tur ing the Com plex ity in
Ad vanced Tech nol ogy Use: Adap tive Struc tura tion The ory,” where they em pha sized that the im pact
of tech nol ogy is not a given, as it de pends on how groups and or ga ni za tions per ceive it).

Sec ond, we as sume that “the team” is some thing that be haves dif fer ently from a mere col lec tion of
in di vid u als, and that the team should be nur tured and sup ported in its evo lu tion and op er a tion. In this
re spect, we draw on ideas from Bruce Tuck man (who pro posed the four-stages model—form ing,
storm ing, norm ing, per form ing—for team de vel op ment in his 1965 pa per “De vel op men tal Se quence
in Small Groups”), Russ For rester and Al lan Drexler (who ex plored team-based or ga ni za tion per for- 
mance in their 1999 pa per “A Model for Team-Based Or ga ni za tion Per for mance”), Pamela Knight
(who found ev i dence that storm ing takes place through out the en tire life time of a team in her 2007 pa- 
per “Ac qui si tion Com mu nity Team Dy nam ics: The Tuck man Model vs. the DAU Model”), Patrick
Lencioni (who ex plores com mon in ter ac tion is sues in his sem i nal book The Five Dys func tions of a
Team: A Lead er ship Fa ble), and sim i lar team-fo cused the o ries and re search.
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Third, we as sume that Con way’s law (or a vari ant of it) is a strong driver of soft ware prod uct
shape and that or ga ni za tions would ben e fit from ex plic itly ad dress ing the im pli ca tions of this law. In
this re gard, we draw on writ ing and ideas from Mel Con way; from soft ware ar chi tec ture con sul tant
and team or ga ni za tion de sign award-win ner Ruth Malan; from Thought Works tech ni cal di rec tor and
one of the “re verse Con way ma neu ver” pro po nents James Lewis; and from sim i lar au thors and prac ti- 
tion ers.

Fi nally, we draw on nu mer ous sources that de scribe prac ti cal suc cesses de vel op ing and run ning
soft ware sys tems at scale, in clud ing or ga ni za tions such as Adi das, Auto Trader, Er ic s son, Net flix,
Spo tify, Tran sUnion, and oth ers. The size and speed of these or ga ni za tions has made it pos si ble for
them to see tan gi ble gains from changes in or ga ni za tion struc ture and team in ter ac tion over the space
of sev eral months to a few years.

As you travel through this book, we hope you get in spired to chal lenge how you think about
teams, their struc tures, and how they func tion.
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PART I

Teams As the Meansof De liv ery
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KEY TAKE AWAYS
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CHAP TER 1
Con way’s law sug gests ma jor gains from de sign ing soft ware ar chi tec tures and team in ter ac- 
tions to gether, since they are sim i lar forces.
Team Topolo gies clar i fies team pur pose and re spon si bil i ties, in creas ing the ef fec tive ness of
their in ter re la tion ships.
Team Topolo gies takes a hu man is tic ap proach to build ing soft ware sys tems while set ting up
or ga ni za tions for strate gic adapt abil ity.
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CHAP TER 2
Or ga ni za tions are con strained to pro duce de signs that re flect com mu ni ca tion paths.
The de sign of the or ga ni za tion con strains the “so lu tion search space,” lim it ing pos si ble soft- 
ware de signs.
Re quir ing ev ery one to com mu ni cate with ev ery one else is a recipe for a mess.
Choose soft ware ar chi tec tures that en cour age team-scoped flow.
Lim it ing com mu ni ca tion paths to well-de fined team in ter ac tions pro duces mod u lar, de cou pled
sys tems.
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CHAP TER 3
The team is the most ef fec tive means of soft ware de liv ery, not in di vid u als.
Limit the size of multi-team group ings within the or ga ni za tion based on Dun bar’s num ber.
Re strict team re spon si bil i ties to match the max i mum team cog ni tive load.
Es tab lish clear bound aries of re spon si bil ity for teams.
Change the team work ing en vi ron ment to help teams suc ceed.
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1 The Prob lem with Org Charts

Or ga ni za tions should be viewed as com plex and adap tive or gan isms rather than mech a nis tic
and lin ear sys tems.

—Naomi Stan ford, Guide to Or gan i sa tion De- 
sign

Tech nol ogy work ers are in a con stant state of ac tion: cre at ing and up dat ing sys tems at an un be- 
liev able rate, and com bin ing dif fer ent types of tech nol ogy to cre ate a com pelling user ex pe ri ence. Mo- 
bile ap pli ca tions; cloud-based ser vices; web ap pli ca tions; and em bed ded, wear able, or in dus trial IoT
de vices all need to in ter op er ate ef fec tively to achieve the de sired busi ness out comes.

To day, these sys tems af fect nearly ev ery as pect of peo ple’s day-to-day lives in ways that are in- 
creas ingly pro found. If soft ware is poorly de signed—or more im por tantly, if there is a mis match in
the in ter ac tion of the soft ware, the provider, and the cus tomer—peo ple will be ad versely af fected.
They can be stranded long dis tances from home if a taxi-hail ing ap pli ca tion fails. They may be un able
to pay rent if the soft ware or pro cesses for in ter net bank ing fail. They may even see their life in dan- 
ger if a med i cal de vice fails. Never be fore has ex plicit so ciotech ni cal de sign been so im por tant.

Build ing and run ning these highly com plex, in ter con nected soft ware sys tems is a team ac tiv ity, re- 
quir ing the com bined ef forts of peo ple with dif fer ent skills across dif fer ent plat forms. In ad di tion,
mod ern IT or ga ni za tions must de liver and op er ate soft ware sys tems rapidly and safely, while si mul ta- 
ne ously grow ing and adapt ing to changes and pres sures in the busi ness or reg u la tory en vi ron ment.
Busi nesses can no longer choose be tween op ti miz ing for sta bil ity and op ti miz ing for speed.

But de spite these risks and de mands, many or ga ni za tions are still or ga niz ing their peo ple and
teams in ways that are coun ter pro duc tive to mod ern soft ware de vel op ment and op er a tions. Or ga ni za- 
tions that rely too heav ily on org charts and ma trixes to split and con trol work of ten fail to cre ate the
nec es sary con di tions to em brace in no va tion while still de liv er ing at a fast pace. In or der to suc ceed at
that, or ga ni za tions need sta ble teams and ef fec tive team pat terns and in ter ac tions. They need to in vest
in em pow ered, skilled teams as the foun da tion for agility and adapt abil ity. To stay alive in ever more
com pet i tive mar kets, or ga ni za tions need teams and peo ple who are able to sense when con text
changes and evolve ac cord ingly.

The good news is that it is pos si ble to be fast and safe with the right mind set and with tools that
em pha size adapt abil ity as well as re peata bil ity, while putting teams and peo ple at the cen ter. As Mark
Schwartz and co-au thors put it in their 2016 pa per Think ing En vi ron ments, “the or ga ni za tional struc- 
ture must co or di nate ac count abil i ties to sup port the goals of de liv er ing high-qual ity, im pact ful soft- 
ware.”1

As mem bers of the tech nol ogy teams man ag ing these in ter faces, we must shift our think ing from
treat ing teams as col lec tions of in ter change able in di vid u als that will suc ceed as long as they fol low
the “right” process and use the “right” tools, to treat ing peo ple and tech nol ogy as a sin gle hu- 
man/com puter car bon/sil i con so ciotech ni cal ecosys tem. At the same time, we need to en sure that
teams are in trin si cally mo ti vated and are given a real chance of do ing their best work within such a
sys tem.
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This chap ter will in tro duce Team Topolo gies as an adap tive model for tech nol ogy or ga ni za tion de- 
sign al low ing busi nesses to achieve speed and sta bil ity. But first, let’s look at how real com mu ni ca tion
struc tures in most or ga ni za tions are of ten quite dis tinct from what the org chart tells us, and what the
im pli ca tions of that are.

Com mu ni ca tion Struc tures of an Or ga ni za tion
Most or ga ni za tions want or are re quired to have a sin gle view of their teams and peo ple called the

“org chart.” This chart de picts the teams, de part ments, units, and other or ga ni za tional en ti ties, as well
as how they re late to each other. It usu ally shows hi er ar chi cal lines of re port ing, which im ply lines of
com mu ni ca tion run ning “up and down” the or ga ni za tion.

The org chart does have its uses in the con text of build ing soft ware sys tems, specif i cally around
reg u la tory and le gal com pli ance. How ever, in a highly col lab o ra tive con text filled with un cer tainty
over out comes, re ly ing on the org chart as a prin ci pal mech a nism of split ting the work to be done
leads to un re al is tic ex pec ta tions. We need to rely in stead on de cou pled, long-lived teams that can col- 
lab o rate ef fec tively to meet the chal lenge of bal anc ing speed and safety.

The prob lem with tak ing the org chart at face value is that we end up try ing to ar chi tect peo ple as
if they were soft ware, neatly keep ing their com mu ni ca tion within the ac cepted lines. But peo ple don’t
re strict their com mu ni ca tions only to those con nected lines on the chart. We reach out to whomever
we de pend on to get work done. We bend the rules when re quired to achieve our goals. That’s why ac- 
tual com mu ni ca tion lines look quite dif fer ent from the org chart, as shown in Fig ure 1.1 (see page 6).
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Fig ure 1.1: Org Chart with Ac tual Lines of Com mu ni ca tion

In prac tice, peo ple com mu ni cate lat er ally or “hor i zon tally” with peo ple from other re port ing lines in or der to get work done. This
cre ativ ity and prob lem solv ing needs to be nur tured for the ben e fit of the or ga ni za tion, not re stricted to op ti mize for top-
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down/bot tom-up com mu ni ca tion and re port ing.

Org Chart Think ing Is the Prob lem
Tra di tional org charts don’t help us un der stand what the ac tual pat terns of com mu ni ca tion in our

or ga ni za tion are, as il lus trated in Fig ure 1.1. In stead, or ga ni za tions need to de velop more re al is tic pic- 
tures of the ex pected and ac tual com mu ni ca tion hap pen ing be tween in di vid u als and teams. The gaps
will help in form what types of sys tems are a bet ter fit for the or ga ni za tion.

Fur ther more, de ci sions based on org-chart struc ture tend to op ti mize for only part of the or ga ni za- 
tion, ig nor ing up stream and down stream ef fects. Lo cal op ti miza tions help the teams di rectly in volved,
but they don’t nec es sar ily help im prove the over all de liv ery of value to cus tomers. Their im pact might
be neg li gent if there are larger bot tle necks in the stream of work. For ex am ple, hav ing teams adopt ing
cloud and in fra struc ture-as-code can re duce the time to pro vi sion new in fra struc ture from weeks or
months to min utes or hours. But if ev ery change re quires de ploy ment (to pro duc tion) ap proval from a
board that meets once a week, then de liv ery speed will re main weekly at best.

Sys tems think ing fo cuses on op ti miz ing for the whole, look ing at the over all flow of work, iden ti- 
fy ing what the largest bot tle neck is to day, and elim i nat ing it. Then re peat. Team Topolo gies fo cuses
on how to set up dy namic team struc tures and in ter ac tion modes that can help teams adapt quickly to
new con di tions, and achieve fast and safe soft ware de liv ery. This might not be your largest bot tle neck
to day, but even tu ally, you will face the is sue of rigid team struc tures with poor com mu ni ca tion and/or
in ad e quate pro cesses, slow ing down de liv ery.

Think ing of the org chart as a faith ful rep re sen ta tion of how work gets done and how teams in ter- 
act with each other leads to in ef fec tive de ci sions around al lo ca tion of work and re spon si bil i ties. Much
like a soft ware ar chi tec ture doc u ment gets out dated as soon as the ac tual soft ware de vel op ment starts,
an org chart is al ways out of sync with re al ity.

Nat u rally, we are by no means the first to ac knowl edge the im bal ance be tween for mal or ga ni za- 
tion struc tures and the way work ac tu ally gets done. Geary Rumm ler and Alan Brache’s book Im prov- 
ing Per for mance: How to Man age the White Space on the Or ga ni za tion Chart set the stage for con tin- 
u ous busi ness process im prove ment and man age ment. The re cent fo cus (at least within IT) on prod uct
and team cen tric ity, as il lus trated by Mik Ker sten’s book on mov ing from Project to Prod uct, is an- 
other ma jor mile stone. We like to think that Team Topolo gies is an other piece of this puz zle—in par- 
tic u lar, hav ing clear and fluid team struc tures, re spon si bil i ties, and in ter ac tion modes.

Be yond the Org Chart
So if org charts are not an ac cu rate rep re sen ta tion of or ga ni za tional struc tures, what is? Niels

Pflaeg ing, au thor of Or ga nize for Com plex ity, iden ti fies not one but three dif fer ent or ga ni za tional
struc tures in ev ery or ga ni za tion:2

1. For mal struc ture (the org chart)—fa cil i tates com pli ance
2. In for mal struc ture—the “realm of in flu ence” be tween in di vid u als
3. Value cre ation struc ture—how work ac tu ally gets done based on in ter per sonal and in ter-team

rep u ta tion

Pflaeg ing sug gests that the key to suc cess ful knowl edge work or ga ni za tions is in the in ter ac tions
be tween the in for mal struc ture and the value cre ation struc ture (that is, the in ter ac tions be tween peo- 
ple and teams).3 Other au thors have pro posed sim i lar char ac ter i za tions, such as Frédéric Laloux in
Rein vent ing Or ga ni za tions or Brian Robert son’s Ho lacracy ap proach.4
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The Team Topolo gies ap proach ac knowl edges the im por tance of in for mal and value cre ation
struc tures as de fined by Pflaeg ing. By em pow er ing teams, and treat ing them as fun da men tal build ing
blocks, in di vid u als in side those teams move closer to gether to act as a team rather than just a group of
peo ple. On the other hand, by ex plic itly agree ing on in ter ac tion modes with other teams, ex pec ta tions
on be hav iors be come clearer and in ter-team trust grows.

Over the last sev eral decades, there have been many new ap proaches to or ga niz ing busi nesses, but
usu ally the new de sign re mains a static view of the or ga ni za tion that does not take into con sid er a tion
the real be hav iors and struc tures that emerge af ter re or ga ni za tion. For in stance, the “ma trix man age- 
ment” ap proach that started in the 1990s—and be came quite pop u lar over the next cou ple of decades
—tried to ad dress the in her ent com plex ity of highly un cer tain, highly skilled work by hav ing in di vid- 
u als re port to both busi ness and func tional man agers. De spite a clearer fo cus on busi ness value com- 
pared to a purely func tional or ga ni za tion of teams, this is still a static view of the world that be comes
out dated as the busi ness and tech nol ogy do mains quickly evolve.

For work ers, re-orgs, like in tro duc ing ma trix man age ment, can bring a lot of fear and worry. Of- 
ten, it’s seen as a time and ef fort drain that is more likely to set the busi ness back rather than move it
for ward. And once the next tech no log i cal or method olog i cal rev o lu tion hits, the busi ness un der takes
yet an other re-org, break ing down es tab lished forms of com mu ni ca tion and split ting up teams that
were just start ing to get their mojo.

The Team Topolo gies ap proach adds the dy namic and sens ing as pects re quired for tech nol ogy or ga ni za tions that are miss ing from
tra di tional or ga ni za tion de sign.

It is in creas ingly clear that re ly ing on a sin gle, static or ga ni za tional struc ture, like the org chart or
ma trix man age ment, is un ten able for ef fec tive out comes with mod ern soft ware sys tems. In stead of a
sin gle struc ture, what is needed is a model that is adapt able to the cur rent sit u a tion—one that takes
into con sid er a tion how teams grow and in ter act with each other. Team Topolo gies pro vides the (r)evo- 
lu tion ary ap proach re quired to keep teams, pro cesses, and tech nol ogy aligned for all kinds of or ga ni- 
za tions.

In her ex cel lent 2015 book, Guide to Or gan i sa tion De sign: Cre at ing High-Per form ing and Adapt- 
able En ter prises, Naomi Stan ford lists five rules of thumb for de sign ing or ga ni za tions:5

1. De sign when there is a com pelling rea son.
2. De velop op tions for de cid ing on a de sign.
3. Choose the right time to de sign.
4. Look for clues that things are out of align ment.
5. Stay alert to the fu ture.

As we con tinue to move through this book, we will ex plore how to ad dress these five heuris tics for
or ga ni za tion de sign.

Team Topolo gies: A New Way of Think ing about Teams
The Team Topolo gies ap proach brings new think ing around ef fec tive team struc tures for en ter- 

prise soft ware de liv ery. It pro vides a con sis tent, ac tion able guide for evolv ing team de sign to con tin u- 
ously cope with tech nol ogy, peo ple, and busi ness changes, cov er ing size, shape, place ment, re spon si- 
bil i ties, bound aries, and in ter ac tion of teams build ing and run ning mod ern soft ware sys tems.

Team Topolo gies pro vides four fun da men tal team types—stream-aligned, plat form, en abling, and
com pli cated-sub sys tem—and three core team in ter ac tion modes—col lab o ra tion, X-as-a-Ser vice, and
fa cil i tat ing. To gether with aware ness of Con way’s law, team cog ni tive load, and how to be come a
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sens ing or ga ni za tion, Team Topolo gies re sults in an ef fec tive and hu man is tic ap proach to build ing and
run ning soft ware sys tems.

In par tic u lar, it looks at ways in which dif fer ent team topolo gies can evolve with tech no log i cal
and or ga ni za tional ma tu rity. Pe ri ods of tech ni cal and prod uct dis cov ery typ i cally re quire a highly col- 
lab o ra tive en vi ron ment (with over lap ping team bound aries) to suc ceed. But keep ing the same struc- 
tures when dis cov ery is over (es tab lished tech nolo gies and prod uct) can lead to wasted ef fort and mis- 
un der stand ings.

By em pha siz ing an adap tive model for or ga ni za tion de sign and ac tively pri or i tiz ing the in ter re la- 
tion ship of teams, the Team Topolo gies ap proach pro vides a key tech nol ogy-ag nos tic mech a nism for
mod ern soft ware-in ten sive en ter prises to sense when a change in strat egy is re quired (ei ther from a
busi ness or tech nol ogy view point). The end goal is to help teams pro duce soft ware that aligns with
cus tomer needs and is eas ier to build, run, and own.

Team Topolo gies also em pha sizes a hu man is tic ap proach to de sign ing and build ing soft ware sys- 
tems. It sees the team as an in di vis i ble el e ment of soft ware de liv ery and ac knowl edges that teams
have a fi nite cog ni tive ca pac ity that needs to be re spected. To gether with the dy namic team de sign
solidly grounded on Con way’s law, Team Topolo gies be comes a strate gic tool for so lu tion dis cov ery.

The Re vival of Con way’s Law
We’ve men tioned the im por tance of Con way’s law as a driver for team de sign and evo lu tion. But

what is this law ex actly?
In 1968, the com puter sys tems re searcher Mel Con way pub lished a pa per in Data ma tion called

“How Do Com mit tees In vent?” in which he ex plored the re la tion ship be tween or ga ni za tional struc ture
and the re sult ing de sign of sys tems. The ar ti cle is full of sparkling in sights, some of which we cover
later in this chap ter, but this is the phrase that be came known as Con way’s law: “Or ga ni za tions which
de sign sys tems . . . are con strained to pro duce de signs which are copies of the com mu ni ca tion struc- 
tures of these or ga ni za tions.”6

Con way based his ob ser va tion on or ga ni za tions build ing early elec tronic com puter sys tems. In his
words, this “law” in di cates the strong cor re la tion be tween an or ga ni za tion’s real com mu ni ca tion paths
(the value cre ation struc tures men tioned by Pflaeg ing) and the re sult ing soft ware ar chi tec ture,7 or
what au thor Al lan Kelly calls the “ho mo mor phic force.”8 This ho mo mor phic force tends to make
things the same shape be tween the soft ware ar chi tec ture and team struc tures. In other words, build ing
soft ware re quires an un der stand ing of com mu ni ca tion across teams in or der to re al is ti cally con sider
what kind of soft ware ar chi tec tures are fea si ble. If the de sired the o ret i cal sys tem ar chi tec ture does not
fit the or ga ni za tional model, then one of the two will need to change.

Eric Ray mond stated this in a hu mor ous way in his book The New Hacker’s Dic tio nary: “If you
have four groups work ing on a com piler, you’ll get a 4-pass com piler.”9

Since 1968, it has be come in creas ingly clear that Con way’s law con tin ues to ap ply to all soft ware
built. Those of us who have built soft ware sys tems that had to com ply with an “ar chi tec ture blue print”
can surely re mem ber hav ing times when it felt like we were fight ing against the ar chi tec ture rather
than it help ing steer our work in the right di rec tion. Well, that’s Con way’s law in ac tion.

Team struc tures must match the re quired soft ware ar chi tec ture or risk pro duc ing un in tended de signs.

A sort of “re vival” of Con way’s law took place around 2015, when mi croser vices ar chi tec tures
were on the rise. In par tic u lar, James Lewis, Tech ni cal Di rec tor at Thought works, and oth ers came up
with the idea of ap ply ing an “in verse Con way ma neu ver” (or re verse Con way ma neu ver), whereby an
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or ga ni za tion fo cuses on or ga niz ing team struc tures to match the ar chi tec ture they want the sys tem to
ex hibit rather than ex pect ing teams to fol low a man dated ar chi tec ture de sign.10

The key take away here is that think ing of soft ware ar chi tec ture as a stand alone con cept that can be
de signed in iso la tion and then im ple mented by any group of teams is fun da men tally wrong. This gap
be tween ar chi tec ture and team struc tures is vis i ble across all types of ar chi tec tures, from client-server
to SOA and even mi croser vices. Specif i cally, that is why mono liths need to be bro ken down (in par- 
tic u lar, any in di vis i ble soft ware part that ex ceeds the cog ni tive ca pac ity of any one team) while keep- 
ing a team fo cus, a topic we will dis cuss in depth in Chap ter 6.

Cog ni tive Load and Bot tle necks
When we talk about cog ni tive load, it’s easy to un der stand that any one per son has a limit on how

much in for ma tion they can hold in their brains at any given mo ment. The same hap pens for any one
team by sim ply adding up all the team mem bers’ cog ni tive ca pac i ties.

How ever, we hardly ever dis cuss cog ni tive load when as sign ing re spon si bil i ties or soft ware parts
to a given team. Per haps be cause it’s hard to quan tify both the avail able ca pac ity and what the cog ni- 
tive load will be. Or per haps be cause the team is ex pected to adapt to what it’s be ing asked to do, no
ques tions asked.

When cog ni tive load isn’t con sid ered, teams are spread thin try ing to cover an ex ces sive amount
of re spon si bil i ties and do mains. Such a team lacks band width to pur sue mas tery of their trade and
strug gles with the costs of switch ing con texts.

Miguel An tunes, R&D Prin ci ple Soft ware En gi neer at Out Sys tems, a low-code plat form ven dor,
re layed an ex am ple of this very chal lenge. Their En gi neer ing Pro duc tiv ity team at Out Sys tems was
five years old. The team’s mis sion was to help prod uct teams run their builds ef fi ciently, main tain in- 
fra struc ture, and im prove test ex e cu tion. The team kept grow ing and took on ex tra re spon si bil i ties
around con tin u ous in te gra tion (CI), con tin u ous de liv ery (CD), and in fra struc ture au to ma tion.

Vic tims of their own suc cess, sprint plan ning for the now eight-per son-strong team was a mix and
match of re quests across their stack of re spon si bil i ties. Pri or i ti za tion was hard, and the fre quent con- 
text switch ing even through out a sin gle sprint led to a dip in peo ple’s mo ti va tion. This is not sur pris- 
ing if we con sider Dan Pink’s three el e ments of in trin sic mo ti va tion: au ton omy (quashed by con stant
jug gling of re quests and pri or i ties from mul ti ple teams), mas tery (“jack of all trades, mas ter of none”),
and pur pose (too many do mains of re spon si bil ity).11

While the team in this in dus try ex am ple was pro vid ing in ter nal ser vices to de vel op ment teams, the
ef fect is the same for teams work ing on soft ware for ex ter nal cus tomers. The num ber of ser vices and
com po nents for which a prod uct team is re spon si ble (in other words, the de mand on the team) typ i- 
cally keeps grow ing over time. How ever, the de vel op ment of new ser vices is of ten planned as if the
team had full-time avail abil ity and zero cog ni tive load to start with. This ne glect is prob lem atic be- 
cause the team is still re quired to fix and en hance ex ist ing ser vices. Ul ti mately, the team be comes a
de liv ery bot tle neck, as their cog ni tive ca pac ity has been largely ex ceeded, lead ing to de lays, qual ity
is sues, and of ten, a de crease in team mem bers’ mo ti va tion.

We need to put the team first, ad vo cat ing for re strict ing their cog ni tive loads. Ex plic itly think ing
about cog ni tive load can be a pow er ful tool for de cid ing on team size, as sign ing re spon si bil i ties, and
es tab lish ing bound aries with other teams. (We will cover this in de tail in Chap ter 3.)

Over all, the Team Topolo gies ap proach ad vo cates for or ga ni za tion de sign that op ti mizes for flow
of change and feed back from run ning sys tems. This re quires re strict ing cog ni tive load on teams and
ex plic itly de sign ing the in ter com mu ni ca tions be tween them to help pro duce the soft ware-sys tems ar- 
chi tec ture that we need (based on Con way’s law).
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Sum mary: Re think Team Struc tures, Pur pose, and In ter ac tions
De vel op ing and op er at ing soft ware ef fec tively for mod ern, in ter con nected sys tems and ser vices

re quires or ga ni za tions to con sider many dif fer ent di men sions. His tor i cally, most or ga ni za tions have
seen soft ware de vel op ment as a kind of man u fac tur ing to be com pleted by sep a rate in di vid u als ar- 
ranged into func tional spe cial ties, with large projects planned up front and with lit tle con sid er a tion for
so ciotech ni cal dy nam ics. This led to the pre vail ing prob lems de picted in Fig ure 1.2 on page 12.
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Fig ure 1.2: Ob sta cles to Fast Flow

The Ag ile, Lean IT, and De vOps move ments helped demon strate the enor mous value of smaller,
more au ton o mous teams that were aligned to the flow of busi ness, de vel op ing and re leas ing in small,
it er a tive cy cles, and course cor rect ing based on feed back from users. Lean IT and De vOps also en- 
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cour aged big strides in teleme try and met rics tool ing for both sys tems and teams, help ing peo ple
build ing and run ning soft ware to make proac tive, early de ci sions based on past trends, rather than
sim ply re spond ing to in ci dents and prob lems as they arose.

How ever, tra di tional or ga ni za tions have of ten been lim ited in their abil ity to fully reap the ben e fits
of Ag ile, Lean IT, and De vOps due to their or ga ni za tional mod els. It’s no sur prise that there is a
strong fo cus on the more im me di ate au to ma tion and tool ing adop tion, while cul tural and or ga ni za- 
tional changes are hap haz ardly ad dressed. The lat ter changes are much harder to vi su al ize, let alone to
mea sure their ef fec tive ness. Yet hav ing the right team struc ture, ap proach, and in ter ac tion in place,
and un der stand ing their need to evolve over time is a key dif fer en tia tor for suc cess in the long run.

In par tic u lar, tra di tional org charts are out of sync with this new re al ity of fre quent (re)shap ing of
teams for col lab o ra tive knowl edge work in en vi ron ments filled with un cer tainty and nov elty. In stead,
we need to take ad van tage of Con way’s law (or ga ni za tional de sign pre vails over soft ware ar chi tec ture
de sign), cog ni tive load re stric tions, and a team-first ap proach in or der to de sign teams with clear pur- 
poses and pro mote team in ter ac tions that pri or i tize flow of soft ware de liv ery and strate gic adapt abil- 
ity.

The goal of Team Topolo gies is to give you the ap proach and men tal tools to en able your or ga ni- 
za tion to adapt and dy nam i cally find the places and tim ing when col lab o ra tion is needed, as well as
when it is best to fo cus on ex e cu tion and re duce com mu ni ca tion over head.

NOTE

We found a fas ci nat ing ex am ple of strate gic and col lab o ra tive in ter ac tion in a to tally dif fer ent field when re search ing for this
book. It turns out that grouper fish and moray eels, seem ingly un re lated species (si los, any one?), ex plic itly col lab o rate (via sig- 
nals) to hunt down smaller fishes that hide in crevices. The eel sneaks into the crevices and scares off smaller fish, which are then
forced to come out and be come easy prey for the grouper. Read on to find out how to en able the groupers and eels in your or ga ni- 
za tion to join forces for bet ter flow and busi ness out comes!
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2 Con way’s Law and Why It Mat ters

[Con way’s law] cre ates an im per a tive to keep ask ing: “Is there a bet ter de sign that is not
avail able to us be cause of our or ga ni za tion?”

—Mel Con way, To ward Sim pli fy ing Ap pli ca- 
tion De vel op ment, in a Dozen Lessons

In Chap ter 1, we dis cussed why or ga ni za tions need to con sider team or ga ni za tion as an in te gral
fac tor to suc cess. We also dis cussed the un der pin ning ideas and prin ci ples that help us un der stand
how teams work within an or ga ni za tion. We in tro duced some key con cepts that we will be gin to build
on through out the book. In the re main ing chap ters of Part I, we will dis cuss in more de tail what Con- 
way’s law re veals about teams, or ga ni za tion struc ture, and soft ware ar chi tec ture; then we will dig into
what a team-first ap proach means. The goal in Part I is to give you the foun da tional prin ci ples for or- 
ga ni za tion and team de sign that you will need to un der stand as you con sider team topolo gies, start ing
with Con way’s law.

Un der stand ing and Us ing Con way’s Law
Con way’s law is crit i cal to un der stand ing the forces at play when or ga niz ing teams amidst the

long-last ing, unat tended im pact they can have on our soft ware sys tems as the lat ter have be come
larger and more in ter con nected than ever be fore. But you might won der if a law from 1968 about soft- 
ware ar chi tec ture has stood the test of time.

We’ve come a long way af ter all: mi croser vices, the cloud, con tain ers, server less. In our ex pe ri- 
ence, such nov el ties can help teams im prove lo cally, but the larger the or ga ni za tion, the harder it be- 
comes to reap the full ben e fits. The way teams are set up and in ter act is of ten based on past projects
and/or legacy tech nolo gies (re flect ing the lat est org-chart de sign, which might be years old, if not
decades).

If you’ve ever worked for a large or ga ni za tion, you have likely en coun tered ex am ples of mono- 
lithic shared data bases pow er ing an en tire busi ness. There were, of course, valid his tor i cal rea sons for
the pre dom i nance of mono lithic data bases (such as the rise in spe cial ism of peo ple and teams on tech- 
ni cal stack lay ers) up un til De vOps and mi croser vices gained trac tion. Fac tors such as project ori en ta- 
tion, cost cut ting via out sourc ing, or ju nior teams with out suf fi cient ex pe ri ence have con trib uted to the
per pet u a tion of this (now rec og niz able) anti-pat tern. Mono lithic data bases cou ple the ap pli ca tions that
de pend on them and be come mag nets for small-busi ness logic changes at the data base level (more on
this in Chap ter 6). Yet, to avoid them, or ga ni za tions need not only good ar chi tec tural prac tices but
also ac tual team struc tures and com po si tion that align with this new way of think ing.

Sports wear com pany Adi das went through an in ter est ing trans for ma tion where they ex plic itly
looked at Con way’s law as a driver for or ga ni za tion de sign. As Fer nando Cor nago, Se nior Di rec tor of
Plat form En gi neer ing, and Markus Rautert, Vice Pres i dent of Plat form En gi neer ing and Ar chi tec ture,
ex plained their IT de part ment went from be ing seen as a cost cen ter, with a sin gle ven dor pro vid ing
most of the soft ware (re quir ing fre quent hand-offs) and only a few in-house en gi neers (do ing more
man ag ing than en gi neer ing), to a prod uct-ori ented team or ga ni za tion. Adi das in vested 80% of its en- 
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gi neer ing re sources to cre at ing in-house soft ware de liv ery ca pa bil i ties via cross-func tional teams
aligned with busi ness needs. The other 20% were ded i cated to a cen tral-plat form team tak ing care of
en gi neer ing plat forms and tech ni cal evo lu tion, as well as con sult ing and on board ing new pro fes sion- 
als. Adi das was able to in crease re lease fre quency of their dig i tal prod ucts six ty fold, while pos i tively
im pact ing soft ware qual ity as well.1

Be sides em pir i cal ex pe ri ence, there’s also an in creas ing body of re search that gen er ally con firms
the ten den cies out lined by Con way. Alan Mac Cor mack and col leagues at Har vard Busi ness School
un der took stud ies of var i ous open-source and closed-source soft ware prod ucts and found “strong ev i- 
dence to sup port the hy poth e sis that a prod uct’s ar chi tec ture tends to mir ror the struc ture of the or ga- 
ni za tion in which it is de vel oped.”2

Stud ies in other in dus tries, such as ve hi cle man u fac tur ing and air craft en gine de sign, also cor rob o- 
rate this idea.3 In fact, there has been enough in dus try re search un der taken to show that the ho mo mor- 
phic force iden ti fied by Con way’s law ap plies broadly.

This quote from Ruth Malan pro vides what could be seen as the mod ern ver sion of Con way’s law:
“If the ar chi tec ture of the sys tem and the ar chi tec ture of the or ga ni za tion are at odds, the ar chi tec ture
of the or ga ni za tion wins.”4 Malan re minds us that the or ga ni za tion is con strained to pro duce de signs
that match or mimic the real, on-the-ground com mu ni ca tion struc ture of the or ga ni za tion. This has
sig nif i cant strate gic im pli ca tions for any or ga ni za tion de sign ing and build ing soft ware sys tems,
whether in-house or via sup pli ers.

In par tic u lar, an or ga ni za tion that is ar ranged in func tional si los (where teams spe cial ize in a par- 
tic u lar func tion, such as QA, DBA, or se cu rity) is un likely to ever pro duce soft ware sys tems that are
well-ar chi tected for end-to-end flow. Sim i larly, an or ga ni za tion that is ar ranged pri mar ily around sales
chan nels for dif fer ent ge o graphic re gions un likely to pro duce ef fec tive soft ware ar chi tec ture that pro- 
vides mul ti ple dif fer ent soft ware ser vices to all global re gions.

Why are or ga ni za tions un likely to dis cover or sus tain cer tain ar chi tec tures? Con way pro vides
some clues in his 1968 ar ti cle: “Given any [par tic u lar] team or ga ni za tion, there is a class of de sign al- 
ter na tives which can not be ef fec tively pur sued by such an or ga ni za tion be cause the nec es sary com mu- 
ni ca tion paths do not ex ist.”5

Com mu ni ca tion paths (along for mal re port ing lines or not) within an or ga ni za tion ef fec tively re- 
strict the kinds of so lu tions that the or ga ni za tion can de vise. But we can use this to our strate gic ad- 
van tage. If we want to dis cour age cer tain kinds of de signs—per haps those that are too fo cused on
tech ni cal in ter nals—we can re shape the or ga ni za tion to avoid this. Sim i larly, if we want our or ga ni za- 
tion to dis cover and adopt cer tain de signs—per haps those more amenable to flow—then we can re- 
shape the or ga ni za tion to help make that hap pen. There is, of course, no guar an tee that the or ga ni za- 
tion will find and use the de signs we want, but at least by shap ing the com mu ni ca tion paths, we are
mak ing it more likely.

Or ga ni za tion de sign us ing Con way’s law be comes a key strate gic ac tiv ity that can greatly ac cel er- 
ate the dis cov ery of ef fec tive soft ware de signs and help avoid those less ef fec tive. (In Chap ter 8, we
go into more de tail on how to evolve an or ga ni za tion strate gi cally with Con way’s law in mind.)

The Re verse Con way Ma neu ver
To in crease an or ga ni za tion’s chances of build ing ef fec tive soft ware sys tems op ti mized for flow, a

re verse Con way ma neu ver (or in verse Con way ma neu ver) can be un der taken to re con fig ure the team
in ter com mu ni ca tions be fore the soft ware is fin ished. Al though you might get ini tial push back, with
suf fi cient willpower from man age ment and aware ness from teams this ap proach can and does work.
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The re verse Con way ma neu ver gained trac tion in the tech nol ogy world around 2015 and has been
ap plied in many or ga ni za tions since. Ac cel er ate: The Sci ence of Dev Ops by Nicole Fors gren, PhD,
Jez Hum ble, and Gene Kim sup ports the im por tance of this strat egy for high-per form ing or ga ni za- 
tions:

Our re search lends sup port to what is some times called the “in verse Con way ma neu ver,”
which states that or ga ni za tions should evolve their team and or ga ni za tional struc ture to
achieve the de sired ar chi tec ture. The goal is for your ar chi tec ture to sup port the abil ity of
teams to get their work done—from de sign through to de ploy ment—with out re quir ing high-
band width com mu ni ca tion be tween teams.6

Re mem ber the mono lithic data base anti-pat tern we men tioned ear lier? We’ve seen ex treme cases
where, be cause there were no sta ble teams and all changes were made via tem po rary projects (mostly
out sourced), ap pli ca tions be came deeply cou pled at the data base level (shared data and pro ce dures).
This later im peded adop tion of com mod ity sys tems for cer tain parts of the busi ness since the lat ter
could not be de cou pled from the rest of the busi ness logic. In stead of free ing up in-house en gi neers to
work on dif fer en ti at ing fea tures that meet evolv ing cus tomer needs, ac cru ing tech ni cal debt like this
cur tails an or ga ni za tion’s abil ity to move faster and make a dif fer ence against com peti tors.

So, how can the re verse Con way ma neu ver help steer team or ga ni za tion to ob tain the de sired soft- 
ware ar chi tec ture?

Let’s look at a de lib er ate sim pli fi ca tion of Con way’s law in an or ga ni za tion build ing soft ware to
il lus trate the ideas and forces at work. Let’s say that four in de pen dent teams, each com prised of front-
end and back-end de vel op ers, work on dif fer ent parts of a sys tem and then hand over to a data base ad- 
min is tra tor (DBA) for data base changes. The flow of changes may look con cep tu ally like the di a gram
in Fig ure 2.1.
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Fig ure 2.1: Four Teams Work ing on a Soft ware Sys tem

Four sep a rate teams con sist ing of front-end and back-end de vel op ers work on a soft ware sys tem. Front-end devs com mu ni cate
only with back-end devs, who com mu ni cate with a sin gle DBA for the data base changes.
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Ac cord ing to Con way’s law, the soft ware ar chi tec ture that nat u rally emerges from such a team de- 
sign would have sep a rate front-end and back-end com po nents for each team, and a sin gle, shared core
data base (Fig ure 2.2, see page 20).

Fig ure 2.2: Soft ware Ar chi tec ture from Four-Team Or ga ni za tion



  Foreword

48

Four sep a rate ap pli ca tions, each with a sep a rate user in ter face (UI) and a back-end ap pli ca tion tier that com mu ni cate with a sin gle
shared data base. This re flects and matches the team com mu ni ca tion ar chi tec ture from Fig ure 2.1; the di a gram has sim ply been ro- 

tated ninety de grees.

In other words, the use of a shared DBA team is likely to drive the emer gence of a sin gle shared
data base; and the use of sep a rate front-end and back-end de vel op ers is likely to drive a sep a ra tion be- 
tween UI and app tiers, due to the na ture of the com mu ni ca tion tak ing place. If this sin gle shared data- 
base and four, two-tier apps is the soft ware ar chi tec ture we want, then all is well.

How ever, if we do not want a sin gle shared data base, we have a prob lem. The ho mo mor phic force
iden ti fied by Con way’s law is ex ert ing a strong pull on the “nat u ral” soft ware ar chi tec ture to emerge
from the cur rent or ga ni za tion de sign and com mu ni ca tion paths.

For ex am ple, let’s say that we want to use a mi croser vices ar chi tec ture for some new cloud-based
soft ware sys tems, where each sep a rate ser vice is in de pen dent and has its own data store (Fig ure 2.3,
see page 21).
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Fig ure 2.3: Mi croser vices Ar chi tec ture with In de pen dent Ser vices and Data Stores

A mi croser vices-based ar chi tec ture with four sep a rate ser vices, each with its own data store, API layer, and front-end client.
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By ap ply ing the re verse Con way ma neu ver, we can de sign our teams to “match” the re quired soft- 
ware ar chi tec ture by hav ing sep a rate de vel op ers for the client ap pli ca tions and the API, and a data base
de vel oper within the team rather than sep a rate from it (Fig ure 2.4, see page 22).

Fig ure 2.4: Team De sign for Mi croser vices Ar chi tec ture with In de pen dent Ser vices and Data Stores
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An or ga ni za tion de sign that an tic i pates the ho mo mor phic force be hind Con way’s law to help pro duce a soft ware ar chi tec ture with
four in de pen dent mi croser vices. (Again, this is ba si cally the di a gram in Fig ure 2.3 ro tated ninety de grees.)

Ac cord ing to Con way’s law, this team de sign will most “nat u rally” pro duce the de sired soft ware
ar chi tec ture. If we want our data store to be aligned with the busi ness do main, then we need to avoid
hav ing a sin gle “fan-in” data base per son or team (per haps by adding a data ca pa bil ity within the ap pli- 
ca tion-de vel op ment team).

Soft ware Ar chi tec tures that En cour age Team-Scoped Flow
Con way’s law tells us that we need to un der stand what soft ware ar chi tec ture is needed be fore we

or ga nize our teams, oth er wise the com mu ni ca tion paths and in cen tives in the or ga ni za tion will end up
dic tat ing the soft ware ar chi tec ture. As Michael Ny gard says: “Team as sign ments are the first draft of
the ar chi tec ture.”7

For a safe, rapid flow of changes, we need to con sider team-scoped flow and de sign the soft ware
ar chi tec ture to fit it. The fun da men tal means of de liv ery is the team (see more in Chap ter 3), so the
sys tem ar chi tec ture needs to en able and en cour age fast flow within each team. Thank fully, in prac tice,
this means that we can fol low proven soft ware-ar chi tec ture good prac tices:

Loose cou pling—com po nents do not hold strong de pen den cies on other com po nents
High co he sion—com po nents have clearly bounded re spon si bil i ties, and their in ter nal el e ments

are strongly re lated
Clear and ap pro pri ate ver sion com pat i bil ity
Clear and ap pro pri ate cross-team test ing

At a con cep tual level, soft ware ar chi tec tures should re sem ble the flows of change they en able; in- 
stead of a se ries of in ter con nected com po nents, we should be de sign ing flows on top of an un der ly ing
plat form (we will cover plat forms in Chap ter 5).

By keep ing things team sized, we help to achieve what Mac Cor mack and col leagues call “an ‘ar- 
chi tec ture for par tic i pa tion’ that pro motes ease of un der stand ing by lim it ing mod ule size, and ease of
con tri bu tion by min i miz ing the prop a ga tion of de sign changes.”8 In other words, we need a team-first
soft ware ar chi tec ture that max i mizes peo ple’s abil ity to work with it.

Keep ing things de cou pled and team-scoped should be a key, on go ing or ga ni za tion test be cause, as
John Roberts says in The Mod ern Firm, “real gains in per for mance can of ten be achieved by adopt ing
de signs that ad here to [a] dis ag gre gated model.”9 These per for mance gains are partly due to the in- 
creased rate of flow of change and partly due to the or ga ni za tion’s abil ity to change the ar chi tec ture to
suit new con texts.

Don Rein ert sen, au thor of The Prin ci ples of Prod uct De vel op ment Flow, says “we can also ex ploit
ar chi tec ture as an en abler of rapid changes. We do this by par ti tion ing our ar chi tec ture to grace fully
ab sorb change.”10 Ar chi tec ture thus be comes an en abler, not a hin drance, but only if we take a team-
first ap proach in formed by Con way’s law.

Or ga ni za tion De sign Re quires Tech ni cal Ex per tise
If we ac cept that the self-sim i lar force (be tween ar chi tec ture and team or ga ni za tion) de scribed by

Con way is real, then we also need to ac cept that any one who makes de ci sions about the shape and
place ment of en gi neer ing teams is strongly in flu enc ing the soft ware sys tems ar chi tec ture. There is a
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log i cal im pli ca tion of Con way’s law here, in the words of Ruth Malan: “if we have man agers de cid ing
. . . which ser vices will be built, by which teams, we im plic itly have man agers de cid ing on the sys tem
ar chi tec ture.”11

How much aware ness does the HR de part ment have about soft ware sys tems? Does the group of
de part ment lead ers de cid ing how to al lo cate bud get across teams know of the likely ef fects of their
choices on the vi a bil ity of the soft ware ar chi tec ture?

Given that there is in creas ing ev i dence for the ho mo mor phism be hind Con way’s law, it is very in- 
ef fec tive (per haps ir re spon si ble) for or ga ni za tions that build soft ware sys tems to de cide on the shape,
re spon si bil i ties, and bound aries of teams with out in put from tech ni cal lead ers.

Or ga ni za tion de sign and soft ware de sign are, in prac tice, two sides of the same coin, and both
need to be un der taken by the same in formed group of peo ple. Al lan Kelly’s view of a soft ware ar chi- 
tect’s role ex pands fur ther on this idea:

More than ever I be lieve that some one who claims to be an Ar chi tect needs both tech ni cal
and so cial skills, they need to un der stand peo ple and work within the so cial frame work.
They also need a re mit that is broader than pure tech nol ogy—they need to have a say in or- 
ga ni za tional struc tures and per son nel is sues, i.e. they need to be a man ager too.12

Fun da men tally, we need to in volve tech ni cal peo ple in or ga ni za tion de sign be cause they un der- 
stand key soft ware de sign con cepts, such as APIs and in ter faces, ab strac tion, en cap su la tion, and so
on. Naomi Stan ford puts it like this: “de part ments and di vi sions, sys tems, and busi ness pro cesses . . .
can be de signed in de pen dently as long as in ter faces and bound aries with the wider or ga ni za tion form
part of the de sign.”13

Re strict Un nec es sary Com mu ni ca tion
One key im pli ca tion of Con way’s law is that not all com mu ni ca tion and col lab o ra tion is good.

Thus it is im por tant to de fine “team in ter faces” to set ex pec ta tions around what kind of work re quires
strong col lab o ra tion and what doesn’t. Many or ga ni za tions as sume that more com mu ni ca tion is al- 
ways bet ter, but this is not re ally the case.

