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le Agile System Development” 

 Large-scale agile systems engineering implies requirements engineering challenge
(RE) 

 Challenges are not sufficiently covered by scaled-agile frameworks or traditional R

 Challenges apply during transition to agile as well as to full agile system 
development 

 A comprehensive overview allows to identify holistic solutions 

 A comprehensive overview charts important areas for future research 
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gile methods have become mainstream even in large-scale systems engineering companies that
different development cycles of hardware and software. For such companies, requirements engin
ivity that involves upfront and detailed analysis which can be at odds with agile development m
This paper presents a multiple case study with seven large-scale systems companies, reporting

ther with best practices from industry. We also analyse literature about two popular large
SAFeR© and LeSS, to derive potential solutions for the challenges.
ur results are based on 20 qualitative interviews, five focus groups, and eight cross-company

ed to both collect and validate our results.
e found 24 challenges which we grouped in six themes, then mapped to solutions from SAFeR©

es, when available.
: In this way, we contribute a comprehensive overview of RE challenges in relation to large-sca
ment, evaluate the degree to which they have been addressed, and outline research gaps. We e
useful for practitioners who are responsible for designing processes, methods, or tools for larg
as well as guidance for researchers.

requirements engineering, large-scale agile, systems engineering

ction

ide criticism, agile approaches have signifi-
ibuted to the way software is developed [1].
ly focused on small teams [1–4], success sto-
to their application at large-scale [5–7] and

velopment (i.e., large, complex systems which
and hardware) [6, 8, 9], an environment that

zed by long lead times [9] and stable, sequen-
ing practices [10]. These complex, agile envi-
en involve many challenges which fall under
of Requirements Engineering (RE), includ-

nding product value, communicating prod-
dealing with cross-cutting concerns [11], and

quirements [12]. Because of these and other
ompanies struggle to implement efficient RE
ale agile context [13–15].
work looking at RE-related challenges arising
ethods, i.e. agile RE (e.g., [16–18]), mostly
posing new approaches, practices, and arti-
here is however a lack of empirical studies

ate the phenomenon of RE in relation to agile

ding author
resses: rashida@chalmers.se (Rashidah Kasauli ),

methods, particularly in the domain of large-s
development [17, 19, 20]. This gap is a ma
when transitioning to agile system developme
considering the extraordinary demands on long
tenance, synchronisation of different develop
(e.g. between hardware, mechanics, and softwa
ten safety concerns of today’s systems. There
work we report the RE-related challenges of
agile system development and their solution c

Through a multiple case study of seven larg
tem development cases, based on five focus g
cross-company workshops and 20 semi-struc
views, as well as a review of state-of-the-art lar
ile frameworks, this paper makes three contrib
an RE perspective. First, we present a report o
RE challenges related to applying agile deve
large-scale systems. The identified challenges
into the areas of building and maintaining sh
edge, representing that knowledge, as well as
it into the process and organization.

Second, the paper provides candidate solu
challenges identified under each of the challenge
solutions are obtained from the use of establ
scale agile frameworks and additional solution
practices in industry provided by our industry
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o engineering requirements, even in an agile
us, we hope that our work helps to establish
that better support agility within large-scale

opment.
er revises and extends our previous work [11]
e six-month iterations with three additional

er is organized as follows. In Section 2, we
background of large-scale agile development
ed works to our study. Section 3 presents the
stions as well as the methodology we used in-
collection, analysis and validity threats. We

y context and case company agile pervasive-
ion 4. In Section 5, we report the results to
questions. We discuss our results in Section
cluding our article in Section 7.

Work

to large-scale agile system development as the
of a product consisting of software, hardware

lly mechatronic components that includes more
elopment teams [5] and is aligned with agile
]. To that effect, this section discusses the
of RE and agile development in large-scale
ineering companies. We start by giving the
of agile development in large-scale systems en-
e then discuss the background of RE and agile
while also identifying related works in that
ummary of the related work with respect to
then concludes the section.

cale Agile

thods like Scrum and XP are being adopted in
stem development companies [7], even though
iginally intended for use on a small scale [2–
work on this topic shows that companies suc-
pt agile methods, but that several challenges
survey with 13 organizations in 8 European
35 individual projects on the adoption of XP