What we need is fo cused com mu ni ca tion be tween spe cific teams. We need to look for un ex pected
com mu ni ca tion and ad dress the cause; as Manuel Sosa and col leagues found in their 2004 re search
into air craft man u fac tur ing, “man agers should fo cus their ef forts on un der stand ing the causes of un ad- 
dressed de sign in ter faces . . . and un pre dicted team in ter ac tions . . . across mod u lar sys tems.”14

Mike Cohn, one of the orig i na tors of the Scrum prod uct-de vel op ment ap proach, asks these ques- 
tions to as sess the health of in ter-team com mu ni ca tion within an or ga ni za tion: “Does the struc ture
min i mize the num ber of com mu ni ca tion paths be tween teams? . . . Does the struc ture en cour age teams
to com mu ni cate who wouldn’t oth er wise do so?15

Here, Cohn is ad dress ing the need to en sure that if, log i cally, two teams shouldn’t need to com mu- 
ni cate based on the soft ware ar chi tec ture de sign, then some thing must be wrong if the teams are com- 
mu ni cat ing. Is the API not good enough? Is the plat form not suit able? Is a com po nent miss ing? If we
can achieve low-band width com mu ni ca tion—or even zero-band width com mu ni ca tion—be tween
teams and still build and re lease soft ware in a safe, ef fec tive, rapid way, then we should. This is vi su- 
al ized in Fig ure 2.5, which is based on Hen rik Kniberg’s “Real Life Ag ile Scal ing.”16
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Fig ure 2.5: In ter-Team Com mu ni ca tion

Com mu ni ca tion within teams is high band width. Com mu ni ca tion be tween two “paired” teams can be mid band width. Com mu ni- 
ca tion be tween most teams should be low band width.
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A sim ple way to re strict com mu ni ca tion is to move two teams to dif fer ent parts of the of fice, dif- 
fer ent floors, or even dif fer ent build ings. If the teams are vir tual or mostly com mu ni cate over a chat
mes sen ger tool, the vol ume and pat terns of the team-to-team com mu ni ca tions can help iden tify com- 
mu ni ca tions that do not match the in ter ac tions ex pected for the soft ware ar chi tec ture.

Sim i larly, if a large team reg u larly deals with two sep a rate ar eas of the sys tem, it can be use ful to
split this team into two smaller teams ded i cated to each part, al though only if it’s the same team mem- 
bers who work on dif fer ent sys tems. If the whole team works on more than one part of the sys tem by
de sign (for ex am ple, a newer ser vice and an older com po nent), keep the team to gether. (See Chap ter 9
for more on pat terns for long-term “con ti nu ity of care” for older soft ware sys tems.)

Some times, two or more teams may feel the need to com mu ni cate on soft ware purely be cause the
code for their parts of the sys tem is in the same ver sion-con trol repos i tory or is even part of the same
ap pli ca tion or ser vice, whereas log i cally, it should be sep a rate. In these cases, we need to use “frac ture
plane” pat terns (which will be dis cussed in Chap ter 6) to split up the soft ware into smaller chunks that
can live in sep a rate repos i to ries.

Ev ery one Does Not Need to Com mu ni cate with Ev ery one
With open-plan of fices and, par tic u larly, with ubiq ui tous, in stant com mu ni ca tion via chat tools,

any one can com mu ni cate with any one else. In this sit u a tion, one can ac ci den tally fall into a pat tern of
com mu ni ca tion and in ter ac tion where ev ery one needs to com mu ni cate with ev ery one else (putting the
onus on the con sumer to dis till what is rel e vant) in or der to get work done. From the view point of
Con way’s law, this will drive un in tended con se quences for the soft ware sys tems, es pe cially a lack of
mod u lar ity be tween sub sys tems.

If the or ga ni za tion has an ex pec ta tion that “ev ery one should see ev ery mes sage in the chat” or
“ev ery one needs to at tend the mas sive standup meet ings” or “ev ery one needs to be present in meet- 
ings” to ap prove de ci sions, then we have an or ga ni za tion de sign prob lem. Con way’s law sug gests that
this kind of many-to-many com mu ni ca tion will tend to pro duce mono lithic, tan gled, highly cou pled,
in ter de pen dent sys tems that do not sup port fast flow. More com mu ni ca tion is not nec es sar ily a good
thing.

Be ware: Naive Uses of Con way’s Law
There is a dan ger of mis in ter pret ing Con way’s law and cre at ing a set of teams that ap pear to map

well to the re quired ar chi tec ture but, in fact, work strongly against fast flow. Fur ther more, the re la tion- 
ship be tween cross-team tools and com mu ni ca tion is of ten missed or ig nored, but such tool ing can be
a pow er ful driver of self-sim i lar de sign. In this sec tion, we iden tify some po ten tial pit falls re sult ing
from the naive ap pli ca tion of Con way’s law.

Tool Choices Drive Com mu ni ca tion Pat terns
The way in which teams use soft ware com mu ni ca tion tools can have a strong in flu ence on com- 

mu ni ca tion pat terns be tween teams. A com mon prob lem in or ga ni za tions strug gling to build and run
mod ern soft ware sys tems is a mis match be tween the re spon si bil ity bound aries for teams or de part- 
ments and those for tools. Some times an or ga ni za tion has mul ti ple tools when a sin gle one would suf- 
fice (pro vid ing a com mon, shared view). Other times, a sin gle tool is used and prob lems arise be cause
teams need sep a rate ones.

As we’ve seen, Con way’s law tells us that an or ga ni za tion is con strained to pro duce de signs that
are copies of its com mu ni ca tion struc tures. We there fore need to be mind ful of the ef fect of shared
tools on the way teams in ter act. If we want teams to col lab o rate, then shared tools make sense. If we
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need a clear re spon si bil ity bound ary be tween teams, then sep a rate tools (or sep a rate in stances of the
same tool) may be best.

Let’s say we need a soft ware de vel op ment team to work closely with the IT op er a tions team; hav- 
ing sep a rate tick et ing or in ci dent-man age ment tools for the two teams will likely re sult in poor in ter-
team com mu ni ca tion. To help these teams col lab o rate and com mu ni cate, we should choose a tool that
can meet the needs of both groups. Sim i larly, hav ing a spe cial “pro duc tion only” tool that is lim ited to
teams with se cu rity ac cess to pro duc tion should be avoided. If that tool in ter acts with or mea sures the
soft ware be ing built, then the re stricted ac cess to the tool is likely to drive a com mu ni ca tion gap be- 
tween teams with ac cess and teams with out. The tool can help or hin der com mu ni ca tion flow and,
there fore, the ef fec tive in ter ac tion of teams.

TIP

Make in for ma tion vis i ble while keep ing se cu rity in place.

Log-ag gre ga tion tools pro vide a sim ple so lu tion for ap pli ca tion teams that need to con sult pro duc tion logs (for de bug ging
pur poses, for in stance) but do not have ac cess to pro duc tion en vi ron ments. Such tools ship all the logs to an ex ter nal lo ca- 
tion, where they get pro cessed and in dexed to gether (and anonymized if need be), mak ing it faster to search and cor re late
events than in di vid ual logs. Teams get ac cess to the in for ma tion they need while pro duc tion se cu rity con trols re main in tact
(other than en sur ing logs are be ing trans ferred in a se cure fash ion).

How ever, when re spon si bil ity bound aries be tween two teams do not over lap (when the teams have
very dis tinct roles with out much need to col lab o rate), we will not get much value from in sist ing on the
same in ci dent-track ing tool or even the same mon i tor ing tool for the two teams, par tic u larly if one of
the teams is out side the or ga ni za tion pro vid ing a ser vice.

In sum mary, don’t se lect a sin gle tool for the whole or ga ni za tion with out con sid er ing team in ter re- 
la tion ships first. Have sep a rate tools for in de pen dent teams, and use shared tools for col lab o ra tive
teams.

Many Dif fer ent Com po nent Teams
Some or ga ni za tions have naively used Con way’s law to cre ate many dif fer ent com po nent teams

fo cused on build ing small parts of sys tems. Com po nent teams—bet ter called com pli cated-sub sys tem
teams (see Chap ter 5)—are oc ca sion ally needed but only for ex cep tional cases, where very de tailed
ex per tise is re quired. Gen er ally speak ing, we need to op ti mize for fast flow, so stream-aligned teams
are pre ferred. We will cover these as pects more in Chap ter 5.

Re peated Re or ga ni za tions that Cre ate Fief doms or Re duce Head- 
count

The un der ly ing aim of many “re or ga ni za tions” in the past was to re duce staff or cre ate fief doms of
power for man agers and lead ers. When we change the or ga ni za tion struc ture to ac com mo date Con- 
way’s law, we are aim ing to im prove the space (con text, con straints, etc.) in which or ga ni za tions
search for so lu tions with soft ware sys tems. These two ap proaches are mu tu ally ex clu sive. With soft- 
ware and “prod uct” com pa nies, struc ture should an tic i pate prod uct ar chi tec ture. Com bined with a
team-first ap proach, reg u lar re or ga ni za tions for man age ment rea sons should be come a thing of the
past.

To put this in the strong est way, reg u lar re or ga ni za tions for the sake of man age ment con ve nience
or re duc ing head count ac tively de stroy the abil ity of or ga ni za tions to build and op er ate soft ware sys- 
tems ef fec tively. Re or ga ni za tions that ig nore Con way’s law, team cog ni tive load, and re lated dy nam- 
ics risk act ing like open heart surgery per formed by a child: highly de struc tive.
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Sum mary: Con way’s Law Is Crit i cal for Ef fi cient Team De sign in
Tech

Con way’s law tells us that an or ga ni za tion’s struc ture and the ac tual com mu ni ca tion paths be- 
tween teams per se vere in the re sult ing ar chi tec ture of the sys tems built. They void the at tempts of de- 
sign ing soft ware as a sep a rate ac tiv ity from the de sign of the teams them selves.

The ef fects of this sim ple law are far reach ing. On one hand, the or ga ni za tion’s de sign lim its the
num ber of pos si ble so lu tions for a given sys tem’s ar chi tec ture. On the other hand, the speed of soft- 
ware de liv ery is strongly af fected by how many team de pen den cies the or ga ni za tion de sign in stills.

Fast flow re quires re strict ing com mu ni ca tion be tween teams. Team col lab o ra tion is im por tant for
gray ar eas of de vel op ment, where dis cov ery and ex per tise is needed to make progress. But in ar eas
where ex e cu tion pre vails—not dis cov ery—com mu ni ca tion be comes an un nec es sary over head.

One key ap proach to achiev ing the soft ware ar chi tec ture (and as so ci ated ben e fits like speed of de- 
liv ery or time to re cover from fail ure) is to ap ply the re verse Con way ma neu ver: de sign ing teams to
match the de sired ar chi tec ture. We pro vided a sim ple ex am ple where an or ga ni za tion could avoid a
mono lithic data base by em bed ding data base skills in the ap pli ca tion team, so that they had suf fi cient
au ton omy to main tain a sep a rate data store (per haps re ly ing on a cen tral ized DBA team for rec om- 
men da tions on data base de sign or syn chro niza tion with other data bases).

In short, by con sid er ing the im pact of Con way’s law when de sign ing soft ware ar chi tec tures and/or
re or ga niz ing team struc tures, you will be able to takead van tage of the iso mor phic force at play, which
con verges the soft ware ar chi tec ture and the team de sign.
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3 Team-First Think ing

Dis band ing high-per form ing teams is worse than van dal ism: it is cor po rate psy chopa thy.

—Al lan Kelly, Project My opia

Experts in or ga ni za tional be hav ior have known for decades that mod ern com plex sys tems re quire
ef fec tive team per for mance: in par tic u lar, Driskell and Salas found that teams work ing as a co he sive
unit per form far bet ter than col lec tions of in di vid u als for knowl edge-rich, prob lem-solv ing tasks that
re quire high amounts of in for ma tion.1 Even pre vi ously hi er ar chi cal or ga ni za tions such as the US
Army have adopted the team as the fun da men tal unit of op er a tion. In the best selling book Team of
Teams, re tired US Army Gen eral Stan ley Mc Chrys tal notes that the best-per form ing teams “ac com- 
plish re mark able feats not sim ply be cause of the in di vid ual qual i fi ca tions of their mem bers but be- 
cause those mem bers co a lesce into a sin gle or gan ism.”2 (ital ics added)

In soft ware de vel op ment specif i cally, the speed, fre quency, com plex ity, and di ver sity of changes
needed for mod ern soft ware-rich sys tems means that teams are es sen tial. Re ly ing on in di vid u als to
com pre hend and ef fec tively deal with the vol ume and na ture of in for ma tion re quired to build and
evolve mod ern soft ware is not sus tain able. In fact, re search by Google on their own teams found that
who is on the team mat ters less than the team dy nam ics; and that when it comes to mea sur ing per for- 
mance, teams mat ter more than in di vid u als.3 We must, there fore, start with the team for ef fec tive soft- 
ware de liv ery. There are mul ti ple as pects to con sider and nur ture: team size, team life span, team re la- 
tion ships, and team cog ni tion.

Use Small, Long-Lived Teams as the Stan dard
In this book, “team” has a very spe cific mean ing. By team, we mean a sta ble group ing of five to

nine peo ple who work to ward a shared goal as a unit. We con sider the team to be the small est en tity of
de liv ery within the or ga ni za tion. There fore, an or ga ni za tion should never as sign work to in di vid u als;
only to teams. In all as pects of soft ware de sign, de liv ery, and op er a tion, we start with the team.

In most or ga ni za tions, an ef fec tive team has a max i mum size of around seven to nine peo ple.
Ama zon, for in stance, is known for lim it ing the size of its soft ware teams to those that can be fed by
two piz zas.4 This limit, rec om mended by pop u lar frame works such as Scrum, de rives from evo lu tion- 
ary lim its on group recog ni tion and trust known as Dun bar’s num ber (af ter an thro pol o gist Robin Dun- 
bar). Dun bar found fif teen to be the limit of the num ber of peo ple one per son can trust deeply.5 From
those, only around five peo ple can be known and trusted closely.6

Al low ing teams to grow be yond the magic seven-to-nine size im per ils the vi a bil ity of the soft ware
be ing built by that team, be cause trust will be gin to break down and un suit able de ci sions might en sue.
Or ga ni za tions need to max i mize trust be tween peo ple on a team, and that means lim it ing the num ber
of team mem bers.

When de liv er ing changes rapidly, it is im por tant to en sure that high trust is ex plic itly val ued and
de signed for. High trust is what en ables a team to in no vate and ex per i ment. If trust is miss ing or re- 
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duced due to a larger group of peo ple, speed and safety of de liv ery will suf fer.

NOTE

High-trust or ga ni za tions may sus tain larger teams.

There are ex cep tions to the seven-to-nine rule, but these are rare. If an or ga ni za tion has en gen dered a very strong cul ture of trust,
mu tual re spect, and ac cep tance of fail ure, teams might work at up to around fif teen peo ple. How ever, in our ex pe ri ence, very few
or ga ni za tions fit this cri te ria.

Smaller Size Fos ters Trust
The limit on team size and Dun bar’s num ber ex tends to group ings of teams, de part ments, streams

of work, lines of busi ness, and so on. In ad di tion to Dun bar’s num ber, an thro po log i cal re search shows
that the type and depth of re la tion ship we can have with peo ple has clear lim its:7

Around five peo ple—limit of peo ple with whom we can hold close per sonal re la tion ships and
work ing mem ory

Around fif teen peo ple—limit of peo ple with whom we can ex pe ri ence deep trust
Around fifty peo ple—limit of peo ple with whom we can have mu tual trust
Around 150 peo ple—limit of peo ple whose ca pa bil i ties we can re mem ber

Some re searchers have iden ti fied pos si ble lim its to ef fec tive so cial re la tion ships at around 500 and
1,500 (there is roughly a three times mul ti plier at work here). The key point is that—whether we like
it or not—there are nat u ral re stric tions on the size of ef fec tive group ings within any or ga ni za tion. As
the size of a group in creases, the dy nam ics and be hav iors be tween group mem bers will be sub tly or
rad i cally dif fer ent, and pat terns and rules that worked at a smaller scale will prob a bly fail to work at a
larger scale.

Teams need trust to op er ate ef fec tively, but if the size of a group grows too large for the nec es sary
level of trust, that group can no longer be as ef fec tive as it was when it was a smaller unit. Within an
or ga ni za tion build ing and run ning soft ware sys tems, it is there fore im por tant to con sciously limit the
size of team group ings to Dun bar’s num ber to help achieve pre dictable be hav ior and in ter ac tions from
those teams:

A sin gle team: around five to eight peo ple (based on in dus try ex pe ri ence)
In high-trust or ga ni za tions: no more than fif teen peo ple

Fam i lies (“tribes”): group ings of teams of no more than fifty peo ple
In high-trust or ga ni za tions: group ings of no more than 150 peo ple

Di vi sions/streams/profit & loss (P&L) lines: group ings of no more than 150 or 500 peo ple

Or ga ni za tions can be com posed from Dun bar-com pat i ble group ings of these sizes; when one of
the lim its is reached, the need to split off an other unit as a semi-in de pen dent group ing arises. We can
vi su al ize this “scal ing by Dun bar” as con cen tric cir cles of in creas ingly larger or smaller groups (see
Fig ure 3.1, based on the “onion” con cept from James Lewis8):
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Fig ure 3.1: Scal ing Teams Us ing Dun bar’s Num ber

Or ga ni za tional group ings should fol low Dun bar’s num ber, be gin ning with around five peo ple (or eight for soft ware teams), then
in creas ing to around fif teen peo ple, then fifty, then 150, then 500, and so on.
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In the con text of prod ucts and ser vices en abled by soft ware sys tems, the lim its ex posed by Dun- 
bar’s num ber mean that the num ber of peo ple in dif fer ent busi ness lines or streams of work should
also ex plic itly be lim ited when the num ber of peo ple in a de part ment ex ceeds fifty (or 150, or 500),
the in ter nal and ex ter nal dy nam ics with other group ings will change. This, in turn, means that the soft- 
ware ar chi tec ture needs to be re aligned with the new team group ings so that teams can con tinue to
own the ar chi tec ture ef fec tively. This is an ex am ple of what we like to call “team-first ar chi tec ture,”
which re quires a sub stan tially new way of think ing for many or ga ni za tions; but com pa nies like Ama- 
zon (with its “two-pizza” rule) have proven it can be a highly suc cess ful and scal able ap proach.9

TIP

Team-first soft ware ar chi tec ture is driven by Dun bar’s num ber.

Ex pect to change the ar chi tec ture of soft ware sys tems to fit with the lim its on hu man in ter ac tions set by Dun bar’s num ber.
Ap proaches like mi croser vices can help if ap plied with a team-first per spec tive.

Work Flows to Long-Lived Teams
Teams take time to form and be ef fec tive. Typ i cally, a team can take from two weeks to three

months or more to be come a co he sive unit. When (or if) a team reaches that spe cial state, it can be
many times more ef fec tive than in di vid u als alone. If it takes three months for a team to be come highly
ef fec tive, we need to pro vide sta bil ity around and within the team to al low them to reach that level.

There is lit tle value in re as sign ing peo ple to dif fer ent teams af ter a six-month project where the
team has just be gun to per form well. As Fred Brooks points out in his clas sic book The Myth i cal
Man-Month, adding new peo ple to a team doesn’t im me di ately in crease its ca pac ity (this be came
known as Brooks’s law).10 In fact, it quite pos si bly re duces ca pac ity dur ing an ini tial stage. There’s a
ramp-up pe riod nec es sary to bring peo ple up to speed, but the com mu ni ca tion lines in side the team
also in crease sig nif i cantly with ev ery new mem ber. Not only that, but there is an emo tional adap ta tion
re quired both from new and old team mem bers in or der to un der stand and ac com mo date each other’s
points of view and work habits (the “storm ing” stage of Tuck man’s team-de vel op ment model).11

The best ap proach to team life spans is to keep the team sta ble and “flow the work to the team,” as
Al lan Kelly says in his 2018 book Project My opia.12 Teams should be sta ble but not static, chang ing
only oc ca sion ally and when nec es sary.

In high-trust or ga ni za tions, peo ple may change teams once a year with out ma jor detri men tal ef- 
fects on team per for mance. For ex am ple, at cloud soft ware spe cial ist Piv otal, “an en gi neer would
switch teams about ev ery 9 to 12 months.”13 In typ i cal or ga ni za tions with lower lev els of trust, peo ple
should re main in the same team for longer (per haps eigh teen months or two years), and the team
should be given coach ing to im prove and sus tain team co he sion.

NOTE

Be yond the Tuck man Teal Per for mance Model

The Tuck man model de scribes how teams per form in four stages:
1. Form ing: as sem bling for the first time
2. Storm ing: work ing through ini tial dif fer ences in per son al ity and ways of work ing
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3. Norm ing: evolv ing stan dard ways of work ing to gether
4. Per form ing: reach ing a state of high ef fec tive ness

How ever, in re cent years, re search by peo ple like Pamela Knight has found that this model is not quite ac cu rate, and that

storm ing ac tu ally takes places con tin u ally through out the life of the team.14 Or ga ni za tions should con tin u ally nur ture team dy- 
nam ics to main tain high per for mance.

The Team Owns the Soft ware
With small, long-lived teams in place, we can be gin to im prove the own er ship of soft ware. Team

own er ship helps to pro vide the vi tal “con ti nu ity of care” that mod ern sys tems need in or der to re tain
their op er abil ity and stay fit for pur pose. Team own er ship also en ables a team to think in mul ti ple
“hori zons”—from ex plo ration stages to ex ploita tion and ex e cu tion—to bet ter care for soft ware and its
vi a bil ity. As Jez Hum ble, Joanne Molesky, and Barry O’Reilly put it in their book Lean En ter prise,15
Hori zon 1 cov ers the im me di ate fu ture with prod ucts and ser vices that will de liver re sults the same
year; Hori zon 2 cov ers the next few pe ri ods, with an ex pand ing reach of the prod ucts and ser vices;
and Hori zon 3 cov ers many months ahead, where ex per i men ta tion is needed to as sess mar ket fit and
suit abil ity of new ser vices, prod ucts, and fea tures.

The dan ger of al low ing mul ti ple teams to change the same sys tem or sub sys tem is that no one
owns ei ther the changes made or the re sult ing mess. How ever, when a sin gle team owns the sys tem or
sub sys tem, and the team has the au ton omy to plan their own work, then that team can make sen si ble
de ci sions about short-term fixes with the knowl edge that they will be re mov ing any dirty fixes in the
next few weeks. Aware ness of and own er ship over these dif fer ent time hori zons helps a team care for
the code more ef fec tively.

Ev ery part of the soft ware sys tem needs to be owned by ex actly one team. This means there
should be no shared own er ship of com po nents, li braries, or code. Teams may use shared ser vices at
run time, but ev ery run ning ser vice, ap pli ca tion, or sub sys tem is owned by only one team. Out side
teams may sub mit pull re quests or sug ges tions for change to the own ing team, but they can not make
changes them selves. The own ing team may even trust an other team so much that they grant them ac- 
cess to the code for a pe riod of time, but only the orig i nal team re tains own er ship.

Note that team own er ship of code should not be a ter ri to rial thing. The team takes re spon si bil ity
for the code and cares for it, but in di vid ual team mem bers should not feel like the code is theirs to the
ex clu sion of oth ers. In stead, teams should view them selves as stew ards or care tak ers as op posed to
pri vate own ers. Think of code as gar den ing, not polic ing.

Team Mem bers Need a Team-First Mind set
The team should be the fun da men tal means of de liv ery rather than the in di vid ual. If we fol low this

team-first ap proach, we need to en sure that the peo ple within our teams also have (or de velop) a team-
first mind set. This may be un fa mil iar to some peo ple, but with the right coach ing and time to learn,
many peo ple adapt.

For teams to work, team mem bers should put the needs of the team above their own. They should:

Ar rive for standups and meet ings on time.
Keep dis cus sions and in ves ti ga tions on track.
En cour age a fo cus on team goals.
Help un block other team mem bers be fore start ing on new work.
Men tor new or less ex pe ri enced team mem bers.
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Avoid “win ning” ar gu ments and, in stead, agree to ex plore op tions.

How ever, even with coach ing, some peo ple are un suit able to work on teams or are un will ing to
put team needs above their own. Such peo ple can de stroy team work and, in ex treme cases, de stroy
teams. These peo ple are “team toxic” and need to be re moved be fore dam age is done. There is a good
amount of re search in this area. For ex am ple, one study found that “col lec tively ori ented team mem- 
bers were more likely to at tend to the task in puts of other team mem bers and to im prove their per for- 
mance dur ing team in ter ac tion than ego cen tric team mem bers.”16

Em brace Di ver sity in Teams
In the con text of rapidly chang ing re quire ments and tech nolo gies, teams must con tin u ously find

novel and cre ative ways to ad dress the chal lenges placed upon them and to com mu ni cate ef fec tively
with other teams. Re cent re search in both civil ian and mil i tary con texts strongly sug gests that teams
with mem bers of di verse back grounds tend to pro duce more cre ative so lu tions more rapidly and tend
to be bet ter at em pathiz ing with other teams’ needs.17

This di verse mix of peo ple also ap pears to fos ter bet ter re sults, as team mem bers make fewer as- 
sump tions about the con text and needs of their soft ware users. Tom De Marco and Tim o thy Lis ter, au- 
thors of the in flu en tial book Peo ple ware, ob serve that “a lit tle bit of het ero gene ity can be an enor mous
aid to cre ate a jelled team.”18 In the con text of dis cov er ing new pos si bil i ties, hav ing a va ri ety of view- 
points and ex pe ri ences helps teams tra verse the land scape of so lu tions much more rapidly. As Naomi
Stan ford, au thor of Guide to Or gan i sa tion De sign, puts it: “peo ple and or ga ni za tions ben e fit from a di- 
verse work force where dif fer ences spark pos i tive en ergy.”19

Re ward the Whole Team, Not In di vid u als
W. Ed wards Dem ing, au thor of Out of the Cri sis and a piv otal fig ure in the Lean man u fac tur ing

move ment, iden ti fied one of his key four teen points for man age ment as “abol ish ment of the an nual or
merit rat ing and of man age ment by ob jec tive.”20 Look ing to re ward in di vid ual per for mance in mod- 
ern or ga ni za tions tends to drive poor re sults and dam ages staff be hav ior. One par tic u larly in sid i ous
us age of in di vid ual bonuses is when com pa nies use it to lever age their end-of-year prof itabil ity. Out- 
stand ing in di vid ual ef forts might re ceive lim ited or no bonuses be cause of a cri sis year. This in creases
the mis align ment be tween the in di vid ual’s mer its and the bonus they ac tu ally re ceive, lead ing to frus- 
tra tion and de mo ti va tion.

With a team-first ap proach, the whole team is re warded for their com bined ef fort. One of the
defin ing fea tures of work at tech nol ogy com pany Nokia dur ing its hugely suc cess ful years in the
1990s and 2000s was: “Pay dif fer ences across the or ga ni za tion were muted. Bonuses were small and
typ i cally paid on a team ba sis and on over all com pany per for mance, not in di vid u ally.”21

The same can be ap plied to train ing bud gets. With a team-first ap proach, the whole team rather
than each in di vid ual gets a sin gle train ing bud get. If the team wants to send the same per son to six or
seven con fer ences dur ing the year be cause they are so good at re port ing back to the team, that should
be the team’s de ci sion.

Good Bound aries Min i mize Cog ni tive Load
Hav ing es tab lished the team as the fun da men tal means of de liv ery, or ga ni za tions also need to en- 

sure that the cog ni tive load on a team is not too high. A team work ing with soft ware sys tems that re- 
quire too high of a cog ni tive load can not ef fec tively own or safely evolve the soft ware. In this sec tion,
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we will iden tify ways in which the cog ni tive load on teams can be de tected and lim ited in or der to
safely pro mote fast flow of change.

Re strict Team Re spon si bil i ties to Match Team Cog ni tive Load
One of the least ac knowl edged fac tors that in creases fric tion in mod ern soft ware de liv ery is the

ever-in creas ing size and com plex ity of code bases that teams have to work with. This cre ates an un- 
bounded cog ni tive load on teams.

Cog ni tive load also ap plies to teams that do less cod ing and more ex e cu tion of tasks, like a tra di- 
tional op er a tions or in fra struc ture team. They can also suf fer from ex ces sive cog ni tive load in terms of
do mains of re spon si bil ity, num ber of ap pli ca tions they need to op er ate, and tools they need to man age.

With a team-first ap proach, the team’s re spon si bil i ties are matched to the cog ni tive load that the
team can han dle. The pos i tive rip ple ef fect of this can change how teams are de signed and how they
in ter act with each other across an or ga ni za tion.

For soft ware-de liv ery teams, a team-first ap proach to cog ni tive load means lim it ing the size of the
soft ware sys tem that a team is ex pected to work with; that is, or ga ni za tions should not al low a soft- 
ware sub sys tem to grow be yond the cog ni tive load of the team re spon si ble for the soft ware. This has
strong and quite rad i cal im pli ca tions for the shape and ar chi tec ture of soft ware sys tems, as we shall
see later in the book.

Cog ni tive load was char ac ter ized in 1988 by psy chol o gist John Sweller as “the to tal amount of
men tal ef fort be ing used in the work ing mem ory.”22 Sweller de fines three dif fer ent kinds of cog ni tive
load:

In trin sic cog ni tive load—re lates to as pects of the task fun da men tal to the prob lem space (e.g.,
“What is the struc ture of a Java class?” “How do I cre ate a new method?”)

Ex tra ne ous cog ni tive load—re lates to the en vi ron ment in which the task is be ing done (e.g.,
“How do I de ploy this com po nent again?” “How do I con fig ure this ser vice?”)

Ger mane cog ni tive load—re lates to as pects of the task that need spe cial at ten tion for learn ing
or high per for mance (e.g., “How should this ser vice in ter act with the ABC ser vice?”)

For ex am ple, the in trin sic cog ni tive load for a web ap pli ca tion de vel oper could be the knowl edge
of the com puter lan guage be ing used (on top of the fun da men tals of pro gram ming), the ex tra ne ous
cog ni tive load might be de tails of the com mands needed to in stan ti ate a dy namic test ing en vi ron ment
(which needs mul ti ple hard-to-re mem ber con sole com mands), and the ger mane cog ni tive load could
be the spe cific as pects of the busi ness do main that the ap pli ca tion de vel oper is pro gram ming (such as
an in voic ing sys tem or a video-pro cess ing al go rithm). Jo Pearce’s work on cog ni tive load in the con- 
text of soft ware de vel op ment pro vides nu mer ous ad di tional ex am ples.23

Broadly speak ing, for ef fec tive de liv ery and op er a tions of mod ern soft ware sys tems, or ga ni za tions
should at tempt to min i mize in trin sic cog ni tive load (through train ing, good choice of tech nolo gies,
hir ing, pair pro gram ming, etc.) and elim i nate ex tra ne ous cog ni tive load al to gether (bor ing or su per flu- 
ous tasks or com mands that add lit tle value to re tain in the work ing mem ory and can of ten be au to- 
mated away), leav ing more space for ger mane cog ni tive load (which is where the “value add” think- 
ing lies).

As we have seen ear lier in this chap ter, there is an ef fec tive max i mum size of seven to nine mem- 
bers for a team build ing and run ning soft ware sys tems (see Fig ure 3.1 on page 34), so it fol lows that
there is a max i mum amount of cog ni tive load that a cer tain team can deal with. Many or ga ni za tions
do not con sider the cog ni tive load on teams when as sign ing re spon si bil ity for parts of a soft ware sys- 
tem, in stead as sum ing that by adding more teams to the prob lem, the cog ni tive load will be shared
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across the teams. In stead, the teams will suf fer from sim i lar com mu ni ca tion and in ter ac tion strains as
men tioned in Brooks’s law.

If we stress the team by giv ing it re spon si bil ity for part of the sys tem that is be yond its cog ni tive
load ca pac ity, it ceases to act like a high-per form ing unit and starts to be have like a loosely as so ci ated
group of in di vid u als, each try ing to ac com plish their in di vid ual tasks with out the space to con sider if
those are in the team’s best in ter est.

Lim it ing the cog ni tive load for a team means lim it ing the size of the sub sys tem or area on which
the team works, a tac tic sug gested by Driskell and col leagues in their re search pa per: “For those set- 
tings in which ef fec tive team work is crit i cal, it may be nec es sary to struc ture the task to make it less
de mand ing (i.e., by del e gat ing sub tasks), so that at ten tion can be main tained on es sen tial task and
team work cues.24

At the same time, the team needs the space to con tin u ously try to re duce the amount of in trin sic
and ex tra ne ous load they cur rently have to deal with (via train ing, prac tice, au to ma tion, and any other
use ful tech niques).

Mea sure the Cog ni tive Load Us ing Rel a tive Do main Com plex ity
A sim ple and quick way to as sess cog ni tive load is to ask the team, in a non-judg men tal way: “Do

you feel like you’re ef fec tive and able to re spond in a timely fash ion to the work you are asked to
do?”

While not an ac cu rate mea sure, the an swer will help gauge whether teams are feel ing over loaded.
If the an swer is clearly neg a tive, or ga ni za tions can ap ply some heuris tics to un der stand if and why
cog ni tive load is too high. If it is, the or ga ni za tion needs to take the nec es sary steps to re duce cog ni- 
tive load, thus en sur ing that the team is able to be ef fec tive and proac tive again. In ci den tally, this will
in crease mo ti va tional lev els within the team as mem bers see more value and pur pose in their work.

Try ing to de ter mine the cog ni tive load of soft ware us ing sim ple mea sures such as lines of code,
num ber of mod ules, classes, or meth ods is mis guided. Com puter re searcher Graylin Jay and col- 
leagues found in 2009 that some pro gram ming lan guages are more ver bose than oth ers (and af ter the
emer gence of mi croser vices, poly glot sys tems be came in creas ingly more com mon), and teams us ing
more ab strac tions and reusing code will have smaller but not nec es sar ily sim pler code bases.25

When mea sur ing cog ni tive load, what we re ally care about is the do main com plex ity—how com- 
plex is the prob lem that we’re try ing to solve with soft ware? A do main is a more largely ap pli ca ble
con cept than soft ware size. For ex am ple, run ning and evolv ing a toolchain to sup port con tin u ous de- 
liv ery typ i cally re quires a fair amount of tool in te gra tion and test ing. Some au to ma tion code will be
needed, but or ders of mag ni tude less than the code needed for build ing a cus tomer-fac ing ap pli ca tion.
Do mains help us think across the board and use com mon heuris tics.

While there is no for mula for cog ni tive load, we can as sess the num ber and rel a tive com plex ity
(in ter nal to the or ga ni za tion) of do mains for which a given team is re spon si ble. The En gi neer ing Pro- 
duc tiv ity team at Out Sys tems that we men tioned in Chap ter 1 re al ized that the dif fer ent do mains they
were re spon si ble for (build and con tin u ous in te gra tion, con tin u ous de liv ery, test au to ma tion, and in- 
fra struc ture au to ma tion) had caused them to be come over loaded. The team was con stantly faced with
too much work and con text switch ing pre vailed, with tasks com ing in from dif fer ent prod uct ar eas si- 
mul ta ne ously. There was a gen eral sense in the team that they lacked suf fi cient do main knowl edge,
but they had no time to in vest in ac quir ing it. In fact, most of their cog ni tive load was ex tra ne ous,
leav ing very lit tle ca pac ity for value-add in trin sic or ger mane cog ni tive load.

The team made a bold de ci sion to split into mi croteams, each re spon si ble for a sin gle do- 
main/prod uct area: IDE pro duc tiv ity, plat form-server pro duc tiv ity, and in fra struc ture au to ma tion. The
two pro duc tiv ity mi croteams were aligned (and colo cated) with the re spec tive prod uct ar eas (IDE and
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plat form server). Changes that over lapped do mains were in fre quent; there fore, the pre vi ous sin gle-
team model was op ti miz ing for the ex cep tions rather than the rule. With the new struc ture, the teams
col lab o rated closely (even cre at ing tem po rary mi croteams when nec es sary) on cross-do main is sues
that re quired a pe riod of so lu tion dis cov ery but not as a per ma nent struc ture.

Af ter only a few months, the re sults were above their best ex pec ta tions. Mo ti va tion went up as
each mi croteam could now fo cus on mas ter ing a sin gle do main (plus they didn’t have a lead any more,
em pow er ing team de ci sions). The mis sion for each team was clear, with less con text switch ing and
fre quent in tra-team com mu ni ca tion (thanks to a sin gle shared pur pose rather than a col lec tion of pur- 
poses). Over all, the flow and qual ity of the work (in terms of fit ness of the so lu tions for prod uct
teams) in creased sig nif i cantly.

Limit the Num ber and Type of Do mains per Team
To be clear, there is no fi nal an swer for “Is this the right num ber and type of do main for this

team?” Do mains are not static and nei ther is the team’s cog ni tive ca pac ity. But the rea son ing around
rel a tive do main com plex ity can help shape teams’ re spon si bil i ties and bound aries. When in doubt
about the com plex ity of a do main, al ways pri or i tize how the re spon si ble team feels about it. Down- 
play ing the com plex ity (e.g., “There are plenty of tools for con tin u ous de liv ery—it’s not dif fi cult.”) in
or der to “fit in” more do mains with a sin gle team will only lead to fail ure.

To get started, iden tify dis tinct do mains that each team has to deal with, and clas sify these do- 
mains into sim ple (most of the work has a clear path of ac tion), com pli cated (changes need to be an a- 
lyzed and might re quire a few it er a tions on the so lu tion to get it right), or com plex (so lu tions re quire a
lot of ex per i men ta tion and dis cov ery). You should fine tune the re sult ing clas si fi ca tion by com par ing
pairs of do mains across teams: How does do main A stack against do main B? Do they have sim i lar
com plex ity or is one clearly more com plex than the other? Does the cur rent do main clas si fi ca tion re- 
flect that?

The first heuris tic is to as sign each do main to a sin gle team. If a do main is too large for a team, in- 
stead of split ting re spon si bil i ties of a sin gle do main to mul ti ple teams, first split the do main into sub- 
do mains and then as sign each new sub do main to a sin gle team. (See Chap ter 6 for more help on how
to break down large do mains.)

The sec ond heuris tic is that a sin gle team (con sid er ing the golden seven-to-nine team size) should
be able to ac com mo date two to three “sim ple” do mains. Be cause such do mains are quite pro ce dural,
the cost of con text switch ing be tween do mains is more bear able, as re sponses are more me chan i cal. In
this con text, a sim ple do main for a team might be an older soft ware sys tem that has only mi nor, oc ca- 
sional, straight for ward changes. How ever, there is a risk here of di min ish ing team mem bers’ mo ti va- 
tion due to the more rou tine na ture of their work.

The third heuris tic is that a team re spon si ble for a com plex do main should not have any more do- 
mains as signed to them—not even a sim ple one. This is due to the cost of dis rupt ing the flow of work
(solv ing com plex prob lems takes time and fo cus) and pri or i ti za tion (there will be a ten dency to re- 
solve the sim ple, pre dictable prob lems as soon as they come in, caus ing fur ther de lays in the res o lu- 
tion of com plex prob lems, which are of ten the most im por tant for the busi ness).

The last heuris tic is to avoid a sin gle team re spon si ble for two com pli cated do mains. This might
seem fea si ble with a larger team of eight or nine peo ple, but in prac tice, the team will be have as two
sub teams (one for each do main), yet ev ery one will be ex pected to know about both do mains, which
in creases cog ni tive load and cost of co or di na tion. In stead, it’s best to split the team into two sep a rate
teams of five peo ple (by re cruit ing one or two more team mem bers), so they can each be more fo cused
and au ton o mous. (See Fig ure 3.2 on page 44.)
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Fig ure 3.2: No More than One Com pli cated or Com plex Do main per Team

Be fore: a larger team is spread thin across four do mains (two com pli cated and two com plex) and strug gles to per form well. In tra-
team morale is neg a tively af fected, with fre quent con text switches and in di vid ual dis en gage ment. Af ter: with mul ti ple smaller
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teams each fo cus ing on a sin gle do main, mo ti va tion rises and the team de liv ers faster and more pre dictably. Low band width in ter-
team col lab o ra tion al lows solv ing oc ca sional is sues af fect ing two or more do mains.

As al ways, these are only rec om men da tions, not a de fin i tive path to suc cess. Use these guide lines
as a start ing point from which to adapt as your or ga ni za tion evolves and learns. Al ways re mem ber
that, in the end, even if the al lo ca tion of do mains seems to make sense, if the teams do ing the work
are still feel ing over whelmed, stress builds up and morale weak ens, lead ing to poor re sults.

Match Soft ware Bound ary Size to Team Cog ni tive Load
To keep soft ware de liv ery teams ef fec tive and able to own and evolve parts of the soft ware sys- 

tems, we need to take a team-first ap proach to the size of soft ware sub sys tems and the place ment of
bound aries. In stead of de sign ing a sys tem in the ab stract, we need to de sign the sys tem and its soft- 
ware bound aries to fit the avail able cog ni tive load within de liv ery teams.

In stead of choos ing be tween a mono lithic ar chi tec ture or a mi croser vices ar chi tec ture, de sign the
soft ware to fit the max i mum team cog ni tive load. Only then can we hope to achieve sus tain able, safe,
rapid soft ware de liv ery. This team-first ap proach to soft ware bound aries leads to fa vor ing cer tain
styles of soft ware ar chi tec ture, such as small, de cou pled ser vices. We can vi su al ize this team-first ap- 
proach to soft ware sub sys tem bound aries in Fig ure 3.3 (see page 45).
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Fig ure 3.3: Typ i cal vs. Team-First Soft ware Sub sys tem Bound aries

On the left, we see typ i cal soft ware sub sys tem bound aries, with dif fer ent parts of sys tems or prod- 
ucts as signed to a mix of mul ti ple teams, sin gle teams, and in di vid u als. On the right, we see the Team
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Topolo gies’ team-first ap proach to soft ware sub sys tem bound aries, with ev ery part of the sys tem be- 
ing team sized and owned by one team.

To in crease the size of a soft ware sub sys tem or do main for which a team is re spon si ble, tune the
ecosys tem in which the team works in or der to max i mize the cog ni tive ca pac ity of the team (by re duc- 
ing the in trin sic and ex tra ne ous types of load):

Pro vide a team-first work ing en vi ron ment (phys i cal or vir tual). (You’ll see more later in this
chap ter).

Min i mize team dis trac tions dur ing the work week by lim it ing meet ings, re duc ing emails, as- 
sign ing a ded i cated team or per son to sup port queries, and so forth.

Change the man age ment style by com mu ni cat ing goals and out comes rather than ob sess ing
over the “how,” what Mc Chrys tal calls “Eyes On, Hands Off” in Team of Teams.26

In crease the qual ity of de vel oper ex pe ri ence (De vEx) for other teams us ing your team’s code
and APIs through good doc u men ta tion, con sis tency, good UX, and other De vEx prac tices.

Use a plat form that is ex plic itly de signed to re duce cog ni tive load for teams build ing soft ware
on top of it.

By ac tively re duc ing ex tra ne ous men tal over heads for teams and team mem bers through these and
sim i lar ap proaches, or ga ni za tions can give teams more cog ni tive space to take on more chal leng ing
parts of the soft ware sys tems. Con versely, if an or ga ni za tion does not have team-first of fice space,
good man age ment prac tices, and es pe cially a team-first plat form, then the size of soft ware sub sys tems
that teams can take on will be smaller. A larger num ber of smaller parts re quires more teams to work
on them, cost ing more. Tak ing a team-first ap proach to soft ware sub sys tem bound aries by de sign ing
for cog ni tive load means hap pier teams and (even tu ally) lower costs.

Al bert Bertils son, So lu tion Team Lead, and Gustaf Nils son Kotte, Web De vel oper, felt the weight
of a con tin u ously in creas ing cog ni tive load on the mo bile team they were lead ing at IKEA back in
2017. As they re layed to us, in the pre vi ous year, the team kept grow ing as a re sult of suc cess ful de- 
liv ery of mul ti ple projects in a short pe riod of time and across mul ti ple mar kets.

This high-per form ing team kept adding more and more re spon si bil i ties on their shoul ders, as the
num ber of soft ware prod ucts they main tained kept in creas ing. Even tu ally, they started to run into
prob lems due to some work streams pre vent ing the re leases of oth ers. De spite un der stand able push- 
back from the team, Bertils son and Kotte man aged to con vince team mem bers that they re ally had two
prod ucts in the same code base and needed to split the team in two, fol low ing Con way’s law. An in ter- 
est ing bit to re tain here is that this was a high-per form ing team with all the in trin sic mo ti va tors (au- 
ton omy, mas tery, and pur pose), yet they were still feel ing the pains of cog ni tive over load.

A fur ther ben e fit of tak ing a team-first ap proach to soft ware bound aries is that the team tends to
eas ily de velop a shared men tal model of the soft ware be ing worked on. Re search has shown that the
sim i lar ity of team men tal mod els is a good pre dic tor of team per for mance, mean ing fewer mis takes,
more co her ent code, and more rapid de liv ery of out comes.27 As we be gin to op ti mize more and more
for the team, the ben e fits be gin to com pound in a pos i tive way.

TIP

“Min i mize cog ni tive load for oth ers” is one of the most use ful heuris tics for good soft ware de vel op ment.
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De sign “Team APIs” and Fa cil i tate Team In ter ac tions
Now that we see the team as the fun da men tal means of de liv ery, we can be gin to de sign other

things around the team. In this sec tion, we ex plore con cepts such as the team API and well-de fined
team in ter ac tions as ways to pro duce a co her ent, dy namic net work of cleanly com mu ni cat ing teams.

De fine “Team APIs” that In clude Code, Doc u men ta tion, and User
Ex pe ri ence

With sta ble, long-lived teams that own spe cific bits of the soft ware sys tems, we can be gin to build
a sta ble team API: an API sur round ing each team. An API (ap pli ca tion pro gram ming in ter face) is a
de scrip tion and spec i fi ca tion for how to in ter act pro gram mat i cally with soft ware, so we ex tend this
idea to en tire in ter ac tions with the team. The team API in cludes:

Code: run time end points, li braries, clients, UI, etc. pro duced by the team
Ver sion ing: how the team com mu ni cates changes to its code and ser vices (e.g., us ing se man tic

ver sion ing [SemVer] as a “team prom ise” not to break things)
Wiki and doc u men ta tion: es pe cially how-to guides for the soft ware owned by the team
Prac tices and prin ci ples: the team’s pre ferred ways of work ing
Com mu ni ca tion: the team’s ap proach to re mote com mu ni ca tion tools, such as chat tools and

video con fer enc ing
Work in for ma tion: what the team is work ing on now, what’s com ing next, and over all pri or i ties

in the short to medium term
Other: any thing else that other teams need to use to in ter act with the team

The team API should ex plic itly con sider us abil ity by other teams: Will other teams find it easy and
straight for ward to in ter act with us, or will it be dif fi cult and con fus ing? How easy will it be for a new
team to get on board with our code and work ing prac tices? How do we re spond to pull re quests and
other sug ges tions from other teams? Is our team back log and prod uct roadmap eas ily vis i ble and un- 
der stand able by other teams?

For ef fec tive team-first own er ship of soft ware, teams need to con tin u ously de fine, ad ver tise, test,
and evolve their team API to en sure that it is fit for pur pose for the con sumers of that API: other
teams. In Dy namic Reteam ing (by Heidi Helfand), Evan Wi ley, Di rec tor of Pro gram Man age ment at
Piv otal Cloud Foundry (PCF), a ma jor en ter prise Plat form-as-a-Ser vice (PaaS) provider, de scribes
how more than fifty teams are seen at PCF:

We re ally try to main tain as much con tract based, API-based sep a ra tion of con cerns be- 
tween teams [em pha sis added] as we can. We try not to share code bases be tween teams. All
the git re pos for a par tic u lar team’s fea ture are wholly owned by that team and if an other
team is go ing to make an ad di tion or change to that code base, they’ll ei ther do it with a pull
re quest or through cross-team pair ing, where we would kind of send one half of a pair over
to the de pen dency hold ing team and one half of that team’s pair back to the up stream team
to work on that fea ture.28

An even more strin gent team API ap proach is taken at cloud ven dor AWS, where CEO Jeff Be zos
in sisted on al most para noid lev els of sep a ra tion be tween teams. For ex am ple, each team at AWS must
as sume that “ev ery [other team] be comes a po ten tial DOS [de nial of ser vice] at tacker re quir ing ser- 
vice lev els, quo tas, and throt tling.”29
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Many of the be hav iors and pat terns that make a good team API also make for a good plat form and
good team in ter ac tions in gen eral. (See Chap ter 5 for more de tails about what makes a good plat form,
and Chap ter 7 for de tails about prom ise the ory, a team-based ap proach to co op er a tion in so ciotech ni- 
cal sys tems.)

Fa cil i tate Team In ter ac tions for Trust, Aware ness, and Learn ing
It is im por tant to pro vide time, space, and money to en able and en cour age peo ple from dif fer ent

teams with sim i lar skills and ex per tise to come to gether to learn from each other and to de velop their
pro fes sional com pe ten cies.

By ex plic itly set ting aside time and space for teams and peo ple to in ter com mu ni cate and learn, or- 
ga ni za tions can make learn ing and trust build ing part of the rhythm that fa cil i tates ef fec tive team in- 
ter ac tions. Two crit i cal ways this can help teams build trust and aware ness and learn new things are:
(1) a con sciously de signed phys i cal and vir tual en vi ron ment; and (2) time away from desks at guilds,
com mu ni ties of prac tice (a group of peo ple who reg u larly get to gether on a vol un tary ba sis to col lec- 
tively learn and share knowl edge about a do main of in ter est, in ter nal tech con fer ences, etc.

Be cause this team in ter ac tion is out side the ev ery day build ing and run ning of the main soft ware
sys tems, Con way’s law plays a much less ob vi ous role, and a freer cross-as so ci a tion be tween teams
can take place. Cru cially, teams that have a chance to re hearse their team in ter ac tions in these con texts
tend to find it eas ier to in ter act with other teams when build ing and run ning soft ware sys tems, as
found in the ground break ing re search by Robert Ax el rod and au thor Mark Burgess.30

Ex plic itly De sign the Phys i cal and Vir tual En vi ron ments to Help
Team In ter ac tions

Con sciously de signed phys i cal and vir tual en vi ron ments are nec es sary for teams to learn and build
trust. How ever, dif fer ent peo ple need dif fer ent en vi ron ments at dif fer ent times to be pro duc tive. Some
tasks (e.g., im ple ment ing and test ing a com pli cated al go rithm) might re quire full con cen tra tion and
low lev els of noise. Other tasks re quire a very col lab o ra tive ap proach (e.g., defin ing user sto ries and
ac cep tance cri te ria). Peo ple who work all day with head phones on are seen as anti-so cial, and their be- 
hav ior does not pro mote in ter ac tion and col lab o ra tion; but it could well be that the of fice en vi ron ment
is gen er ally noisy and these peo ple re quire a quiet en vi ron ment to be ef fec tive.

Nei ther in di vid ual cu bi cles nor fully open-plan seat ing is gen er ally suit able for teams: we need
some thing bet ter. Teams need the abil ity to col lab o rate fre quently, in ter nally and only oc ca sion ally ex- 
ter nally (with other teams). This bal ance is hard to achieve both in an open-plan lay out (no ded i cated
work area for the team) and in an in di vid ual-workspaces lay out (time to gether needs to be planned
ahead of time and meet ing rooms are of ten scarce). Spo tify rec og nized this early on in their growth
and ar ranged their of fice space to sup port both needs.31 Back in 2012, Hen rik Kniberg and An ders
Ivars son—then work ing at Spo tify—talked about how “squads in a tribe are all phys i cally in the same
of fice, nor mally right next to each other, and the lounge ar eas nearby pro mote col lab o ra tion be tween
the squads.”32

Of fice de sign for ef fec tive soft ware de liv ery should ac com mo date all of the fol low ing modes of
work: fo cused in di vid ual work, col lab o ra tive in tra-team work, and col lab o ra tive in ter-team work.

Hav ing workspaces that clearly in di cate the type of work go ing on also helps re duce dis tur bance
and un nec es sary in ter rup tions.

CASE STUDY: TEAM-FO CUSED OF FICE SPACE AT CDL
Michael Lam bert, Head of De vel op ment, CDL
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Andy Ru bio, De vel op ment Team Leader, CDL
CDL is a UK-based com pany that is a mar ket leader in the highly com pet i tive re tail-in sur- 
ance sec tor.

Here at CDL, our Ag ile jour ney has seen us evolve in many ways. One as pect many peo ple
are in ter ested in is how we or ga nize the work ing en vi ron ment for our teams. From the start,
we have al ways had the lux ury of be ing able to colo cate our Ag ile teams. Af ter mov ing to
new of fices and then quickly out grow ing them, we moved many of our de vel op ment project
teams back to our old head quar ters, which gave us mul ti ple small project rooms where a de- 
vel op ment team could set up home. We liked the space and own er ship this brought, but
cross-team com mu ni ca tion and vis i bil ity of other teams was less op ti mal. When our new
home, “The Code works,” was built, we thought long and hard about what the lay out of the
de vel op ment ar eas should be.

We vi su al ized ev ery thing, so lots of mag netic white boards [were] es sen tial. We liked
the team space our old build ing gave us, but we needed less iso la tion of teams, and we had
the usual phys i cal num bers and space con straints. If teams did not have enough space or
only had small cu bi cal clus ters or tight horse shoe ar range ments, then avail abil ity of meet ing
rooms for team cer e monies would be come a big prob lem. Ide ally, we wanted both: team
space for the team to get their stuff done and open ness for the teams to col lab o rate and
share.

What we came up with was a “benched bay” ap proach, with one long bench for each
team, and each bench was flanked by white board par ti tions. Where a team butted up to an
end wall, we painted it with smart-sur face paint so we could draw on it (see Fig ure 3.4 on
page 52).
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Fig ure 3.4: Of fice Lay out at CDL
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The size and growth of teams is also an im por tant fac tor in de sign. Some teams may be
smaller while oth ers may need to grow fast. The bench ar range ment al lowed for easy
growth, es pe cially if you haven’t got sup port ing legs and pedestals in the way. Small teams
could spread out while grow ing 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 tak ing func tion ally
half of the back log to make their own. The beauty of this is each team takes the cul ture of
the old team with them, and they will di verge and grow them selves over time; but you can
(with luck!) skip the “storm ing” and “norm ing” phases of start ing a team from scratch. We
de lib er ately have dif fer ing sizes of bays, where an ex tra ta ble or two can be ac com mo dated.

Ini tially, team benches were set cen trally and sym met ri cally be tween the di vid ing
white board par ti tions, but we soon re al ized that an asym met ri cal ar range ment worked much
bet ter, where the bench was closer to one par ti tion. This pro vided more space on one side to
gather the team yet still al lowed the op po site white boards to be used ef fec tively.

We used what we had learned from this ar range ment when it came to fit ting out the top
floor for our new dig i tal teams. Our orig i nal par ti tions were ex pen sive, heavy weight struc- 
tures that could only be moved at some ex pense. For the new dig i tal space, we opted for lots
of large, por ta ble, but still sub stan tial, white boards. Teams could now re po si tion and make
breaks as they or ga nized them selves.

This de sign is by no means per fect. All spa ces are com pro mised in one way or an other.
We get things wrong, but we con tinue to learn and adapt. One such ex per i ment was to re- 
move the small glass par ti tions run ning down the cen ter of the team benches. An other was
to have height-ad justable sec tions on the ends of each set of benches for stand ing or for peo- 
ple who needed ex tra legroom.

As the case study from CDL shows, the phys i cal work en vi ron ment has a sig nif i cant ef fect on the
abil ity of teams to in ter act in use ful ways. Suc cess ful or ga ni za tions make sure to spend time and
money achiev ing a good phys i cal en vi ron ment for their staff.

For ex am ple, the bank ING Nether lands ex plic itly re designed its of fice space as part of a ma jor or- 
ga ni za tional change around 2015 to align teams to value streams.33 At ING, sev eral stream-aligned
“squads” work ing on sim i lar prod ucts and ser vices within a stream form a “tribe.” Each tribe has a
sep a rate area within the of fice, in clud ing mul ti ple team-sized spa ces, one for each squad. The thought-
out de sign of the of fice lay out means that peo ple from other squads or tribes can eas ily rec og nize as- 
pects of other teams’ work (such as kan ban boards, WIP lim its, sta tus ra di a tors, and so on) and rapidly
learn new ap proaches. Some or ga ni za tions have taken this even fur ther, align ing en tire floors of their
of fice space to sep a rate busi ness streams, pro mot ing high flow and eas ier col lab o ra tion within a
stream.

Jeremy Brown from Red Hat Open In no va tion Labs told us how they had ev ery thing on wheels
(even plants!) in or der to fre quently re con fig ure their phys i cal en vi ron ment for dif fer ent types of
work, and for teams to emerge and evolve their own space.34 In their 2012 book Make Space, Scott
Door ley and Scott Wit thoft present many other cre ative ideas for ar rang ing phys i cal space in ways
that ig nite cre ativ ity and use ful team in ter ac tions.35

CASE STUDY: STREAM-ALIGNED OF FICE LAY OUT FOR
FLOW-BASED COL LAB O RA TION AT AUTO TRADER
Dave Whyte, Op er a tions En gi neer ing Lead, Auto Trader
Andy Humphrey, Head of Cus tomer Op er a tions, Auto Trader
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Back in 2013, as we started to move from a print-based busi ness with many dif fer ent of fices
around the coun try to a 100% dig i tal busi ness, we be gan to look at ways we could im prove
col lab o ra tion and op ti mize for the flow of work. We re or ga nized from fif teen of fices into
three, with our main of fice in Man ches ter, UK, on only two floors. The work ing en vi ron- 
ment was cre ated to be as open plan as pos si ble, with all se nior man agers sit ting with their
teams and no pri vate of fices. This made it much eas ier for peo ple to com mu ni cate with each
other, and we fi nally started bridg ing the gap be tween “the busi ness” and IT.

Our new of fices were built for col lab o ra tion, from the way the desks could be laid out
to the lim its on the num ber of mon i tor screens that one per son could have at their desk (to
avoid peo ple “hid ing” be hind screens). Over the past few years, we have ex per i mented with
dif fer ent of fice lay outs and seat ing plans to help the right teams com mu ni cate and to pro- 
mote flow:

Or ga niz ing tech ni cal and non-tech ni cal teams on the same floors and in the same ar eas: This
helped break down bar ri ers be tween de part ments that shared the same goals and cus tomers.
The equip ment given to sales, prod uct, ser vice, and tech nol ogy be came more aligned so that
we could share tools more widely and work in the same way (e.g., all our sales and ser vice col- 
leagues have lap tops; you don’t have to be a rock star de vel oper to get a Mac Book any more).
Clear-desk pol icy: We pro vided lock ers for per sonal be long ings and en cour aged peo ple to
move around the of fice and sit where they needed to be that day in or der to add value and not
be lim ited to sit ting at the same desk in the same team.
Tech nol ogy re stric tions: The desks were de signed with sin gle mon i tors so that peo ple could
see those sit ting op po site them and in ter act more freely. It was com mon for some tech ni cal
staff to have two or three mon i tors, so this was not pop u lar; but it’s an in ter est ing ex am ple of
be com ing a dig i tal or ga ni za tion by ac tu ally re strict ing the use of some tech nol ogy in or der to
meet the goal of be ing more col lab o ra tive. The desks even had re cessed legs, cre at ing a bench
ef fect, so that peo ple could move be tween them with out snag ging [their] legs—help ing pair ing
and sit ting with other peo ple.
Writable walls: To en cour age more in for mal, cre ative con ver sa tions, the walls were made
writable so that peo ple could draw as they dis cussed, whether they were in a cor ri dor or next to
a car. Most meet ing rooms were made of glass so that peo ple could see who was in there and
work out if they needed to be in there too. We also cre ated more in for mal meet ing spa ces—so- 
fas, soft chairs, etc.—so that peo ple could sit down for a chat with a col league with out need ing
to plan a meet ing room in ad vance.
Event spa ces: We also have event spa ces de signed into all our build ings, so we can get to gether
as a com pany and even in vite our lo cal com mu nity by host ing events and mee tups that help us
get to know and work with peo ple out side our or ga ni za tion.

We now have all the peo ple in a cer tain busi ness di vi sion sit ting to gether. For ex am ple,
pri vate ad ver tis ing is one of our busi ness ar eas, han dling ve hi cle sales by pri vate in di vid u- 
als, and ev ery one in volved in this stream of busi ness sits on the same floor: mar ket ing peo- 
ple, sales peo ple, de vel op ers, testers, prod uct man agers, and so on. This means that ev ery- 
one in the same busi ness stream can “feel the pain” to gether and all de ci sions are more
jointly owned. We have found that you start see ing things from other peo ple’s view points
when you sit with them.

Our of fice lay out is quite de lib er ately de signed to help flow and spe cific col lab o ra tion.
We based our teams loosely on the model from Spo tify, so we have squads of around eight
peo ple that build spe cific parts of a sys tem, and col lec tions of squads known as tribes. Each
squad has its own team area lo cated close to other squad ar eas from the same tribe. This en- 
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ables squads from the same tribe to talk eas ily to each other—col lab o rat ing on sim i lar parts
of the sys tem—while be ing phys i cally sep a rated from other tribes by walls and floors.

This lay out helps teams fo cus on their busi ness stream area, min i miz ing the need to
talk with teams from other busi ness ar eas to get their day-to-day work done. We bring teams
to gether for cross-tribe learn ing by hold ing reg u lar guild learn ing ses sions and evening mee- 
tups.

The vir tual en vi ron ment is in creas ingly im por tant as many or ga ni za tions adopt a re mote-first pol- 
icy. The vir tual en vi ron ment com prises dig i tal spa ces such as a wiki, in ter nal and ex ter nal blogs and
or ga ni za tion web sites, chat tools, work track ing sys tems, and so forth. Ef fec tive re mote work goes be- 
yond hav ing the nec es sary tools; teams need to agree on ground rules around work ing hours, re sponse
times, video con fer enc ing, tone of com mu ni ca tion, and other prac ti cal as pects that, if un der es ti mated,
can make or break a dis trib uted team, even when all the right tools are avail able. In their 2013 book
Re mote: Of fice Not Re quired, Ja son Fried and David Heine meir Hans son go through how to ad dress
these and many other im por tant as pects for re mote teams.36

From an ef fi cient-com mu ni ca tion per spec tive, the vir tual en vi ron ment should be easy to nav i gate,
guid ing peo ple to the right an swer quickly. In par tic u lar, chat tools should have chan nel names or
space names that are easy to pre dict and search for, with pre fixes to group chats:

#de ploy-pre-pro duc tion
. . .
#prac tices-en gi neer ing
#prac tices-test ing
. . .
#sup port-en vi ron ments
#sup port-log ging
#sup port-on board ing
. . .
#team-vesu vius
#team-kil i man jaro
#team-kraka toa

In a vir tual en vi ron ment, it can be use ful to use nam ing con ven tions in user names to make it easy
for peo ple to iden tify who’s in a par tic u lar team, es pe cially if that team is a cen tral X-as-a-Ser vice
team, pro vid ing a plat form or com po nent (more on this in Chap ter 5). In stead of sim ply “Jai Kale” as
the dis play name within the chat tool and wiki, use some thing like “[Plat form] Jai Kale” to iden tify
that Jai Kale is in the plat form team.

Warn ing: En gi neer ing Prac tices Are Foun da tional
At the end of the day, tech nol ogy teams need to in vest in proven team prac tices like con tin u ous

de liv ery, test-first de vel op ment, and a fo cus on soft ware op er abil ity and re leasabil ity. With out them,
all the ef fort in vested in a team-first ap proach to work and flow will be greatly un der mined or at least
un der achieved.

Con tin u ous de liv ery prac tices sup port hy poth e sis-driven de vel op ment and au to ma tion, op er abil ity
prac tices pro vide early and on go ing op er a tional checks and dis cov ery, testa bil ity prac tices and test-
first de vel op ment en hance the de sign and fit ness for pur pose of so lu tions, and re leasabil ity prac tices
en sure de liv ery pipe lines are treated as a first-grade prod uct. All of them are crit i cal for fast flow and
re quire an on go ing ef fort by all en gi neer ing teams.
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Sum mary: Limit Teams’ Cog ni tive Load and Fa cil i tate Team In ter- 
ac tions to Go Faster

In a fast-chang ing and chal leng ing con text, teams are more ef fec tive than groups of in di vid u als.
Suc cess ful or ga ni za tions—from the US mil i tary to cor po ra tions large and small—treat the team as the
fun da men tal means of get ting work done. Teams are gen er ally small, sta ble, and long lived, al low ing
team mem bers the time and space to de velop their work ing pat terns and team dy nam ics.

Im por tantly, due to lim its on team size (Dun bar’s num ber), there is an ef fec tive up per limit on the
cog ni tive load that a sin gle team can bear. This strongly sug gests a limit on the size of the soft ware
sys tems and com plex ity of do mains that any team should work with. The team needs to own the sys- 
tem or sub sys tems they are re spon si ble for. Teams work ing on mul ti ple code bases lack own er ship
and, es pe cially, the men tal space to un der stand and keep the cor re spond ing sys tems healthy.

The team-first ap proach pro vides op por tu ni ties for many kinds of peo ple to thrive in an or ga ni za- 
tion. In stead of need ing a thick skin or re silience in or der to sur vive in an or ga ni za tion that at om izes
in di vid u als, peo ple in a team-first or ga ni za tion have the space and sup port to de velop their skills and
prac tices within the con text of a team.

Cru cially, be cause com mu ni ca tion be tween in di vid u als is de-em pha sized in fa vor of com mu ni ca- 
tion be tween teams for day-to-day work, the or ga ni za tion sup ports a wide range of com mu ni ca tion
pref er ences, from those peo ple who com mu ni cate best one to one to those who like large group con- 
ver sa tions. Fur ther more, the ef fect of pre vi ously de struc tive in di vid u als is cur tailed. This hu man is tic
ap proach is a huge ben e fit of choos ing teams first.
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PART II

Team Topolo gies thatWork for Flow



  Foreword

79

KEY TAKE AWAYS
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CHAP TER 4
Ad hoc or con stantly chang ing team de sign slows down soft ware de liv ery.
There is no sin gle de fin i tive team topol ogy but sev eral in ad e quate topolo gies for any one or ga- 
ni za tion.
Tech ni cal and cul tural ma tu rity, org scale, and en gi neer ing dis ci pline are crit i cal as pects when
con sid er ing which topol ogy to adopt.
In par tic u lar, the fea ture-team/prod uct-team pat tern is pow er ful but only works with a sup port- 
ive sur round ing en vi ron ment.
Split ting a team’s re spon si bil i ties can break down si los and em power other teams.
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CHAP TER 5
The four fun da men tal team topolo gies sim plify mod ern soft ware team in ter ac tions.
Map ping com mon in dus try team types to the fun da men tal topolo gies sets up or ga ni za tions for
suc cess, re mov ing gray ar eas of own er ship and over loaded/un der loaded teams.
The main topol ogy is (busi ness) stream-aligned; all other topolo gies sup port this type.
The other topolo gies are en abling, com pli cated-sub sys tems, and plat form.
The topolo gies are of ten “frac tal” (self-sim i lar) at large scale: teams of teams.
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CHAP TER 6
Choose soft ware bound aries us ing a team-first ap proach.
Be ware of hid den mono liths and cou pling in the soft ware-de liv ery chain.
Use soft ware bound aries de fined by busi ness-do main bounded con texts.
Con sider al ter na tive soft ware bound aries when nec es sary and suit able.
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4 Static Team Topolo gies

In stead of struc tur ing teams ac cord ing to tech ni cal know-how or ac tiv i ties, or ga nize teams
ac cord ing to busi ness do main ar eas.

—Jutta Eck stein, “Fea ture Teams—Dis trib uted
and Dis persed,” in Agility Across Time and

Space

In Part I, we saw the strong pull that Con way’s law ex er cises on sys tem ar chi tec ture by mir ror ing
team struc tures and com mu ni ca tion paths in the fi nal prod uct de sign. We also high lighted that ef fi cient
soft ware de liv ery re quires a team-first ap proach that re lies on long-lived au ton o mous teams achiev ing
fast flow. Part II will fo cus on how we put these two ideas to gether in a way that max i mizes flow yet
re spects the cog ni tive lim its of teams.

In Chap ter 4, we start with the need to in ten tion ally de sign teams, and to un der stand that good and
bad team pat terns are a fac tor of many as pects, like org size, ma tu rity, and soft ware scale. To day, the
pre vail ing way to set up or re or ga nize teams is ad hoc, fo cused on im me di ate needs rather than the
abil ity to adapt in the long run.

In or der to be as ef fec tive as pos si ble, we need to con sciously de sign our teams rather than merely
al low them to form ac ci den tally or hap haz ardly. We call these con sciously de signed team struc tures
team topolo gies, a term that ac knowl edges that teams should be de lib er ately “placed” into or ga ni za- 
tions while also re fer ring to the bound ary of re spon si bil ity of each team.

In this chap ter, we’ll take a look at ex am ples of static team topolo gies—that is team struc tures and
in ter ac tions that fit a spe cific or ga ni za tion’s con text at a given point in time. In par tic u lar, we will
draw from the cat a log of De vOps Topolo gies, which makes for a good, ap proach able start ing point for
many or ga ni za tions.

But first, let’s look at a cou ple of com mon anti-pat terns that re sult from ad hoc team de sign.

Team Anti-Pat terns
As we’ve seen so far, the way in which peo ple are or ga nized into teams for build ing and op er at ing

soft ware sys tems has a strong ef fect on the na ture of the re sult ing sys tems, fol low ing Con way’s law.
When or ga ni za tions do not ex plic itly think about team struc tures and pat terns of in ter ac tion, they

en counter un ex pected dif fi cul ties build ing and run ning soft ware sys tems. In our work with clients,
we’ve seen the oc cur rence of two par tic u lar anti-pat terns for team for ma tion across or ga ni za tions of
dif fer ent sizes.

The first anti-pat tern is ad hoc team de sign. This in cludes teams that have grown too large and
been bro ken up as the com mu ni ca tion over head starts tak ing a toll, teams cre ated to take care of all
COTS soft ware or all mid dle ware, or a DBA team cre ated af ter a soft ware crash in pro duc tion due to
poor data base han dling. Of course, all of these sit u a tions should trig ger some ac tion, but with out con- 
sid er ing the broader con text of the in ter re la tion ships be tween teams, what seems like a nat u ral so lu- 
tion might slow down de liv ery and eat away at the au ton omy of teams.
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The other com mon anti-pat tern is shuf fling team mem bers. This leads to ex tremely volatile team
as sem bled on a project ba sis and dis as sem bled im me di ately af ter ward, per haps leav ing one or two en- 
gi neers be hind to han dle the “hard en ing” and main te nance phases of the ap pli ca tion(s). While there is
a sense of higher flex i bil ity and a per ceived abil ity to re spond faster to dead lines, the cost of form ing
new teams and switch ing con text re peat edly gets over looked (or is un con sciously fac tored in the
project es ti mates). A com puter will per form the same whether it is placed in Room A or Room B, but
an en gi neer placed on Team A may per form very dif fer ently than if placed on Team B.

Or ga ni za tions must de sign teams in ten tion ally by ask ing these ques tions: Given our skills, con- 
straints, cul tural and en gi neer ing ma tu rity, de sired soft ware ar chi tec ture, and busi ness goals, which
team topol ogy will help us de liver re sults faster and safer? How can we re duce or avoid han dovers be- 
tween teams in the main flow of change? Where should the bound aries be in the soft ware sys tem in
or der to pre serve sys tem vi a bil ity and en cour age rapid flow? How can our teams align to that?

De sign for Flow of Change
Or ga ni za tions that build and run large-scale soft ware sys tems are turn ing to or ga ni za tion de signs

that em pha size the flow of change from con cept to work ing soft ware—what we might call “low fric- 
tion” soft ware de liv ery. Older or ga ni za tional mod els—with func tional si los be tween dif fer ent de part- 
ments, heavy use of out sourc ing, and re peated hand-offs be tween teams—do not pro vide the safety at
speed or the or ga ni za tional feed back mech a nisms nec es sary for the on go ing evo lu tion of busi ness ser- 
vices needed to re spond to cus tomer and mar ket con di tions on a daily ba sis. As Naomi Stan ford
points out, “an or ga ni za tion has a bet ter chance of suc cess if it is re flec tively de signed.”1

Spo tify pro vides a good ex am ple of ex plicit or ga ni za tional de sign to im prove the ef fec tive ness of
soft ware de liv ery and op er a tions, as de scribed by Hen rik Kniberg and An ders Ivars son in their 2012
blog post, “Scal ing Ag ile @ Spo tify.”2 Known as “The Spo tify Model,” tech ni cal staff at Spo tify are
ar ranged into small, au ton o mous, cross-func tional squads, each with a long-term mis sion and com- 
prised of around five to nine peo ple. Sev eral squads that work on sim i lar ar eas are col lected into a
tribe, a sort of affin ity group ing of squads. The squads within a tribe are fa mil iar with the work of
other squads and co or di nate in side the tribe.

En gi neers within a tribe with sim i lar skills and com pe ten cies share prac tices through a chap ter. So,
for ex am ple, all the testers across six squads in a tribe could be part of a testers chap ter. Line man age- 
ment also hap pens via chap ters, but the line man ager (the chap ter lead) is also part of the day-to-day
work of a squad, not an aloof man ager. Spo tify also uses a more dif fuse “guild,” akin to a com mu nity
of prac tice, that can in clude peo ple from across mul ti ple tribes, chap ters, and squads. “Chap ters and
guilds . . . [are] the glue that keeps the com pany to gether, [pro vid ing] economies of scale with out sac- 
ri fic ing too much au ton omy.”3

Many or ga ni za tions have mis tak enly copied the Spo tify model with out un der stand ing the un der ly- 
ing pur pose, cul ture, dy nam ics, or tra jec tory of the Spo tify team ar range ments. As Kniberg and Ivars- 
son clearly state in their post: “We didn’t in vent this model. Spo tify is (like any good Ag ile com pany)
evolv ing fast. This ar ti cle is only a snap shot of our cur rent way of work ing—a jour ney in progress,
not a jour ney com pleted.”4

It is es sen tial that or ga ni za tions take into ac count more than a static place ment of peo ple when
look ing at the de sign of team in ter ac tions.

Shape Team In ter com mu ni ca tion to En able Flow and Sens ing
Many or ga ni za tions have sig nif i cant flaws in the way their teams in ter act as part of build ing and

run ning soft ware sys tems. Specif i cally, such or ga ni za tions seem to as sume that soft ware de liv ery is a
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one-way process, lead ing from spec i fi ca tion to de sign, from de sign to cod ing, from cod ing to test ing
and re leas ing, and from re leas ing to busi ness as usual (BAU) op er a tion (see Fig ure 4.1).

Fig ure 4.1: Or ga ni za tion not Op ti mized for Flow of Change

Tra di tional flow of change in an or ga ni za tion not op ti mized for flow, with a se ries of groups own ing dif fer ent ac tiv i ties and hand- 
ing over the work to the next team. No in for ma tion flows back from the live sys tems into teams build ing the soft ware.

This lin ear, step wise se quence of changes—usu ally with sep a rate func tional silo di vi sions for each
stage—(as seen in Fig ure 4.1)—is com pletely in com pat i ble with the speed of change and com plex ity
of mod ern soft ware sys tems. The as sump tion that the soft ware-de vel op ment process has lit tle or noth- 
ing to learn from how the soft ware runs in the live en vi ron ment is fun da men tally flawed. On the con- 
trary, or ga ni za tions that ex pose soft ware-de vel op ment teams to the soft ware run ning in the live en vi- 
ron ment tend to ad dress user-vis i ble and op er a tional prob lems much more rapidly com pared to their
siloed com peti tors (see Fig ure 4.2 on page 65).
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Fig ure 4.2: Or ga ni za tion Op ti mized for Flow of Change

Or ga ni za tions set up for fast flow avoid hand-offs by keep ing work within the stream-aligned team, and they en sure that the rich
set of op er a tional in for ma tion flows back into the team.

In Ac cel er ate, Nicole Fors gren, Jez Hum ble, and Gene Kim col lected data on the soft ware-de vel- 
op ment prac tices of hun dreds of or ga ni za tions around the world, which led them to con clude that “we
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must . . . en sure de liv ery teams are cross-func tional, with all the skills nec es sary to de sign, de velop,
test, de ploy, and op er ate the sys tem on the same team.”5 Or ga ni za tions that value in for ma tion feed- 
back from live (pro duc tion) sys tems can not only im prove their soft ware more rapidly but also de- 
velop a height ened re spon sive ness to cus tomers and users.

This su pe rior “sens ing” abil ity comes from treat ing front line staff and teams as highly valu able
sources of sig nals about the mar ket and en vi ron ment in which the or ga ni za tion is op er at ing.

When we ap ply this kind of sens ing not only at the edges of the or ga ni za tion but also in side the
or ga ni za tion—be tween teams—we can pro vide a rad i cally en hanced strate gic ca pa bil ity for rapidly
dis cov er ing de fi cien cies in plat forms, ser vices, and in ter faces, en abling us to ad dress these prob lems
early and thereby im prove the ef fec tive ness of IT as a whole. (We will look fur ther at this or ga ni za- 
tional sens ing in Part III.)

De vOps and the De vOps Topolo gies
This kind of or ga ni za tional sens ing “nir vana,” with cross-func tional teams that build, test, and op- 

er ate their own soft ware, was an un fa mil iar con cept to most or ga ni za tions back in 2009. By then, the
clas sic anti-pat tern in team de sign and in ter ac tions of com pletely sep a rat ing re spon si bil i ties be tween
de vel op ment and op er a tions teams (among oth ers) was preva lent, with soft ware re leases be ing thrown
over the “fence” or “wall” and com mu ni ca tion mostly ac com plished through tick ets. In the De vOps
world, this be came known as the “wall of con fu sion.”

The De vOps move ment emerged around 2009 due to this grow ing fric tion be tween Dev and Ops,
high lighted by an in creased pres sure on op er a tions teams to de ploy more of ten as Ag ile be came more
main stream. The prob lem was that many or ga ni za tions adopt ing Ag ile were not ex plic itly ad dress ing
the gap be tween soft ware de liv ery speed and op er a tions teams’ ca pac ity to pro vide re sources or de- 
ploy up dates. The mis align ment be tween teams be came more and more ev i dent, lead ing to poor be- 
hav iors and lack of fo cus on the flow of work.

A key con tri bu tion of De vOps was to raise aware ness of the prob lems lin ger ing in how teams in- 
ter acted (or not) across the de liv ery chain, caus ing de lays, re work, fail ures, and a lack of un der stand- 
ing and em pa thy to ward other teams. It also be came clear that such is sues were not only hap pen ing
be tween ap pli ca tion de vel op ment and op er a tions teams but in in ter ac tions with many other teams in- 
volved in soft ware de liv ery, like QA, In foSec, net work ing, and more.

Even though many peo ple see De vOps as fun da men tally ad dress ing tech no log i cal as pects of au to- 
ma tion and tool ing, only or ga ni za tions that also ad dress fun da men tal mis align ments be tween teams
are able to achieve the full po ten tial ben e fits from adopt ing De vOps.

De vOps Topolo gies
The De vOps Topolo gies cat a log, orig i nally cre ated by Matthew Skel ton in 2013 and later ex- 

panded by Manuel Pais, is an on line col lec tion of team de sign and in ter ac tions pat terns and anti-pat- 
terns that work well for kick-start ing con ver sa tions around team re spon si bil i ties, in ter faces, and col- 
lab o ra tion be tween tech nol ogy teams.6 Cru cially, suc cess ful pat terns are strongly de pen dent on con- 
tex tual as pects, like or ga ni za tion and prod uct size, en gi neer ing ma tu rity, and shared goals.

The topolo gies be came an ef fec tive ref er ence of team struc tures for en ter prise soft ware de liv ery;
how ever, they were never meant to be static struc tures, but rather a de pic tion of a mo ment in time in- 
flu enced by mul ti ple fac tors, like the type of prod ucts de liv ered, tech ni cal lead er ship, and op er a tional
ex pe ri ence. The im plicit idea was that teams should evolve and morph over time.

This chap ter presents some of the pat terns in the De vOps Topolo gies cat a log to help il lus trate the
think ing around choos ing team struc tures with or ga ni za tion con text and needs in mind. It is not in- 
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tended to be a deep dive into the De vOps Topolo gies that are avail able on line; in stead, it is a help ful
in tro duc tion to team de sign for tech nol ogy teams ap plied to De vOps. The rest of the book will fo cus
on the broader con text of busi ness and tech nol ogy teams at large, be yond De vOps.

The De vOps Topolo gies re flect two key ideas: (1) There is no one-size-fits-all ap proach to struc- 
tur ing teams for De vOps suc cess. The suit abil ity and ef fec tive ness of any given topol ogy de pends on
the or ga ni za tion’s con text. (2) There are sev eral topolo gies known to be detri men tal (anti-pat terns) to
De vOps suc cess, as they over look or go against core tenets of De vOps. In short, there is no “right”
topol ogy, but sev eral “bad” topolo gies for any one or ga ni za tion.

Suc cess ful Team Pat terns
An in ad e quate choice of topol ogy doesn’t nec es sar ily mean that the de sired out comes aren’t good.

It’s of ten the case that a given topol ogy doesn’t yield those out comes be cause there is a fo cus on the
new team struc ture but not enough con sid er a tion about the sur round ing teams and struc tures. The suc- 
cess of dif fer ent types of teams does not de pend solely on team mem bers’s skills and ex pe ri ence; it
also de pends on (per haps most im por tantly) the sur round ing en vi ron ment, teams, and in ter ac tions.

Fea ture Teams Re quire High-En gi neer ing Ma tu rity and Trust
Let’s take the ex am ple of fea ture teams. We con sider a fea ture team to be a cross-func tional,

cross-com po nent team that can take a cus tomer fac ing fea ture from idea all the way to pro duc tion,
mak ing them avail able to cus tomers and, ide ally, mon i tor ing its us age and per for mance. Are these a
pat tern or an anti-pat tern? As you might have guessed by now, it de pends.

A cross-func tional fea ture team can bring high value to an or ga ni za tion by de liv er ing cross-com- 
po nent, cus tomer-cen tric fea tures much faster than mul ti ple com po nent teams mak ing their own
changes and syn chro niz ing into a sin gle re lease. But this can only hap pen when the fea ture team is
self-suf fi cient, mean ing they are able to de liver fea tures into pro duc tion with out wait ing for other
teams.

The fea ture team typ i cally needs to touch mul ti ple code bases, which might be owned by dif fer ent
com po nent teams. If the team does not have a high de gree of en gi neer ing ma tu rity, they might take
short cuts, such as not au tomat ing tests for new user work flows or not fol low ing the “boy-scout rule”
(leav ing the code bet ter than they found it). Over time, this leads to a break down of trust be tween
teams as tech ni cal debt in creases and slows down de liv ery speed.

A lack of own er ship over shared code may re sult from the cu mu la tive ef fects of sev eral teams
work ing on the same code base un less in ter-team dis ci pline is high.

Around 2015, Er ic s son moved to a De vOps ap proach to build ing and run ning soft ware for emerg- 
ing tele com busi ness ar eas, such as “Soft ware-De fined Net work ing” or “Net work Func tions Vir tu al- 
iza tion.”7 Teams in this space be came re spon si ble for de vel op ing and sup port ing their soft ware in pro- 
duc tion.

Some of Er ic s son’s large-scale projects, com prised of mul ti ple sub sys tems, re quire teams work ing
across mul ti ple sites. Each team is com posed of five to nine mem bers, and a sin gle sub sys tem might
be de vel oped by mul ti ple teams. How ever, teams must in clude all the core ca pa bil i ties/roles to de- 
velop and main tain their own fea tures in a largely in de pen dent fash ion. Oc ca sion ally, very large fea- 
tures are worked on si mul ta ne ously by a few colo cated teams, act ing as a sin gle, larger fea ture team.

How ever, while in ter-team com mu ni ca tion and de pen den cies were greatly re duced with teams
work ing on in tra-sub sys tem fea tures, some one still had to keep over sight of the sys tem as a whole and
en sure sub sys tems in te grated and in ter acted ac cord ing to the de sired user ex pe ri ence, per for mance,
and re li a bil ity. There fore, spe cific roles were cre ated, such as sys tem ar chi tects, sys tem own ers, or in- 
te gra tion leads. Cru cially, peo ple in these roles work across the en tire project/or ga ni za tion sort of like
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“com mu ni ca tion con duits,” with di rect and fre quent in ter ac tion with fea ture teams. They sup port them
on cross-sub sys tem con cerns (such as in ter faces and in te gra tion) to al low them to main tain a reg u lar
fea ture de liv ery ca dence.

Prod uct Teams Need a Sup port Sys tem
Prod uct teams (iden ti cal in pur pose and char ac ter is tics to a fea ture team but own ing the en tire set

of fea tures for one or more prod ucts) still de pend on in fra struc ture, plat form, test en vi ron ments, build
sys tems, and de liv ery pipe lines (and more) for their work to be come avail able to end users. They
might have full con trol over some of these de pen den cies, but they will likely need help with oth ers
due to the nat u ral cog ni tive and ex per tise lim its of a team (as ex plained in Chap ter 3).

The key for the team to re main au ton o mous is for ex ter nal de pen den cies to be non-block ing,
mean ing that new fea tures don’t sit idle, wait ing for some thing to hap pen be yond the con trol of the
team. For ex am ple, it’s ex tremely dif fi cult to en sure that a sep a rate QA team will be avail able to eval- 
u ate a new fea ture ex actly when the prod uct team fin ishes it. Teams have dif fer ent work loads, pri or i- 
ties, and prob lems; and gen er ally, there’s too much un cer tainty in build ing and run ning soft ware sys- 
tems for a pre-de fined sched ule to suc ceed in co or di nat ing mul ti ple teams on the same stream of
work. In sist ing on this ap proach in evitably leads to wait times and de lays.

Non-block ing de pen den cies of ten take the form of self-ser vice ca pa bil i ties (e.g., around pro vi sion- 
ing test en vi ron ments, cre at ing de ploy ment pipe lines, mon i tor ing, etc.) de vel oped and main tained by
other teams. These can be con sumed in de pen dently by the prod uct teams when they need them.

For ex am ple, Mi cro soft has been us ing prod uct teams since the 1980s. With the avail abil ity of
Azure as an IaaS and PaaS so lu tion for Mi cro soft prod ucts and ser vices, teams within Mi cro soft are
able to con sume in fra struc ture and plat form fea tures “as a ser vice.” This al lows teams to sig nif i cantly
in crease de liv ery speed. In par tic u lar, the teams build ing the Vis ual Stu dio prod uct have un der gone a
rad i cal trans for ma tion from a desk top-first, multi-month de liv ery cy cle, to a cloud-first, daily/weekly
de liv ery cy cle.8

Cre at ing prod uct teams with out a com pat i ble sup port sys tem, con sist ing of easy-to-con sume ser- 
vices (prefer ably via a plat form-ori ented ap proach) and read ily avail able ex per tise for tasks that the
team is un fa mil iar with, cre ates more bot tle necks. Prod uct teams end up fre quently wait ing on “hard
de pen den cies” to func tional teams (such as in fra struc ture, net work ing, QA). There is in creased fric- 
tion as prod uct teams are pres sured to de liver faster, but they are part of a sys tem that does not sup port
the nec es sary lev els of au ton omy.

Cloud Teams Don’t Cre ate Ap pli ca tion In fra struc ture
Cloud teams that are, for the most part, a re brand ing of tra di tional in fra struc ture teams will fail to

take ad van tage of the speed and scal a bil ity that the cloud of fers. If the cloud team sim ply mim ics the
cur rent be hav iors and in fra struc ture pro cesses, the or ga ni za tion will in cur the same de lays and bot tle- 
necks for soft ware de liv ery as be fore.

Prod uct teams need au ton omy to pro vi sion their own en vi ron ments and re sources in the cloud,
cre at ing new im ages and tem plates where nec es sary. The cloud team might still own the pro vi sion ing
process—en sur ing that the nec es sary con trols, poli cies, and au dit ing are in place (es pe cially in highly
reg u lated in dus tries)—but their fo cus should be in pro vid ing high-qual ity self-ser vices that match
both the needs of prod uct teams and the need for ad e quate risk and com pli ance man age ment.

In other words, there needs to be a split be tween the re spon si bil ity of de sign ing the cloud in fra- 
struc ture process (by the cloud team) and the ac tual pro vi sion ing and up dates to ap pli ca tion re sources
(by the prod uct teams).

SRE Makes Sense at Scale
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Site Re li a bil ity En gi neer ing is an ap proach to the op er a tion and im prove ment of soft ware ap pli ca- 
tions pi o neered by Google to deal with their global, multi-mil lion-user sys tems. If adopted in full,
SRE is sig nif i cantly dif fer ent from IT op er a tions of the past, due to its fo cus on the “er ror bud get”
(namely defin ing what is an ac cept able amount of down time) and the abil ity of SRE teams to push
back on poor soft ware.

Peo ple on SRE teams need ex cel lent cod ing skills and—cru cially—a strong drive (and band width)
to au to mate repet i tive Ops tasks us ing code, thereby con tin u ally re duc ing toil. Ben Treynor, Vice
Pres i dent of En gi neer ing at Google, said that SRE is “what hap pens when you ask a soft ware en gi neer
to de sign an op er a tions func tion.”9

The SRE model sets up a healthy and pro duc tive in ter ac tion be tween the de vel op ment and SRE
teams by us ing ser vice-level ob jec tives (SLOs) and er ror bud gets to bal ance the speed of new fea tures
with what ever work is needed to make the soft ware re li able.

TIP

SRE teams are not es sen tial; they are op tional.

That’s right: not ev ery de vel op ment team at Google uses SRE. “Down scale the SRE sup port if your project is shrink ing in
scale, and fi nally let your de vel op ment team own the SRE work if the scale doesn’t re quire SRE sup port,” said Jaana B.

Do gan, SRE at Google.10

The SRE ap proach is a highly dy namic ap proach to build ing and run ning large-scale soft ware sys- 
tems. The SRE team has sev eral dif fer ent in ter ac tions with ap pli ca tion de vel op ment teams at dif fer ent
times, de pend ing on var i ous fac tors: how many users the soft ware ap pli ca tion has, how re li able the
soft ware is, how avail able the soft ware needs to be from a prod uct per spec tive, etc. Fig ure 4.3 il lus- 
trates this.
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Fig ure 4.3: Re la tion ship be tween SRE Team and Ap pli ca tion Team

SRE teams have a strong re la tion ship with one or more ap pli ca tion-de vel op ment team, a kind of affin ity. In this re spect, we can see
the SRE model as a spe cial kind of stream-aligned team.
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The re la tion ship be tween an SRE team and an ap pli ca tion-de vel op ment team changes at dif fer ent
points of the soft ware’s life and even month by month. Ini tially (#1 in Fig ure 4.3), the ap pli ca tion de- 
vel op ment team alone builds and runs the soft ware in pro duc tion un til the scale mer its SRE help. Dur- 
ing a sec ond stage (#2 in Fig ure 4.3), as the ap pli ca tion us age in creases, SRE pro vides guid ance (rep- 
re sented in green) to the ap pli ca tion de vel op ment team on how to make the ap pli ca tion work bet ter at
global scale. Later, SRE be comes fully in volved by run ning and sup port ing the ap pli ca tion (but still
col lab o rat ing with the ap pli ca tion team) when the scale mer its it (#3 in Fig ure 4.3). At this point, the
prod uct owner for the ap pli ca tion must de cide a suit able ser vice-level ob jec tive with a cor re spond ing
er ror bud get. If at some point (#4 in Fig ure 4.3) the ap pli ca tion be comes too dif fi cult to sup port due to
lack of op er abil ity, or if the ap pli ca tion us age drops off, the ap pli ca tion team takes on op er a tional re- 
spon si bil ity again. If the ap pli ca tion’s op er abil ity im proves suf fi ciently (to meet the er ror bud get) and
ap pli ca tion us age also in creases, the re la tion ship might go back to stage #3.

The dy namic in ter ac tion be tween SRE and ap pli ca tion-de vel op ment teams is part of what makes
the SRE ap proach work so well for Google and sim i lar or ga ni za tions: it rec og nizes that build ing and
run ning soft ware sys tems is a so ciotech ni cal ac tiv ity, not an as sem bly line in a fac tory.