Salo and Abrahamsson [7] report successful
these methods and appreciation among prac-
dvall et al. [21] study the potential of adopt-

thods with ABB, DaimlerChrysler, Motorola,
The authors’ conclusion is that, overall, ag-
could suit the needs of large organizations,
for small and collocated teams. However,

gile into the company environment could be
Lagerberg et al. [6] report based on a survey
hat applying agile on a large scale facilitated
haring and effective coordination. Addition-

a questionnaire based survey of 101 Norwe-
s, Jørgensen [22] analyse agile methods’ use
ware projects and conclude that increased use
ods in large-scale projects reduces failure risk.
matic literature review on the adoption of ag-

e.g., coordination in a multi-team environmen
archical management and organizational boun
structured literature review on challenges of lar
ile, Uludag et al. [23] identify 79 stakeholder s
lenges e.g., coordinating multiple agile teams t
the same product, which was deemed specific
managers. In a position paper by Eklund et al.
challenges of scaling agile in embedded organ
presented. These challenges include, e.g., coo
work between agile teams or taking into acco
ways of working for systems engineering. Simil
and Eklund [9] present, based on a survey wit
ipants, expected benefits and challenges of s
in mechatronic organizations, including effici
turing the organization, understanding of agi
value chain, and adaptation to frequent releas

In an attempt to address these challenges, s
panies are adopting large-scale agile framewor
as Scaled Agile Framework (SAFeR© )[25, 26]
Scale Scrum (LeSS) [27]. These frameworks o
of practices, principles, and methods for large-
e.g., sprint-review bazaars, enabler user stories
chapters. Given the attention that these lar
ile frameworks currently receive, we aim in th
discuss RE-related challenges with the principl
tices suggested by SAFeR© and LeSS. We avoid
summary of these complex frameworks here,
and briefly describe various specific practices
ples which address our identified challenges.

2.2. RE and Agile

In the past, agile methods and requireme
ten perceived as conflicting, particularly if RE
rowly as a set of “the system shall...” statement
ile’s de-emphasis on documentation recommen
However, RE is a wide field covering requirem
formats, implicit or explicit, including sharing
nation of functionality, quality, or value-related
Although there is less work on the relationsh
agile and RE, compared to work focusing sole
existing work has commented on synergies and
traditional RE thinking with agile methods.

Based on a mapping study with 28 analy
Heikkilä et al. [19] find that there is no univers
of agile RE. Furthermore, they report several
areas in agile RE such as the use of custom
tatives, prioritization of requirements or grow
cal debt. In a case study by the same autho
son, the flow of requirements in large-scale a
ied [17]. Perceived benefits include increased fl
creased planning efficiency, and improved com
effectiveness. However, the authors also repo
such as overcommitment, organizing system
and growing technical debt. Similarly, Bjarnas
investigate the use of agile RE in a case stud
practitioners at one large-scale company tran
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l RE challenges, such as communication gaps,
w challenges, such as ensuring sufficient com-
ross-functional teams. In a case study with
companies, Ramesh et al. [16] identify risks
of agile RE. These are, e.g., the neglection of
al requirements or customer inability. A sys-
ature review on agile RE practices and chal-
ts eight challenges posed by the use of agile
h as customer availability or minimal docu-
owever, the authors also report 17 challenges
nal RE that are overcome by the use of ag-

authors conclude that there is more empirical
ded on the topic of agile RE.
dies have addressed the use of traditional RE
agile RE. Paetsch [28] provide a comparison

itional RE approaches and agile software de-
hile identifying possible ways in which agile
elopment can benefit from RE methods. The
lude that agile methods and RE are pursu-

oals in key areas like stakeholder involvement.
ifference is the emphasis on the amount of doc-
needed in an effective project. Meyer, in con-
s the relationship between RE and agile more
ribing the discouragement of upfront analysis
s on scenario based artifacts (i.e. user stories)
], however not based on empirical data.

ry of related work

ary, there is substantial existing work on the
large-scale agile in system development, in-
irical studies. However, existing work either
dentifying and evaluating agile RE practices
t presenting the current state of practice at
nies [17] and without explicitly targeting sys-
ment [18]. Hence, additional empirical work
understand the complex phenomenon of agile
RE in the domain of large-scale system devel-

r study contributes with a cross-case analysis
e agile development. The study extends our
work presented in [11] as follows:

ned and expanded the catalogue of challenges
ing to the initial four companies plus addi-

three companies with comparable context.

d the expanded catalogue to run a workshop
practices in large-scale agile system develop-
here companies described their ways of work-
lating to the challenges. This activity con-
d new potential best practices.

alysed documentation of SAFeR© and LeSS to
tand to what extent we can rely on these scaled
orks for addressing our challenges. The anal-

gether with feedback from the workshop pro-
otential solutions to our identified challenges.

3. Research Methodology

We have conducted our multiple-case study
rounds with several points of elicitation and v
each round. Overall, the elicitation took plac
riod of two years, with data analysis and wri
uing for another year. In Round 1, we inves
companies with a series of focus groups and int
results of which have been summarized in [11].
new to this paper, we continue to investigate th
inal companies, and a further three compani
a series of cross-company and individual com
shops - gathering challenges and solutions and
and validating our findings with the case com
final results provide insights regarding our t
questions:

RQ1: Which requirements-related challen
large-scale agile system development? Given t
agile development at the different case compan
egorize and describe the challenges provided
companies.