The SRE model is not an easy op tion, how ever. Dave Rensin, Di rec tor of Cus tomer Re li a bil ity
En gi neer ing at Google Cloud, says “achiev ing Google-class op er a tional rigor re quires a sus tained
com mit ment on your part.”11 SRE is a dy namic bal ance be tween a com mit ment to op er abil ity from
the ap pli ca tion-de vel op ment team and ex per tise from the SRE team. With out a high de gree of en gi- 
neer ing dis ci pline and com mit ment from man age ment, this fine bal ance in SRE can eas ily de grade
into a tra di tional “us and them” silo that leads to re peated ser vice out ages and mis trust be tween teams.

Con sid er a tions When Choos ing a Topol ogy
An or ga ni za tion’s con text in flu ences the suc cess ful setup of cer tain types of teams, as is ap par ent

from the many team-struc ture ex am ples we just pro vided. Next, we will out line dif fer ent fac tors to
take into ac count when se lect ing a topol ogy.

Tech ni cal and Cul tural Ma tu rity
Or ga ni za tions at dif fer ent stages of tech ni cal and cul tural ma tu rity will find dif fer ent team struc- 

tures to be ef fec tive. For ex am ple, by 2013, both Ama zon and Net flix had a well-es tab lished strat egy,
us ing cross-func tional teams with end-to-end re spon si bil ity for the ser vices they pro vided to the rest
of the or ga ni za tion.12

Mean while, tra di tional or ga ni za tions adopt ing Ag ile—mov ing to smaller batches of de liv ery—of- 
ten lacked the ma ture en gi neer ing prac tices re quired to keep a sus tain able pace over time (such as au- 
to mated test ing, de ploy ment, or mon i tor ing). They could ben e fit from a tem po rary De vOps team with
bat tle-tested en gi neers to bring in ex per tise and, more im por tantly, bring teams to gether by col lab o rat- 
ing on shared prac tices and tools.

How ever, with out a clear mis sion and ex pi ra tion date for such a De vOps team, it’s easy to cross
the thin line be tween this pat tern and the cor re spond ing anti-pat tern of yet an other silo (De vOps team)
with com part men tal ized knowl edge (such as con fig u ra tion man age ment, mon i tor ing, de ploy ment
strate gies, and oth ers) in the or ga ni za tion.

On the other hand, for a large en ter prise where suc cess ful De vOps adop tion across the board re- 
quires both top-down and bot tom-up align ment, it makes sense to in vest in a team of De vOps evan ge- 
lists that raise aware ness and are vo cal about ini tial achieve ments in other parts of the or ga ni za tion.

Or ga ni za tion Size, Soft ware Scale, and En gi neer ing Ma tu rity
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As we’ve seen, choos ing a good team topol ogy is highly de pen dent on the sit u a tional con text of
the or ga ni za tion and teams within it. At the very least, or ga ni za tion size (or soft ware scale) and en gi- 
neer ing ma tu rity should in flu ence which topolo gies are cho sen in a De vOps con text, as shown in Fig- 
ure 4.4.



  Foreword

94

Fig ure 4.4: In flu ence of Size and En gi neer ing Ma tu rity on Choice of Topolo gies

Or ga ni za tion size (or soft ware scale) and en gi neer ing dis ci pline in flu ence the ef fec tive ness of team in ter ac tion pat terns.

Low ma tu rity or ga ni za tions will need time to ac quire the en gi neer ing and prod uct de vel op ment
ca pa bil i ties re quired for au ton o mous end-to-end teams. Mean while, more spe cial ized teams (de vel op- 
ment, op er a tions, se cu rity, and oth ers) are an ac cept able trade-off, as long as they col lab o rate closely
to min i mize wait times and quickly ad dress is sues. For a mod er ate scale of or ga ni za tion or soft ware,
pat terns that em pha size close col lab o ra tion be tween teams at speed work well. As the size of the or ga- 
ni za tion or soft ware scale in creases, fo cus ing on pro vid ing the un der ly ing in fra struc ture or plat form as
a ser vice brings im por tant ben e fits in terms of user-fac ing ser vice re li a bil ity and the abil ity to meet
cus tomer ex pec ta tions. If the or ga ni za tion has a high level of en gi neer ing ma tu rity and dis ci pline, then
the SRE model de scribed ear lier may be ef fec tive at scale as well.

Split ting Re spon si bil i ties to Break Down Si los
Some times we can re move or lessen de pen den cies on spe cific teams by break ing down their set of

re spon si bil i ties and em pow er ing other teams to take some of them on. For ex am ple, a pat tern in creas- 
ingly adopted in many or ga ni za tions over the past few years has been to sep a rate the ac tiv i ties of data- 
base de vel op ment (DB Dev) from data base ad min is tra tion (DBA).

The ac tiv i ties of DB Dev and DBA had of ten been joined in a func tional silo of the data base team,
but the need for more rapid flow of change, cou pled with a re duc tion in the use of shared data bases,
makes it more ef fec tive to split these roles. In prac tice, the DBA role typ i cally be comes part of a plat- 
form, whether in ter nally run or as part of a cloud provider’s Data base-as-a-Ser vice of fer ing. (See
Chap ter 5 for more de tails about plat forms.)

All the ex am ples we men tioned so far high light the im por tance of think ing about teams’ ca pa bil i- 
ties (or lack thereof) and how that causes de pen den cies be tween teams. In stead of sim ply repli cat ing
teams or adding more peo ple when work load in creases, it’s im por tant to think about which de pen den- 
cies be tween teams we should re move and which we should ex plic itly ac cept, be cause we see more
ben e fits than dis ad van tages. (See Chap ter 5 and Chap ter 7 for more de tails about the re la tion ships be- 
tween teams.)

De pen den cies and Wait Times be tween Teams
To achieve teams that have well-de fined re spon si bil i ties, can work in de pen dently, and are op ti- 

mized for flow, it is es sen tial to de tect and track de pen den cies and wait times be tween teams. In Mak- 
ing Work Vis i ble, Do minica De Gran dis rec om mends the use of a Phys i cal De pen dency Ma trix or “de- 
pen dency tags” on kan ban cards to iden tify and track de pen den cies, and in fer the com mu ni ca tion
needed to make these de pen den cies work well: “Vi su al iz ing im por tant cross-team in for ma tion helps
com mu ni cate across teams.”13

In their 2012 pa per, “A Tax on omy of De pen den cies in Ag ile Soft ware De vel op ment,” Di ane
Strode and Sid Huff pro pose three dif fer ent cat e gories of de pen dency: knowl edge, task, and re source
de pen den cies.14 Such a tax on omy can help pin point de pen den cies be tween teams and the po ten tial
con straints to the flow of work ahead of time.

Which ever tool is used, it is im por tant to track the num ber of de pen den cies per area, and to es tab- 
lish thresh olds and alerts that are mean ing ful for a par tic u lar sit u a tion. The num ber of de pen den cies
should not be al lowed to in crease unchecked. In stead, such an in crease should trig ger ad just ments in
the team de sign and de pen den cies.

TIP
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De tect and track in ter de pen den cies.

Spo tify re lies on a sim ple spread sheet to de tect and track in ter de pen den cies be tween squads and tribes. It high lights
whether a de pen dency is on a squad within the same tribe (ac cept able) or in a dif fer ent tribe (po ten tially a warn ing that
team de sign or work as sign ment is wrong). The tool also tracks how soon the de pen dency will im pact the flow of the de- 
pend ing team.

Us ing De vOps Topolo gies to Evolve the Or ga ni za tion
So far we’ve ad dressed mul ti ple as pects that im pact the ef fec tive ness of cer tain topolo gies at a

given point in time. But or ga ni za tions, teams, and strate gies change over time, ei ther via an in ten- 
tional course of ac tion (e.g., De vOps do jos to im prove teams’ cul tural and en gi neer ing ma tu rity) or
due to changes in mar kets and tech nol ogy.

While many or ga ni za tions looked at the De vOps Topolo gies cat a log for “snap shot” ad vice on ef- 
fec tive team struc tures, some went a cou ple of steps fur ther by think ing of an evo lu tion ary path, from
a topol ogy that makes the most sense in to day’s con text to an end goal that matches ex pected changes
in or ga ni za tional ca pa bil i ties and con straints.

What fol lows are a cou ple of in dus try ex am ples of De vOps trans for ma tions strongly in flu enced by
evolv ing De vOps Topolo gies over time to adapt to new con texts.

Pu lak Agrawal, Con tin u ous De liv ery Ar chi text, and Jonathan Ham mant, UKI De vOps Lead, told
us first hand how they’ve used the De vOps Topolo gies pat terns to evolve or ga ni za tions Ac cen ture con- 
sults for—in par tic u lar, at a health care client they started with a De vOps team back in April 2017.
They soon re al ized they had fallen into an anti-pat tern be cause the tool ing ex per tise brought in by the
De vOps team ended up in a silo.

In Jan u ary 2018, they evolved their team struc tures in or der to bring de vel op ment, op er a tions, and
the De vOps tool ing team closer to gether. Pu lak de scribed to us how this took place:

We de liv ered an In fra struc ture as Code (IaC) project on our client’s Azure in fra struc ture,
au to mat i cally in stalling, con fig ur ing, and op er at ing an en ter prise doc u ment man age ment
prod uct. We uti lized an “Ops as In fra struc ture-as-a-Ser vice” pat tern for this project. This in- 
cluded early in volve ment from the Ops team who were check ing in op er a tional code and de- 
vel op ers who fo cused on non-func tional pro duc tion re quire ments from day one. In di vid u als
from the siloed tool ing team from the ear lier stage were present to help sup port the in fra- 
struc ture while this hap pened.15

A third stage of evo lu tion aimed to build on their ear lier suc cess and fully tran si tion the De vOps
team from an ex e cu tion role to an evan ge liz ing one, so that de vel op ment and op er a tions teams would
be come self-suf fi cient and col lab o rate around au to ma tion of the re quired steps. Pu lak ex plained:

The [De vOps] team is now evolv ing into a “De vOps Evan ge lists team” pat tern, work ing
with the client to ed u cate and en able the in di vid ual project teams, so they make them selves
ob so lete along the way. They will au to mate the de vel op ment and op er a tions steps, im ple- 
ment mon i tor ing and alert ing so lu tions. They will then look to make de vel op ment and op er- 
a tions own the au to ma tion and ex e cu tion of it them selves.16

In Part III of the book, we will look in more de tail at the evo lu tion of team topolo gies in a broader
con text, be yond De vOps.
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CASE STUDY: EVO LU TION OF TEAM TOPOLO GIES AT
TRAN SUNION (PART 1)
Ian Wat son, Head of De vOps, Tran sUnion
Tran sUnion (for merly Call credit) is the UK’s sec ond largest credit ref er ence agency (CRA),
with in ter na tional of fices in Spain, the US, Dubai, and Lithua nia. They pro vide ex pert ser- 
vices for man ag ing con sumer data for busi nesses across ev ery sec tor around the world,
help ing busi nesses and con sumers make more in formed, con fi dent de ci sions.

Ian Wat son, Head of De vOps at Tran sUnion from 2015 to 2018, re calls how the De- 
vOps Topolo gies helped them guide their growth over time.

In 2014, our tech nol ogy group within Tran sUnion be gan a ma jor ex pan sion to meet grow ing
de mand for soft ware-based an a lyt i cal so lu tions. We knew that in or der to scale ef fec tively,
we had to con sider the in ter re la tion ships be tween dif fer ent tech nol ogy teams. We turned to
the De vOps Topolo gies pat terns to help us plan out our dig i tal trans for ma tion. We wanted to
bring de vel op ment (Dev) and op er a tions (Ops) closer to gether but avoid a sep a rate “De- 
vOps team.” In stead, we adopted a hy brid model, with two tem po rary De vOps teams col lab- 
o rat ing to help bring Dev and Ops to gether over time.

We re al ized that our De vOps jour ney at Tran sUnion needed to be based on the evo lu- 
tion of team re la tion ships, not a static re con fig u ra tion. The De vOps Topolo gies pat terns
helped us to rea son about how our dig i tal trans for ma tion would hap pen and ac cel er ated our
adop tion of cloud tech nolo gies and au to ma tion ap proaches. The pat terns helped us avoid
some pit falls, like a sep a rate De vOps team, and helped de fine team re spon si bil i ties more ef- 
fec tively. We’ve been able to scale our tech nol ogy di vi sion sig nif i cantly over the past four
years, with great re sults.

Sum mary: Adopt and Evolve Team Topolo gies that Match Your
Cur rent Con text

Set ting up new team struc tures and re spon si bil i ties re ac tively, trig gered by the need to scale a
prod uct, adopt new tech nolo gies, or re spond to new mar ket de mands, can help in the present mo ment
but of ten fails to achieve the speed and ef fi ciency of well thought-out topolo gies.

Be cause those de ci sions are of ten made on an in di vid ual team ba sis, they lack con sid er a tion for
im por tant or ga ni za tion-wide fac tors, like tech ni cal and cul tural ma tu rity, or ga ni za tion size, scale of
the soft ware, en gi neer ing dis ci ple, or in ter-team de pen den cies. The re sult is team struc tures op ti mized
for prob lems that are tem po rary or lim ited in scope, rather than adap tive to new prob lems over time.

The “De vOps team” anti-pat tern is a quin tes sen tial ex am ple. On pa per, it makes sense to bring au- 
to ma tion and tool ing ex perts in house to ac cel er ate the de liv ery and op er a tions of our soft ware. How- 
ever, this team can quickly be come a hard de pen dency for ap pli ca tion teams if the De vOps team is be- 
ing asked to ex e cute steps on the de liv ery path of ev ery ap pli ca tion, rather than help ing to de sign and
build self-ser vice ca pa bil i ties that ap pli ca tion teams can rely on au tonomously.

It is crit i cal to ex plic itly con sider the dif fer ent as pects at play and adopt topolo gies that work
given the or ga ni za tional con text (which tends to evolve slowly), rather than adapt ing those that solve
a par tic u lar prob lem or need in a given mo ment in time.

In par tic u lar, within a De vOps con text the De vOps Topolo gies can help shed some light on which
topolo gies work well for which con texts. For ward-think ing or ga ni za tions take a multi-stage ap proach
to their team de sign, un der stand ing that what works best to day might not nec es sar ily be the case in a
few years, or even months from now.
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5 The Four Fun da men tal Team Topolo gies

The ar chi tec ture of the sys tem gets ce mented in the forms of the teams that de velop it.

—Ruth Malan, “Con way’s Law”

In many or ga ni za tions, there is a va ri ety of team types and there are even teams tak ing on mul ti- 
ple roles (e.g., an in fra struc ture and tool ing team). This sprawl makes it hard for ev ery one to vi su al ize
the full or ga ni za tional land scape: Do we have the right teams in place? Are we lack ing ca pa bil i ties in
some ar eas that are not be ing ad dressed by any team? Does it look like teams have the nec es sary bal- 
ance be tween au ton omy and sup port by other teams?

An swer ing these ques tions be comes sim pler if we re duce the num ber of team vari a tions to four
fun da men tal team topolo gies:

Stream-aligned team
En abling team
Com pli cated-sub sys tem team
Plat form team

When used with care, these are the only four team topolo gies needed to build and run mod ern soft- 
ware sys tems. When com bined with ef fec tive soft ware bound aries (as pre sented in Chap ter 6) and
team in ter ac tions (as pre sented in Chap ter 7), the re stric tion of these four team types acts as a pow er- 
ful tem plate for ef fec tive or ga ni za tion de sign (see Fig ure 5.1 on page 80).
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Fig ure 5.1: The Four Fun da men tal Team Topolo gies

The four fun da men tal team topolo gies—stream aligned, en abling, com pli cated sub sys tem, and
plat form—should act as “mag nets” for all team types. All teams should move to ward one of these
four mag netic poles; that is, we should pre fer these types, and aim to adopt the pur pose, role, re spon- 
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si bil ity, and in ter ac tion be hav ior of these fun da men tal types for ev ery team in our or ga ni za tion. Sim- 
pli fy ing the types of teams to just these four helps to re duce am bi gu ity within the or ga ni za tion. As
was iden ti fied by Jiao Luo and col leagues in re search pub lished in 2018, re duced am bi gu ity around
or ga ni za tional roles is a key part of suc cess in mod ern or ga ni za tion de sign.1

A large or mid-sized or ga ni za tion is likely to have one or more teams of each fun da men tal topol- 
ogy; mul ti ple stream-aligned teams are the start ing point (as we will see in this chap ter), but an or ga- 
ni za tion may also have sev eral plat form teams, a few en abling teams for dif fer ent pur poses (per haps
one ad dress ing CI/CD and a sec ond ad dress ing in fra struc ture or ar chi tec ture), and, if strictly nec es- 
sary, one or two com pli cated-sub sys tem teams.

NOTE

Where is the Ops team? Where is the sup port team?

There is no “Ops” team or “sup port” team in the fun da men tal topolo gies, and this is de lib er ate. The long-lived teams build ing the
sys tems are very close to the live op er a tion of the sys tems they are build ing. There is no “han dover” to a sep a rate Ops or sup port
team; even with the SRE pat tern (see Chap ter 4), the teams are closely aligned. Stream-aligned teams fol low good soft ware-de liv- 
ery prac tices (like con tin u ous de liv ery and op er abil ity), and they are re spon si ble for live op er a tion, even if very lit tle code is be- 
ing writ ten. In ef fect, Ops and sup port are largely aligned to streams. (We will go into how suc cess ful or ga ni za tions man age sup- 
port ac tiv i ties in the con text of rapid, safe flow of change later in this chap ter.)

Now let’s go into more de tail on each of the four fun da men tal team topolo gies.

Stream-Aligned Teams
A “stream” is the con tin u ous flow of work aligned to a busi ness do main or or ga ni za tional ca pa bil- 

ity. Con tin u ous flow re quires clar ity of pur pose and re spon si bil ity so that mul ti ple teams can co ex ist,
each with their own flow of work.

A stream-aligned team is a team aligned to a sin gle, valu able stream of work; this might be a sin- 
gle prod uct or ser vice, a sin gle set of fea tures, a sin gle user jour ney, or a sin gle user per sona. Fur ther,
the team is em pow ered to build and de liver cus tomer or user value as quickly, safely, and in de pen- 
dently as pos si ble, with out re quir ing hand-offs to other teams to per form parts of the work.

The stream-aligned team is the pri mary team type in an or ga ni za tion, and the pur pose of the other
fun da men tal team topolo gies is to re duce the bur den on the stream-aligned teams. As we see later in
this chap ter, the mis sion of an en abling team, for in stance, is to help stream-aligned teams ac quire
miss ing ca pa bil i ties, tak ing on the ef fort of re search and tri als, and set ting up suc cess ful prac tices. The
mis sion of a plat form team is to re duce the cog ni tive load of stream-aligned teams by off-load ing
lower level de tailed knowl edge (e.g., pro vi sion ing, mon i tor ing, or de ploy ment), pro vid ing easy-to-
con sume ser vices around them.

Be cause a stream-aligned team works on the full spec trum of de liv ery, they are, by ne ces sity,
closer to the cus tomer and able to quickly in cor po rate feed back from cus tomers while mon i tor ing
their soft ware in pro duc tion. Such a team can re act to sys tem prob lems in near real-time, steer ing the
work as needed. In the words of Don Rein ert sen: “In prod uct de vel op ment, we can change di rec tion
more quickly when we have a small team of highly skilled peo ple in stead of a large team.”2

Dif fer ent streams can co ex ist in an or ga ni za tion: spe cific cus tomer streams, busi ness-area streams,
ge og ra phy streams, prod uct streams, user-per sona streams, or even com pli ance streams (in highly reg- 
u lated in dus tries). (See Chap ter 6 for de tails on how to or ga nize work along these dif fer ent types of
streams.) A stream can even take the form of a mi cro-en ter prise within a large firm, with an in de pen- 
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dent fo cus and pur pose (e.g., in no vat ing on prod ucts that do not ex ist yet). Which ever kind of stream
of changes a stream-aligned team is aligned to, that team is funded in a long-term, sus tain able man ner
as part of a port fo lio or pro gram of work, not as a fleet ing project.

In a mod ern soft ware or ga ni za tion, we ex pect most teams to be stream aligned. The flow of work
is clear, and each stream has a steady, ex pectable flow of work for the stream-aligned team to pri or i- 
tize.

This stands in stark con trast to tra di tional work al lo ca tion, whereby ei ther a large re quest by a sin- 
gle cus tomer or a set of smaller re quests by mul ti ple cus tomers get trans lated into a project. Once the
project is ap proved and funded, sev eral teams will po ten tially get in volved (e.g., front-end, back-end,
and DBA teams) and be re quired to fit the new work into their ex ist ing back log.

CASE STUDY: STRICTLY IN DE PEN DENT SER VICE
TEAMS AT AMA ZON
As far back as 2002, Ama zon adopted a team topol ogy that used highly in de pen dent teams.
This was a de lib er ate man date from CEO Jeff Be zos to en sure that each ser vice or ap pli ca- 
tion in the Ama zon es tate was truly in de pen dent—ac knowl edg ing Con way’s law—and en- 
sured that the teams would be in de pen dent as well.3 Ama zon is also known for lim it ing the
size of its soft ware teams to those that can be fed by two piz zas, in or der to in crease ac- 
count abil ity and max i mize speed of de liv ery and dis cov ery.4

Around 2002, Jeff Be zos’ sent a man date to the Ama zon en gi neer ing di vi sion that set
out very spe cific rules for team or ga ni za tion:5

Each team is fully re spon si ble for de vel op ing and op er at ing its own ser vice (whereby a ser vice
can be seen as one or more fea tures of Ama zon.com or AWS prod ucts).

Each ser vice is pro vided through an API, ei ther for in ter nal or ex ter nal con sump tion; teams do
not in ter fere or make any as sump tions on other teams’ ser vices ar chi tec ture or tech nol ogy.

In line with the prin ci ple “you build it, you run it” pop u lar ized by Wer ner Vo gels, CTO
of Ama zon, “ser vice teams” (as they’re called in ter nally) must be cross-func tional and in- 
clude all the re quired ca pa bil i ties to man age, spec ify, de sign, de velop, test, and op er ate their
ser vices (in clud ing in fra struc ture pro vi sion ing and client sup port). These ca pa bil i ties are not
nec es sar ily mapped to in di vid u als; the team as a whole must pro vide them. Each in di vid ual
has a pri mary area of ex per tise, but their con tri bu tions are not lim ited to it.

There is very lit tle co or di na tion re quired be tween ser vice teams, lead ing to a highly
dis trib uted and het ero ge neous stack of mi croser vices. In ter est ingly, there is an ex cep tion for
test ing, as soft ware de vel op ment en gi neers in test ing (SDETs) work across the whole or ga- 
ni za tion, look ing to pro mote good test ing prac tices and tools across teams (but each team
has the day-to-day test ing role em bed ded). They also en sure a smooth cross-ser vice, cross-
de vice, cross-ge og ra phy user ex pe ri ence. The SDET role pro vides the kind of valu able in put
pro vided by peo ple in a pro duc tiv ity or tool ing team, fa cil i tat ing and en cour ag ing good
prac tices across teams.

The Ama zon two-pizza-team model is an ex am ple of stream-aligned teams: the teams are sub stan- 
tially in de pen dent, have own er ship over their ser vices, and have re spon si bil ity for the run time suc cess
of the soft ware they write. The fact that Ama zon has been us ing this model for over sev en teen years
shows how ef fec tive it can be to align teams to in de pen dent streams of change.

http://amazon.com/
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Ca pa bil i ties within a Stream-Aligned Team
Gen er ally speak ing, each stream-aligned team will re quire a set of ca pa bil i ties in or der to progress

work from its ini tial (re quire ments) ex plo ration stages to pro duc tion. These ca pa bil i ties in clude (but
are not re stricted to):

Ap pli ca tion se cu rity
Com mer cial and op er a tional vi a bil ity anal y sis
De sign and ar chi tec ture
De vel op ment and cod ing
In fra struc ture and op er abil ity
Met rics and mon i tor ing
Prod uct man age ment and own er ship
Test ing and qual ity as sur ance
User ex pe ri ence (UX)

It’s crit i cal not to as sume each ca pa bil ity maps to an in di vid ual role in the team; that would mean
teams would have to in clude at least nine mem bers to match the list above. In stead, we’re talk ing
about be ing able, as a team, to un der stand and act upon the above ca pa bil i ties. This might mean hav- 
ing a mix of gen er al ists and a few spe cial ists. Hav ing only spe cial ized roles would lead to a bot tle neck
ev ery time a piece of work de pended on a spe cial ist who might be cur rently busy.

NOTE

Site Re li a bil ity En gi neer ing (SRE) teams, pi o neered by Google, are re ally a spe cial kind of stream-aligned team in the sense that
they are re spon si ble for the re li a bil ity of large-scale ap pli ca tions run ning in pro duc tion. SRE teams in ter act pri mar ily with one or
more stream-aligned teams re spon si ble for de vel op ing ap pli ca tions, and the flow of soft ware change is very much aligned to a
stream.

Why Stream-Aligned Team, Not “Prod uct” or “Fea ture” Team?
In the past, many soft ware-de liv ery frame works used the terms “prod uct team” or “fea ture team”

to re fer to teams with a re mit to de liver valu able end-to-end soft ware in cre ments, but these days there
are many rea sons why talk ing about streams makes more sense than talk ing about prod ucts or fea- 
tures. Align ing a team’s pur pose with a stream helps to re in force a fo cus on flow at the or ga ni za tion
level—a stream should flow unim peded.

With the ad vent of IoT, em bed ded de vices ev ery where, and holis tic ap proaches to ser vice man age- 
ment, the end-to-end user ex pe ri ence looks dif fer ent. Cus tomers in ter act not just with a dis crete piece
of soft ware but with a range of prod ucts and de vices that all run dif fer ent kinds of soft ware, from mo- 
bile to em bed ded to voice-led con trols. Cus tomers also in ter act with brands via mul ti ple chan nels (in
per son, so cial me dia, web site, phone), ex pect ing con sis tent re sponses and in ter faces. In the book De- 
sign ing De liv ery, Jeff Sussna talks about the need for teams to in clude “con tin u ous de sign” ca pa bil i- 
ties to meet these chal lenges: with con tin u ous de sign we “treat ideas such as ser vice, feed back, fail- 
ure, and learn ing as first-class con cepts,” and the best way to en able this is with a stream-ori ented
view of change with an em pha sis on flow.6

In this multi-chan nel, highly con nected con text, a “prod uct” can mean very dif fer ent things, mak- 
ing it hard to un der stand what the re spon si bil i ties of a “prod uct team” are. For in stance, in man u fac- 
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tur ing com pa nies, the prod uct might be a fixed-life phys i cal de vice built by an en gi neer ing team for a
num ber of years and then dis banded as the prod uct is su per seded.

Not only is the term “stream aligned” more suited to a wider range of sit u a tions than ei ther “prod- 
uct” of “fea ture,” but “stream aligned” also in cor po rates and helps to em pha size a sense of flow (be- 
cause a stream flows). Fi nally, not all soft ware sit u a tions need prod ucts or fea tures (es pe cially those
fo cused on pro vid ing pub lic ser vices), but all soft ware sit u a tions ben e fit from align ment to flow.

Ex pected Be hav iors
As we’ve seen, the mis sion of stream-aligned teams is to en sure the smooth flow of work for a

given stream, of ten re lated to a busi ness do main area but not al ways.
What kind of be hav iors and out comes do we ex pect to see in an ef fec tive stream-aligned team?

A stream-aligned team aims to pro duce a steady flow of fea ture de liv ery.
A stream-aligned team is quick to course cor rect based on feed back from the lat est changes.
A stream-aligned team uses an ex per i men tal ap proach to prod uct evo lu tion, ex pect ing to con- 

stantly learn and adapt.
A stream-aligned team has min i mal (ide ally zero) hand-offs of work to other teams.
A stream-aligned team is eval u ated on the sus tain able flow of change it pro duces (to gether

with some sup port ing tech ni cal and team-health met rics).
A stream-aligned team must have time and space to ad dress code qual ity changes (some times

called “tech debt”) to en sure that chang ing the code re mains safe and easy to do.
A stream-aligned team proac tively and reg u larly reaches out to the sup port ing fun da men tal-

topolo gies teams (com pli cated sub sys tem, en abling, and plat form).
Mem bers of a stream-aligned team feel they have achieved or are in the path to achiev ing “au- 

ton omy, mas tery, and pur pose,” the three key com po nents of en gaged knowl edge work ers,
ac cord ing to Daniel Pink.7

(We will pro vide a more de tailed view of how stream-aligned teams re late to the plat form in
Chap ter 8.)

En abling Teams
In the book Ac cel er ate, Fors gren, Hum ble, and Kim tell us that high-per form ing teams are con tin- 

u ously im prov ing their ca pa bil i ties in or der to stay ahead. But how can a stream-aligned team with
end-to-end own er ship find the space for re search ing, read ing about, learn ing, and prac tic ing new
skills? Stream-aligned teams are also un der con stant pres sure to de liver and re spond to change
quickly.

An en abling team is com posed of spe cial ists in a given tech ni cal (or prod uct) do main, and they
help bridge this ca pa bil ity gap. Such teams cross-cut to the stream-aligned teams and have the re- 
quired band width to re search, try out op tions, and make in formed sug ges tions on ad e quate tool ing,
prac tices, frame works, and any of the ecosys tem choices around the ap pli ca tion stack. This al lows the
stream-aligned team the time to ac quire and evolve ca pa bil i ties with out hav ing to in vest the as so ci ated
ef fort (in our ex pe ri ence, such ef forts and their im pact on the rest of the team also tend to be dra mat i- 
cally un der es ti mated by ten to fif teen fold).

En abling teams have a strongly col lab o ra tive na ture; they thrive to un der stand the prob lems and
short com ings of stream-aligned teams in or der to pro vide ef fec tive guid ance. Jutta Eck stein calls them
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“Tech ni cal Con sult ing Teams,”8 a def i ni tion that maps well to what we’d ex pect a con sult ing team to
pro vide (guid ance, not ex e cu tion), whether in ter nal or ex ter nal to the or ga ni za tion.

En abling teams ac tively avoid be com ing “ivory tow ers” of knowl edge, dic tat ing tech ni cal choices
for other teams to fol low, while help ing teams to un der stand and com ply with or ga ni za tion-wide tech- 
nol ogy con straints. This is akin to the idea of “ser vant lead er ship” but ap plied to team in ter ac tions
rather than in di vid u als. The end goal of an en abling team is to in crease the au ton omy of stream-
aligned teams by grow ing their ca pa bil i ties with a fo cus on their prob lems first, not the so lu tions per
se. If an en abling team does its job well, the team that it is help ing should no longer need the help
from the en abling team af ter a few weeks or months; there should not be a per ma nent de pen dency on
an en abling team.

TIP

Use these heuris tics from Robert Green leaf to guide the be hav ior and drive of the en abling team: “Do those served grow as

per sons? Do they, while be ing served, be come health ier, wiser, freer, more au ton o mous?”9

A sin gle en abling team might map to any of the stream-aligned team ca pa bil i ties we listed in the
pre vi ous sec tion (user ex pe ri ence, ar chi tec ture, test ing, and so on), but of ten they are fo cused on more
spe cific ar eas, such as build en gi neer ing, con tin u ous de liv ery, de ploy ments, or test au to ma tion for par- 
tic u lar client tech nol ogy (e.g., desk top, mo bile, web). For ex am ple, the en abling team might set up a
walk ing skele ton of a de ploy ment pipe line or a ba sic test frame work com bin ing au to ma tion tools and
some ini tial sce nar ios and ex am ples.

Knowl edge trans fer be tween an en abling and a stream-aligned team can take shape on a tem po rary
ba sis (when a stream-aligned team adopts a new tech nol ogy, like con tainer iza tion, for in stance) or on
a long-term ba sis (for con tin u ously im prov ing as pects, such as faster builds or faster test ex e cu tion).
Pair ing can be quite ef fec tive for some types of prac tices, such as defin ing In fra struc ture-as-Code.

Ex pected Be hav iors
As we’ve seen, the mis sion of en abling teams is to help stream-aligned teams ac quire miss ing ca- 

pa bil i ties, usu ally around a spe cific tech ni cal or prod uct man age ment area.
What kind of be hav iors and out comes do we ex pect to see in an ef fec tive en abling team?

An en abling team proac tively seeks to un der stand the needs of stream-aligned teams, es tab lish- 
ing reg u lar check points and jointly agree ing when more col lab o ra tion is needed.

An en abling team stays ahead of the curve in keep ing abreast of new ap proaches, tool ing, and
prac tices in their area of ex per tise, well be fore an ac tual need is ex pected from stream-
aligned teams. In the past, this has been the mis sion of ar chi tec ture or in no va tion teams, but
the fo cus on en abling other teams cre ates a bet ter dy namic.

An en abling team acts as a mes sen ger of both good news (e.g., “There’s a new UI au to ma tion
frame work that can re duce our cus tom test code by 50%.”) and bad news (e.g., “Javascript
frame work X, which we’re us ing ex ten sively, is no longer ac tively main tained.”). This helps
with man age ment of the tech nol ogy life cy cle.

Oc ca sion ally, the en abling team might act as a proxy for ex ter nal (or in ter nal) ser vices that are
cur rently too dif fi cult for stream-aligned teams to use di rectly.

An en abling team pro motes learn ing not only in side the en abling team but across stream-
aligned teams, act ing as a cu ra tor that fa cil i tates ap pro pri ate knowl edge shar ing in side the
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or ga ni za tion (sup port ing what Tom De Marco and Tim Lis ter call a “key learn ing func- 
tion.”10

CASE STUDY: EN GI NEER ING EN ABLE MENT TEAM
WITHIN A LARGE LE GAL OR GA NI ZA TION
Robin We ston, En gi neer ing Leader, BCG Dig i tal Ven tures

In 2017, I led a year-long con sult ing en gage ment with a newly-formed en gi neer ing en able- 
ment team within a large le gal or ga ni za tion. The or ga ni za tion’s soft ware de vel op ment ca pa- 
bil ity was spread among mul ti ple global teams.

The en gi neer ing en able ment team was formed in re sponse to a num ber of painful
symp toms be ing felt through out the or ga ni za tion, such as in clud ing long fea ture lead times,
cou pled re lease cy cles for sep a rate sys tems, low team morale, siloed tech ni cal knowl edge,
and (most fun da men tally) the or ga ni za tion los ing ground to com peti tors due to the in abil ity
to keep up an in no va tive pace of change.

The en able ment team con sisted of a num ber of peo ple with strong skills and aware ness
across soft ware en gi neer ing dis ci plines (ap pli ca tion de vel op ment, build and re lease, test ing,
etc.). Cru cially, rather than just bring ing in new tech nol ogy and tools, we fo cused on shar ing
good prac tices and ed u cat ing teams. In tro duc ing new build and de ploy ment tool ing with out
tack ling the un der ly ing cul ture and de vel op ment teams’ skills can ac tu ally do more harm
than good. We de vised and pub lished a “team char ter” that we com mit ted to and shared
openly through out the or ga ni za tion:

Our high-level goal is to en able teams to de liver fea tures faster and with higher qual ity.
We have an ini tial eight weeks to im prove the fol low ing met rics:

Time taken per suc cess ful de ploy ment

Ab so lute num ber of suc cess ful de ploy ments per day

Time taken to fix a fail ing de ploy ment

Time from code com mit to de ploy ment (cy cle time)

Try ing to fix en gi neer ing is sues by man dat ing them from above is doomed to fail ure, as
you re ally need buy-in from the folks work ing at the coal face. The en able ment team it self
was in ten tion ally formed from a mix of ex ter nal con sul tants and de vel op ers taken from the
ex ist ing teams. To help launch the team and its mis sion, we ran an or ga ni za tion-wide work- 
shop, invit ing rep re sen ta tives from all global de vel op ment teams.

I felt strongly that an en gi neer ing en able ment team should plan for its own ex tinc tion
from the very first day to avoid other teams be com ing de pen dent. We broad casted all the
work that we were do ing with the aim that all other teams would be come self-suf fi cient. To
this end, we ran mob pro gram ming ses sions, recorded demos, and in vited ev ery team to our
show cases. We es ti mated that a quar ter of our team’s time was spent ac tu ally im ple ment ing
so lu tions; the rest was shar ing knowl edge.

Af ter the first eight weeks, we saw the fol low ing re sults from our key met rics:
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72% de crease in de ploy ment lead time

700% in crease in de ploy ment pipe line runs per day

De ploy ment pipe line run du ra tion de creased 98% (from ten hours down to fif teen min utes!)

Fail ing build fixed within twenty-three hours on av er age (pre vi ously there had never been a
green build!)

Al though the ab so lute num bers them selves weren’t that im pres sive, the fact that we
could demon strate clear progress was a great con fi dence boost and gave us the trust within
the or ga ni za tion to push for more wide-reach ing changes to at tack other pain points.

The pri mary pur pose of an en abling team is to help stream-aligned teams de liver work ing soft ware
in a sus tain able, re spon si ble way. En abling teams do not ex ist to fix prob lems that arise from poor
prac tices, poor pri or i ti za tion choices, or poor code qual ity within stream-aligned teams. Stream-
aligned teams should ex pect to work with en abling teams only for short pe ri ods of time (weeks or
months) in or der to in crease their ca pa bil i ties around a new tech nol ogy, con cept, or ap proach. Af ter
the new skills and un der stand ing have been em bed ded in the stream-aligned team, the en abling team
will stop daily in ter ac tion with the stream-aligned team, switch ing their fo cus to a dif fer ent team.

En abling Team ver sus Com mu ni ties of Prac tice (CoP)
Both en abling teams and com mu ni ties of prac tice (CoP) can help to in crease aware ness and ca pa- 

bil i ties within other teams. The mem bers of an en abling team work on en abling ac tiv i ties full-time,
whereas a CoP is a more dif fuse group ing of in ter ested in di vid u als from across sev eral teams, with an
aim to share prac tices and im prove work ing meth ods on a weekly (or monthly) ba sis. In her book
Build ing Suc cess ful Com mu ni ties of Prac tice, Emily Web ber says “Com mu ni ties of prac tice cre ate
the right en vi ron ment for so cial learn ing, ex pe ri en tial learn ing, and a rounded cur ricu lum, lead ing to
ac cel er ated learn ing for mem bers.”11

En abling teams and CoP can co ex ist be cause they have slightly dif fer ent pur poses and dy nam ics:
an en abling team is a small, long-lived group of spe cial ists fo cused on build ing aware ness and ca pa- 
bil ity for a sin gle team (or a small num ber of teams) at any one point in time, whereas a CoP usu ally
seeks to have more wide spread ef fects, dif fus ing knowl edge across many teams. Of course, sev eral
en abling teams can also have their own “en abling-teams com mu nity of prac tice!”

Com pli cated-Sub sys tem Teams
A com pli cated-sub sys tem team is re spon si ble for build ing and main tain ing a part of the sys tem

that de pends heav ily on spe cial ist knowl edge, to the ex tent that most team mem bers must be spe cial- 
ists in that area of knowl edge in or der to un der stand and make changes to the sub sys tem.

The goal of this team is to re duce the cog ni tive load of stream-aligned teams work ing on sys tems
that in clude or use the com pli cated sub sys tem. The team han dles the sub sys tem com plex ity via spe- 
cific ca pa bil i ties and ex per tise that are typ i cally hard to find or grow. We can’t ex pect to em bed the
nec es sary spe cial ists in all the stream-aligned teams that make use of the sub sys tem; it would not be
fea si ble, cost-ef fec tive, or in line with the stream-aligned team’s goals.

Ex am ples of com pli cated sub sys tems might in clude a video pro cess ing codec, a math e mat i cal
model, a real-time trade rec on cil i a tion al go rithm, a trans ac tion re port ing sys tem for fi nan cial ser vices,
or a face-recog ni tion en gine.

The crit i cal dif fer ence be tween a tra di tional com po nent team (cre ated when a sub sys tem is iden ti- 
fied as be ing or ex pected to be shared by mul ti ple sys tems) and a com pli cated-sub sys tem team is that
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the com pli cated-sub sys tem team is cre ated only when a sub sys tem needs mostly spe cial ized knowl- 
edge. The de ci sion is driven by team cog ni tive load, not by a per ceived op por tu nity to share the com- 
po nent.

Con se quently, we ex pect to have only a few com pli cated-sub sys tem teams in a Team Topolo gies–
driven or ga ni za tion when com pared to the num ber of com po nent teams in a tra di tional struc ture.
(Later in this chap ter, we’ll look at how to map tra di tional com po nent teams to one of the fun da men tal
topolo gies sup port ing stream-aligned teams.)

Ex pected Be hav iors
As we’ve seen, the mis sion of com pli cated-sub sys tem teams is to off-load work from stream-

aligned teams on par tic u larly com pli cated sub sys tems that need to be de vel oped by a group of spe cial- 
ists.

What kind of be hav iors and out comes do we ex pect to see in an ef fec tive com pli cated-sub sys tem
team?

A com pli cated-sub sys tem team is mind ful of the cur rent stage of de vel op ment of the sub sys- 
tem and acts ac cord ingly: high col lab o ra tion with stream-aligned teams dur ing early ex plo- 
ration and de vel op ment phases; re duced in ter ac tion and fo cus on the sub sys tem in ter face
and fea ture evo lu tion and us age dur ing later stages, when the sub sys tem has sta bi lized.

With a com pli cated-sub sys tem team, de liv ery speed and qual ity for the sub sys tem is clearly
higher than if/when the sub sys tem was be ing de vel oped by a stream-aligned team (be fore
the de ci sion to split).

The com pli cated-sub sys tem team cor rectly pri or i tizes and de liv ers up com ing work re spect ing
the needs of the stream-aligned teams that use the com pli cated sub sys tem.

Plat form Teams
The pur pose of a plat form team is to en able stream-aligned teams to de liver work with sub stan tial

au ton omy. The stream-aligned team main tains full own er ship of build ing, run ning, and fix ing their ap- 
pli ca tion in pro duc tion. The plat form team pro vides in ter nal ser vices to re duce the cog ni tive load that
would be re quired from stream-aligned teams to de velop these un der ly ing ser vices.

This def i ni tion of “plat form” is aligned with Evan Bottcher’s def i ni tion of a dig i tal plat form:

A dig i tal plat form is a foun da tion of self-ser vice APIs, tools, ser vices, knowl edge and sup- 
port which are ar ranged as a com pelling in ter nal prod uct. Au ton o mous de liv ery teams can
make use of the plat form to de liver prod uct fea tures at a higher pace, with re duced co or di- 
na tion.12

This ap proach has been suc cess fully adopted in many in ter net-era or ga ni za tions. The plat form
team’s knowl edge is best made avail able via self-ser vice ca pa bil i ties via a web por tal and/or pro gram- 
mable API (as op posed to lengthy in struc tion man u als) that the stream-aligned teams can eas ily con- 
sume. “Ease of use” is fun da men tal for plat form adop tion and re flects the fact that plat form teams
must treat the ser vices they of fer as prod ucts that are re li able, us able, and fit for pur pose, re gard less of
if they are con sumed by in ter nal or ex ter nal cus tomers. Jutta Eck stein has a suit able rec om men da tion:
“Tech ni cal-ser vice teams should al ways re gard them selves as pure ser vice providers for the do main
teams.”13
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Pe ter Neu mark, for mer plat form en gi neer at Prezi, stresses the need for align ment of pur pose be- 
tween the plat form team and the stream-aligned teams they sup port: “A plat form team’s value can be
mea sured by the value of the ser vices they pro vide to prod uct teams.”14

In prac tice, plat form teams are ex pected to fo cus on pro vid ing a smaller num ber of ser vices of ac- 
cept able qual ity rather than a large num ber of ser vices with many re silience and qual ity prob lems.
There will al ways be a need to bal ance the ef fort in vested with qual ity. As with com mer cial prod ucts,
the plat form can pro vide dif fer ent lev els of ser vice. If all the stream-aligned teams ask for “pre mium
level” ser vices (e.g., zero down time of the ser vice, auto scal ing, self-re cov ery in case of fail ure), then
it will likely be come im pos si ble for the plat form team to cope with de mand.

TIP

Don Rein ert sen rec om mends us ing in ter nal pric ing (for in fra struc ture and ser vices) to reg u late de mand, help ing to avoid

ev ery one ask ing for pre mium level.15 An ex am ple could be track ing cloud-in fra struc ture costs by team or ser vice.

There is a wide range of bound aries for what a plat form can be. A thick plat form might con sist of
the com bi na tion of sev eral in ner plat form teams pro vid ing a myr iad of ser vices. A thin plat form could
sim ply be a layer on top of a ven dor-pro vided so lu tion. (Later in this chap ter, we ex pand on what con- 
sti tutes a good plat form.)

Plat form ex am ples at a lower level of the stack could range from pro vi sion ing a new server in- 
stance to pro vid ing tools for ac cess man age ment and se cu rity en force ment. A stream-aligned team can
then de cide to use these pat terns with out fear ing a lack of in-depth skills or ef fort avail able to ac quire
them.

NOTE

Com mon plat forms we find ab stract away in fra struc ture, net work ing, and other cross-cut ting ca pa bil i ties at a lower level of the
stack. This is a great first step but, as ex plained later in this chap ter, a plat form can re fer to a higher level of ab strac tion.

Ex pected Be hav iors
As we’ve seen, the mis sion for a plat form team is to pro vide the un der ly ing in ter nal ser vices re- 

quired by stream-aligned teams to de liver higher level ser vices or func tion al i ties, thus re duc ing their
cog ni tive load.

What kind of be hav iors and out comes do we ex pect to see in an ef fec tive plat form team?

A plat form team uses strong col lab o ra tion with stream-aligned teams to un der stand their needs.
A plat form team re lies on fast pro to typ ing tech niques and in volves stream-aligned team mem- 

bers for fast feed back on what works and what does not.
A plat form team has a strong fo cus on us abil ity and re li a bil ity for their ser vices (treat ing the

plat form as a prod uct), and reg u larly as sesses if the ser vices are still fit for pur pose and us- 
able.

A plat form team leads by ex am ple: us ing the ser vices they pro vide in ter nally (when ap pli ca- 
ble), part ner ing with stream-aligned teams and en abling teams, and con sum ing lower level
plat forms (owned by other plat form teams) when ever pos si ble.
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A plat form team un der stands that adop tion of in ter nal new ser vices, like new tech nolo gies, is
not im me di ate, but in stead evolves along an adop tion curve.

CASE STUDY: SKY BET TING & GAM ING—PLAT FORM
FEA TURE TEAMS (PART 1)
Michael Maibaum, Chief Ar chi tect, Sky Bet ting & Gam ing

Sky Bet ting & Gam ing is a British-based gam bling com pany owned by The Stars Group,
with head quar ters in Leeds, West York shire, and of fices in Sheffield, Lon don, Guernsey,
Rome, and Ger many. Founded in 1999, the com pany has been a ma jor force for in no va tion
in the on line bet ting and gam ing in dus try. From around 2009, the com pany be gan in vest ing
heav ily in in-house tech ni cal ex per tise in or der to drive rapid in no va tion, ef fec tive de liv ery,
and 24/7 op er a tions.

Since I joined the com pany in 2012, Sky Bet ting & Gam ing (SB&G) has been a place of al- 
most con stant, rapid change. To be gin with, tech nol ogy at SB&G was an in fra struc ture fo- 
cused func tion, fo cused on host ing ap pli ca tions de vel oped by third par ties. In 2009, af ter a
pe riod of rel a tively slow growth, the busi ness de cided it needed to be able to move faster
and have more con trol.

Our in-house soft ware de liv ery has al ways taken an Ag ile ap proach; as it grew, we
went through a num ber of or ga ni za tional changes, mov ing from a small num ber of scrum
teams to many squads in tribes and sub-tribes. Early in that process, we started in cor po rat- 
ing De vOps into the way we worked. We started with spe cific goals in mind and a dis tinct
“seed” team—for ex am ple, im prov ing build and re lease tools, be cause while we were suc- 
cess fully be ing “Ag ile” in our soft ware de vel op ment, we re al ized we were hav ing prob lems
de liv er ing it to live ef fi ciently and re li ably. Later, we used De vOps prac tices as a core part
of squads, and even tu ally we evolved ded i cated re li a bil ity teams, com bined with op er a tions
peo ple be ing em bed ded in the de liv ery teams.

Dur ing this time of rapid growth, we needed to solve the prob lem of con fig u ra tion
man age ment, and to make our ser vices more re li able and to help pro vide the tools needed to
main tain a dis as ter re cov ery (DR) en vi ron ment in sync with pro duc tion sys tems. Draw ing
from the lessons of how we started our De vOps jour ney, we cre ated a plat form evo lu tion
team drawn from a mix ture of soft ware and in fra struc ture back grounds. The plat form evo lu- 
tion team’s first pri or ity was im ple ment ing a con fig u ra tion man age ment sys tem us ing the
well-known tool Chef—work ing to “Chef all the things,” work ing through the back log of
ex ist ing sys tems, and try ing to sup port the roll out of new or changed ser vices.

Soon af ter this, we started learn ing some lessons pretty quickly. The ini tial im ple men- 
ta tion of Chef at SB&G was the prod uct of a cen tral ized func tion with a spe cific goal (help
fix DR), bat tling to keep up with a pe riod of rapid change and ex pan sion. It be came clear
that this or ga ni za tional ori gin had re sulted in a de sign ap proach that be came a sig nif i cant
con straint. We had a large Chef en vi ron ment and a sig nif i cant set of tools built up around it
for plat form con trol that lots of peo ple used. Soon they started trip ping over each other—
prob lems with shared de pen den cies, dif fer ing pri or i ties, dif fi cul ties up grad ing—all the usual
prob lems of cou pled sys tems shared be tween many teams.

(Con tin ued in Chap ter 8)

Com pose the Plat form from Groups of Other Fun da men tal Teams
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In large or ga ni za tions, a plat form will need more than one team to build and run it (and in some
cases, sep a rate streams may each have their own plat form). In these sit u a tions, a plat form is com posed
of groups of other fun da men tal team types: stream aligned, en abling, com pli cated sub sys tem, and
plat form. Yes: the plat form is it self built on a plat form (see more on this later in this chap ter). How- 
ever, the streams to which plat form teams align are dif fer ent from the streams for teams build ing the
main (rev enue-gen er at ing or cus tomer-fac ing) prod ucts and ser vices. In a plat form, the streams re late
to ser vices and prod ucts within the plat form, which could be things like log ging and mon i tor ing ser- 
vices, APIs for cre at ing test en vi ron ments, fa cil i ties for query ing re source us age, and so on. From the
view point of the prod uct owner of the plat form, there are clear in ter nal streams of value within the
plat form to which stream-aligned teams align to help them de liver value to the cus tomers of the plat- 
form: the teams that use the plat form (see more on this later in this chap ter). We can see these in ner
topolo gies in Fig ure 5.2 on page 96.
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Fig ure 5.2: Plat form Com posed of Sev eral Fun da men tal Team Topolo gies

In a large or ga ni za tion, the plat form is com posed of sev eral other fun da men tal team topolo gies: stream-aligned Dev teams, com- 
pli cated-sub sys tem teams, and a lower-level plat form.
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In ef fect, this cre ates nested or “frac tal” teams within the plat form—what we like to call in ner
topolo gies. As James Womak and Daniel Jones put it, “a prod uct-line man ager over see ing an en tire
prod uct may work with a num ber of value-stream man agers at lower lev els tak ing re spon si bil ity for
dif fer ent cour ses of the value stream.”16 We sim ply ap ply the rec om men da tions and guide lines for the
var i ous fun da men tal team topolo gies within the plat form bound ary.

From the view point of the Dev teams, the plat form is a sin gle en tity that pro vides them with a ser- 
vice that they sim ply con sume via an API: ma chine or con tainer pro vi sion ing, net work con fig u ra tion,
etc. How ever, in side the plat form team there are sev eral dis tinct teams (deal ing with net work, en vi- 
ron ments, met rics, etc.) that them selves col lab o rate with or pro vide a ser vice to other plat form teams.

This “nested” ap proach is sim i lar to the “lay ered Ops” ap proach out lined by vet eran tech nol o gist
James Urquhart, based on his ex pe ri ence at Sun Mi crosys tems and Cisco. In the lay ered ap proach, one
team pro vides the base in fra struc ture hard ware (phys i cal and vir tual) and a sec ond team fo cuses on
run ning sup port ing ser vices on top of the base in fra struc ture.17 (See Chap ter 8 for a more de tailed
view of this multi-team plat form ap proach.)

CASE STUDY: EVOLV ING HIGHLY RE SPON SIVE IT OP- 
ER A TIONS AT AUTO TRADER
Dave Whyte, Op er a tions En gi neer ing Lead, Auto Trader
Andy Humphrey, Head of Cus tomer Op er a tions, Auto Trader

Auto Trader is the UK’s largest dig i tal au to mo tive mar ket place. It aims to im prove the
process of buy ing and sell ing ve hi cles in the UK by con tin u ally evolv ing the ecosys tem to
pro vide a bet ter ex pe ri ence for con sumers, re tail ers, and man u fac tur ers alike. Auto Trader is
a 100% dig i tal busi ness. Start ing life as a lo cal clas si fied mag a zine in 1977, it has grown
and evolved along side its cus tomers. In 2013, it suc cess fully com pleted the tran si tion from a
print ti tle and be came a fully dig i tal mar ket place. Auto Trader listed on the Lon don Stock
Ex change in March 2015 and is now a mem ber of the FTSE 250 In dex.

Mov ing from a print-ori ented or ga ni za tion to a 100% dig i tal busi ness re quired huge changes
within Auto Trader. Back in 2013, the or ga ni za tion was very siloed and not joined up, with
“the busi ness” in Lon don and “IT” in Man ches ter, nearly two hun dred miles away. IT work
was done with big projects—usu ally with con trac tors, not per ma nent staff—and or ga ni za- 
tional re port ing lines caused big prob lems and mis trust. De vel op ers would leave a project
on the day of go-live, which de stroyed the sense of op er a tional re spon si bil ity and con ti nu ity
of care for the soft ware sys tems.

To make things worse, be fore 2013 new soft ware-de vel op ment projects were fi nanced
with cap i tal ex pen di ture (CapEx) but the IT op er a tions ac tiv i ties were treated as op er a tional
ex pen di ture (OpEx,) which pro duced a sharp di vide be tween teams build ing things and
teams run ning things. Soft ware de vel op ment (Dev) time was booked 90% to CapEx; ef fec- 
tively, they were told, “You must build new things.” They could not work on fixes or things
that were right for the cus tomer. Dev was work ing to serve the “boss” of prod uct man age- 
ment rather than users of the ser vices. We knew we had to change this.

So in 2013, we moved ev ery one to OpEx. Now ev ery one is sim ply do ing the work
needed to make the com pany money. With our OpEx-only model, ev ery one is closer to the
cus tomer be cause we are not think ing about “build ing new stuff for the prod uct man ager”
but meet ing the needs of users. In fact, OpEx is a de lib er ate en abling con straint for us: we
have a sta ble work force of around eight hun dred peo ple, and we have no plans to grow
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hugely. This sta ble set of peo ple helps with the con ti nu ity of care for our soft ware ap pli ca- 
tions and ser vices.

As part of the move to 100% dig i tal, we moved to long-lived, multi-dis ci plined squads
with the re spon si bil ity of an end-to-end cus tomer jour ney. We based the model loosely on
the ideas from Spo tify but made these work for our con text. We also cre ated a spe cial con- 
tin u ous de liv ery (CD) team to help other teams adopt CD prac tices, like au to mated de ploy- 
ment pipe lines, test au to ma tion, rich mon i tor ing, and au to mated en vi ron ment pro vi sion ing.
Within three months, we had fully au to mated de ploy ment for the first ap pli ca tion, and then
we started on the next ap pli ca tion. As this en abling team got more of an un der stand ing of
what needed to be done, we re al ized that it made sense to turn this team into a kind of plat- 
form-de vel op ment team (which we called In fra struc ture En gi neer ing).

Fast-for ward to 2018, and the re mit of In fra struc ture En gi neer ing is to build and evolve
a plat form that takes the pain away from Dev teams, al low ing them to take con trol of their
prod ucts and ser vices, in clud ing op er a tional as pects of their prod ucts. Within the plat form
area, we have sev eral dif fer ent squads, some fo cused on new prod uct de vel op ment for plat- 
form fea tures (us ing stan dard Ag ile soft ware de vel op ment tech niques like TDD [test-driven
de vel op ment], ret ro spec tives, and prod uct own ers), and some fo cused on day-to-day op er a- 
tional ac tiv i ties. We don’t have any “De vOps” peo ple; in stead, we have ex pe ri enced op er a- 
tions en gi neers who do in-depth anal y sis of live ser vice prob lems. This means that our fo cus
in the in fra struc ture area is on the flow of work for Dev teams and how ap pli ca tion and in- 
fra struc ture changes af fect cus tomers.

The plat form en ables squads to fo cus not only on vis i ble prod uct fea tures but also the
in vis i ble op er a tional con cerns that are es sen tial to a mod ern dig i tal of fer ing like Auto
Trader. The plat form gives prod uct squads the time to care about op er abil ity. In ter est ingly,
un like other or ga ni za tions, we have never em bed ded Ops peo ple in Dev squads. In stead, we
have an Ops “squad buddy” for each Dev squad, a per son from Ops who reg u larly works
with spe cific Dev squads, at tend ing their standups and pro vid ing the “glue” be tween Dev
and Ops.

Since 2013, we have had no con cept of an IT de part ment within Auto Trader: prod uct
and tech nol ogy are the same de part ment, the same big team. We have taken the Lean think- 
ing ap proaches of process de sign and flow into other ar eas of the or ga ni za tion, so we now
have ac counts and sales de part ments us ing kan ban boards with WIP lim its. The sales de- 
part ment even does blame less post-in ci dent re views for missed sales op por tu ni ties!

Avoid Team Si los in the Flow of Change
Gen er ally speak ing, teams com posed only of peo ple with a sin gle func tional ex per tise should be

avoided if we want to de liver soft ware rapidly and safely. Tra di tion ally, many or ga ni za tions cre ated
is lands, or “si los,” of func tional ex per tise by group ing the staff, such as:

Test ing or “qual ity as sur ance” (QA)
Data base ad min is tra tion (DBA)
User ex pe ri ence (UX)
Ar chi tec ture
Data pro cess ing (such as ETL)

For years, many or ga ni za tions used a ded i cated “op er a tions” team to man age all as pects of the live
or pro duc tion sys tems, pre vent ing flow of changes with an ex plicit hand-off from teams build ing soft- 
ware cou pled with de lays ac cept ing the changes. This model also works poorly for safe and rapid flow
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of change; in stead, we com bine stream-aligned teams that sup port and op er ate soft ware in pro duc tion
to gether with plat form teams that pro vide the un der ly ing “sub strate” for stream-aligned teams.

Or ga ni za tions that op ti mize for a safe and rapid flow of change tend to use mixed-dis ci pline or
cross-func tional teams aligned to the flow of change—what we call stream-aligned teams. Some times
a par tic u lar area is so com pli cated that a ded i cated com pli cated-sub sys tem team is needed (see ear lier
in this chap ter). But such teams never sit in the flow of change; in stead, they pro vide ser vices to
stream-aligned teams. Work is never handed off to an other team for a later stage in the flow.

TIP

Keep ing things sim ple with cross-func tional teams.

The use of cross-func tional, stream-aligned teams has a very use ful side ef fect. Pre cisely be cause stream-aligned teams are
com posed of peo ple with var i ous skills, there is a strong drive to find the sim plest, most user-friendly so lu tion in any given
sit u a tion. So lu tions that re quire deep ex per tise in one area are likely to lose against sim pler, eas ier-to-com pre hend so lu- 
tions that work for all mem bers of the stream-aligned team.

A Good Plat form Is “Just Big Enough”
A well-de signed and well-run plat form us ing what Hen rik Kniberg calls “cus tomer-driven plat- 

form teams”18 can be a sig nif i cant “force mul ti plier” for soft ware de liv ery within or ga ni za tions, but
care needs to be taken to en sure that the plat form al ways serves the needs of con sum ing ap pli ca tions
and ser vices, not the other way round.

A good plat form pro vides stan dards, tem plates, APIs, and well-proven best prac tices for Dev
teams to use to in no vate rapidly and ef fec tively. A good plat form should make it easy for Dev teams
to do the right things in the right way for the or ga ni za tion; this ap plies to all kinds of prod uct de vel op- 
ment, not just those in volv ing soft ware. Too of ten, a plat form is left to for mer sys tem ad min is tra tors
to build and run with out us ing well-de fined soft ware de vel op ment tech niques (Ag ile prac tices, TDD,
con tin u ous de liv ery, prod uct man age ment, etc.); or it re ceives so lit tle fund ing and at ten tion from the
or ga ni za tion that it never helps other teams, only hin ders them.

The Thinnest Vi able Plat form
The sim plest plat form is purely a list on a wiki page of un der ly ing com po nents or ser vices used by

con sum ing soft ware. If those un der ly ing com po nents and ser vices al ways work re li ably, then there is
no need for a full-time plat form team. How ever, as the un der ly ing sub strate be comes more com pli- 
cated—even if all com po nents and ser vices are still out sourced—a plat form team can pro vide a valu- 
able man age ment ab strac tion over the de tails of the plat form, deal ing with the co or di na tion of new
and dep re cated APIs and com po nents. If an or ga ni za tion needs to build cus tom so lu tions and in te gra- 
tions into the plat form to meet the needs of Dev teams, then the ac tiv i ties of the plat form team in- 
crease in scope fur ther.

In all cases, we should aim for a thinnest vi able plat form (TVP) and avoid let ting the plat form
dom i nate the dis course. As Al lan Kelly says, “soft ware de vel op ers love build ing plat forms and, with- 
out strong prod uct man age ment in put, will cre ate a big ger plat form than needed.”19 A TVP is a care- 
ful bal ance be tween keep ing the plat form small and en sur ing that the plat form is help ing to ac cel er ate
and sim plify soft ware de liv ery for teams build ing on the plat form.

Cog ni tive Load Re duc tion and Ac cel er ated Prod uct De vel op ment
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Con sider the suc cess ful, well-liked soft ware tech nol ogy plat forms of the past few decades: the
IBM 8086 pro ces sor, the Linux and Win dows op er at ing sys tems, Bor land Del phi, the Java Vir tual
Ma chine, the .Net Frame work, Piv otal Cloud Foundry, Mi cro soft Azure, and (re cently) the IoT plat- 
form balena.io and con tainer plat form Ku ber netes. These plat forms have all gen er ally suc ceeded in
re duc ing the com plex ity of the un der ly ing sys tems while ex pos ing enough func tion al ity to be use ful
to teams build ing on the plat form. This drive to “sim plify the de vel oper’s life” (as Con way puts it)20
and re duce cog ni tive load (see Chap ter 3) is an es sen tial as pect of a good plat form.

By aim ing to re duce cog ni tive load on Dev teams, a good plat form helps Dev teams fo cus on the
ger mane (dif fer en ti at ing) as pects of a prob lem, in creas ing per sonal and team-level flow, and en abling
the whole team to be more ef fec tive. As Kenichi Shi bata of global pub lish ing com pany Conde Nast
In ter na tional says, “The most im por tant part of the plat form is that it is built for de vel op ers.”21

Com pelling, Con sis tent, Well-Cho sen Con straints
To avoid the too-com mon trap of build ing a plat form dis con nected from the needs of teams, it is

es sen tial to en sure that the plat form teams have a fo cus on user ex pe ri ence (UX) and par tic u larly de- 
vel oper ex pe ri ence (De vEx). This means that as the plat form in creases in size, ex pect to add UX ca pa- 
bil i ties to the plat form teams. Shi bata says: “De vel op ers will some times have frus tra tions. . . . There
should be a way to give feed back to plat form de vel op ers and how the plat form is do ing in gen eral.
With out this, the plat form lives in iso la tion with the rest of the com pany. Adop tion will be stren u ous
at best.”22

An at ten tion to good UX/De vEx will make the plat form com pelling to use, and the plat form will
feel con sis tent in the way the APIs and fea tures work. How-to guides and other doc u men ta tion will be
com pre hen sive (but not ver bose), up to date, and fo cused on achiev ing spe cific tasks, not doc u ment- 
ing ev ery last cor ner and niche of the plat form.

The plat form at tempts to “get out of the way” of Dev teams, en abling them to build what they
need with few pre-con cep tions about how teams need to do that. A good test for De vEx is how easy it
is to on board a new De vel oper to the plat form.

Built On an Un der ly ing Plat form
Ev ery soft ware ap pli ca tion and ev ery soft ware ser vice is built on a plat form. Of ten the plat form is

im plicit or hid den, or per haps not no ticed much by the team that builds the soft ware, but the plat form
is still there. As the philo soph i cal ex pres sion goes: it’s tur tles all the way down.

In a soft ware con text, this metaphor means that each plat form is it self built on an other plat form,
even if the un der ly ing plat form is hid den or im plied. If the un der ly ing or lower-level plat form is not
well de fined or sta ble, the up per plat form will it self be un sta ble, and un able to pro vide the firm foun- 
da tion needed to ac cel er ate soft ware de liv ery within the rest of the or ga ni za tion. If the un der ly ing
plat form has op er a tional quirks or per for mance prob lems, the plat form team group will need to build
in su la tion ab strac tions and work arounds for the op er a tional prob lems, and/or ad ver tise the po ten tial
prob lems to Dev teams and make it easy for them to avoid hit ting the prob lems. This cor re sponds with
the multi-layer vi able-sys tems model (VSM) de scribed by Stafford Beer in the clas sic book Brain of
the Firm.23

TIP

To help clar ify the plat form lay ers in use in your or ga ni za tion, draw the plat form lay ers on a large di a gram. This will help
to ex plain to in ter nal plat form teams and to teams that use that plat form ex actly what the plat form pro vides and what it de- 
pends on.
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Man age as a Live Prod uct or Ser vice
The plat form has users (Dev teams) and clearly de fined ac tive hours of op er a tion (when ever Dev

teams are us ing it). The users will come to de pend on the re li a bil ity of the plat form and will need an
un der stand ing of when new fea tures will ap pear and when old fea tures will be re tired. There fore, in
or der to help the Dev team users to be as ef fec tive as pos si ble, we need to: (1) treat the plat form as a
live/pro duc tion sys tem, with any down time planned and man aged, and (2) use soft ware-prod uct-man- 
age ment and ser vice-man age ment tech niques.

When we treat the plat form as a live or pro duc tion sys tem, we need to un der take all the nor mal ac- 
tiv i ties and prac tices that we would with any other live sys tem: de fine the hours of op er a tion, de fine
the re sponse time for in ci dents and sup port, en sure we have an on-call rota to sup port the plat form,
man age in ci dents and un planned down time with suit able com mu ni ca tion chan nels (such as ser vice
sta tus pages), and so on. Nat u rally, as the plat form grows, it can be use ful to re con sider ex actly what
is needed from the teams within the or ga ni za tion and what can ac tu ally be pro vided ex ter nally,
thereby re duc ing the need for an ever-in creas ing op er a tional-sup port bur den on the plat form teams:
“the plat form team’s main clien tele is the prod uct teams,” as Kenichi Shi bata says.24

So, how do we man age a live soft ware sys tem with well-de fined users and hours of op er a tion? By
us ing soft ware-prod uct-man age ment tech niques. The plat form, there fore, needs a roadmap cu rated by
prod uct-man age ment prac ti tion ers, pos si bly co-cre ated but at least in flu enced by the needs of users
(Dev teams). The plat form team will al most cer tainly be work ing with user per sonas for the users
(such as Samir the Web De vel oper, Jen nifer the Tester, Mani the Prod uct Owner, Jack the Ser vice Ex- 
pe ri ence En gi neer, and so on). The user per sonas will help the plat form team to em pathize with the
needs, frus tra tions, and goals of typ i cal users of the plat form. Mem bers of the plat form teams will en- 
gage with cus tomers (Dev teams and oth ers) reg u larly to un der stand what they need.

Cru cially, the evo lu tion of the plat form “prod uct” is not sim ply driven by fea ture re quests from
Dev teams; in stead, it is cu rated and care fully shaped to meet their needs in the longer term. Fea ture
us age is tracked with met rics and used to shape con ver sa tions about pri or i ti za tion. A plat form is not
just a col lec tion of fea tures that Dev teams hap pened to ask for at spe cific points in the past, but a
holis tic, well-crafted, con sis tent thing that takes into ac count the di rec tion of tech nol ogy change in the
in dus try as a whole and the chang ing needs of the or ga ni za tion. A good plat form will also serve to re- 
duce the need for se cu rity and au dit teams to spend time with the Dev team.

Con vert Com mon Team Types to the Fun da men tal Team Topolo gies
Many or ga ni za tions would ben e fit from in creas ing the clar ity around the def i ni tion and pur pose of

their teams. In fact, we think that most or ga ni za tions would see ma jor gains in ef fec tive ness by map- 
ping each of their teams to one of the four fun da men tal topolo gies; that is, iden tify which of the four
fun da men tal topolo gies would rep re sent the best way of work ing for each team, and then change that
team’s re mit to adopt the pur pose and be hav ior pat terns of that topol ogy.

Move to Mostly Stream-Aligned Teams for Longevity and Flex i bil- 
ity

Most teams in a flow-op ti mized or ga ni za tion should be long-lived, multi-dis ci plined, stream-
aligned teams. These teams take own er ship of dis crete slices of func tion al ity or cer tain user out comes,
build ing strong and last ing re la tion ships with busi ness rep re sen ta tives and other de liv ery teams.
Stream-aligned teams can ex pect to have cog ni tive load matched to their ca pa bil i ties through the sup- 
port and help they get from en abling teams, plat form teams, and com pli cated-sub sys tem teams.

In fra struc ture Teams to Plat form Teams
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Tra di tion ally, many in fra struc ture teams were re spon si ble for all as pects of the live/pro duc tion in- 
fra struc ture, in clud ing any changes to ap pli ca tions de ployed on that in fra struc ture, as shown in Fig ure
5.3:
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Fig ure 5.3: Tra di tional In fra struc ture Team Or ga ni za tion

Many tra di tional in fra struc ture teams (on the right) blocked flow by be ing re spon si ble for all changes to pro duc tion in fra struc ture,
in clud ing ap pli ca tion changes, fre quently gated by ITIL change pro cesses. Work from Dev teams (on the left) was handed over to
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in fra struc ture or Ops teams for de ploy ment, pre vent ing flow.

Con vert ing an in fra struc ture team into a plat form team en ables rapid, safe flow of change both
within the plat form and—cru cially—within stream-aligned teams.

The change from in fra struc ture team to plat form team is not sim ple or straight for ward, be cause a
plat form is man aged as a prod uct us ing proven soft ware de vel op ment tech niques that may be quite
un fa mil iar to in fra struc ture peo ple. But as the ex am ples else where in this chap ter show, it’s an ap- 
proach that works well.

Com po nent Teams to Plat form or Other Team Types
Ex ist ing teams based on a tech nol ogy com po nent should ei ther be dis solved, with the work go ing

into stream-aligned teams or con verted into an other team type: as part of the plat form (if the com po- 
nent is a lower-level “plat form” com po nent), to an en abling team (if the com po nent is easy enough for
stream-aligned teams to work with), or to a com pli cated-sub sys tem team (if the sub sys tem re ally is
needed and re ally is too com pli cated for stream-aligned teams to work with). In any case, the team
should adopt the cor re spond ing team be hav iors and in ter ac tion modes.

TIP

For or ga ni za tions that are suc cess ful at de liv er ing soft ware 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 suc cess ful or ga ni za tions re port, the ra tio
of stream-aligned teams to other kinds of teams should be be tween about 6:1 and 9:1.

For ex am ple, data base-ad min is tra tor (DBA) teams can of ten be con verted to en abling teams if
they stop do ing work at the soft ware-ap pli ca tion level and fo cus on spread ing aware ness of data base
per for mance, mon i tor ing, etc. to stream-aligned teams. Some or ga ni za tions have had suc cess con vert- 
ing a DBA team into part of the plat form, pro vid ing a spe cial ized ser vice around data base per for- 
mance, con fig u ra tion, avail abil ity, and so forth, but the DBA team is no longer re spon si ble for schema
changes or ap pli ca tion-level data base con cerns.

Like wise, “mid dle ware” teams can also be con verted to plat form teams if they make those parts of
the sys tem eas ier to use for stream-aligned teams, re duc ing cog ni tive load for de vel op ers by cus tomiz- 
ing, sim pli fy ing, or wrap ping the mid dle ware into easy-to-con sume self-serve ser vices aligned to the
key or ga ni za tion goals.

Tool ing Teams to En abling Teams or Part of the Plat form
A tool ing team can eas ily turn into a siloed tool main te nance team over time if the ini tial man date

for the team is not spe cific enough or not time bounded. Be sides the emo tional at tach ment to the
toolchain, team mem bers’ tech ni cal skills can be come out dated and their ef fort wasted in mi nor im- 
prove ments led by in er tia rather than by real needs.

Tool ing teams are typ i cally bet ter run ei ther as en abling teams—with a short-lived and highly fo- 
cused re mit—or as part of the plat form (with a clear, well-in formed roadmap).

Con vert ing Sup port Teams
Tra di tion ally, many or ga ni za tions used a sin gle cross-ser vice team to sup port ap pli ca tions and ser- 

vices in the live/pro duc tion en vi ron ments. When speed of change and sys tem com plex ity were low,
this model en abled or ga ni za tions to op ti mize costs around the num ber and skills of peo ple in the sup- 
port team.

How ever, with rapid and con stant change to soft ware sys tems, suc cess ful or ga ni za tions are now
look ing again at the com po si tion and place ment of sup port teams to aid the flow of change rapidly and
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safely. The model for IT sup port that con sis tently seems to work best has two as pects: (1) sup port
teams aligned to the stream of changes, and (2) dy namic cross-team ac tiv ity to re solve live ser vice in- 
ci dents.

In this model, if ded i cated sup port teams are needed, they are aligned to the stream of change,
along side a team or squad build ing the soft ware sys tems. The team with a fo cus on sup port sits within
the fam ily or tribe of teams that are aligned to the same stream of change. In this con text, the team
pro vid ing sup port tends to evolve a greater aware ness for the ex pe ri ence of the user of the whole ser- 
vice, adding end-to-end syn thetic trans ac tion mon i tor ing, par tic u larly in sit u a tions where IT and soft- 
ware are only a mi nor as pect. In fact, some or ga ni za tions re name such teams “ser vice-ex pe ri ence
teams” to take ac count of the fact that the end-to-end user ex pe ri ence may in volve much more than
just IT sys tems, as shown in Fig ure 5.4 (see page 107).
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Fig ure 5.4: Sup port Teams Aligned to Stream of Change

The new model for sup port teams: aligned to the flow of change, usu ally paired with one or more stream-aligned Dev teams. In ci- 
dents are han dled with dy namic “swarm ing.”
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When an in ci dent oc curs with the live pro duc tion sys tems, the sup port teams ini tially at tempt to
re solve the prob lem within stream ar eas alone. If the prob lem is en tirely within stream, there is no
need for any other team to get in volved. If nec es sary, other stream-aligned sup port teams are brought
in to help di ag nose the prob lem; and if the in ci dent af fects many teams, a dy namic “swarm” or “in ci- 
dent squad” of sup port spe cial ists is formed from the var i ous sup port teams to triage the prob lem and
re store ser vice as rapidly as pos si ble. As ser vice-man age ment spe cial ist Jon Hall ex plains, there are
ad di tional ben e fits too: the “in clu sion of in ex pe ri enced front line sup port staff in these swarms gives
ex po sure to knowl edge that would oth er wise only start to be gained af ter even tual pro mo tion to more
spe cial ist teams.”25

These two dif fer ent views of sup port have two im por tant ef fects: (1) By keep ing sup port teams
aligned to streams, we help to keep the streams as in de pen dent as pos si ble (as they should be) by cre- 
at ing a strong in cen tive to de sign the sys tems for each stream to be in de pen dent at run time. Ef fec- 
tively, we avoid a Con way’s law ef fect of “mono lithiza tion” in the pro duc tion en vi ron ment, which
oth er wise tends to oc cur with a sin gle team re spon si ble for sup port ing all pro duc tion sys tems. (2) We
also rapidly share knowl edge of newly dis cov ered lim i ta tions and flaws in the soft ware sys tems, en- 
abling sup port teams in each stream to feed back learn ing quickly into teams build ing the sys tems.

NOTE

Or ga ni za tions with a need to in ter act with users di rectly over the tele phone or in per son still main tain a call cen ter or ser vice
desk, but con cep tu ally, the ser vice desk sits off to one side of the sys tems (away from the flow of change and flow of in for ma tion
from live sys tems), al low ing in for ma tion around live-run ning sys tems to flow back into the stream-aligned teams.

Con vert ing Ar chi tec ture and Ar chi tects
The most ef fec tive pat tern for an ar chi tec ture team is as a part-time en abling team (if one is

needed at all). The team be ing part-time is im por tant: it em pha sizes that many de ci sions should be
taken by im ple ment ing teams rather than left to the ar chi tec ture team. Some or ga ni za tions com pose a
vir tual team from mem bers of other teams. This vir tual team meets reg u larly to dis cuss and evolve the
ar chi tec ture as pects of the sys tems. This is akin to the chap ter or guild ter mi nol ogy used by Spo tify
(see Chap ter 4).

Cru cially, for ef fec tive mod ern soft ware de vel op ment, the ar chi tec ture team should sup port the
other teams, help ing them to be as ef fec tive as pos si ble, rather than im pos ing de signs or tech nol ogy
choices on other teams. As Fors gren, Hum ble, and Kim put it in Ac cel er ate, “Ar chi tects should col- 
lab o rate closely with their users—the en gi neers who build and op er ate the sys tems through which the
or ga ni za tion achieves its mis sion—to help them achieve bet ter out comes and pro vide them the tools
and tech nolo gies that will en able these out comes.”26

A cru cial role of a part-time, ar chi tec ture-fo cused en abling team is to dis cover ef fec tive APIs be- 
tween teams and shape the team-to-team in ter ac tions with Con way’s law in mind. (We cover this as- 
pect of ar chi tec ture more in Chap ter 7.)

Sum mary: Use Loosely Cou pled, Mod u lar Groups of Four Spe cific
Team Types

Many or ga ni za tions strug gling with rapid, sus tain able soft ware de liv ery have a wide range of dif- 
fer ent types of teams, each with dif fer ent (usu ally poorly de fined) re spon si bil i ties. To avoid this prob- 
lem, re strict teams to just four fun da men tal types—stream aligned, en abling, com pli cated sub sys tem,
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and plat form. This fo cuses the or ga ni za tion on team in ter ac tion pat terns that are known to pro mote
flow at both per sonal and or ga ni za tional lev els.

Or ga ni za tions de vel op ing and run ning non-triv ial soft ware sys tems to day need to op ti mize their
teams for a safe and rapid flow of change strongly in formed by how live pro duc tion sys tems work (or
fail). This means that the ma jor ity of teams need to be loosely cou pled, aligned to the flow of change
(the “stream”), and ca pa ble of de liv er ing a use ful in cre ment in the prod uct, ser vice, or user ex pe ri ence
for which they are re spon si ble.

Help ing stream-aligned teams achieve this high rate of flow are en abling teams (which iden tify
im ped i ments and cross-team chal lenges, and sim plify the adop tion of new ap proaches), com pli cated-
sub sys tem teams (if needed, to bring deep spe cial ist ex per tise to spe cific parts of the sys tem), and
plat form teams (which pro vide the un der ly ing “sub strate” on which stream-aligned teams can build
and sup port soft ware prod ucts and ser vices with min i mal fric tion).

This stan dard iza tion on the types and re spon si bil i ties of teams build ing and run ning soft ware sys- 
tems helps to in crease flow by en sur ing that most teams are stream aligned, with sup port ing ca pa bil i- 
ties and skills pro vided by en abling, com pli cated-sub sys tem, and plat form teams.

In turn, the plat form it self is run as a prod uct or ser vice, with well-es tab lished soft ware-prod uct-
man age ment tech niques used to pri or i tize work, reg u lar in ter ac tion with cus tomers of the plat form
(mostly stream-aligned teams), and a strong fo cus on UX and De vEx. The plat form it self may be
com posed of in ter nal stream-aligned teams, en abling teams, com pli cated-sub sys tem teams, and even
lower-level plat form teams, us ing the same team types and in ter ac tions that are used by the teams con- 
sum ing the plat form.

The fo cus on em pow er ing stream-aligned teams to achieve fast flow helps to drive de ci sions at all
lev els of the or ga ni za tion and pro vides the over ar ch ing mis sion for all teams.
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6 Choose Team-First Bound aries

When code doesn’t work . . . the prob lem starts in how teams are or ga nized and [how] peo- 
ple in ter act.

—Eric Evans, Do main-Driven De sign

Flow is dif fi cult to achieve when each team de pends on a com pli cated web of in ter ac tions with
many other teams. For a fast flow of change to soft ware sys tems, we need to re move hand-offs and
align most teams to the main streams of change within the or ga ni za tion. How ever, many or ga ni za tions
ex pe ri ence huge prob lems with the re spon si bil ity bound aries as signed to teams. Typ i cally, lit tle
thought is given to the vi a bil ity of the bound aries for teams, re sult ing in a lack of own er ship, dis en- 
gage ment, and a glacially slow rate of de liv ery.

In this chap ter, we de fine and ex plore ways of find ing suit able bound aries within and across soft- 
ware sys tems that en able teams to own and evolve their part of the sys tem ef fec tively and sus tain ably
in ways that en cour age flow. These tech niques ap ply equally well to mono lithic soft ware and to soft- 
ware that is al ready more loosely cou pled. Cru cially, these bound aries are “team sized”: we align soft- 
ware and sys tem bound aries to the ca pa bil i ties of a sin gle team, which im me di ately makes own er ship
and sus tain able evo lu tion of the soft ware much more fea si ble.

By care fully ex plor ing and val i dat ing the bound aries of re spon si bil ity be tween teams—and us ing
tech niques like do main-driven de sign and frac ture planes—we align the soft ware ar chi tec ture to the
prob lem do main, in creas ing the flow of changes and pro vid ing the or ga ni za tion with the ca pa bil ity to
evolve the so ciotech ni cal sys tem more rapidly and ef fec tively.

A Team-First Ap proach to Soft ware Re spon si bil i ties and Bound aries
Many prob lems in de liv er ing soft ware come from ac ci den tally un clear bound aries be tween dif fer- 

ent teams and their re spon si bil i ties. This is of ten shad owed by a soft ware ar chi tec ture with high cou- 
pling be tween its dif fer ent parts (even if on pa per the ar chi tec ture was sup posed to be highly mod u lar
and ex ten si ble), as Con way’s law tells us. Such a sys tem is com monly called a “mono lith.”

The re search pub lished in Ac cel er ate demon strates that tightly cou pled ar chi tec tures neg a tively in- 
flu ence the ca pac ity of hav ing au ton o mous teams with clear re spon si bil i ties. The au thors also men tion
ar chi tec tural ap proaches that help de cou ple such ar chi tec tures: “Ar chi tec tural ap proaches that en able
this strat egy [of sup port ing teams’ full own er ship from de sign through to de ploy ment] in clude the use
of bounded con texts and APIs as a way to de cou ple large do mains into smaller, more loosely cou pled
units.”1

But when we want to move from a mono lithic soft ware sys tem to more loosely cou pled ser vices,
we must also con sider how the new ar chi tec ture will af fect the teams in volved. We need to take into
ac count their cog ni tive ca pac ity, their lo ca tion, and their in ter est in the new ser vices.

With out tak ing into ac count the team an gle, we risk split ting the mono lith in the wrong places or
even cre at ing a com plex sys tem of in ter de pen dent ser vices. This is known as a “dis trib uted mono lith”
and re sults in teams lack ing au ton omy over their ser vices, as al most all changes re quire up dates to
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other ser vices. Ex am ples like Ama zon’s ser vice teams (Chap ter 4) show that we need to think and
guide team in ter ac tions to achieve the de sired ser vice in de pen dence.

Hid den Mono liths and Cou pling
There are many kinds of mono lithic soft ware, some of which are hard to de tect at first. For ex am- 

ple, many or ga ni za tions have taken the time and ef fort to split up an ap pli ca tion mono lith into smaller
ser vices only to pro duce a mono lithic re lease fur ther down the de ploy ment pipe line, wast ing an op- 
por tu nity to move faster and safer. We need to be fully aware of what kinds of mono liths we’re work- 
ing with be fore we start mak ing changes.

Ap pli ca tion Mono lith
An ap pli ca tion mono lith is a sin gle, large ap pli ca tion with many de pen den cies and re spon si bil i ties

that pos si bly ex poses many ser vices and/or dif fer ent user jour neys. Such ap pli ca tions are typ i cally de- 
ployed as a unit, of ten caus ing headaches for users (the ap pli ca tion is not avail able dur ing de ploy- 
ment) and op er a tors (un ex pected is sues be cause the pro duc tion en vi ron ment is a mov ing tar get; even
if we tested the mono lith in an en vi ron ment sim i lar to pro duc tion, it has surely drifted since then).

Joined-at-the-Data base Mono lith
A joined-at-the-data base mono lith is com posed of sev eral ap pli ca tions or ser vices, all cou pled to

the same data base schema, mak ing them dif fi cult to change, test, and de ploy sep a rately. This mono lith
of ten re sults from the or ga ni za tion view ing the data base, not the ser vices, as the core busi ness en gine.
It’s com mon to find that one or more data base-ad min is tra tion (DBA) teams were put in place to not
only main tain the data base but also co or di nate changes to the data base—a task they are of ten un der- 
staffed for—and they be come a large bot tle neck to de liv ery.

Mono lithic Builds (Re build Ev ery thing)
A mono lithic build uses one gi gan tic con tin u ous-in te gra tion (CI) build to get a new ver sion of a

com po nent. Ap pli ca tion mono liths lead to mono lithic builds, but even with smaller ser vices, it’s pos- 
si ble that the build scripts set out to build the en tire code base in stead of us ing stan dard de pen dency-
man age ment mech a nisms be tween com po nents (such as pack ages or con tain ers).

Mono lithic (Cou pled) Re leases
A mono lithic re lease is a set of smaller com po nents bun dled to gether into a “re lease.” When com- 

po nents or ser vices can be built in de pen dently in CI but are only able to test in a shared static en vi ron- 
ment with out ser vice mocks, peo ple end up bring ing into that same en vi ron ment all the lat est ver sions
of the com po nents. They pro ceed to de ploy the whole set of com po nents as one, as this gives them
con fi dence that what they tested is what will run in pro duc tion. Some times this ap proach is also the
re sult of hav ing a sep a rate QA team re spon si ble for test ing the dif fer ent com po nents (batch ing mul ti- 
ple ser vice changes makes sense from the per spec tive of a QA team with lim ited ca pac ity).

Mono lithic Model (Sin gle View of the World)
A mono lithic model is soft ware that at tempts to force a sin gle do main lan guage and rep re sen ta tion

(for mat) across many dif fer ent con texts. While it may make sense to fa vor this kind of con sis tency in
small or ga ni za tions (and only if the teams ex plic itly agree this is a good idea), this ap proach can in ad- 
ver tently start im pos ing con straints on the ar chi tec ture and im ple men ta tion as soon as an or ga ni za tion
reaches more than a hand ful of teams and/or do mains.

Mono lithic Think ing (Stan dard iza tion)
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g ( )
Mono lithic think ing is “one size fits all” think ing for teams that leads to un nec es sary re stric tions

on tech nol ogy and im ple men ta tion ap proaches be tween teams. Stan dard iz ing ev ery thing in or der to
min i mize vari a tion sim pli fies man age ment over sight of en gi neer ing teams, but it comes at a high pre- 
mium. Good en gi neers are able and keen to learn new tech niques and tech nolo gies. Re mov ing teams’
free dom to choose by en forc ing a sin gle tech nol ogy stack and/or tool ing strongly harms their abil ity
to use the right tool for the job and re duces (or some times kills) their mo ti va tion. In Ac cel er ate, the
au thors men tion how their re search in di cates that en forc ing stan dard iza tion upon teams ac tu ally re- 
duces learn ing and ex per i men ta tion, lead ing to poorer so lu tion choices.2

Mono lithic Work place (Open-Plan Of fice)
A mono lithic work place is a sin gle of fice-lay out pat tern for all teams and in di vid u als in the same

ge o graphic lo ca tion—typ i cally iso lated in di vid ual work spa ces (cu bi cles) or an open-plan lay out
with out ex plicit bar ri ers be tween peo ple’s desks.

The idea that of fices should have a stan dard ized lay out is preva lent. While it might sim plify the
work of the build ing con trac tor, it can have a re cur ring neg a tive ef fect on in di vid u als and teams. Fur- 
ther more, the com mon be lief that open-plan of fices in crease col lab o ra tion has been dis puted by a field
study that found that in two or ga ni za tions that adopted open of fices “the vol ume of face-to-face in ter- 
ac tion de creased sig nif i cantly (ap prox i mately 70%) . . . with an as so ci ated in crease in elec tronic in ter- 
ac tion.”3 In our ex pe ri ence, this hap pens when there’s a mis un der stand ing that what is needed is colo- 
ca tion of pur pose, not just colo ca tion of bod ies. (See Chap ter 2 for more ideas about team-first of fice-
space lay outs, and Chap ter 7 for dif fer ent team-in ter ac tion modes.)

Soft ware Bound aries or “Frac ture Planes”
Al though each kind of mono lith brings cer tain dis ad van tages, there are also dan gers to be aware of

when split ting up soft ware be tween teams. Split ting soft ware can re duce the con sis tency be tween dif- 
fer ent parts of the soft ware and can lead to ac ci den tal data du pli ca tion across mul ti ple sub sys tems.
The user ex pe ri ence (UX) across mul ti ple parts of the soft ware can be de graded if we’re not care ful to
achieve a co her ent UX, and ad di tional com plex ity can be in tro duced if we split soft ware into a more
dis trib uted sys tem.

First, we must un der stand what a frac ture plane is. A frac ture plane is a nat u ral seam in the soft- 
ware sys tem that al lows the sys tem to be split eas ily into two or more parts. This split ting of soft ware
is par tic u larly use ful with mono lithic soft ware. The word mono lith it self comes from Greek, mean ing
“sin gle stone.” Tra di tional stone ma sons hit stones at par tic u lar an gles to split the rocks in clean seg- 
ments, tak ing ad van tage of their nat u ral frac ture planes. We can look for sim i lar frac ture planes in
soft ware to find the nat u ral split points that lead to soft ware bound aries.

It is usu ally best to try to align soft ware bound aries with the dif fer ent busi ness do main ar eas. A
mono lith is prob lem atic enough from a tech ni cal stand point (par tic u larly, the way it slows down the
de liv ery of value over time as build ing, test ing, and fix ing is sues takes in creas ingly more time). If that
mono lith is also pow er ing mul ti ple busi ness do main ar eas, it be comes a recipe for dis as ter, af fect ing
pri or i ti za tion, flow of work, and user ex pe ri ence.

How ever, there are mul ti ple other pos si ble frac ture planes for soft ware, not only busi ness do main
ar eas. We can and should break down a mono lith by com bin ing dif fer ent types of frac ture planes.

Frac ture Plane: Busi ness Do main Bounded Con text
Most of our frac ture planes (soft ware re spon si bil ity bound aries) should map to busi ness-do main

bounded con texts. A bounded con text is a unit for par ti tion ing a larger do main (or sys tem) model into
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smaller parts, each of which rep re sents an in ter nally con sis tent busi ness do main area (the term was in- 
tro duced in the book Do main-Driven De sign by Eric Evans4).

Mar tin Fowler ex plains how a bounded con text must have an in ter nally con sis tent model of the
do main area:

DDD [do main-driven de sign] is about de sign ing soft ware based on mod els of the un der ly- 
ing do main. A model acts as a ubiq ui tous lan guage to help com mu ni ca tion be tween soft- 
ware de vel op ers and do main ex perts. It also acts as the con cep tual foun da tion for the de sign
of the soft ware it self—how it’s bro ken down into ob jects or func tions. To be ef fec tive, a
model needs to be uni fied—that is, to be in ter nally con sis tent so that there are no con tra dic- 
tions within it.5

In the book De sign ing Au ton o mous Teams and Ser vices, DDD ex perts Nick Tune and Scott Mil- 
lett give an ex am ple of an on line mu sic-stream ing ser vice with three sub do mains that align well to
busi ness ar eas: me dia dis cov ery (find ing new mu sic), me dia de liv ery (stream ing to lis ten ers), and li- 
cens ing (rights man age ment, roy alty pay ments, etc.).6

Iden ti fy ing bounded con texts re quires a fair amount of busi ness knowl edge and tech ni cal ex per- 
tise, so it’s nor mal to make mis takes ini tially. But that should not de ter you from im prov ing and adapt- 
ing as you un der stand your con text bet ter, even if that in volves some kind of re cur ring “cost” of ser- 
vice re design. There is of ten some level of se man tic cou pling in our de sign whereby, in the words of
Michael Ny gard, “a con cept may ap pear to be atomic just be cause we have a sin gle word to cover it.
Look hard enough and you will find seams where you can frac ture that con cept.”7 In other words, a
piece meal type of evo lu tion is ex pected when break ing down sys tems by bounded con text.

Other ad van tages of ap ply ing DDD in clude fo cus ing on core com plex ity and op por tu ni ties within
a bounded con text for a given busi ness do main, ex plor ing mod els via col lab o ra tion be tween busi ness
ex perts (be cause there are now smaller do mains to think about), build ing soft ware that ex presses these
mod els ex plic itly, and hav ing both busi ness own ers and tech nol o gists speak ing an ubiq ui tous lan- 
guage within a bounded con text.

In sum mary, the busi ness do main frac ture plane aligns tech nol ogy with busi ness and re duces mis- 
matches in ter mi nol ogy and “lost in trans la tion” is sues, im prov ing the flow of changes and re duc ing
re work.

Frac ture Plane: Reg u la tory Com pli ance
In highly reg u lated in dus tries, like fi nance or health care, reg u la tory re quire ments can of ten pro- 

vide hard bor ders for soft ware. They of ten re quire or ga ni za tions to adopt spe cific mech a nisms for au- 
dit ing, doc u ment ing, test ing, and de ploy ing soft ware that falls within the scope of those reg u la tions,
be it credit card pay ments, trans ac tion re port ing, and so on.

On one hand, it’s a good idea to min i mize the amount of vari a tion in those pro cesses across dif fer- 
ent sys tems. For ex am ple, hav ing dif fer ent re lease/de liv ery pro cesses de pend ing on the type of sys tem
and changes be ing made. But en sur ing such pro cesses, in clud ing man ual ap provals or ac tiv i ties, are
al ways mapped in the de liv ery pipe line and hav ing ap pro pri ate ac cess con trols to the pipe line gives
trace abil ity of changes across all sys tems while cov er ing most au dit ing re quire ments.

On the other hand, fol low ing strict re quire ments should not be forced on ar eas of the sys tem that
are not as crit i cal. Split ting off sub sys tems or flows within the mono lith that are in the scope of reg u- 
la tions is a nat u ral frac ture plane.

For in stance, the Pay ment Card In dus try Data Se cu rity Stan dard (PCI DSS) es tab lishes a set of
rules around re quest ing and stor ing credit card data. Com pli ance with PCI DSS should fall on a ded i- 
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cated sub sys tem for card data man age ment, but these re quire ments should not ap ply to an en tire
mono lith that hap pens to in clude pay ment func tion al ity. Split ting along the reg u la tory-com pli ance
frac ture plane sim pli fies au dit ing and com pli ance, as well as re duces the blast ra dius of reg u la tory
over sight.

Fi nally, there’s an as pect of team com po si tion and in ter ac tion at play here as well, es pe cially in
larger or ga ni za tions. With a sin gle, larger team re spon si ble for the mono lith, it’s typ i cal that peo ple
from com pli ance and/or le gal teams par tic i pate only oc ca sion ally in plan ning and pri or i ti za tion ses- 
sions, where the scope of the work does not jus tify full-time team mem ber ship for those stake hold ers.
When the sub sys tem gets split off, it sud denly makes more sense to have a smaller but com pli ance-fo- 
cused team, in clud ing busi ness own ers from com pli ance and/or le gal ar eas.

Frac ture Plane: Change Ca dence
An other nat u ral frac ture plane is where dif fer ent parts of the sys tem need to change at dif fer ent

fre quen cies. With a mono lith, ev ery piece moves at the speed of the slow est part. If new re port ing fea- 
tures are only needed and re leased on a quar terly ba sis, then it will likely be come very hard, if not im- 
pos si ble, to re lease other types of fea tures more fre quently than that, as the code base is in flux and not
ready for pro duc tion. Changes get lumped to gether, and the speed of de liv ery gets se ri ously af fected.

Split ting off the parts of the sys tem that typ i cally change at dif fer ent speeds al lows them to change
more quickly. The busi ness needs now drive the speed of change, rather than the mono lith im pos ing a
fixed speed for all.

Frac ture Plane: Team Lo ca tion
Teams dis trib uted ge o graph i cally and across dif fer ent time zones are ob vi ously not colo cated. But

even teams with mem bers work ing in the same of fice build ing on dif fer ent floors or in dif fer ent phys i- 
cal spa ces can be con sid ered ge o graph i cally sep a rate.

Within dis trib uted teams, com mu ni ca tion is lim ited since they must ex plic itly re quest a phys i cal
or vir tual space and time to com mu ni cate across lo ca tions. The re main ing (un planned) in tra-team
com mu ni ca tion (which can be as high as 80%) hap pens within the phys i cal bound aries of each of the
team’s par ti tions.

Work ing across dif fer ent time zones ag gra vates these com mu ni ca tion de lays and in tro duces bot tle- 
necks when man ual ap provals or code re views are needed from peo ple in dif fer ent time zones with lit- 
tle work ing-time over lap. Heidi Helfand stresses the is sues with dis tinct time zones in her book Dy- 
namic Reteam ing:

If you must have re mote work ers, you will need to do ex tra work to fos ter the col lab o ra tion
within the team and be tween the teams in or der to build the com mu nity. You should try to
have the same time zone ver sus dif fer ent time zones; oth er wise, peo ple won’t want to meet
with each other be cause it cuts into their per sonal time at home.8

We’d ar gue that for a team to com mu ni cate ef fi ciently, the op tions are be tween full colo ca tion (all
team mem bers shar ing the same phys i cal space) or a true re mote-first ap proach (ex plic itly re strict ing
com mu ni ca tion to agreed chan nels—such as mes sag ing and col lab o ra tion apps—that ev ery one on the
team has ac cess to and con sults reg u larly). When nei ther of these op tions is fea si ble (full colo ca tion or
re mote first), then it’s bet ter to split off the mono lith into sep a rate sub sys tems for teams in dif fer ent
lo ca tions. In this way, an or ga ni za tion can lever age Con way’s law and align the sys tem ar chi tec ture
with the com mu ni ca tion con straints in real life.

Frac ture Plane: Risk
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Dif fer ent risk pro files might co ex ist within a large mono lith. Tak ing more risk means ac cept ing a
higher prob a bil ity of sys tem or out come fail ure in fa vor of get ting changes into the hands of cus- 
tomers faster. As a side note, hav ing true con tin u ous de liv ery ca pa bil i ties in place with a loosely cou- 
pled sys tem ar chi tec ture (not a mono lith) ac tu ally de creases the risk of de ploy ing small changes very
fre quently.

There are mul ti ple types of risks (usu ally mapped to busi ness ap petite for change) that can sug gest
frac ture planes. Reg u la tory com pli ance is a spe cific type of risk, which we ad dressed ear lier. Other ex- 
am ples in clude mar ket ing-driven changes with a higher risk pro file (fo cus ing on cus tomer ac qui si tion)
ver sus lower risk pro file changes to rev enue-gen er at ing trans ac tional fea tures (fo cus ing on cus tomer
re ten tion).

The num ber of users might also drive ac cept able risk. For in stance, a multi-tier SaaS prod uct
might have mil lions of users in its free tier and only a few hun dred cus tomers in the pay ing tiers.
Changes to pop u lar fea tures in the free tier might fall into a higher risk pro file, as any ma jor fail ure
could mean los ing mil lions of po ten tial pay ing cus tomers. Changes to paid-only fea tures might ac tu- 
ally sus tain less risk if the speed and per son al iza tion of sup port for those few hun dred cus tomers
makes up for oc ca sional fail ures. For sim i lar rea sons, in ter nal sys tems in an or ga ni za tion can typ i cally
han dle higher risk pro files (al though that doesn’t mean they shouldn’t be treated as a reg u lar prod uct,
even if they’re for in ter nal use only).

Split ting off sub sys tems with clearly dif fer ent risk pro files al lows map ping the tech nol ogy
changes to busi ness ap petite or reg u la tory needs. It also al lows each sub sys tem to evolve its own risk
pro file over time, adopt ing prac tices like con tin u ous de liv ery that al low in creas ing speed of change
with out in cur ring more risk.

Frac ture Plane: Per for mance Iso la tion
In par tic u lar types of sys tems, dif fer en ti at ing lev els of per for mance might be ben e fi cial. Of course,

per for mance should al ways be a con cern for ev ery sys tem; and it should be an a lyzed, tested, and op ti- 
mized where pos si ble.

How ever, parts of ap pli ca tions sub ject to peaks of de mand at a large scale (like yearly tax sub mis- 
sions on the last day), re quire a level of scal ing and failover op ti miza tion not nec es sary for the rest of
the sys tem.

Split ting off such a sub sys tem based on par tic u lar per for mance de mands helps to en sure it can
scale au tonomously, in creas ing per for mance and re duc ing cost. A full tax-re turn ap pli ca tion could
then, for ex am ple, be com posed of a tax sub mis sion and val i da tion sub sys tem that is per for mance crit- 
i cal and can han dle mil lions of sub mis sions in a short time pe riod. Other sub sys tems such as tax sim u- 
la tion, pro cess ing, and pay ment can live with less crit i cal per for mance.

Frac ture Plane: Tech nol ogy
Tech nol ogy is of ten (his tor i cally) the only type of bound ary used when split ting up teams. Con- 

sider how com mon it is to have sep a rate teams for front end, back end, data tier, etc.
How ever, these com mon kinds of tech nol ogy-driven splits typ i cally in tro duce more con straints

and re duce flow of work rather than im prove it. That is be cause the sep a rate teams are less au ton o- 
mous, as prod uct de pen den cies re main while each team has less vis i bil ity on the work as a whole, and
in ter-team com mu ni ca tion paths are slower than in tra-team.

There are sit u a tions where split ting off a sub sys tem based on tech nol ogy can be ef fec tive, par tic u- 
larly for sys tems in te grat ing older or less au tomat able tech nol ogy. Flow can be con sid er ably slower
when changes in volv ing such older tech nol ogy are re quired, ei ther be cause more man ual tests must be
run or dif fi cul ties are ex pect ing im ple ment ing changes due to poor doc u men ta tion and lack of an
open, sup port ive com mu nity of users (a given for mod ern tech stacks). Fi nally, the ecosys tem of tools
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(IDEs, build tools, test ing tools, etc.) around such tech nol ogy tends to be have and feel very dif fer ent
from mod ern ecosys tems, in creas ing the cog ni tive load on team mem bers that need to switch be tween
these very dif fer ent tech nolo gies. Split ting the team re spon si bil i ties along tech nol ogy lines in these
cases can help teams to own and evolve soft ware ef fec tively.

When de cid ing whether to split along tech nol ogy frac ture planes, first in ves ti gate whether al ter na- 
tive ap proaches could help in crease the pace of change in older tech, as that would re move con straints
and ben e fit the busi ness (while al low ing a mono lith split along more valu able frac ture planes, like
busi ness-aligned bounded con texts). For ex am ple, in his book De vOps for the Mod ern En ter prise,
Mirco Her ing ex plains how to ap ply good cod ing and ver sion-con trol prac tices when deal ing with
pro pri etary COTS prod ucts.9

Frac ture Plane: User Per sonas
As sys tems grow and ex pand their fea ture sets, their cus tomer base (in ter nal or ex ter nal) also

grows and di ver si fies. Some groups of users will rely on a given sub set of fea tures to get their jobs
done, while other groups will re quire an other sub set. In prod ucts with tiered pric ing, the sub set is built
in by de sign (higher pay ing cus tomers have ac cess to more fea tures than lower or non-pay ing cus- 
tomers). In other sys tems, ad min users have ac cess to more op tions and con trols than reg u lar users; or
sim ply, more ex pe ri enced users make more use of cer tain fea tures (like key board short cuts) than
novice users. Thus, it makes sense to split off sub sys tems for user per sonas in these types of sit u a- 
tions.

The ef fort re quired to re move de pen den cies or cou pling be tween fea tures is com pen sated with a
sharper fo cus on cus tomers’ needs and ex pe ri ence us ing the sys tem, which should re sult in higher cus- 
tomer sat is fac tion and im prove the or ga ni za tion’s bot tom line. In fact, such a struc ture can also im- 
prove the speed and qual ity of cus tomer sup port—it be comes eas ier to map is sues to a given sub sys- 
tem and team. Teams re spon si ble for sub sys tems aligned with en ter prise per sonas might want to en- 
sure there is al ways avail abil ity to deal with (en ter prise) sup port is sues as smoothly as pos si ble.

Nat u ral “Frac ture Planes” for Your Spe cific Or ga ni za tion or Tech- 
nolo gies

Some times other nat u ral or avail able team-first frac ture planes for as sign ing work can be iden ti- 
fied. The lit mus test for the ap pli ca bil ity of a frac ture plane: Does the re sult ing ar chi tec ture sup port
more au ton o mous teams (less de pen dent teams) with re duced cog ni tive load (less dis parate re spon si- 
bil i ties)?

Of course, achiev ing such re sults of ten re quires some ini tial ex per i men ta tion and fine tun ing. It is
un likely to guar an tee a spe cific end re sult with out ac tu ally giv ing it a fair try first. A sim ple heuris tic
that can help guide as sess ment of your sys tem and team bound aries is sim ply to ask: Could we, as a
team, ef fec tively con sume or pro vide this sub sys tem as a ser vice? If the an swer is yes, then the sub- 
sys tem is a good can di date for split ting off and as sign ing to a team to own and evolve.

FIND ING GOOD SOFT WARE BOUND ARIES AT POP PULO
Stephanie Shee han, VP of Op er a tions at Pop pulo
Damien Daly, Di rec tor of En gi neer ing at Pop pulo

Pop pulo en ables or ga ni za tions to plan, tar get, pub lish, and mea sure the im pact of their com- 
mu ni ca tions across mul ti ple dig i tal chan nels, all in one place. Over four years from 2012 we
tre bled in size, opened of fices in the US, and grew an ex ten sive cus tomer port fo lio of the
world’s great est brands, in clud ing Nestlé, Ex pe rian, LinkedIn, Honda, and Rolls-Royce. As
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of 2019, the Pop pulo plat form is used by more than 15 mil lion em ploy ees in more than a
hun dred coun tries. Get ting to this point we have had to scale from a sin gle de vel op ment
team to eight prod uct teams, one SRE team, and an in fra-team in the space of three years.

Back in 2015, we ex pected sig nif i cant growth in our cus tomer base and in the size of
our en gi neer ing staff, so we wanted to make sure that we split up the mono lith in a way that
helped the new teams to be largely in de pen dent and au ton o mous. As we hired more en gi- 
neers, the ar chi tec ture and prac tices which worked for a sin gle team were not go ing to scale.
We put De vOps and con tin u ous de liv ery prac tices at the cen ter of our de sign choices and
started tran si tion ing to a mi croser vices-type ar chi tec ture from our ex ist ing (suc cess ful)
mono lithic sys tem.

We be gan by adopt ing a stronger fo cus on “the team” as the means to get work done.
Pre vi ously we some times had bot tle necks around in di vid u als, but by tak ing a team ap proach
and adopt ing prac tices like pair ing (and later, mob bing) we be gan to see bet ter flow of work
as team mem bers helped each other to com plete tasks. We then be gan in stru ment ing our
code and adding teleme try so that we had vis i bil ity of how the code ac tu ally worked in pro- 
duc tion. To gether with end-to-end de ploy ment pipe lines, the im proved log ging and met rics
al lowed teams to un der stand the code bet ter and start to take own er ship.

The Pop pulo prod ucts help or ga ni za tions to com mu ni cate elec tron i cally with large
num bers of peo ple, so our busi ness do mains are cen tered around con cepts like peo ple, con- 
tent, events, email, mo bile, and an a lyt ics. We knew from read ing and watch ing con fer ence
talks the im por tance of giv ing aligned au ton omy to de liv ery teams through clean sep a ra tion
of do mains. We there fore spent some time as sess ing how in de pen dent each do main re ally
was and play ing though sce nar ios on white boards be fore split ting the soft ware along these
do main bound aries. We were keen to en sure that we were not too ad versely af fected by
Con way’s law, so mak ing sure that we had ef fec tive do main sep a ra tion was cru cial.

We value col lab o ra tion and au ton omy in our work, so we or ga nized our selves into
“ma trix prod uct teams,” cross func tional teams who sit to gether and com pletely own an area
of the prod uct. Our prod uct teams are typ i cally made up of four de vel op ers, one pro duc tion
man ager, one QA, and one UX/UI de signer. Our teams speak di rectly to cus tomers and
stake hold ers: they shadow sup port calls; they de sign, build, and mea sure the im pact of their
so lu tions; and they are ac count able for the qual ity of the so lu tions they de liver.

We use some tech niques from DDD, par tic u larly event storm ing, to un der stand and
model the do mains in our busi ness con text. At a more tech ni cal level, we use Pact for con- 
tract test ing ser vices and in ter-team com mu ni ca tion. Pact has re ally helped us to adopt a
clear, de fined ap proach to test ing ser vices, set ting ex pec ta tions across all teams about how
to test and in ter act with other teams.

Most of our de liv ery teams are aligned to busi ness do main bounded con texts such as
email, cal en dar, peo ple, sur veys, and so on. We also have a few parts of the sys tem that
align to reg u la tory bound aries (par tic u larly ISO 27001 for in for ma tion se cu rity man age- 
ment) and to the need for cross-do main re port ing of fea ture us age. These ar eas are han dled
by ei ther a small spe cial ist team or through col lab o ra tion across sev eral teams.

We also have a team that helps to pro vide con sis tent user ex pe ri ence (UX) across all
parts of the soft ware. The UX team acts as in ter nal con sul tants across all the de liv ery teams,
en abling them to adopt good UX prac tices quickly. We run an SRE ca pa bil ity for deal ing
with the high vol ume of traf fic and en hanc ing op er abil ity.

Tak ing the time to un der stand our busi ness do mains and split our mono lithic soft ware
up to match the do mains has helped us to scale our en gi neer ing di vi sion from six teen peo ple
to sev enty peo ple since 2015. In vest ing in teleme try and a good op er a tional fo cus has
helped the teams un der stand the soft ware they are build ing. By adopt ing cross-func tional
prod uct teams with what we call “aligned au ton omy” we have seen good own er ship of soft- 
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ware ser vices within teams, which in turn en ables us to have a fast flow of change while
min i miz ing down time.

Real-World Ex am ple: Man u fac tur ing
When we talked about tech nol ogy as a frac ture plane, we stressed how this should be ap plied

sparsely and mostly for older tech nol ogy that feels and be haves con sid er ably dif fer ent from mod ern
soft ware stacks. In evitably, you will find ex cep tions. The dif fi culty is un der stand ing when an ex cep- 
tion is valid and when an easy way to make quick progress ul ti mately lim its ef fec tive ness.

To il lus trate, let’s look at a sce nario that we found at a rather large man u fac tur ing client we
worked for. This large man u fac tur ing com pany pro duces phys i cal de vices for con sumers. All the de- 
vices are equipped with IoT ca pa bil i ties, in clud ing re mote con trol from a mo bile app and re mote soft- 
ware up dates via the cloud. De vices are con trolled from both the cloud (via sched uled ac tiv ity) and by
in ter ac tive user con trol (us ing the mo bile app). All ac tiv ity logs and prod uct data are sent to the cloud,
where they are pro cessed, fil tered, and stored.

It would be ex tremely chal leng ing for a stream-aligned team to own this en tire end-to-end user ex- 
pe ri ence—mo bile app, cloud pro cess ing, and em bed ded soft ware for the de vice—given the size and
cog ni tive-load lim i ta tions high lighted early in the book. Mak ing end-to-end changes across three very
dif fer ent tech stacks (em bed ded, cloud, and mo bile) re quires a skill mix that is hard to find, and the
as so ci ated cog ni tive load and con text switch ing would be un ten able. At best, changes would be sub- 
op ti mal in tech ni cal and ar chi tec tural terms; at worst, they would be frag ile, lead to steadily in creas ing
tech ni cal debt, and pos si bly pro vide a poor user ex pe ri ence for cus tomers over all.

In stead, by ac cept ing the tech ni cal lim i ta tions of the sys tem, teams could be or ga nized along the
nat u ral tech nol ogy bound aries (an em bed ded team, a cloud team, and pos si bly, a mo bile team). The
gap be tween these tech nolo gies (in terms of skills and speed of de ploy ment) im poses a dif fer ent pace
of change for each, which is the key driver for sep a rate teams.

There are two main op tions in this case (see Fig ure 6.1 on page 124): (1) Treat the cloud soft ware
as the plat form and the mo bile and em bed ded IoT soft ware as clients/con sumers of the plat form. This
will work well if the rate or ease of change of the con sum ing apps is at least as rapid as changes in the
cloud plat form. (2) Treat the em bed ded IoT de vices as a plat form and make the cloud and mo bile apps
clients/con sumers of this plat form. Ei ther model can work, but in each, the team be hav ing as a plat- 
form will need to adopt plat form-like ap proaches.
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Fig ure 6.1: Mo bile, Cloud, and IoT Tech nol ogy Frac ture Plane Sce nario

With three very dis parate tech nolo gies (mo bile, cloud, and IoT), an or ga ni za tion must de cide on an ap proach to frac ture planes
that makes sense based on the cog ni tive load and the change ca dence in each area.
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This ap proach will re quire reg u lar co or di na tion be tween teams for fea tures that im pact two or
more tech nol ogy ar eas. Changes might need to be sched uled to the cloud plat form’s APIs be fore a
new soft ware ver sion can be de ployed to the em bed ded de vices. This co or di na tion, how ever, should
also serve to es tab lish com mon ways of work ing be tween the teams (e.g., se man tic ver sion ing, log- 
ging ap proaches, API-first de vel op ment).

Over time, these shared prac tices and knowl edge might en able a fu ture re struc ture of team bound- 
aries, as the pace of change be comes more sim i lar across tech nolo gies.

Sum mary: Choose Soft ware Bound aries to Match Team Cog ni tive
Load

When op ti miz ing for flow, stream-aligned teams should be re spon si ble for a sin gle do main. This is
a chal lenge when do mains are hid den in mono lithic sys tems that in clude many dif fer ent re spon si bil i- 
ties and are mostly driven by tech nol ogy choices, pro vid ing func tion al i ties across mul ti ple ar eas of
busi ness.

We need to look for nat u ral ways to break down the sys tem (frac ture planes) that al low the re sult- 
ing parts to evolve as in de pen dently as pos si ble. Con se quently, teams as signed to those parts will ex- 
pe ri ence more au ton omy and own er ship over them.

Look ing to align sub sys tem bound aries with (mostly in de pen dent) seg ments of the busi ness is a
great ap proach, and the do main-driven de sign method ol ogy sup ports that ap proach nicely. But we
need to be ware and sense for other frac ture planes, such as change ca dence, risk, reg u la tory com pli- 
ance, and so on. Of ten, a com bi na tion of frac ture planes will be re quired.

Fi nally, we need to be aware of dif fer ent types of mono liths im ped ing flow and caus ing un nec es- 
sary de pen den cies be tween teams. While we typ i cally think of sys tem ar chi tec ture as a mono lith,
there are other, more sub tle ways in which cou pling creeps in, even when the sys tem ar chi tec ture is al- 
ready mod u lar (for ex am ple, shared data bases, cou pled builds and/or re leases, and more). As Amy
Phillips puts it, “If you have mi croser vices but you wait and do end-to-end test ing of a com bi na tion of
them be fore a re lease, what you have is a dis trib uted mono lith.”10

When con sid er ing sub sys tem bound aries, the main aim should be to find soft ware frac ture planes
that align to busi ness do main bounded con texts, be cause most of these bounded con texts will map to
streams of change that are nat u ral for the or ga ni za tion. This, in turn, means that busi ness-do main
bound aries can be aligned to stream-aligned teams, help ing to fo cus on flow across the or ga ni za tion.

Frac ture planes can be cho sen around spe cific chal lenges (e.g., tech nol ogy, reg u la tion, per for- 
mance, ge o graphic lo ca tion of staff, user per sonas) to help avoid hand-offs be tween teams and pro- 
mote flow.

In all cases, it is es sen tial to make soft ware seg ments team sized so that teams can ef fec tively own
and evolve their soft ware in a sus tain able way.
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PART III

Evolv ing Team In ter ac tions for In no va tion and RapidDe liv ery
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KEY TAKE AWAYS
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CHAP TER 7
Choose spe cific team in ter ac tion modes to en hance soft ware de liv ery.
Choose be tween three team in ter ac tion modes—col lab o ra tion, X-as-a-Ser vice, and fa cil i tat ing
—to help teams pro vide and evolve ser vices to other teams.
Col lab o ra tion can be a pow er ful driver for in no va tion but can also re duce flow.
X-as-a-Ser vice can help other teams de liver quickly but only if the bound ary is suit able.
Fa cil i tat ing helps to avoid cross-team chal lenges and de tects prob lems.
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CHAP TER 8
Use dif fer ent team topolo gies si mul ta ne ously for strate gic ad van tage.
Change team topolo gies and team in ter ac tions to ac cel er ate adop tion of new ap proaches.
Dif fer en ti ate be tween ex plore, ex ploit, sus tain, re tire phases us ing team topolo gies.
Ex pect mul ti ple, si mul ta ne ous team topolo gies to meet dif fer ent needs.
Rec og nize trig gers for or ga ni za tion change.
Treat op er a tions as high-fi delity sen sory in put for self-steer ing.

CON CLU SION
Com bine a team-first ap proach with Con way’s law, the four fun da men tal topolo gies, team in- 
ter ac tion modes, topol ogy evo lu tion, and or ga ni za tional sens ing.
Get started: be gin with the team, iden tify streams, iden tify the thinnest vi able plat form, iden- 
tify ca pa bil ity gaps, and prac tice team in ter ac tions.
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7 Team In ter ac tion Modes

Tech nolo gies and or ga ni za tions should be re designed to in ter mit tently iso late peo ple from
each other’s work for best col lec tive per for mance in solv ing com plex prob lems.

—Ethan Bern stein, Jesse Shore, and David
Lazer, “How In ter mit tent Breaks in In ter ac tion

Im prove Col lec tive In tel li gence”

In Part II, we saw how com bi na tions of the four fun da men tal team topolo gies—stream aligned,
en abling, com pli cated sub sys tem, and plat form—pro vide a clear pat tern for soft ware de liv ery with
fast flow. How ever, sim ply ar rang ing teams into pat terns is not enough for high ef fec tive ness; it is
also nec es sary to iden tify how these teams in ter act and when to change the teams and their in ter ac- 
tions.

Part III will look at how the evo lu tion of team in ter ac tions can be come a strate gic ad van tage for
or ga ni za tions build ing soft ware sys tems. Through a com bi na tion of well-de fined team in ter ac tion pat- 
terns and clear heuris tics for evolv ing team topolo gies, or ga ni za tions can use team in ter ac tions as a
sens ing mech a nism for in no va tion and self-steer ing to ward bet ter cus tomer or user out comes.

So far, we have seen sev eral static (point-in-time) team topolo gies that work well for dif fer ent sce- 
nar ios, along with some guide lines for choos ing sen si ble team bound aries. How ever, it is not suf fi- 
cient to sim ply choose a team bound ary a sin gle time and ex pect no fur ther changes; in stead, or ga ni- 
za tions must an tic i pate the need for evo lu tion of team pat terns to meet busi ness, or ga ni za tional, mar- 
ket, tech no log i cal, and per son nel needs.

As teams gain more ex pe ri ence in one area, new tech nol ogy be comes avail able, or the or ga ni za- 
tion ex pands and con tracts in size, the dy nam ics be tween teams and eco nom ics (par tic u larly the
economies of scale) change, and the choice of team topolo gies can help fa cil i tate that change. In some
cases, the same two teams might need to col lab o rate closely at some point in time but be in de pen dent
six or nine months later in or der to achieve the most ef fec tive soft ware de liv ery out comes. The team
topolo gies used should adapt and evolve to meet emerg ing chal lenges, while still re tain ing the key
team-fo cused and ar chi tec tural con sid er a tions en coun tered in Part I.

In this chap ter, we ex plore three core team in ter ac tion modes that sim plify and clar ify the es sen tial
in ter ac tions needed be tween teams build ing soft ware sys tems: col lab o ra tion, X-as-a-Ser vice, and fa- 
cil i tat ing. These team in ter ac tion modes de fine ex pec ta tions and be hav ior pat terns for all teams in the
or ga ni za tion, sim pli fy ing team in ter ac tions and act ing as a way to de tect mis aligned bound aries.

We will also ex plore some es sen tial team in ter ac tion modes that should guide choice of evo lu tion
for team topolo gies. The dy nam ics be hind team in ter ac tion modes act as the foun da tion for choos ing
team topolo gies ef fec tively. Cru cially, us ing a well-de fined set of team in ter ac tion pat terns avoids the
am bi gu ity present in many team-soft ware re la tion ships, thereby pro duc ing more co her ent sub sys tem
bound aries and APIs.

Well-De fined In ter ac tions Are Key to Ef fec tive Teams
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In many or ga ni za tions, poorly de fined team in ter ac tions and re spon si bil i ties are a source of fric- 
tion and in ef fec tive ness. A team may have been told it is au ton o mous and self-or ga niz ing, but team
mem bers find they have to in ter act with many other teams in or der to com plete their work; and this
feels frus trat ing. An other team may have re spon si bil ity for pro vid ing an API or ser vice, but they don’t
re ally have the ex pe ri ence to do this ef fec tively.

When con sid er ing the re la tion ship be tween any teams, a key de ci sion is whether to col lab o rate
with an other team to achieve an ob jec tive or to treat the other team as pro vid ing a ser vice (see Fig ure
7.1 on page 133).This choice be tween col lab o ra tion or con sum ing a ser vice can be made at many dif- 
fer ent lev els within the or ga ni za tion: con sum ing in fra struc ture as a ser vice (from AWS, Azure, or
Google Cloud, for in stance), col lab o rat ing on log ging and met rics, re ly ing on a com pli cated-sub sys- 
tem team to build a com plex au dio-pro cess ing codec, or work ing to gether on ap pli ca tion de ploy ment.
What must be avoided is the need for all teams to com mu ni cate with all other teams in or der to
achieve their ends; just as a jazz band co or di nates the mu sic it plays, we should ex pect to care fully cu- 
rate the com mu ni ca tion that takes place within an or ga ni za tion.

Fig ure 7.1: Col lab o ra tion vs. X-as-a-Ser vice

Col lab o ra tion means ex plic itly work ing to gether on de fined ar eas. X-as-a-Ser vice means one team con sumes some thing “as a ser- 
vice” from an other team.

NOTE

In ter mit tent col lab o ra tion gives the best re sults.
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Re searchers re cently de vised an in ge nious ex per i ment to as sess the ef fec tive ness of team-based so lu tions to com plex prob lems.
Bern stein and col leagues found that “groups whose mem bers in ter acted only in ter mit tently . . . had an av er age qual ity of so lu tion
that was nearly iden ti cal to those groups that in ter acted con stantly, yet they pre served enough vari a tion to find some of the best

so lu tions too.”1 In ter mit tent col lab o ra tion found bet ter so lu tions than con stant in ter ac tion.

The Three Es sen tial Team In ter ac tion Modes
To un der stand how and when to adapt the Team Topolo gies model for soft ware sys tems, we need

to de fine and un der stand three es sen tial ways in which teams can and should in ter act, tak ing into ac- 
count team-first dy nam ics and Con way’s law:

Col lab o ra tion: work ing closely to gether with an other team
X-as-a-Ser vice: con sum ing or pro vid ing some thing with min i mal col lab o ra tion
Fa cil i tat ing: help ing (or be ing helped by) an other team to clear im ped i ments

A com bi na tion of all three team in ter ac tion modes is likely needed for most medium-sized and
large en ter prises (and these modes are use ful to in tro duce at smaller or ga ni za tions sooner than many
peo ple ex pect). In ad di tion, one team might use two dif fer ent in ter ac tion modes for two dif fer ent
teams with which it works. We rep re sent these dif fer ent in ter ac tion modes graph i cally us ing the pat- 
terns in Fig ure 7.2:

Fig ure 7.2: The Three Team In ter ac tion Modes

Col lab o ra tion mode is shown with di ag o nal cross-hatch ing, X-as-a-Ser vice mode is shown with brack ets, and fa cil i tat ing is
shown with dots.

For ex am ple, let’s say Team A is a stream-aligned team work ing on soft ware for man ag ing per- 
sonal fi nances. They may use the col lab o ra tion mode to in ter act with Team B on new cloud-mon i tor- 
ing tool ing, and use the X-as-a-Ser vice mode to in ter act with Team C, which pro vides the plat form on
which the soft ware runs (see Fig ure 7.3 on page 135).
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Fig ure 7.3: Team In ter ac tion Modes Sce nario

Stream-aligned Team A col lab o rates with com pli cated-sub sys tem Team B (shown with cross-hatch ing) while also con sum ing the
plat form pro vided by Team C, us ing the X-as-a-Ser vice mode (shown with brack ets).
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For mal iz ing the ways in which teams should in ter act when build ing soft ware sys tems helps to
more eas ily as sess the ef fec tive ness of many as pects of soft ware de liv ery by more ex plic itly defin ing
in ter faces be tween teams; in turn, it is ex pected (from Con way’s law) that these in ter faces will be re- 
flected in the soft ware sys tems be ing built. Mike Rother, con sid er ing the huge suc cess of the Ja pa nese
man u fac turer Toy ota, wrote: “The roots of Toy ota’s suc cess lie not in its or ga ni za tional struc tures but
in de vel op ing ca pa bil ity and habits in its peo ple.”2

In ter ac tion modes should be come team habits. By ex pect ing and help ing to achieve these kinds of
team in ter ac tions, teams ex pe ri ence in creased clar ity of pur pose, im proved team en gage ment, and re- 
duced frus tra tion with other teams. Lim it ing team in ter ac tion in this way also de lib er ately ad dresses
the ho mo mor phic as pects of build ing sys tems that fol low from Con way’s law (see Chap ter 2). Teams
should ask: “What kind of in ter ac tion should we have with this other team? Should we be col lab o rat- 
ing closely with the other team? Should we be ex pect ing or pro vid ing a ser vice? Or should we be ex- 
pect ing or pro vid ing fa cil i ta tion?”

TIP

A key part of the Team Topolo gies ap proach is in the choice be tween two teams col lab o rat ing and one team con sum ing
some thing “as a ser vice” from an other team.

Col lab o ra tion: Driver of In no va tion and Rapid Dis cov ery but
Bound ary Blur ring

Col lab o ra tion: work ing closely to gether with an other team

The col lab o ra tion team mode is suit able where a high de gree of adapt abil ity or dis cov ery is
needed, par tic u larly when ex plor ing new tech nolo gies or tech niques. The col lab o ra tion in ter ac tion
mode is good for rapid dis cov ery of new things, be cause it avoids costly hand-offs be tween teams. For
in stance, per haps there is sig nif i cant in no va tion in a space that spans the ex per tise of two ex ist ing
teams, Team A and Team B, such as cloud-based sen sor man age ment (com bin ing cloud tech nolo gies
and sen sor tech nolo gies) or se cure lo cal net work ing with wear able de vices (com bin ing net work ing
knowl edge and ex per tise from the cloth ing in dus try). The col lab o ra tive mode re quires good align ment
and a high ap petite and abil ity for work ing to gether be tween teams.

Dur ing early phases of new sys tems de vel op ment, and dur ing pe ri ods where there is a need to
quickly dis cover new in for ma tion, tech nol ogy lim i ta tions, and suit able prac tices, the col lab o ra tion
mode is highly valu able. This is be cause team topolo gies that use col lab o ra tion can rapidly un cover
new ways of work ing and un ex pected be hav iors of tech nolo gies.

This col lab o ra tion oc curs be tween groups with dif fer ent skill sets in or der to bring to gether the
com bined knowl edge and ex pe ri ence of many peo ple to solve chal leng ing prob lems. Col lab o ra tion
leads to new in sights into how tech nolo gies work, with learn ing brought back into other teams (this
cor re sponds to the “di ver gent think ing” ap proaches of Dr. Kyung Hee Kim and Robert A. Pierce3).

There are two use ful ways to vi su al ize teams in ter act ing us ing the col lab o ra tion mode. The first is
to vi su al ize two teams with dis tinct ex per tise and re spon si bil i ties work ing to gether on a small set of
things. In this first col lab o ra tion in ter ac tion, the two teams sub stan tially re tain their re spon si bil ity and
ex per tise for their nat u ral area of fo cus, and work to gether on a spe cific sub set of ac tiv i ties and de- 
tails.

The sec ond vi su al iza tion of col lab o ra tion mode iden ti fies that the na ture of work ing to gether be- 
tween teams can be al most to tal: al though there were orig i nally two teams with dif fer ent skills and ex- 
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per tise, now there is ef fec tively a sin gle team pool ing ex per tise and re spon si bil i ties. (Care must be
taken to not let the num ber of peo ple ex ceed Dun bar’s num ber of fif teen).

In both cases—with a small de fined over lap, and with a full over lap of fo cus and re spon si bil i ties
—the two teams must take on joint re spon si bil ity for the over all out comes of their col lab o ra tion, be- 
cause the act of col lab o rat ing cre ates a blur ring of re spon si bil ity bound aries. With out joint re spon si- 
bil ity, there is a dan ger of loss of trust if some thing goes wrong.

When a team is in the con text of dis cov ery or rapid learn ing that ex tends be yond the ex per tise of
one team, it should be ex pected for that team to col lab o rate closely with an other team with dif fer ent
skills. How ever, the cog ni tive load of on go ing col lab o ra tion can be much higher than work ing purely
in side the team’s “nat u ral” area. This means the com mu ni ca tion over head is go ing to be higher, pos si- 
bly re sult ing in the ap par ent re duc tion of team ef fec tive ness when viewed as a sin gle team. In stead,
the in vest ment in higher ef fec tive ness is be ing made in the en sem ble of the two teams through rapid
dis cov ery of new prac tices. This, in turn, means that when two teams are in ter act ing us ing the col lab- 
o ra tion mode, there should be a high value gained from work ing to gether due to the high cost of col- 
lab o ra tion; the re ward needs to be tan gi ble. There should also be lit tle or no fric tion be tween teams, as
any fric tion will make col lab o ra tion dif fi cult.

Fur ther more, Con way’s law tells us that with the dis cov ery and rapid learn ing that comes from the
col lab o ra tion mode, the re spon si bil i ties and ar chi tec ture of the soft ware will tend to be more blended
to gether. If clear, well-de fined in ter faces to ser vices or sys tems be tween two teams is needed, then us- 
ing the col lab o ra tion mode for ex tended pe ri ods is not likely to be the best choice. Short-term or light-
touch oc ca sional col lab o ra tion to es tab lish or re fine the in ter faces is fine, but a need for on go ing col- 
lab o ra tion sug gests in cor rect do main bound aries and/or team re spon si bil i ties, or the in cor rect mix of
skills within a team.

Ta ble7.1: Ad van tages and Dis ad van tages of Col lab o ra tion Mode

Ad van tages Dis ad van tages

Rapid in no va tion and dis cov ery

Fewer hand-offs

Wide, shared re spon si bil ity for each team

More de tail/con text needed be tween teams, lead ing to higher cog ni tive load

Pos si ble re duced out put dur ing col lab o ra tion com pared to be fore

Con straint: A team should use col lab o ra tion mode with, at most, one other team at a time. A team should not use col lab o ra tion
with more than one team at the same time.

Typ i cal Uses: Stream-aligned teams work ing with com pli cated-sub sys tem teams; stream-aligned teams work ing with plat form
teams; com pli cated-sub sys tem teams work ing with plat form teams
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X-as-a-Ser vice: Clear Re spon si bil i ties with Pre dictable De liv ery but
Needs Good Prod uct Man age ment

The X-as-a-Ser vice team in ter ac tion mode is suited to sit u a tions where there is a need for one or
more teams to use a code li brary, com po nent, API, or plat form that “just works” with out much ef fort,
where a com po nent or as pect of the sys tem can be ef fec tively pro vided “as a ser vice” by a dis tinct
team or group of teams.

X-as-a-Ser vice: con sum ing or pro vid ing some thing with min i mal col lab o ra tion

Dur ing later phases of sys tems de vel op ment and pe ri ods where pre dictable de liv ery is needed
(rather than dis cov ery of new ap proaches), the X-as-a-Ser vice model works best. In this model, teams
can rely on cer tain as pects of their tech nol ogy land scape be ing pro vided as a ser vice by other teams
(in ter nal or ex ter nal), al low ing the team to fo cus on de liv er ing their work.

The chal leng ing as pects of the ser vice will al ready have been dis cov ered by a pre vi ous “di ver- 
gent” ap proach us ing close col lab o ra tion, leav ing the most ef fec tive so lu tion to be run as a ser vice.
Re ly ing on some thing “as a ser vice” re quires ex cel lent work from the XaaS team(s)—not easy to
achieve—but re sults in the de liv ery team hav ing to un der stand less about non-core as pects of their
work, al low ing them to de liver more quickly (this cor re sponds to the “di ver gent think ing” ap proaches
of Dr. Kyung Hee Kim and Robert A .Pierce).

With X-as-a-Ser vice, there is great clar ity about who owns what: one team con sumes some thing
that the other team pro vides. Less con text is needed by each team com pared to work ing in col lab o ra- 
tion mode, so the cog ni tive load on each side can be “lower than.” By de sign, in no va tion across the
bound ary hap pens more slowly than with col lab o ra tion, pre cisely be cause X-as-a-Ser vice has a nice,
clean API that has de fined the ser vice well. We can see this re la tion ship in Fig ure 7.4.
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Fig ure 7.4: X-as-a-Ser vice Team In ter ac tion Mode

In this case, the team on the right is pro vid ing some thing “as a ser vice” to the team on the left (per haps an API, some de vel oper
tool ing, or even an en tire plat form).

For a com po nent or as pect of a sys tem to be pro vided ef fec tively as a ser vice, not only must the
re spon si bil ity bound ary make sense in the con text of the busi ness or tech ni cal do main, but the team
pro vid ing the ser vice will also be re quired to be adept at un der stand ing the needs of the teams that
con sume its ser vice and man ag ing their as pect of the sys tem us ing ser vice-man age ment prin ci ples
(through the use of ver sion ing, prod uct man age ment, and so forth).

In the X-as-a-Ser vice team in ter ac tion mode, the two in ter act ing teams have lit tle need for day-to-
day col lab o ra tion in or der to use or pro vide the com po nent/API/fea ture as a ser vice. This is an ex plicit
ben e fit of the X-as-a-Ser vice model: if the as pect be ing pro vided needs lit tle in ter ac tion from the con- 
sum ing team, then—al most by def i ni tion—it is highly fit for pur pose, and is help ing the con sum ing
team to do their work ef fec tively. This means that for the X-as-a-Ser vice model, there should be a
high value gained from some teams be ing able to ig nore low-level de tails of the ser vice that they con- 
sume from an other team, al low ing them to move quickly with out need ing to be con cerned with im ple- 
men ta tion de tails.

NOTE

The X-as-a-Ser vice model works well only if the ser vice bound ary is well cho sen and well im ple mented, with a good ser vice-
man age ment prac tice from the team pro vid ing the ser vice.

For some thing to be pro vided as a ser vice—whether a com po nent, an API, a test ing tool, or an en- 
tire de liv ery plat form—the team re spon si ble must have a strong sense of re spon si bil ity to ward both
the con sumers and the vi a bil ity of the thing they are pro vid ing. They must make the de vel oper ex pe ri- 
ence (De vEx) highly com pelling. The ser vice they pro vide should be straight for ward to use, test, de- 
ploy, and/or de bug; and the doc u men ta tion on how to use it should be clear, well-writ ten, and up to
date. Fur ther more, the ser vice they pro vide must be man aged in a way that keeps it vi able over time:
re quests for new fea tures from con sum ing teams are con sid ered but not built just be cause a team has
asked for them. In stead, the pur pose and re mit of the thing is evolved with the best in ter est of all con- 
sumers in mind, with en hance ments care fully sched uled and planned in con sul ta tion with other teams.

Even a sim ple code li brary for, say, low-level XML trans for ma tions will ben e fit from ap ply ing
prod uct-man age ment and De vEx prin ci ples. The team that builds and sup ports the XML li brary
should think about ver sion ing and back wards com pat i bil ity, a com mu ni cated roadmap for re tir ing the
older ver sions of the li brary, help ing con sumers of the li brary move to newer ver sions, and so on. For
any thing larger than a code li brary, the need for these X-as-a-Ser vice ap proaches is even greater.

Ta ble7.2: Ad van tages and Dis ad van tages of X-as-a-Ser vice Mode

Ad van tages Dis ad van tages

Clar ity of own er ship with clear re spon si bil ity bound aries

Re duced de tail/con text needed be tween teams, so cog ni tive
load is lim ited

Slower in no va tion of the bound ary or API

Dan ger of re duced flow if the bound ary or API is
not ef fec tive
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Con straint: A team should ex pect to use the X-as-a-Ser vice in ter ac tion with many other teams si mul ta ne ously, whether con sum- 
ing or pro vid ing a ser vice.

Typ i cal Uses: Stream-aligned teams and com pli cated-sub sys tem teams con sum ing Plat form-as-a-Ser vice from a plat form team;
stream-aligned teams and com pli cated-sub sys tem teams con sum ing a com po nent or li brary as a ser vice from a com pli cated-sub sys tem
team.

Fa cil i tat ing: Sense and Re duce Gaps in Ca pa bil i ties
The fa cil i tat ing team in ter ac tion mode is suited to sit u a tions where one or more teams would ben- 

e fit from the ac tive help of an other team fa cil i tat ing (or coach ing) some as pect of their work. The fa- 
cil i tat ing in ter ac tion mode is the main op er at ing mode of an en abling team (see Chap ter 5) and pro- 
vides sup port and ca pa bil i ties to many other teams, help ing to en hance the pro duc tiv ity and ef fec tive- 
ness of these teams. The re mit of the team un der tak ing the fa cil i ta tion is to en able the other team(s) to
be more ef fec tive, learn more quickly, un der stand a new tech nol ogy bet ter, and dis cover and re move
com mon prob lems or im ped i ments across the teams. The fa cil i tat ing team can also help to dis cover
gaps or in con sis ten cies in ex ist ing com po nents and ser vices used by other teams.

Teams that in ter act us ing the fa cil i tat ing mode typ i cally work across many other teams, de tect ing
and re duc ing cross-team prob lems and help ing to in form the di rec tion and ca pa bil i ties of things like
code li braries, APIs, and plat forms pro vided as a ser vice by other teams or or ga ni za tions.

Fa cil i tat ing: help ing (or be ing helped by) an other team to clear im ped i ments

A team with a fa cil i tat ing re mit does not take part in build ing the main soft ware sys tems, sup port- 
ing com po nents, or plat form but, in stead, fo cuses on the qual ity of in ter ac tions be tween other teams
build ing and run ning the soft ware. For ex am ple, a team fa cil i tat ing the ef fec tive ness of three stream-
aligned teams (see Chap ter 5) might find that the log ging ser vice pro vided by the plat form is quite dif- 
fi cult to con fig ure: all three teams find it dif fi cult to use. The team help ing the three teams can then fa- 
cil i tate some im prove ments to the log ging ser vice from the plat form.

Be cause only one of the two teams in a fa cil i ta tion team in ter ac tion is build ing the main soft ware
sys tems, the ef fects of Con way’s law have al ready been an tic i pated: the team do ing the fa cil i tat ing
helps to de fine and clar ify the com mu ni ca tion be tween other teams based on the sys tem de sired ar chi- 
tec ture.

Ta ble7.3: Ad van tages and Dis ad van tages of Fa cil i ta tion Mode

Ad van tages Dis ad van tages

Un block ing of stream-aligned teams to in crease flow

De tec tion of gaps and mis aligned ca pa bil i ties or fea- 
tures in com po nents and plat forms

Re quires ex pe ri enced staff to not work on “build ing” or
“run ning” things
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The in ter ac tion may be un fa mil iar or strange to one or
both teams in volved in fa cil i ta tion

Con straint: A team should ex pect to use the fa cil i tat ing in ter ac tion mode with a small num ber of other teams si mul ta ne ously,
whether con sum ing or pro vid ing the fa cil i ta tion.

Typ i cal Uses: An en abling team help ing a stream-aligned, com pli cated-sub sys tem, or plat form team; or a stream-aligned, com pli- 
cated-sub sys tem, or plat form team help ing a stream-aligned team.

Team Be hav iors for Each In ter ac tion Mode
Each team-in ter ac tion mode works best with a cor re spond ing set of team be hav iors. These team

be hav iors can be thought of as “styles” of be hav ior, rather like a con cert band adopt ing dif fer ent styles
of mu si cal per for mance to suit the con text: jazz, swing, or ches tral film score, and so on. The band (or
team) is made up of the same peo ple, but the style they adopt as a group changes de pend ing on the
kind of ef fect they need to have. This also holds for sit u a tions where the band (team) needs to per form
to gether with an other group, such as a quar tet or choir: the per for mance style of the band changes to
en able the two com bined groups to suc ceed in their per for mance.

Just as a con cert band changes its per for mance style to suit the needs of the mu sic it is play ing and
the other groups it is per form ing with, a team fol low ing the Team Topolo gies ap proach to soft ware de- 
liv ery should adopt dif fer ent “styles” of team be hav ior de pend ing on which other team or teams it is
in ter act ing with.

Lead ing tech nol o gist James Urquhart, writ ing about team in ter com mu ni ca tion with Con way’s law
in mind, de scribes the need for “a com mu ni ca tion backchan nel that avoids much of the pol i tics, band- 
width con straints, and sim ple in ef fi ciency of hu man-to-hu man com mu ni ca tion.”4 This is ex actly the
kind of out come this chap ter’s well-de fined team in ter ac tions should pro vide. Fur ther more, be hav ioral
stud ies sug gest that hu mans work best with oth ers when we can pre dict their be hav ior. As hu mans, we
can build trust by pro vid ing con sis tent ex pe ri ences for oth ers in the or ga ni za tion. Clear roles and re- 
spon si bil ity bound aries help this by defin ing ex pected be hav ior and avoid ing what some re fer to as
“in vis i ble elec tric fences.”5

TIP

Prom ise the ory as a way to de sign sys tems for team in ter ac tion.

Prom ise the ory—de vised by tech nol o gist and re searcher Mark Burgess—ex plains how and why it is prefer able to con struct
in ter-team re la tion ships in terms of prom ises rather than in terms of com mands and en force able con tracts. For ex am ple, by
ad her ing to the mean ing of the ma jor/mi nor/patch/build num ber ing in di cated by se man tic ver sion ing (SemVer), the team

prom ises not to break soft ware that de pends on their code.6
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Team Be hav iors for Col lab o ra tion Mode: “High In ter ac tion and Mu- 
tual Re spect”

Teams in ter act ing us ing the col lab o ra tion mode should ex pect to have high in ter ac tion and mu tual
re spect with the col lab o rat ing team. This typ i cally means that team mem bers should ex pect ac tiv i ties
to take much longer than they might ex pect as the “bound ary span ning” as pects of col lab o ra tion dis- 
cover and solve pre vi ously un known prob lems. Re ward ing one team for the work of the other team
can help to align be hav iors—what Don Rein ert sen, au thor of Prin ci ples of Prod uct De vel op ment
Flow, calls the “Prin ci ple of Over lap ping Mea sure ment.”7

TIP

How to train for col lab o ra tion mode.

Some train ing or coach ing in ba sic col lab o ra tion skills such as pair pro gram ming, mob pro gram ming, and white board
sketch ing—to gether with spe cific train ing around bound ary-span ning col lab o ra tion—can be valu able for teams in ter act ing
us ing col lab o ra tion mode.

Team Be hav iors for X-as-a-Ser vice Mode: “Em pha size the User Ex- 
pe ri ence”

Teams in ter act ing us ing the X-as-a-Ser vice mode should ex pect to em pha size the user ex pe ri ence
of the thing be ing pro vided as a ser vice. For ex am ple, if a plat form team is pro vid ing a set of dy namic
cloud test ing en vi ron ments for a stream-aligned team to use, both the plat form team and the stream-
aligned team should em pha size the ex pe ri ence of in ter act ing with the en vi ron ments: what the API
feels like, how easy it is to see the re sources be ing used, how com pelling the fea tures are to use, etc.
Clearly, the func tion al ity of the plat form is also im por tant, but in or der to drive the best and most
fruit ful in ter ac tion be tween teams, a fo cus on the ex pe ri ence of us ing the plat form is es sen tial.

TIP

How to train for X-as-a-Ser vice mode.

Some train ing or coach ing in core user-ex pe ri ence (UX) and de vel oper-ex pe ri ence (De vEx) prac tices can be valu able for
teams in ter act ing us ing X-as-a-Ser vice mode.

Team Be hav iors for Fa cil i tat ing Mode: “Help and Be Helped”
Teams in ter act ing us ing the fa cil i tat ing mode should ex pect to help and be helped. Let’s say that a

stream-aligned team is be ing helped by an en abling team to adopt new prac tices. Peo ple in the stream-
aligned team need to be open to be ing helped by the en abling team; they need to have an open mind to
new ap proaches and be aware that the en abling team has prob a bly seen some bet ter ap proaches.

TIP

How to train for fa cil i tat ing mode.
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Some train ing or coach ing in how to fa cil i tate or how to be helped by an other team can be valu able for teams in ter act ing
us ing fa cil i tat ing mode.

Choos ing Suit able Team In ter ac tion Modes
Each of the four fun da men tal team topolo gies—stream aligned, en abling, com pli cated sub sys tem,

and plat form—have cer tain char ac ter is tic be hav iors that make them work well in an or ga ni za tional
con text. Some times, a team may need to adopt a dif fer ent mode of in ter ac tion with other teams (ei ther
tem po rar ily or on a per ma nent ba sis) in or der to im prove out comes.

Each fun da men tal team topol ogy is likely to en counter dif fer ent in ter ac tion modes. Align ing team
in ter ac tions to these three modes helps en sure that the teams are op er at ing as ef fec tively as pos si ble
for their cur rent or ga ni za tional pur pose. Fig ure 7.5 (see page 145) shows the pri mary in ter ac tion
modes for each of the four fun da men tal team topolo gies.
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Fig ure 7.5: Pri mary In ter ac tion Modes for the Four Fun da men tal Team Topolo gies

Stream-aligned teams use X-as-a-Ser vice or col lab o ra tion; en abling teams use fa cil i ta tion; com pli cated-sub sys tem teams use X-
as-a-Ser vice; plat form teams use X-as-a-Ser vice for teams that con sume the plat form.
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The typ i cal and oc ca sional team in ter ac tion modes of the fun da men tal team topolo gies can be
mapped to the es sen tial team in ter ac tion modes as shown in Ta ble 7.4.

Ta ble 7.4: Team in ter ac tion modes of the fun da men tal team topolo gies

  Col lab o ra tion X-as-a-Ser vice Fa cil i tat ing

Stream-aligned Typ i cal Typ i cal Oc ca sional

En abling Oc ca sional   Typ i cal

Com pli cated-sub sys tem Oc ca sional Typ i cal  

Plat form Oc ca sional Typ i cal  

Ta ble 7.4 pro vides a use ful re minder of how dif fer ent teams can ex pect to in ter act with other
teams in the or ga ni za tion. For ex am ple, a stream-aligned team can typ i cally ex pect to in ter act with
other teams us ing ei ther col lab o ra tion or X-as-a-Ser vice, whereas a plat form team mostly ex pects to
in ter act us ing X-as-a-Ser vice. This gives some fur ther hints for the kinds of in ter per sonal skills likely
to be needed for each type of team: plat form teams will need strong prod uct-and ser vice-man age ment
ex per tise, whereas en abling teams will need peo ple with strong men tor ing and fa cil i tat ing ex pe ri ence.

Choos ing Ba sic Team Or ga ni za tion
With an un der stand ing of the team in ter ac tion modes, we can choose an ini tial or ga ni za tion de sign

that is likely to help pro duce the soft ware ar chi tec ture re quired. Ex pec ta tions should be set with co- 
work ers that the in ter ac tion modes and team struc tures will need to change at least a lit tle as the or ga- 
ni za tion “senses” whether the bound aries cho sen are in fact the best bound aries.

CASE STUDY: TEAM IN TER AC TION DI VER SITY AT IBM
AROUND 2014
Eric Minick, Pro gram Di rec tor for Con tin u ous De liv ery, IBM

Since 2013, Eric Minick has led the in tro duc tion and dis sem i na tion of new prac tices across
the world wide IBM tech ni cal teams.

When I joined IBM in 2013, the en ter prise soft ware in dus try was go ing through some sig- 
nif i cant changes brought about by cloud tech nolo gies and ubiq ui tous au to ma tion. Part of my
role at the time was to help bring then-new De vOps and Ag ile prac tices to 40,000 de vel op- 
ers in sev eral dozen lo ca tions (on six con ti nents). There were many dif fer ent kinds of team
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in ter ac tions hap pen ing, and so, to help en cour age a shift to the newer ways of work ing, we
had an “ad vo cates” team (see Fig ure 7.6).

Fig ure 7.6: Team In ter ac tion Modes at IBM around 2014

Team in ter ac tion modes at IBM around 2014, with a team of “De vOps ad vo cates” co or di nat ing and fa cil i tat ing learn ing
and team changes.
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The ad vo cates team in cluded a hand ful of full-time peo ple and some part-timers. It
gath ered suc cess ful pat terns from var i ous teams around the world to en cour age and ed u cate
oth ers, help ing the ideas to dif fuse through the or ga ni za tion at IBM. Its ap proach in cluded
for mal train ing for teams and their ex ec u tives. Mean while, there was a drum beat of con tent
like in ter nal we bi nars that would draw an au di ence of thou sands of tech nol o gists.

The ad vo cates team prob a bly doesn’t fit neatly as a team topol ogy be cause we saw our- 
selves as a tem po rary team that should not be needed in a few years’ time, or as I said on
Twit ter at the time: The goal for a “De vOps Team” should be to put it self out of busi ness by
en abling the rest of the org.

Use the Re verse Con way Ma neu ver with Col lab o ra tion and Fa cil i- 
tat ing In ter ac tions

When we un der take a re verse Con way ma neu ver (see Chap ter 2), the ho mo mor phic pull of self-
sim i lar ity that Con way’s law iden ti fies is an tic i pated: the or ga ni za tion is set up to match the com mu- 
ni ca tion paths needed in the soft ware and sys tems ar chi tec ture. How ever, a new ar chi tec ture can not be
ex pected to emerge as soon as a new team struc ture has been de vised and im ple mented. Pre cisely due
to the forces be hind Con way’s law, the ex ist ing soft ware ar chi tec ture will ini tially “push back” against
the new team struc tures.

To help make the new or ga ni za tional struc ture work—and to sense whether the new re spon si bil ity
bound aries are ac tu ally cor rect—the re verse Con way ma neu ver should be used with tem po rary but
ex plicit col lab o ra tion modes be tween the teams build ing the soft ware, along with one or more en- 
abling teams (and pos si bly other teams) act ing in a fa cil i tat ing mode. By us ing tem po rary, ex plicit
col lab o ra tion across the new bound aries and by us ing a high de gree of fa cil i tat ing for the stream-
aligned and com pli cated-sub sys tem teams, any prob lems with the new re spon si bil ity bound aries can
be quickly iden ti fied, giv ing the team the op por tu nity to ad just the de sign ear lier, be fore too much has
been built.

The team re spon si bil i ties for soft ware sub sys tems dur ing the col lab o ra tion phase may need to be
back to front to be gin with so that the team own er ship can be ef fec tive long term. For ex am ple, let’s
say that a large soft ware mono lith needs to be split into sep a rate seg ments (aligned to streams, com po- 
nents, or new as pects of a plat form). Teams that “log i cally” own a higher-level com po nent may need
to work on the lower layer (plat form) for a pe riod of time in or der to split out that code, es pe cially if
they wrote the too-cou pled code in the first place. As the col lab o ra tion pe riod pro gresses, the team
that log i cally owns the lower layer can take on more re spon si bil ity from the orig i nal team un til the
new team takes full own er ship of the lower layer.

Dis cover Ef fec tive APIs be tween Teams by De lib er ate Evo lu tion of
Team Topolo gies

As we saw in Chap ter 5, a ded i cated ar chi tec ture team is usu ally an anti-pat tern to be avoided.
How ever, a small group of soft ware and sys tems ar chi tects can be hugely ef fec tive within an or ga ni- 
za tion when the re mit of ar chi tec ture is to dis cover, ad just, and re shape the in ter ac tions be tween
teams, and there fore, the ar chi tec ture of the sys tem.

This is be cause with Con way’s law in force within a sys tem-build ing or ga ni za tion, the ar chi tec ture
of the or ga ni za tion is the ar chi tec ture of the sys tem. Or, as Ruth Malan puts it, “[t]he or ga ni za tional
di vides are go ing to drive the true seams in the sys tem.”8 Al lan Kelly—long time ad vo cate of us ing
the re verse Con way manuever to shape teams, says: “some one who claims to be an Ar chi tect needs
both tech ni cal and so cial skills. . . . They also need a re mit that is broader than pure tech nol ogy—they
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need to have a say in busi ness strate gies, or ga ni za tional struc tures, and per son nel is sues, i.e., they
need to be a man ager too.”9

The ar chi tect should be think ing: “Which team in ter ac tion modes are ap pro pri ate for these two
teams? What kind of com mu ni ca tion do we need be tween these two parts of the sys tem, be tween
these two teams?” The ar chi tect in an or ga ni za tion fol low ing the Team Topolo gies ap proach is there- 
fore the de signer of team APIs that an tic i pate the in tended soft ware ar chi tec ture.

Ef fec tively, in stead of try ing to rely en tirely on in di vid u als within teams to per form bound ary
span ning (which can be stress ful and needs both good so cial and tech ni cal skills), use peo ple skilled
in API de sign to de sign the APIs be tween teams within the or ga ni za tion.

Choose Team In ter ac tion Modes to Re duce Un cer tainty and En- 
hance Flow

The dif fer ent team in ter ac tion modes have dif fer ent char ac ter is tics, mak ing them suit able for dif- 
fer ent kinds of ac tiv i ties or goals. In this sec tion, we iden tify which team in ter ac tions modes to use in
dif fer ent cir cum stances.

Use the Col lab o ra tion Mode to Dis cover Vi able X-as-a-Ser vice In- 
ter ac tions

The X-as-a-Ser vice in ter ac tion mode can be highly ef fec tive in help ing soft ware-de liv ery teams
achieve fast flow. How ever, as with any ser vice, if the ser vice bound aries are not well drawn and the
ser vice at tempts to pro vide ei ther too much or too lit tle with out enough flex i bil ity, the X-as-a-Ser vice
in ter ac tion will not be ef fec tive; the ser vice will not meet the needs of con sum ing teams.

To ad dress the prob lem of poorly drawn ser vice bound aries, the col lab o ra tion team in ter ac tion
mode can be used to help re draw ser vice bound aries in a new place, ei ther con tract ing or ex pand ing
the re mit of the ser vice (or adding more flex i bil ity) in or der to make the ser vice more suit able for con- 
sum ing teams. In fact, on go ing, light weight col lab o ra tion in ter ac tions at ser vice bound aries should be
ex pected to make sure that all ser vices are as ef fec tive as they can be. We want “just enough” col lab o- 
ra tion at the ser vice bound aries to ad just the scope of the ser vice to meet the needs of con sum ing and
pro vid ing teams.

If an or ga ni za tion is try ing to es tab lish a new X-as-a-Ser vice in ter ac tion, the same pat tern ap plies:
col lab o rate closely to es tab lish vi able “as a ser vice” bound aries and then con tinue with light weight
col lab o ra tion to val i date that the bound aries are ef fec tive.

The col lab o ra tion team in ter ac tion mode can be used to drive the rate of in no va tion of both ap pli- 
ca tion and plat form/in fra struc ture, which is par tic u larly use ful for new and emerg ing prod ucts or ser- 
vice of fer ings.

TIP

Col lab o rate on po ten tially am bigu ous in ter faces un til the in ter faces are proven sta ble and func tional.

Change the Team In ter ac tion Mode Tem po rar ily to Help a Team
Grow Ex pe ri ence and Em pa thy

If the cur rent mode of in ter ac tion be tween teams has been in place for some time and pos si bly
needs some re vi tal iza tion, chang ing the in ter ac tion mode tem po rar ily can help team mem bers re fresh
and grow their ex pe ri ence, and in crease em pa thy for the other team. Evan Wi ley of Piv otal de scribes
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how, for a team with a de pen dency on an other team, “those teams may ar range to swap pairs, and
some body might go from one team to an other team for a few days or a week to get the fea ture
done.”10 As Heidi Helfand puts it, “when you de lib er ately plan out the [team changes] in your or ga ni- 
za tion, you pro vide new learn ing op por tu ni ties for peo ple.”11

It is vi tally im por tant that the changes are de lib er ate (and prob a bly also tem po rary) with the full
con sent, un der stand ing, and en thu si asm of the peo ple in volved. Dy namic Reteam ing by Heidi
Helfand pro vides many use ful rec om men da tions for mak ing team changes as smooth as pos si ble.

Use Awk ward ness in Team In ter ac tions to Sense Miss ing Ca pa bil i- 
ties and Mis placed Bound aries

The pat terns of team in ter ac tions can be used to de tect and re spond to prob lems with the de sign of
the sys tem, po ten tially an tic i pat ing soft ware prob lems be fore the code reaches pro duc tion.

Let’s con sider two ex am ples:

1. A stream-aligned team that should be con sum ing a cal cu la tion com po nent “as a ser vice” from
a com pli cated-sub sys tem team is spend ing sig nif i cant amounts of time on in stant mes sen ger
and in per son talk ing to the com pli cated-sub sys tem team to try to use the com po nent.

2. A plat form team ex pects to be col lab o rat ing closely with a stream-aligned team in or der to as- 
sess a new tech nol ogy ap proach but is get ting lit tle in ter ac tion from the other team.

In the first case, we know that the X-as-a-Ser vice in ter ac tion should be low fric tion and should
need only oc ca sional or lim ited com mu ni ca tion. If the stream-aligned team is spend ing many hours
try ing to use a com po nent, this is a sig nal that some thing is amiss: Is the com po nent bound ary in the
right place? Is the com po nent API well spec i fied? Is the com po nent easy enough to use? Does the
com pli cated-sub sys tem team have a miss ing ca pa bil ity within the team, such as UX or De vEx?

In the sec ond ex am ple, the plat form team is ex pect ing sig nif i cant com mu ni ca tion with the stream-
aligned team, be cause they are sup posed to be us ing the col lab o ra tion in ter ac tion mode to dis cover
new tech nol ogy so lu tions to gether. In this case, the ab sence of in ter-team com mu ni ca tion is a sign that
some thing is wrong in the stream-aligned team: Do they un der stand the value of adopt ing the col lab o- 
ra tion mode at this point? Do they have enough skills to un der take this col lab o ra tion, or is an other
team bet ter suited? Is the bound ary that the teams are try ing to bridge too am bi tious?

As Don Rein ert sen says, “We need to be alert for the white space be tween the roles, gaps that no- 
body feels re spon si ble for.”12

TIP

Tech niques from do main-driven de sign (DDD) such as event storm ing and con text map ping can help ac cel er ate aware ness
of ap pro pri ate bound aries. See Chap ter 6 for more de tails on DDD.

Sum mary: Three Well-De fined Team In ter ac tion Modes
An ef fec tive, mod ern or ga ni za tion build ing and run ning soft ware is a prod uct of the in ter ac tions

be tween teams. Yet many or ga ni za tions fail to de fine what good team in ter ac tions look like, re sult ing
in con fu sion, an noy ance, and in ef fec tive ness. Sim ply defin ing a set of teams with re spon si bil ity
bound aries is not enough to pro duce an ef fec tive so ciotech ni cal sys tem; it is also nec es sary to de fine
sen si ble and ef fec tive in ter ac tions be tween teams.
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In this chap ter, we’ve seen how three core team in ter ac tion modes pro vide the clar ity needed for
all team in ter ac tions within the or ga ni za tion:

Col lab o ra tion: two teams work closely to gether for a de fined pe riod to dis cover new pat terns,
ap proaches, and lim i ta tions. Re spon si bil ity is shared and bound aries blurred, but prob lems
are solved rapidly and the or ga ni za tion learns quickly.

X-as-a-Ser vice: one team con sumes some thing (such as a ser vice or an API) pro vided “as a
ser vice” from an other team. Re spon si bil i ties are clearly de lin eated and—if the bound ary is
ef fec tive—the con sum ing team can de liver rapidly. The team pro vid ing the ser vice seeks to
make their ser vice as easy to con sume as pos si ble.

Fa cil i tat ing: one team helps an other team to learn or adopt new ap proaches for a de fined pe riod
of time. The team pro vid ing the fa cil i ta tion aims to make the other team self-suf fi cient as
soon as pos si ble, while the team re ceiv ing the fa cil i ta tion has an open-minded at ti tude to
learn ing.

The com bi na tion of well-de fined team types and well-de fined team in ter ac tions pro vides a clear
and pow er ful way to pro mote team-based or ga ni za tional ef fec tive ness, avoid ing the am bi gu i ties and
con flicts that many or ga ni za tions ex pe ri ence.
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8 Evolve Team Struc tures with Or ga ni za tionalSens ing

The de sign . . . is al most never the best pos si ble, [so] the pre vail ing sys tem con cept may
need to change. There fore, flex i bil ity of or ga ni za tion is im por tant to ef fec tive de sign.

—Mel Con way, “How Do Com mit tees In- 
vent?”

Modern or ga ni za tions face huge chal lenges in re spond ing to rapid changes in reg u la tory and
mar ket con di tions, cus tomer and user de mands, rapidly-mov ing trends, and pow er ful shifts in tech nol- 
ogy ca pa bil i ties. A suc cess ful mod ern or ga ni za tion needs to be able to shape-shift to deal with these
chang ing cir cum stances by de sign ing for adapt abil ity. There fore, when de sign ing mod ern or ga ni za- 
tions for build ing and run ning soft ware sys tems, the most im por tant thing is not the shape of the or ga- 
ni za tion it self but the de ci sion rules and heuris tics used to adapt and change the or ga ni za tion as new
chal lenges arise; that is, we need to de sign the de sign rules, not just the or ga ni za tion.

This chap ter cov ers a set of de sign rules for mod ern, soft ware-pow ered or ga ni za tions, tak ing into
ac count the true im pli ca tions of Con way’s law, team-first de ci sion-mak ing, and the four fun da men tal
team topolo gies de scribed in Chap ter 5.

How Much Col lab o ra tion Is Right for Each Team In ter ac tion?
As we saw in Chap ter 7, the two pri mary in ter ac tion modes for teams are col lab o ra tion, where two

teams with dif fer ent skills come to gether to work on some thing, and X-as-a-Ser vice, where one team
pro vides and one team con sumes, and there doesn’t need to be very much col lab o ra tion at all. It’s im- 
por tant to rec og nize that nei ther mode is bet ter or worse than the other; they sim ply are use ful for dif- 
fer ent kinds of work.

Col lab o ra tion is good for rapid dis cov ery and avoid ing hand-offs and de lays, but the down side is a
higher level of cog ni tive load. Each side of the col lab o ra tion needs to un der stand more about the other
side, so the team mem bers have to re tain more in their heads. How ever, this “col lab o ra tion tax” is
worth it if the or ga ni za tion wants to in no vate very rapidly.

By con trast, with X-as-a-Ser vice there is great clar ity about which team owns what. There is also
less men tal con text needed for each team, so the cog ni tive load on each side of the re la tion ship is
lower. It’s likely that as a whole, the teams in no vate more slowly with X-as-a-Ser vice than col lab o ra- 
tion, pre cisely be cause their in ter ac tion is me di ated and de fined by a clean API that has locked down
the in ter ac tion pos si bil i ties. X-as-a-Ser vice is best for sit u a tions where pre dictable de liv ery is more
im por tant than rapid dis cov ery.

This ap proach is backed by re cent re search into high-per form ing or ga ni za tions pre sented in Ac cel- 
er ate:

In teams which score highly on ar chi tec tural ca pa bil i ties [which di rectly lead to higher per- 
for mance], lit tle com mu ni ca tion is re quired be tween de liv ery teams to get their work done,
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and the ar chi tec ture of the sys tem is de signed to en able teams to test, de ploy, and change
their sys tems with out de pen den cies on other teams. In other words, ar chi tec ture and teams
are loosely cou pled.”1

TIP

Re strict any on go ing col lab o ra tion be tween teams to ex plicit valu able ac tiv ity.

Col lab o ra tion is ex pen sive. Un nec es sary col lab o ra tion is par tic u larly ex pen sive, es pe cially as it can mask or hide de fi cien- 
cies in un der ly ing plat forms or ca pa bil i ties. Any on go ing col lab o ra tion ac tiv ity must, there fore, be jus ti fied as valu able dis- 
cov ery, valu able ca pa bil ity build ing, or valu able de fi ciency-fill ing ac tiv ity.

To reach the level of a high-per form ing or ga ni za tion, it is im por tant to de cide how much col lab o- 
ra tion is ap pro pri ate for each team-to-team in ter ac tion. Should Team A sim ply be able to con sume
ser vices from Team B with lit tle ef fort? If they should but can not yet, should Team A col lab o rate with
Team B for a short time (Three weeks? Three months?) in or der to bet ter de fine the API for Team B
and en able Team A to con sume it “as a ser vice”? Ex actly what should the teams col lab o rate on, bear- 
ing in mind that the col lab o ra tion will likely tend to blur the bound aries of each part of the sys tem be- 
tween Team A and Team B?

CASE STUDY: ADOP TION OF KU BER NETES TO DRIVE
OR GA NI ZA TIONAL CHANGE AT USWITCH
Paul In gles, Head of En gi neer ing, uSwitch

Paul In gles, at con sumer-rat ing ser vice uSwitch, de scribes how, af ter many years of slowly
in creas ing com plex ity, they re al ized that Dev teams were hav ing to un der stand too much of
the un der ly ing tech nol ogy stack to be prop erly ef fec tive.

What was needed was a plat form ab strac tion that min i mized Dev team cog ni tive load.2
They adopted a new cloud in fra struc ture ab strac tion (called Ku ber netes) in or der to help
with this shift: “We didn’t change our or ga ni za tion be cause we wanted to use Ku ber netes;
we used Ku ber netes be cause we wanted to change our or ga ni za tion.”3

This de lib er ate use of a change in team in ter ac tion to force a ben e fi cial change in de liv- 
ery ca pa bil ity is the essence of strong, strate gic tech nol ogy lead er ship.

Ac cel er ate Learn ing and Adop tion of New Prac tices
De lib er ately chang ing the in ter ac tion mode of two teams to col lab o ra tion can be a pow er ful or ga- 

ni za tional en abler for rapid learn ing and adop tion of new prac tices and ap proaches. If one team has
sig nif i cant ex pe ri ence in a valu able set of prac tices—such as test au to ma tion—from which the sec ond
team would ben e fit, then bring ing the two teams to gether in col lab o ra tion mode for a few months can
not only help to im prove and de fine the API be tween the teams but also pro duce a step change in the
ca pa bil ity of the sec ond team. This “de lib er ate col lab o ra tion” is par tic u larly use ful where two groups
have very dif fer ent prior ex pe ri ence due to the pre vail ing prac tices around their re spec tive tech nolo- 
gies.

Con sider (as shown in Fig ure 8.1) a team that is adept at build ing cloud-based soft ware and is
build ing some cloud-hosted met ric col lec tion and an a lyt ics soft ware that re ceives data from a fleet of
IoT de vices run ning em bed ded soft ware. Bring ing this team to gether to col lab o rate closely with a
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team of em bed ded soft ware spe cial ists—whose ex pe ri ence is much more low level—would not only
help both teams to bet ter un der stand the chal lenges across this em bed ded/cloud tech nol ogy di vide but
also bring ben e fits around test au to ma tion.
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Fig ure 8.1: Col lab o ra tion be tween Cloud and Em bed ded Teams

Two teams (“cloud” and “em bed ded”) col lab o rate to share prac tices and in crease aware ness. The re sults will in clude height ened
aware ness of the op tions for fu ture team in ter ac tions: (1) treat the cloud soft ware as a plat form for the em bed ded team to use, (2)
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treat the em bed ded de vices as a plat form for the cloud team to use, or (3) con tinue with close col lab o ra tion.

The cloud team prob a bly treats test en vi ron ments as ephemeral and dy namic, and can help the em- 
bed ded team take a more nim ble ap proach to test ing. In re turn, the em bed ded team can help the cloud
team un der stand the mem ory and pro cess ing re stric tions of the em bed ded IoT de vices and tai lor their
code and pro to cols to bet ter suit the lim ited hard ware.

This col lab o ra tion pe riod will also help the or ga ni za tion as sess whether the cloud soft ware or the
em bed ded de vices can and should be treated as a plat form (in the sense used in this book) with the
cor re spond ing be hav iors from the plat form-pro vid ing team. The al ter na tive is, of course, for the teams
to con tinue to col lab o rate, pos si bly with an en abling team pro vid ing some me di a tion. As the col lab o- 
ra tion con tin ues, the teams may re al ize that their re spec tive change ca dences are in creas ingly align- 
ing, in which case they may de cide to form a “paired” set of teams, both stream aligned.

CASE STUDY: EVO LU TION OF TEAM TOPOLO GIES AT
TRAN SUNION (PART 2)
Dave Hotchkiss, Plat form Build Man ager, Tran sUnion

(Con tin ued from Chap ter 4)

At the start of our trans for ma tion in 2014, we re al ized that the de vel op ment (Dev) and op er- 
a tions (Ops) groups were sep a rated by a large gap. We knew that a sep a rate team of evan ge- 
lists could help bring Dev and Ops closer to gether; but in our case, we de cided to use two
teams, be cause the gap was so wide.

From the Dev group we cre ated a sys tem-build (SB) team, and from the Ops group we
cre ated a plat form-build (PB) team. We then fo cused on get ting SB and PB col lab o rat ing
closely, which was a sim pler prob lem to solve ini tially than get ting all the Dev and Ops
teams to col lab o rate (see Fig ure 8.2 on page 158).
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Fig ure 8.2: Sys tem-Build and Plat form-Build Team at Tran sUnion

A team from Dev (SB) and a team from Ops (PB) ex plor ing close in ter ac tions.

We drew out a time line of the team evo lu tion, in spired by the De vOps Team Topolo- 
gies pat terns. We ex pected to need to fo cus on aware ness or op er abil ity within Dev teams to
be gin with, so our ini tial team evo lu tion had the SB team col lab o rat ing closely with the Dev
teams and the PB team. This re ally helped im prove things, like de ploy ment au to ma tion,
met rics, log ging, and other op er a tional as pects (see Fig ure 8.3 on page 158).
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Fig ure 8.3: Sys tem-Build and Plat form-Build Team Col lab o ra tion at Tran sUnion

The two teams, SB and PB, col lab o rat ing closely.

Back in 2014, we ex pected to have evolved the SB and PB teams to a nice en abling
team within twelve months. As it hap pened, this tran si tion took quite a bit longer than we
ini tially thought (three years longer!) as we started to move our ser vices to Azure; but by
early 2018, we had made this work (see Fig ure 8.4 on page 158). The ben e fits to the busi- 
ness were re ally clear: safer, more reg u lar pro duc tion changes, fewer de ploy ment mis takes,
and bet ter trace abil ity of changes (es sen tial in the highly reg u lated fi nan cial sec tor in which
Tran sUnion op er ates).
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Fig ure 8.4: Sys tem-Build and Plat form-Build Teams Merged at Tran sUnion

The SB and PB teams merged, help ing to bring Dev and Ops to gether.

By late 2018, we had gone even fur ther, fi nally merg ing the SB team back into the Dev
teams and PB into the Ops teams, bring ing higher lev els of op er a tional aware ness and ac- 
count abil ity, and leav ing Ops to man age the un der ly ing plat form, with some strate gic in fra- 
struc ture run ning in Azure Cloud (see Fig ure 8.5).
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Fig ure 8.5: Sys tem-Build and Plat form-Build Teams Merged Back into Dev and Ops at Tran sUnion

The SB and PB teams merged back into Dev and Ops, pro vid ing Plat form-as-a-Ser vice.

Our early re al iza tion that this should be an evo lu tion of teams was re ally im por tant for
our suc cess. Peo ple knew that things would take some time, and the clear but chang ing re- 
spon si bil ity bound aries helped peo ple to un der stand their part in the process.

Con stant Evo lu tion of Team Topolo gies
Col lab o ra tion is costly but good for dis cov ery of new ap proaches, and X-as-a-Ser vice is good for

pre dictable de liv ery; so teams can be set up to match the needs of each area of the soft ware sys tem
and each team. But what hap pens when the re quire ments or op er at ing con text changes?

In ter ac tion modes of dif fer ent teams should be ex pected to change reg u larly, de pend ing on what
the teams need to achieve. If a team needs to ex plore part of the tech nol ogy stack or part of the log i cal
do main model cur rently han dled by an other team, then they should agree to use col lab o ra tion mode
for a spe cific pe riod of time. If a team needs to in crease its de liv ery pre dictabil ity fol low ing suc cess ful
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dis cov ery of new ap proaches with an other team, then it should move away from col lab o ra tion mode
to ward X-as-a-Ser vice to help de fine the API be tween the teams.

In this way, teams should ex pect to adopt dif fer ent in ter ac tion modes for pe ri ods of time de pend- 
ing on what they need to achieve. Of course, Con way’s law tells us that dur ing the dis cov ery and rapid
learn ing tak ing place as part of col lab o ra tion mode, the re spon si bil i ties and ar chi tec ture of the soft- 
ware is likely to be more “blended to gether” com pared to when the teams are in ter act ing us ing X-as-
a-Ser vice. By an tic i pat ing this fuzzi ness, some awk ward team in ter ac tions (“the API is not well de- 
signed” and so forth) can be avoided by tight en ing up the API as the team moves to X-as-a-Ser vice.

The evo lu tion of team topolo gies from close col lab o ra tion to lim ited col lab o ra tion to X-as-a-Ser- 
vice can be vi su al ized in Fig ure 8.6 (see page 160).

Fig ure 8.6: Evo lu tion of Team Topolo gies

The evo lu tion of Team Topolo gies from close col lab o ra tion to lim ited col lab o ra tion (dis cov ery) through to X-as-a-Ser vice for es- 
tab lished, pre dictable de liv ery.

Ini tial close col lab o ra tion evolves into more lim ited col lab o ra tion on a smaller num ber of things as
the tech nol ogy and prod uct is bet ter un der stood through dis cov ery, and it fur ther evolves into X-as-a-
Ser vice once the prod uct or ser vice bound ary is more es tab lished.

In a larger en ter prise, this “dis cover to es tab lish” pat tern is ex pected to hap pen all the time with
dif fer ent teams at dif fer ent stages of de vel op ment. There should be mul ti ple dis cov ery ac tiv i ties hap- 
pen ing si mul ta ne ously, with other teams tak ing ad van tage of well-de fined APIs to be able to con sume
things as a ser vice, as shown in Fig ure 8.7 (see page 160).
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Fig ure 8.7: Evo lu tion of Team Topolo gies in an En ter prise

Team 1 con tin ues to col lab o rate with a plat form team, dis cov er ing new pat terns and ways of us ing new tech nolo gies. This dis cov- 
ery ac tiv ity even tu ally en ables Team 2 to adopt an X-as-a-Ser vice re la tion ship with the plat form team. Later, Teams 3 and be yond
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adopt a later ver sion of the plat form, us ing it as a ser vice with out hav ing to col lab o rate closely with the plat form team.

In some or ga ni za tions, teams may op er ate on a per ma nent ba sis with many teams us ing col lab o ra- 
tion, es pe cially if the rate of in no va tion is very high. Other or ga ni za tions may have a ten dency to ward
mostly X-as-a-Ser vice in ter ac tions, be cause they have a well-de fined prob lem space and mostly need
to ex e cute on well-un der stood busi ness prob lems. The key point here is that teams need dif fer ent in- 
ter ac tion modes de pend ing on what they need to achieve.

Ul ti mately, by ex pect ing and en cour ag ing team in ter ac tions to move be tween col lab o ra tion and X-
as-a-Ser vice for spe cific rea sons, or ga ni za tions can achieve agility.

Keep ing the in ter re la tions be tween teams in the or ga ni za tion well de fined and dy namic pro vides
the foun da tion for what Jeff Sussna calls a “con tin u ous de sign ca pa bil ity” for ex ter nal and in ter nal
con texts.4 This dy namic re shap ing pro vides a key strate gic ca pa bil ity. John Kot ter, ex pert in or ga ni za- 
tional change, says: “I think of [strat egy] as an on go ing process of ‘search ing, do ing, learn ing, and
mod i fy ing’. . . . The more the or ga ni za tion ex er cises its strat egy skills, the more adept it be comes at
deal ing with a hy per com pet i tive en vi ron ment.”5

TIP

Evolve dif fer ent team topolo gies for dif fer ent parts of the or ga ni za tion at dif fer ent times to match the team pur pose and
con text.

We have seen that team in ter ac tions should ex plic itly evolve over time, de pend ing on what the
teams are do ing. In a dis cov ery phase, some de gree of col lab o ra tion is ex pected, but close col lab o ra- 
tion of ten doesn’t scale across the or ga ni za tion. The aim should be to try to es tab lish a well-de fined
and ca pa ble plat form that many teams can sim ply use as a ser vice.

Or ga ni za tions should aim to move from dis cov ery ac tiv i ties to es tab lish pre dictable de liv ery over
time as new com mod ity ser vices and plat forms be come avail able. The im pli ca tion for or ga ni za tions is
that the ex pe ri ence of peo ple in dif fer ent teams within the or ga ni za tion will dif fer de pend ing on the
kind of thing they’re work ing on at that point in time. Not all teams will in ter act with other teams in
the same way, and that is what we want.

Dif fer ent topolo gies and dif fer ent team in ter ac tions for dif fer ent parts of an or ga ni za tion need to
evolve at dif fer ent times based on what they are do ing and what they are try ing to achieve. The or ga- 
ni za tion must ask it self: “Are we try ing to dis cover things? And how rapidly do we need to dis cover
them?” There might be times when there is a need to colo cate peo ple—at the same desks or sim ply on
the same floor in the same build ing—to pro duce the kind of prox im ity that en cour ages the right
amount of col lab o ra tion. At other times, teams might move to sep a rate floors or even sep a rate build- 
ings in or der to help en force an API bound ary; a slight dis tance in terms of com mu ni ca tion can help
do that (see Chap ter 3 for more de tails on of fice lay outs).

The team topolo gies within an or ga ni za tion change slowly over sev eral months, not ev ery day or
ev ery week. Over a few months, change should be en cour aged in the team in ter ac tion modes, and a
cor re spond ing change should be ex pected in the soft ware ar chi tec ture.

CASE STUDY: SKY BET TING & GAM ING—PLAT FORM
FEA TURE TEAMS (PART 2)
Michael Maibaum, Chief Ar chi tect, Sky Bet ting & Gam ing

(Con tin ued from Chap ter 5)
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Plat form Evo lu tion had reached a tip ping point, and we had a choice to make: we could dis- 
solve the team and make each of the now rel a tively large prod uct teams re spon si ble for their
own con fig u ra tion man age ment, or we could try and fig ure out how to sup port those teams
more ef fec tively—to en able them to ac cel er ate de liv ery with high qual ity and re li a bil ity.

We de cided that the Plat form Evo lu tion team had to change, be com ing a prod uct team
with ser vices and sup port ca pa bil i ties, in or der to think and de sign the things they were
work ing on as ser vices to be con sumed by other teams. In short, the team had to fo cus on
fea tures that drive value to the busi ness.

Plat form Evo lu tion be came Plat form Ser vices and be gan to work with a very dif fer ent
world view. Their mis sion was to pro vide ser vices de signed to sup port other teams with fea- 
tures and ca pa bil i ties driven by their cus tomers. In other words, Plat form Ser vices be came a
prod uct-driven team.

Along side the work to break down our Chef mono lith, Plat form Ser vices de vel oped a
num ber of cus tomer-fo cused ser vices, pro vid ing cen tral ized value-add ser vices to teams, in- 
clud ing AWS in te gra tions, build and test en vi ron ments, log ging plat forms, and much more.
In each case, Plat form Ser vices took a fun da men tal ca pa bil ity that teams needed (and could,
in the ory, build for them selves) and pro vided a man aged ser vice equiv a lent. Plat form Ser- 
vices took the time to pro vide be spoke adap ta tions that de liv ery teams needed to make the
stan dard tool more valu able and eas ier to use in the SB&G en vi ron ment; and in do ing so,
saved the busi ness the over head of re peat ing those so lu tions in many teams around the busi- 
ness.

Through this pe riod, Plat form Evo lu tion/Ser vices were most closely aligned with the
in-house soft ware teams. It was of ten a point of de bate and con tention on the ap pro pri ate
bound aries of re spon si bil ity, par tic u larly be tween our in fra struc ture team and Plat form Ser- 
vices. Plat form Ser vices was build ing things like fire wall and load-bal ancer au to ma tion,
tools to sup port our in creas ing us age of AWS, se crets man age ment and PKI, but it was of ten
strug gling with the or ga ni za tional bound aries be tween it and the in fra struc ture team. The
ques tion arose of how much should in fra struc ture be re spon si ble for in the “plat form layer”?
And—slightly more del i cately—were they or ga nized in a way to sup port prod ucts?

Once this con ver sa tion started, it be came clear that it over lapped with con ver sa tions
within our in fra struc ture team about how they should be or ga nized. In fra struc ture was the
last sig nif i cant func tion in the busi ness with a clear de liv ery/op er a tions split in the team,
and there was an ap petite to try some thing dif fer ent. In fra struc ture re or ga nized around prod- 
ucts and ser vices; smaller teams owned the end-to-end life cy cle of a co her ent set of re lated
things, with a drive to make them bet ter for their cus tomers around the busi ness. As part of
that trans for ma tion, it also be came ob vi ous where Plat form Ser vices fit best—not as one
team be tween in fra struc ture and the rest of tech nol ogy but as part of the in fra struc ture func- 
tion.

Some ser vices—like load bal ancer and fire wall au to ma tion—found a more nat u ral
home in one of our net work ing-re lated squads, while some re mained in the two Plat form
Ser vices squads: Plat form En gi neer ing and De liv ery En gi neer ing. We seeded au to ma tion
en gi neers into in fra struc ture squads around ser vices that had never had that ca pa bil ity, and
de vel oped an in fra struc ture prod uct func tion to sup port the team’s en gage ment with the
wider busi ness.

We now have in fra struc ture-plat form fea ture teams, just like we have cus tomer-fac ing
prod uct fea ture teams; and while the change hasn’t been sim ple or with out its chal lenges,
it’s clear from the level of en gage ment, sense of own er ship, and re duced fric tion with other
ar eas of the busi ness that the change has been trans for ma tive. From the other ar eas of the
busi ness, it’s now clear who to talk to and what that team is do ing and why, when it of ten
wasn’t be fore, be cause it was all just “in fra struc ture.”
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Com bin ing Team Topolo gies for Greater Ef fec tive ness
At any one time, dif fer ent teams within an or ga ni za tion will have dif fer ent in ter ac tion and col lab- 

o ra tion needs. Dif fer ent kinds of team topolo gies should be ex pected to be seen si mul ta ne ously. Some
de gree of col lab o ra tion be tween teams is ex pected, but col lab o ra tion of ten doesn’t scale across the or- 
ga ni za tion; and con sum ing things as a ser vice is of ten more ef fec tive as the num ber of teams in- 
creases.

For ex am ple, per haps we have four stream-aligned teams build ing dif fer ent parts of the soft ware
sys tem. One of the teams may be in col lab o ra tion mode with the plat form team, un der tak ing some dis- 
cov ery work on new log ging tech nol ogy, while the other three teams are sim ply con sum ing the plat- 
form in X-as-a-Ser vice mode.

Su per im posed on the same di a gram, the in ter ac tions might look like this: The first stream-aligned
team has a col lab o ra tion in ter ac tion with the plat form team—the teams col lab o rate on new tech nol ogy
ap proaches and learn new tech niques rapidly. The stream-aligned team is sup ported by a en abling
team. The other three stream-aligned teams treat the plat form as a ser vice and are also sup ported by
the en abling team. These dif fer ent in ter ac tions are present to re flect the na ture of the work be ing un- 
der taken by the stream-aligned teams and the kind of in ter ac tions present in the soft ware they are
build ing.

In this ex am ple, there are three dif fer ent kinds of team in ter ac tions hap pen ing si mul ta ne ously: the
stream-aligned teams are ex pe ri enc ing a fa cil i tat ing in ter ac tion with the en abling team, and three of
the four stream-aligned teams ex pect an X-as-a-Ser vice in ter ac tion with the plat form, leav ing one
stream-aligned team to un der take the dis cov ery work with the plat form team via a col lab o ra tion in ter- 
ac tion.

Be cause the in ter ac tion modes are clear and ex plicit, and be cause these are mapped to well-de- 
fined pur poses, peo ple on dif fer ent teams within the or ga ni za tion un der stand why they in ter act in dif- 
fer ent ways with other teams. This helps to in crease en gage ment within teams and to en able teams to
use any fric tion from the in ter ac tions as sig nals to de tect a range of prob lems. We ex plore some of
these sig nals in the next sec tion.

Trig gers for Evo lu tion of Team Topolo gies
Us ing the ad vice from Chap ter 5, it is fairly straight for ward to map an or ga ni za tion’s struc ture to

the four fun da men tal team topolo gies at a spe cific point in time, but it’s of ten dif fi cult to have the re- 
quired or ga ni za tional self-aware ness to de tect when it’s time to evolve the team struc ture. There are
some sit u a tions that act as trig gers to re design team topolo gies within the or ga ni za tion. Learn ing to
rec og nize these will help an or ga ni za tion con tinue to adapt and evolve with its needs.

Trig ger: Soft ware Has Grown Too Large for One Team
Symp toms

A startup com pany grows be yond fif teen peo ple (Dun bar’s num ber).
Other teams spend lots of time wait ing on a sin gle team to un der take changes.
Changes to cer tain com po nents or work flows in the sys tem rou tinely get as signed to the same

peo ple, even when they’re al ready busy or away.
Team mem bers com plain about lack of sys tem doc u men ta tion.

Con text
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Suc cess ful soft ware prod ucts tend to grow larger and larger as more fea tures get added and more
cus tomers adopt the prod uct. While ini tially it is pos si ble that ev ery one in the prod uct team has a
fairly broad un der stand ing of the code base, that be comes in creas ingly more dif fi cult over time.

This can lead to an (of ten un spo ken) spe cial iza tion within the team re gard ing dif fer ent com po- 
nents of the sys tem. Re quests that re quire changes to a spe cific com po nent or work flow rou tinely get
as signed to the same team mem ber(s), be cause they will be able to de liver faster than other team
mem bers.

This re in forc ing cy cle of spe cial iza tion is a lo cal op ti miza tion (“get this re quest de liv ered
quickly”) that can neg a tively af fect the team’s over all flow of work when plan ning gets dic tated by
“who knows what” rather than “what’s the high est pri or ity work we need to do now.” This level of
spe cial iza tion in tro duces bot tle necks in de liv ery (as sto ried in The Phoenix Project and ex plained in
The De vOps Hand book). The rou tine as pect can also neg a tively af fect in di vid ual mo ti va tion.

An other as pect at play oc curs when the team no longer holds a holis tic view of the sys tem; thus, it
loses the self-aware ness to re al ize when the sys tem has be come too large. While there is some cor re la- 
tion be tween sys tem size in terms of lines of code or fea tures, it is the limit on cog ni tive ca pac ity to
han dle changes to the sys tem in an ef fec tive way that is most of con cern here.

Trig ger: De liv ery Ca dence Is Be com ing Slower
Symp toms

Team mem bers qual i ta tively feel it takes longer to re lease changes than it used to.
Team ve loc ity or through put met rics show a clear down ward vari a tion com pared to one year

ago. (There is al ways some vari a tion, so make sure it’s not ac ci den tal.)
Team mem bers com plain that the de liv ery process used to be sim pler, with fewer steps.
Work in progress keeps in creas ing, with many changes wait ing for an other team’s ac tion.

Con text
A long-lived, high-per form ing prod uct team should be able to steadily im prove their de liv ery ca- 

dence as they find ways to work more ef fi ciently to gether and re move bot tle necks in de liv ery. How- 
ever, a pre-req ui site for these teams to flour ish is to grant them au ton omy over the en tire life cy cle of
the prod uct. This means no hard de pen den cies on ex ter nal teams, such as wait ing for an other team to
cre ate new in fra struc ture. Be ing able to self-serve new in fra struc ture via an in ter nal plat form is a soft
de pen dency (as sum ing the pro vi sion ing self-ser vice is main tained by a plat form team).

This level of au ton omy is dif fi cult to achieve in many or ga ni za tions. In fact, it’s com mon to see
the op po site: re duc ing au ton omy by in tro duc ing new hard de pen den cies be tween teams. It could be an
at tempt at in creas ing test cov er age by cre at ing a qual ity as sur ance (QA) team to cen tral ize test ing of
all the prod ucts and, the o ret i cally, al lo cate work to testers more ef fi ciently. While such a goal is laud- 
able, this team de sign in tro duces a “func tional silo” (QA), whereby all teams de liv er ing soft ware will
need to wait on the QA team to be avail able to test their up dates.

The emer gence of De vOps high lighted the di vide be tween de vel op ment and op er a tions teams in
the 2010s, but it’s the same prob lem—to a greater or lesser ex tent—for all other si los that in ter vene in
the prod uct de liv ery life cy cle.

Note that it’s also pos si ble that de liv ery has slowed down be cause of ac crued tech ni cal debt. In
this sce nario, the com plex ity of the code base might reach a state where even small changes are costly
and fre quently cause re gres sions. That means de liv er ies take much longer to de velop and sta bi lize
than when the code base was ini tially cre ated.
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Trig ger: Mul ti ple Busi ness Ser vices Rely On a Large Set of Un der- 
ly ing Ser vices

Symp toms

Stream-aligned teams have lim ited vis i bil ity of end-to-end flow within their ser vice area.
It be comes dif fi cult to achieve a smooth and rapid flow of change due to the num ber and com- 

plex ity of sub sys tem in te gra tions.
At tempts to “re use” an ex ist ing set of ser vices and sub sys tems be comes more and more chal- 

leng ing.

Con text
In some highly reg u lated in dus try sec tors, such as fi nance, in sur ance, le gal, and gov ern ment, sev- 

eral dif fer ent high-level busi ness ser vices may rely on a large set of sep a rate un der ly ing ser vices,
APIs, or sub sys tems. For ex am ple, an in sur ance com pany may need to con duct lengthy phys i cal
checks on fac tory ma chin ery in or der to pro vide an up dated in sur ance quote; or a bank may need to
await de liv ery of proof-of-ad dress doc u ments be fore open ing a new bank ac count. The lower-level
sys tems on which these higher-level busi ness ser vices rely might pro vide spe cial ist pay ment mech a- 
nisms, data cleans ing, iden tity ver i fi ca tion, back ground le gal checks, and so forth, each of which
needs mul ti ple teams work ing on it to evolve and sus tain the ser vice. Busi ness process man age ment
(BPM)—per haps aug mented with ma chine learn ing (ML)—can help to au to mate some of the work in
these cases; but en gaged, aware teams still need to con fig ure and test the BPM work flow sce nar ios.
Some of these ser vices and sub sys tems may be built and pro vided in house, but oth ers may be pro- 
vided by ex ter nal sup pli ers.

In or der to de liver use ful busi ness value, the higher-level streams need to in te grate with many
lower-level ser vices (the realm of en ter prise ser vice man age ment). If the streams have to in te grate
sep a rately with each un der ly ing ser vice, it can be chal leng ing to as sess the ef fec tive ness of flow and
to di ag nose er rors in long-run ning pro cesses that may have some hu man-de ci sion in put. For ex am ple,
the un der ly ing ser vices may not ex pose track ing mech a nisms or may each have a sep a rate way to
iden tify trans ac tions.

The so lu tion to these kinds of multi-ser vice in te gra tion prob lems is twofold: (1) “Plat formize” the
lower-level ser vices and APIs with a thin “plat form wrap per” that pro vides a con sis tent de vel oper ex- 
pe ri ence (De vEx) for stream-aligned teams with things like re quest-track ing cor re la tion IDs, health-
check end points, test har nesses, ser vice-level ob jec tives, and di ag nos tic APIs. This “outer plat form” is
built on a still lower-level plat form, but that re mains hid den from stream-aligned teams. (2) Use
stream-aligned teams for each high-level busi ness ser vice re spon si ble for op er a tional teleme try and
fault di ag no sis: build ing and evolv ing “just enough” teleme try in te gra tion and di ag nos tic ca pa bil i ties
to be able to de tect where prob lems oc cur. Be ing in con trol of teleme try and di ag nos tics en ables the
stream-aligned teams to trace and im prove the flow of change in their stream (see Fig ure 8.8 on page
168).
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Fig ure 8.8: Ex am ple of a “Plat form Wrap per”

In crease flow pre dictabil ity in higher-level busi ness ser vices (streams) through the use of a “plat form wrap per” to “plat formize”
the lower-level ser vices and APIs, al low ing the streams to treat all their de pen den cies as a sin gle plat form with a holis tic roadmap
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and con sis tent De vEx. The streams also have rich teleme try to track flow and re source us age of the plat form.

As part of the rich teleme try around each higher-level busi ness ser vice, the stream-aligned team
builds and owns: (1) a light weight dig i tal-ser vice “wrap per” that pro vides con sis tent log ging time
stamps, con sis tency in cor re la tion IDs, re quest/re sponse iden ti fi ca tion and log ging, etc. when call ing
dif fer ent un der ly ing ser vices and APIs in the plat form; (2) log ging, met rics, and dash board ing for the
dig i tal-ser vice wrap per, al low ing all “stream side” co or di na tion to be tracked and traced (even if the
“plat form side” as pects are vari able in their vis i bil ity ini tially).

To sup port a sus tained and pre dictable flow in the higher-level busi ness ser vices, the plat form
wrap per must im prove the De vEx around the plat form ser vices—con sis tency and stan dards around
log ging, met rics, dash boards, cor re la tion IDs, etc.—so that greater trace abil ity is pos si ble from within
the dig i tal-ser vice wrap per built by stream-aligned teams.

Self Steer De sign and De vel op ment
His tor i cally, many or ga ni za tions have treated “de velop” and “op er ate” as two dis tinct phases of

soft ware de liv ery, with very lit tle in ter ac tion and cer tainly al most no feed back from op er ate to de- 
velop. Mod ern soft ware de liv ery must take a com pletely dif fer ent ap proach: the op er a tion of the soft- 
ware should act as and pro vide valu able sig nals to the de vel op ment ac tiv i ties. By treat ing op er a tions
as rich, sen sory in put to de vel op ment, a cy ber netic feed back sys tem is set up that en ables the or ga ni- 
za tion to self steer.

Treat Teams and Team In ter ac tions as Senses and Sig nals
With well-de fined, sta ble teams tak ing ef fec tive own er ship of dif fer ent parts of the soft ware sys- 

tems and in ter act ing us ing well-de fined com mu ni ca tion pat terns, or ga ni za tions can be gin to ac ti vate a
pow er ful strate gic ca pa bil ity: or ga ni za tional sens ing.

Or ga ni za tional sens ing uses teams and their in ter nal and ex ter nal com mu ni ca tion as the “senses”
of the or ga ni za tion (sight, sound, touch, smell, taste)—what Pe ter Drucker calls “syn thetic sense or- 
gans for the out side.”6 With out sta ble, well-de fined neu ral com mu ni ca tion path ways, no liv ing or gan- 
ism can ef fec tively sense any thing. To sense things (and make sense of things), or gan isms need de- 
fined, re li able com mu ni ca tion path ways. Sim i larly, with well-de fined and sta ble com mu ni ca tion path- 
ways be tween teams, or ga ni za tions can de tect sig nals from across the or ga ni za tion and out side it, be- 
com ing some thing like an or gan ism.

Many or ga ni za tions—those with un sta ble and ill-de fined teams, re ly ing on key in di vid u als and
(of ten) sup press ing the voices of large num bers of staff—are ef fec tively “sense less” in both mean ings
of the word: they can not sense their en vi ron men tal sit u a tion, and what they do makes no sense. When
speed of change was mea sured in months or years (as in the past), or ga ni za tions could man age with
very slow and lim ited en vi ron men tal sens ing; how ever, in to day’s net work-con nected world, high-fi- 
delity sens ing is cru cial for or ga ni za tional sur vival, just as an an i mal or other or gan ism needs senses
to sur vive in a com pet i tive, dy namic nat u ral en vi ron ment.

Not only do or ga ni za tions need to sense things with high fi delity, they also need to re spond
rapidly. Or gan isms gen er ally have sep a rate spe cial ized or gans for sens ing (eyes, ears, etc.) and re- 
spond ing to in put (limbs, body, etc.). The kinds of sig nals that dif fer ent teams will be able to de tect
will dif fer de pend ing on what the team does and how close it is to ex ter nal cus tomers, in ter nal cus- 
tomers, other teams, and so on, but each team will be ca pa ble of pro vid ing sen sory in put to the or ga ni- 
za tion and re spond ing to the in for ma tion by ad just ing their team in ter ac tion pat terns.

Thank fully, to help us with this task of what Naomi Stan ford calls “en vi ron men tal scan ning,”7 we
have mod ern dig i tal tools. Rich teleme try from dig i tal met rics and log ging helps teams achieve a real-
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time view of the health and per for mance of their soft ware sys tems; and light weight, net work-con- 
nected de vices (IoT and 4IR) pro vide reg u lar sen sor data from many thou sands of phys i cal lo ca tions.

So, what kinds of things should an or ga ni za tion sense? These ques tions can help an or ga ni za tion
dis cover the an swer:

Have we mis un der stood how users need/want to be have?
Do we need to change team-in ter ac tion modes to en hance how the or ga ni za tion is work ing?
Should we still be build ing thing X in house? Should we be rent ing it from an ex ter nal

provider?
Is the close col lab o ra tion be tween Team A and Team B still ef fec tive? Should we move to ward

an X-as-a-Ser vice model?
Is the flow of work for Team C as smooth as it could be? What ham pers flow?
Does the plat form for teams D, E, F, and G pro vide ev ery thing those teams need? Is an en- 

abling team needed for a pe riod of time?
Are the prom ises be tween these two teams still valid and achiev able? What needs to change to

make the prom ises more re al is tic?

IT Op er a tions as High-Value Sen sory In put to De vel op ment
Mov ing quickly re lies on sen sory feed back about the en vi ron ment. To sus tain a fast flow of soft- 

ware changes, or ga ni za tions must in vest in or ga ni za tional sens ing and cy ber netic con trol. A key as- 
pect of this sen sory feed back is the use of IT op er a tions teams as high-fi delity sen sory in put for de vel- 
op ment teams, re quir ing joined-up com mu ni ca tions be tween teams run ning sys tems (Ops) and teams
build ing sys tems (Dev). Sadly, many or ga ni za tions pre vent them selves from mov ing quickly and
safely. As Sri ram Narayan says, “Project spon sors look ing to re duce cost opt for a dif fer ent team of
lower-cost peo ple for main te nance work. This is false econ omy. It hurts the larger busi ness out come
and re duces IT agility.”8

In stead of try ing to op ti mize for low est cost in so-called “main te nance” work, it is es sen tial that
or ga ni za tions use sig nals from main te nance work as in put to soft ware-de vel op ment ac tiv i ties. In the
The De vOps Hand book, Gene Kim and col leagues de fine The Three Ways of De vOps for mod ern,
high-per form ing or ga ni za tions:9

1. Sys tems think ing: op ti mize for fast flow across the whole or ga ni za tion, not just in small parts
2. Feed back loops: De vel op ment in formed and guided by Op er a tions
3. Cul ture of con tin ual ex per i men ta tion and learn ing: sens ing and feed back for ev ery team in ter- 

ac tion

The sec ond and third ways rely on strong com mu ni ca tion path ways be tween Ops and Dev. As we
saw in Chap ter 5, one of the sim plest ways to en sure a con tin ual flow of high-fi delity in for ma tion
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 swarm ing for op er a tional in ci dents. For or ga ni za tions
that have yet to move to this model or have a sep a rate op er a tions group, it is vi tal that com mu ni ca tion
paths are es tab lished and nur tured be tween Ops and Dev. This pro vides high-fi delity in for ma tion
about op er a tional as pects, such as op er abil ity, re li a bil ity, us abil ity, se cur abil ity, and so forth, to en able
Dev teams to course cor rect and nav i gate to ward soft ware de signs that re duce op er a tional over heads
and im prove re li a bil ity.
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Treat ing Ops as an in put to Dev re quires a rad i cal re think ing of the roles of these of ten-sep a rate
groups. Jeff Sussna, au thor of De sign ing De liv ery, puts it like this: “Busi nesses nor mally treat op er a- 
tions as an out put of de sign. . . . In or der to em pathize, though, one must be able to hear. In or der to
hear, one needs in put from op er a tions. Op er a tions thus be comes an in put to de sign.”10

As Jeff im plies, the aim here is to em pathize with the var i ous groups of users of the soft ware and
ser vices we are build ing. By de vel op ing greater em pa thy for users, we can im prove the kinds of in ter- 
ac tions we have with them, en hanc ing their ex pe ri ences and bet ter meet ing their needs.

In creas ingly, soft ware is less of a “prod uct for” and more of an “on go ing con ver sa tion with” users.
To make this on go ing con ver sa tion ef fec tive and suc cess ful, or ga ni za tions need a “con ti nu ity of care”
for its soft ware. The team that de signs and builds the soft ware needs to be in volved in its run ning and
op er a tional as pects in or der to be able to build it ef fec tively in the first place. The team pro vid ing this
“de sign and run” con ti nu ity of care also needs to have some re spon si bil ity for the com mer cial vi a bil- 
ity of the soft ware ser vice; oth er wise, de ci sions will be made in a vac uum sep a rate from fi nan cial re- 
al ity.

How can we en cour age teams to con tinue to care about the soft ware long af ter they have fin ished
cod ing a fea ture? One of the most im por tant changes to im prove the con ti nu ity of care is to avoid
“main te nance” or “busi ness as usual” (BAU) teams whose re mit is sim ply to main tain ex ist ing soft- 
ware. Sri ram Narayan, au thor of Ag ile IT Or ga ni za tion De sign, says “sep a rate main te nance teams and
ma trix or ga ni za tions . . . work against re spon sive ness.”11 By sep a rat ing the main te nance work from
the ini tial de sign work, the feed back loop from Ops to Dev is bro ken, and any in flu ence that op er at ing
that soft ware may have on the de sign of the soft ware is lost (see Fig ure 8.9).
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Fig ure 8.9: New-Ser vice and “Busi ness as Usual” (BAU) Teams

Hav ing sep a rate teams for “new stuff” and BAU tends to pre vent learn ing, im prove ments and abil ity to self-steer. It is a non-cy- 
ber netic ap proach.
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Hav ing sep a rate teams for new-stuff and BAU also tends to pre vent learn ing be tween these two
groups. The new-ser vice team gets to im ple ment new tech nolo gies and ap proaches but with out any
abil ity to see whether these ap proaches are ef fec tive. The new ap proaches may be dam ag ing, but the
new-ser vice team has lit tle in cen tive to care, as only the BAU team will feel the pain of these poor
choices. Fur ther more, the BAU team typ i cally has lit tle chance to ap ply newer teleme try tech niques to
ex ist ing soft ware, leav ing them blind to the sig nals po ten tially avail able to in di cate cus tomer hap pi- 
ness or un hap pi ness.

In stead, it is much more ef fec tive to have one team re spon si ble for new ser vices and BAU of an
ex ist ing sys tem side by side. This helps the team to in crease the qual ity of sig nals from the older sys- 
tem by retro-fit ting teleme try from the newer sys tem and in creas ing the or ga ni za tion’s abil ity to sense
its en vi ron ment and self steer (see Fig ure 8.10).
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Fig ure 8.10: Side-by-Side New Ser vice and BAU Teams

A cy ber netic ap proach to main tain ing older sys tems has a sin gle stream-aligned team (or pair of teams) de vel op ing and run ning
the new ser vice and the older sys tems, en abling the team to retro-fit newer teleme try to the older sys tem and in crease the fi delity

of the sens ing from both sys tems.

In ef fect, each stream-aligned team should ex pect to look af ter one or more older sys tems in ad di- 
tion to the newer sys tems they are build ing and run ning. This helps them learn about a wider range of
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user and sys tem be hav iors, and avoid re peat ing mis takes made in ear lier sys tems.
To gen er ate and re ceive high-fi delity in for ma tion from front line, op er a tional sys tems, highly

skilled, highly aware peo ple are needed. This means that—con trary to how many IT op er a tions teams
were staffed in the past—peo ple in IT op er a tions need to be able to rec og nize and triage prob lems
quickly and ac cu rately, pro vid ing ac cu rate, use ful in for ma tion to their col leagues who are fo cused on
build ing new fea tures. In stead of the IT-op er a tions ser vice desk be ing staffed with the most ju nior
peo ple, it should be staffed with some of the most ex pe ri enced en gi neers in the or ga ni za tion, ei ther
ex clu sively or in tan dem with some of the more ju nior mem bers.

Sum mary: Evolv ing Team Topolo gies
The rapid pace of change in tech nol ogy, mar kets, cus tomer and user de mands, and reg u la tory re- 

quire ments means suc cess ful or ga ni za tions need to ex pect to adapt and evolve their or ga ni za tion
struc ture on a reg u lar ba sis. How ever, or ga ni za tions that build and run soft ware sys tems need to en- 
sure that their team in ter ac tions op ti mize for flow, Con way’s law, and a team-first ap proach (in clud ing
team cog ni tive load). By de ploy ing the four fun da men tal team topolo gies with the three core team in- 
ter ac tion modes, or ga ni za tions gain cru cial clar ity of pur pose for their teams on an on go ing ba sis.
Teams un der stand how, when, and why they need to col lab o rate with other teams; how, when, and
why they should be con sum ing or pro vid ing some thing “as a ser vice”; and how, when, and why they
should pro vide or seek fa cil i ta tion with an other team. Thus, an or ga ni za tion should ex pect to see dif- 
fer ent kinds of in ter ac tions be tween dif fer ent kinds of teams at any given time as the or ga ni za tion re- 
sponds to new chal lenges.

The com bi na tion of well-de fined teams and well-de fined in ter ac tion modes pro vides a pow er ful
and flex i ble or ga ni za tional ca pa bil ity for struc tural adap ta tion to chang ing ex ter nal and in ter nal con di- 
tions, en abling the or ga ni za tion to “sense” its en vi ron ment, mod ify its ac tiv i ties, and fo cus to fit.
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  CON CLU SIONThe Next-Gen er a tion Dig i tal Op er at ing Model

A sec ond ef fect on per for mance of cre at ing small, em pow ered units is to in crease the likely
speed of adap ta tion to new in for ma tion.

—John Roberts, The Mod ern Firm

Soft ware de liv ery in most or ga ni za tions has been plagued by prob lems for many years—prob- 
lems that new tech nol ogy prom ises to solve but rarely (or never) does. These prob lems in clude dis en- 
gaged teams, too many re cur ring sur prises with changes in tech nol ogy and mar kets, push ing against
Con way’s law, soft ware that has grown too big for teams, a con fus ing ar ray of or ga ni za tion de sign op- 
tions and de liv ery frame works, teams pulled in many dif fer ent di rec tions, painful re or ga ni za tions ev- 
ery few years, and poor flow of change. Not ev ery or ga ni za tion has all of these prob lems, but most
have some and many have al most all, de spite re peated at tempts to avoid them. So, what is the cause of
these on go ing prob lems?

The rea son so many or ga ni za tions ex pe ri ence so many prob lems with soft ware de liv ery is be cause
most or ga ni za tions have an un help ful model of what soft ware de vel op ment is re ally about. An ob ses- 
sion with “fea ture de liv ery” ig nores the hu man-re lated and team-re lated dy nam ics in her ent in mod ern
soft ware, lead ing to a lack of en gage ment from staff, es pe cially when the cog ni tive load is ex ceeded.

The real im pli ca tions of Con way’s law are al most com pletely ig nored by most or ga ni za tions, lead- 
ing to, at best, happy ac ci dents with ar chi tec tural choices and, at worst, sig nif i cant on go ing fric tion as
the or ga ni za tion spends time and ef fort “fight ing” the ho mo mor phic force. Sim i larly, many or ga ni za- 
tions are un aware of how a poorly cho sen “re org” can de stroy an or ga ni za tion’s strate gic ca pa bil ity
for in no va tion and sus tain able soft ware de liv ery.

There is an of ten be wil der ing range of team mod els and scaled de liv ery frame works with ap par- 
ently very lit tle to dis tin guish them. Fur ther more, the be hav ior pat terns of teams are rarely spec i fied,
leav ing teams with out clear guide lines for ef fec tive in ter ac tion with other teams, re sult ing in ei ther
too-tight in ter-team cou pling or a kind of iso la tion ist au ton omy that doesn’t re ally scale.

Team Topolo gies helps to ad dress all these points by set ting forth a team-first ap proach to soft ware
de liv ery pred i cated on four fun da men tal team types, three team in ter ac tion pat terns, and ways of us ing
dif fi cul ties in de liv ery that em power the or ga ni za tion to sense its sur round ings. In ef fect, Team
Topolo gies presents a well-de fined way for teams to in ter act and in ter re late that helps to make the re- 
sult ing soft ware ar chi tec ture clearer and more sus tain able, turn ing in ter-team prob lems into valu able
sig nals for the self-steer ing or ga ni za tion. This is sum ma rized in Fig ure 9.1:
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Fig ure 9.1: Core Ideas of Team Topolo gies

Four Team Types and Three In ter ac tion Modes
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Build ing and run ning a soft ware sys tem can be achieved us ing only four team types. Other team
types can be ac tively harm ful to an or ga ni za tion.

The four fun da men tal Team Topolo gies are:

Stream aligned: a team aligned to the main flow of busi ness change, with cross-func tional
skills mix and the abil ity to de liver sig nif i cant in cre ments with out wait ing on an other team.

Plat form: a team that works on the un der ly ing plat form sup port ing stream-aligned teams in de- 
liv ery. The plat form sim pli fies oth er wise com plex tech nol ogy and re duces cog ni tive load for
teams that use it.

En abling: a team that as sists other teams in adopt ing and mod i fy ing soft ware as part of a tran- 
si tion or learn ing pe riod.

Com pli cated sub sys tem: a team with a spe cial re mit for a sub sys tem that is too com pli cated to
be dealt with by a nor mal stream-aligned team or plat form team. Op tional and only used
when re ally nec es sary.

The com bi na tion of these spe cific team types is all that’s needed for ef fec tive soft ware de liv ery
with fast flow. How ever, the in ter ac tion modes be tween these four fun da men tal team topolo gies are
vi tally im por tant to un der stand ing and nur tur ing ef fec tive soft ware de liv ery:

Col lab o ra tion mode: two teams work to gether on a shared goal, par tic u larly dur ing dis cov ery
of new tech nol ogy or ap proaches. The over head is valu able due to the rapid pace of learn- 
ing.

X-as-a-Ser vice mode: one team con sumes some thing pro vided by an other team (such as an
API, a tool, or a full soft ware prod uct). Col lab o ra tion is min i mal.

Fa cil i tat ing mode: one team (usu ally an en abling team) fa cil i tates an other team in learn ing or
adopt ing a new ap proach.

Team in ter ac tions out side these three core in ter ac tion modes are waste ful and in dica tive of poorly
cho sen team re spon si bil ity bound aries and poorly un der stood team pur poses.

Team-First Think ing: Cog ni tive Load, Team API, Team-Sized Ar- 
chi tec ture

To in crease the clar ity of pur pose and de fine the bound ary of re spon si bil ity of teams, choose a
fun da men tal team type and an in ter ac tion mode. Team Topolo gies takes this “team first” ap proach
sev eral steps fur ther by in tro duc ing some ad di tional team-re lated guide lines that have strong out- 
comes for sus tain able soft ware de liv ery.

The Team Topolo gies ap proach treats the team as the fun da men tal means of de liv ery, where a
team is not sim ply a col lec tion of in di vid u als with the same man ager but an en tity with its own learn- 
ing, goals, mis sion, and rea son able au ton omy. A team learns and de liv ers to gether be cause when this
hap pens, the re sults far out per form mere col lec tions of in di vid u als. The team con sid ers not just its
code as part of its ex ter nal “API” but also its doc u men ta tion, on board ing pro cesses, in ter ac tions with
other teams in per son and via chat tools, and any thing else that other teams need in or der to in ter act
with its mem bers.

To avoid soft ware be com ing ever larger and even tu ally over whelm ing a team, the size of sub sys- 
tems (or com po nents) are lim ited to that man age able by a sin gle team. Specif i cally, ex ceed ing the
max i mum cog ni tive load that a team can deal with as a team is avoided, en sur ing that the whole team
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is com fort able with the com plex ity and men tal over heads. This “team-sized ar chi tec ture” fo cuses on
peo ple first, and is a more sus tain able and hu mane ap proach to soft ware ar chi tec ture than ei ther
mono lithic or mi croser vices ar chi tec tures, both of which fo cus on the tech nol ogy first.

Strate gic Ap pli ca tion of Con way’s Law
Back in 1968, Mel Con way of fered su perb in sight into the re la tion ship be tween the com mu ni ca- 

tion struc ture of the or ga ni za tion and the re sult ing sys tem de signs, and it has be come a pow er ful en- 
abler (and con straint) for to day’s soft ware-rich or ga ni za tions: “Re search which leads to tech niques
per mit ting more ef fi cient com mu ni ca tion among de sign ers will play an ex tremely im por tant role in
the tech nol ogy of sys tem man age ment.”1

In to day’s con text and ter mi nol ogy, the word “de sign ers” can be re placed with “soft ware teams.”
In other words, re struc tur ing teams and fa cil i tat ing (or po ten tially de lib er ately lim it ing) com mu ni ca- 
tion be tween teams has a much bet ter chance of build ing sys tems that work well in pro duc tion and
feel nat u ral to evolve over time. The corol lary here is that in creased col lab o ra tion is not al ways the
same as in creased com mu ni ca tion. That is, if we know we need to be able to de ploy dif fer ent parts of
the sys tem in de pen dently, with a short lead time, and we de cide to use small, de cou pled ser vices in or- 
der to do so, we need to make our teams sim i larly small and de cou pled, with clear bound aries of re- 
spon si bil ity.

Even per for mance-ori ented or ga ni za tions might be hin der ing the adop tion of ef fec tive tech nolo- 
gies and prac tices due to their team or ga ni za tion. For in stance, large, up-front de signs by soft ware ar- 
chi tects are doomed to fail un less the de signs align with the way in which the teams com mu ni cate.

Ap proaches to build ing and op er at ing cloud soft ware such as mi croser vices ac com mo date the
need for hu man-sized chunks of func tion al ity along side en hanced de ploy a bil ity. Teams have a greater
chance of in no vat ing and sup port ing a sys tem if they can un der stand the con stituent parts and feel a
sense of own er ship over the code, rather than be ing treated like work ers on an as sem bly line. The use
of ap proaches like prom ise the ory (see Chap ter 7) can help teams in crease their day-to-day prac ti cal
own er ship of code and APIs. Or ga ni za tions that de velop and op er ate their own soft ware sys tems
must, there fore, set up their or ga ni za tions rad i cally dif fer ently from how it was done in the past. Team
struc tures must match the re quired soft ware ar chi tec ture or risk pro duc ing un in tended de signs.

Evolve Or ga ni za tion De sign for Adapt abil ity and Sens ing
Not only do or ga ni za tions need to con sider team struc ture at a sin gle point in time, but team struc- 

tures and com mu ni ca tion path ways need to evolve with tech no log i cal and or ga ni za tional ma tu rity. Pe- 
ri ods of tech ni cal and prod uct dis cov ery typ i cally re quire a highly col lab o ra tive en vi ron ment (with
fad ing team bound aries) to suc ceed. But keep ing the same struc tures when dis cov ery is done (es tab- 
lished tech nolo gies and prod uct) can lead to wasted ef fort and mis un der stand ings. In par tic u lar, or ga- 
ni za tions should ex pect teams to col lab o rate to dis cover new pat terns and ex e cu tion mod els, then push
these down into the plat form and sup port ing tool ing.

Team Topolo gies is not static but ca pa ble of and ex pected to change as the sit u a tion changes. Mul- 
ti ple fac tors come into play when de cid ing which of the fun da men tal team topolo gies and in ter ac tion
modes best fit the needs of the or ga ni za tion at a given point in time.

Team Topolo gies Alone Are Not Suf fi cient for IT Ef fec tive ness
The Team Topolo gies ap proach to soft ware sys tems rep re sents a ma jor step for ward for many or- 

ga ni za tions around the world, pro vid ing in sights into how and why dif fer ent team com bi na tions and
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in ter ac tions work and when to use them, along with prac ti cal ad vice and pat terns to fol low in spe cific
cir cum stances.

How ever, Team Topolo gies alone will not pro duce an ef fec tive soft ware-de liv ery and op er a tions
or ga ni za tion. Be yond the struc tures and dy nam ics sug gested in this book, im por tant ad di tional in gre- 
di ents of suc cess in clude:

A healthy or ga ni za tional cul ture: an en vi ron ment that sup ports the pro fes sional de vel op ment of
in di vid u als and teams—one in which peo ple feel em pow ered and safe to speak out about
prob lems, and the or ga ni za tion ex pects to learn con tin u ously.

Good en gi neer ing prac tices: test-first de sign and de vel op ment of all as pects of the sys tems, a
fo cus on con tin u ous de liv ery and op er abil ity prac tices, pair ing and mob bing for code re- 
view, avoid ing the search for a sin gle “root cause” for in ci dents, de sign ing for testa bil ity,
and so on.

Healthy fund ing and fi nan cial prac tices: avoid ing the per ni cious ef fects of a CapEx/OpEx split
be tween dif fer ent parts of the IT or ga ni za tion (or at least mit i gat ing the worst as pects of this
by es ti mat ing CapEx/OpEx through sam pling the work), avoid ing project-driven dead lines
and large-batch bud get ing wher ever pos si ble, and al lo cat ing train ing bud gets to teams or
groups rather than in di vid u als.

Clar ity of busi ness vi sion: the ex ec u tive or lead er ship pro vides a clear, non-con flict ing vi sion
and di rec tion for the rest of the or ga ni za tion, with hori zons at hu man-rel e vant timescales
(such as three months, six months, twelve months) and clear rea son ing be hind the pri or i ties,
so peo ple in the or ga ni za tion can un der stand how and why these were cho sen.

You can think of it like el e ments needed for cre at ing and main tain ing a gar den: the Team Topolo- 
gies ap proach acts like the in struc tions for plac ing the flow ers and plants, along with pat terns for
prun ing and train ing; whereas the cul tural, en gi neer ing, and fi nan cial el e ments are like the soil, wa ter,
and fer til izer that helps the plants grow healthily.

Un healthy cul tures, poor en gi neer ing prac tices, and neg a tive fi nan cial in flu ences all act as poi sons
or growth in hibitors in this gar den. Soft ware can not be ex pected to grow and thrive—even with ex cel- 
lent pat terns for prun ing and plant ing pro vided by Team Topolo gies—if the en vi ron men tal con di tions
are hos tile.

A lack of clar ity in busi ness vi sion is akin to ask ing a hor ti cul ture team to “cre ate a gar den” with- 
out any in di ca tion of the pur pose of the gar den. Should we grow fruit or veg eta bles? Should we aim
for col or ful flow ers all year round or just in sum mer? Is the gar den to be used for med i ta tion or for an- 
other pur pose? Like wise, clar ity of pur pose and vi sion in an or ga ni za tion helps to set the con text for
ev ery one in the or ga ni za tion to act in ways that ad dress that pur pose.

Next Steps: How to Get Started with Team Topolo gies
1: Start with the Team

First, as an or ga ni za tion ask your self: What does the team need in or der to:

Act and op er ate as an ef fec tive team?
Own part of the soft ware ef fec tively?
Fo cus on meet ing the needs of users?
Re duce un nec es sary cog ni tive load?
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Con sume and pro vide soft ware and in for ma tion to other teams?

An swer ing these ques tions hon estly should lead to team-first ap proaches to of fice space, de vel oper
tool ing, us abil ity of plat forms, re al is tic sub sys tem/do main split ting, team-friendly ar chi tec ture, rich
teleme try, and so forth.

Hav ing started with the team, you can ad dress other im por tant as pects of fast flow for mod ern
soft ware: align ment to streams, the plat form, and ad di tional ca pa bil i ties to sup port and en hance the
work of teams.

2: Iden tify Suit able Streams of Change
Each or ga ni za tion needs to choose a set of change streams that act as “pipes” down which the

most im por tant changes flow. These streams are the main fo cus for flow within the or ga ni za tion, and
all other work within the or ga ni za tion takes place to help flow within these streams (di rectly or in di- 
rectly). Ex actly what is cho sen for the streams de pends very much on the na ture of the or ga ni za tion,
but some typ i cal streams might be:

Cit i zen-ori ented tasks for gov ern ment on line ser vices: ap ply ing for a pass port, pay ing taxes, or
reg is ter ing for a set of health care op tions (task-ori ented streams).

Busi ness bank ing prod ucts: on line money man age ment, au to ma tion of bank trans ac tions, in- 
voic ing clients (role-ori ented streams).

On line ticket pur chas ing: search ing for tick ets, pur chas ing tick ets, man ag ing “My Ac count”
and re funds (ac tiv ity streams).

Re gional prod ucts: Eu ro pean mar ket, North Amer i can mar ket, Asian mar ket, etc. (ge o graph i- 
cal streams).

Mar ket seg ment: con sumer, small and medium busi ness, en ter prise, large cor po rate (user-type
streams).

Stream-aligned teams should be aligned to the streams you iden tify. These high-level streams
should match the “change pres sure” from the core of your or ga ni za tion. If there is no clear or ob vi ous
set of change streams, then it is usu ally ben e fi cial to iden tify these be fore go ing fur ther.

3: Iden tify a Thinnest Vi able Plat form (TVP)
Af ter you have iden ti fied the most rel e vant streams for your or ga ni za tion, iden tify the ser vices

needed to sup port a re li able, swift flow of change in those streams. In prac tice, these ser vices will
form the plat form on which the streams de pend, but as we noted in Chap ter 5, a plat form does not
have to be a huge, ex pen sive in vest ment. On the con trary, a plat form can be “just big enough” to meet
the flow needs for the streams: any thing from a set of doc u men ta tion on a wiki that helps teams use
the un der ly ing ser vices to a full, in-house, cus tom-tech nol ogy so lu tion built to meet the spe cial ist
needs of the stream-aligned teams.

Nat u rally, the plat form will evolve over time as the tech nol ogy ecosys tem evolves. The plat form
teams may start off need ing to build a cus tom so lu tion for, say, in fra struc ture pro vi sion ing, but a few
years later, may dis card that work in fa vor of a newly avail able, open-source or cloud-provider so lu- 
tion that fits bet ter with in dus try trends.

Re mem ber: tech nol ogy is only ever a part of the plat form; roadmaps, guided evo lu tion, clear doc- 
u men ta tion, a con cern for De vEx, and ap pro pri ate en cap su la tion of un der ly ing com plex ity are all key
parts of an ef fec tive de liv ery plat form for stream-aligned teams.



  Foreword

187

4: Iden tify Ca pa bil ity Gaps in Team Coach ing, Men tor ing, Ser vice
Man age ment, and Doc u men ta tion

Hav ing a team-first ap proach based around core streams of change en abled by a plat form is a great
place for an or ga ni za tion to start; how ever, the ca pa bil i ties and skills needed to make this setup work
are more var ied and less com mon than many or ga ni za tions ex pect. As we have seen in pre vi ous chap- 
ters (es pe cially Chap ter 5 and Chap ter 7), you need to en sure that your teams are pop u lated not just
with tech nol o gists fo cused on code or com puter sys tems but also with peo ple who have other skills. In
par tic u lar, you need peo ple who un der stand and prac tice:

Team coach ing
Men tor ing (es pe cially of se nior staff)
Ser vice man age ment (for all kinds of teams and ar eas, not just for pro duc tion sys tems)
Well-writ ten doc u men ta tion
Process im prove ment

We have de lib er ately omit ted de tails of how to un der take large-scale trans for ma tions in an or ga ni za tion. For ex cel lent pat terns of

or ga ni za tional change, see the work of Mary Lynn Manns and Linda Ris ing. 2

These kinds of ca pa bil i ties help teams within the or ga ni za tion to con tin u ally im prove their prac- 
tices, com mu ni cate, and in ter act with other teams, which, in turn, helps the whole or ga ni za tion to
safely in crease the rate of change flow. No se ri ous sports team would con sider not em ploy ing coaches
and train ers, and no se ri ous or ga ni za tion should be with out coaches and train ers ei ther.

5: Share and Prac tice Dif fer ent In ter ac tion Modes and Ex plain Prin- 
ci ples be hind New Ways of Work ing

Many peo ple have never re ally ex pe ri enced a team-first way of work ing, so it will feel strange to
them. Take the time to ex plain and demon strate the team-in ter ac tion modes. Ex plain why some teams
are closer to gether and some teams are fur ther apart. Ex plain the ba sics of Con way’s law, and how the
con scious de sign of teams and in ter com mu ni ca tions can help im prove the soft ware ar chi tec ture of the
sys tems be ing built by re strict ing the so lu tion search space and sav ing time and ef fort for ev ery one.

Em pha size the hu man is tic as pects of Team Topolo gies: the fo cus on the team, the ex plicit lim its
on cog ni tive load, the re duc tion in noise and in ter rup tions due to team-fist of fice space, and a limit on
free-for-all com mu ni ca tions. Iden tify the fo cus on fast flow of change for the core busi ness streams,
sup ported by a “thinnest vi able plat form” and re lated teams and coach ing.

Above all, share how the Team Topolo gies ap proach makes for bet ter out comes for hu mans, soft- 
ware sys tems, and the or ga ni za tion it self.



  Foreword

188

GLOS SARY
API (ap pli ca tion pro gram ming in ter face): a de scrip tion and spec i fi ca tion for how to in ter act pro gram mat i cally with soft ware.

ap pli ca tion mono lith: a sin gle, large ap pli ca tion with many de pen den cies and re spon si bil i ties that pos si bly ex poses many ser vices
and/or dif fer ent user jour neys.

bounded con text: a unit for par ti tion ing a larger do main (or sys tem) model into smaller parts, each of which rep re sents an in ter nally
con sis tent busi ness do main area.

Brooks’s law: law coined by Fred Brooks which states that adding new peo ple to a team doesn’t im me di ately in crease the ca pac ity
of a team.

cog ni tive load: the amount of work ing mem ory be ing used.

col lab o ra tion mode: team(s) work ing closely to gether with an other team.

com pli cated-sub sys tem team: re spon si ble for build ing and main tain ing a part of the sys tem that de pends heav ily on spe cial ist
knowl edge.

Con way’s law: law coined by Mel Con way that states that sys tem de sign will copy the com mu ni ca tion struc tures of the or ga ni za- 
tion which de signs it.

do main com plex ity: how com plex the prob lem is that is be ing solved via soft ware.

Dun bar’s num ber: coined by an thro pol o gist Robin Dun bar, which states that fif teen is the limit of peo ple one per son can trust; of
those, only around five can be known and trusted closely.

en abling team: team(s) com posed of spe cial ists in a given tech ni cal (or prod uct) do main; they help bridge the ca pa bil ity gap.

ex tra ne ous cog ni tive load: re lates to the en vi ron ment in which the task is be ing done (e.g., “How do I de ploy this com po nent,
again?” “How do I con fig ure this ser vice?”).

fa cil i tat ing mode: team(s) help ing (or be ing helped by) an other team to clear im ped i ments.

flow of change: a stream of re lated up dates or al ter ations to a soft ware ser vice or sys tem, usu ally aligned to user goals or other core
fo cus of the busi ness.

frac ture plane: a nat u ral “seam” in the soft ware sys tem that al lows it to be eas ily split into two or more parts.

ger mane cog ni tive load: re lates to as pects of the task that need spe cial at ten tion for learn ing or high per for mance (e.g., “How
should this ser vice in ter act with the ABC ser vice?”).

in trin sic cog ni tive load: re lates to as pects of the task fun da men tal to the prob lem space (e.g., “What is the struc ture of a Java
class?” “How do I cre ate a new method?”).

joined-at-the-data base mono lith: com posed of sev eral ap pli ca tions or ser vices all cou pled to the same data base schema, mak ing
them dif fi cult to change, test, and de ploy sep a rately.

mono lithic build: uses one gi gan tic con tin u ous in te gra tion (CI) build to get a new ver sion of a com po nent.

mono lithic model: soft ware that at tempts to force a sin gle do main lan guage and rep re sen ta tion (for mat) across many dif fer ent con- 
texts.

mono lithic re lease: a set of smaller com po nents bun dled to gether into a “re lease.”

mono lithic think ing: “one-size-fits-all” think ing for teams that leads to un nec es sary re stric tions on tech nol ogy and im ple men ta tion
ap proaches be tween teams.

mono lithic work place: a sin gle of fice lay out pat tern for all teams and in di vid u als in the same ge o graphic lo ca tion.

or ga ni za tional sens ing: teams and their in ter nal and ex ter nal com mu ni ca tion are the “senses” of the or ga ni za tion (sight, sound,
touch, smell, taste).

plat form team: en ables stream-aligned teams to de liver work with sub stan tial au ton omy.

re verse Con way ma neu ver: or ga ni za tions should evolve their team and or ga ni za tional struc ture to achieve the de sired ar chi tec ture.

stream-aligned team: a team aligned to a sin gle, valu able stream of work.

team API: an API sur round ing each team.
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Team Topolo gies: model for or ga ni za tional de sign that pro vides a key tech nol ogy-ag nos tic mech a nism for mod ern soft ware-in ten- 
sive en ter prises to sense when a change in strat egy is re quired (ei ther from a busi ness or tech nol ogy point of view).

thinnest vi able plat form: a care ful bal ance be tween keep ing the plat form small and en sur ing that the plat form is help ing to ac cel er- 
ate and sim plify soft ware de liv ery for teams build ing on the plat form.

X-as-a-Ser vice mode: con sum ing or pro vid ing some thing with min i mal col lab o ra tion.
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