RQ2:Which approaches have been proposed
literature and which approaches are used by p
to address the challenges identified in RQ1?
results from RQ1 as a benchmark, we aim to p
of solutions from proposals presented by prac
well as those offered by well-known large-scale
works, particularly LeSS [27] and SAFeR© [26].

3.1. Case Companies

Our study includes one telecommunicatio
(referred to as Telecom in this paper), two
companies (Automotive 1 and 2), one company
software-intensive embedded systems (Techno
other technology and engineering company (Te
one manufacturing company (Manufacturing ) a
cessing company (Processing ). Both Manufa
Processing have significant software component
cases represent large, international companies
products and systems that include a significan
software, hardware, and typically mechanical c
All case companies have experience with ag
teams and have the goal to further speed up
opment of their software-intense systems. W
on the specific cases in Section 4.

3.2. Sampling and Data Collection

In order to answer our research questions,
data both from our company cases and from
ture concerning scaled agile frameworks. Ge
relied on semi-structured interviews (one or
viewers interact with one or more interviewe
an interview guide), workshops (a group mee
work on creating a defined result), and focus
a given scope, representative stakeholders ar
discuss current challenges and future opportu
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Table 1: Data Sources First Round (reported in [11])

Company Role(s) L

Telecom 2xTest Architect, System Manager F

Automotive 1 Process Manager, Specialist Platform Software F

Telecom 2xTest Architect, System Manager F

Automotive 2 System Responsible, 2x Function Owner, System Quality Engineer F

Technology 1 RE Change Agent, Chief Engineer F

Automotive 1 Verification Manager, Specialist Platform Software X
Telecom Test Architect, System Manager
Automotive 1 Verification Manager, Specialist Platform Software X
Telecom Test Architect, System Manager
Automotive 2 Test Architect, System Manager
Technology 1 Chief Engineer Software

Telecom Test Architect (TA), System Manager (SysM) x2, Developer (T-Dev),
Scrum Master (ScrM), Area Product Owner (APO), Operational
Product Owner (OPO),

T

Automotive 1 Safety Technology Specialist (TS), A

Automotive 2 Component Design Engineer (CDE),System Design Engineer (SDE),
Function Owner x2 (FO), Software Developer x2 (SD), Product Owner
(PO), Scrum Master (SM), System Tester (ST), Functional Tester
(FT), Software Quality Expert (SQE)

A

Technology 1 Requirements responsible T

-company workshops (XComp WS) for scop-
validation of results, and planning of next

participating companies. The elicitation and
r this study was conducted in two rounds as

Section 3.2.1 and 3.2.2.

One Elicitation and Validation

gives an overview of our research design for
nd of elicitation and validation, as presented
Table 1 presents a summary of the individual
ents.
from a common case study design and com-
h questions, we conducted a cross-company
shop (XComp 1 Scoping WS) to secure com-

m participating companies, align the goals of
d finalize the research design. We then sched-
al scoping workshops (Scoping WS) with each
cept for Technology 1 which, despite genuine
e study, could not free up resources for this
t time. During these scoping workshops, we
the help of our company contacts the most

case in terms of availability and available ex-
he topic, e.g., a specific product or component

CaseXComp Data Collection

Metalevel

Telecom

Automotive 1

Automotive 2

Technology 1

Comment
- Scope study
- Identify RQs

- Individual scoping and sampling for each case
- Selection of appropriate data collection method for each case

XComp 1 
Scoping WS

FG-1 + 
Scoping WS Int-1 … Int-7

Scoping WS Int-1 FG-2

Scoping WS

FG-3

Int-1 … Int-11 FG-4

FG-5Int-1

Mult. Case 
Study Design

Figure 1: Overview of multiple case study research des

cases were selected to accommodate two aspect
to allow better generalization of results and c
since there was an interest to investigate the re
tions in each particular case. This allowed u
variety of perspectives during data collection,
overview, customer experience, development,
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Table 2: Data Sources Second Round

mpany Role(s) L

companies invited Many roles, see below X
ecom Verification Manager, System Architect T
hnology 1 Project Manager, Chief Engineer, Require-

ments Manager, Technical Integrator (2x),
Product Manager

T

tomotive 2 Project Manager (Process/Methods/Tools) 3x
(OD, SW-Dev, Sys-Dev), Technical Expert

A

nufacturing Project Manager x2, Chief Engineer, Elec-
tronic Developer, Technical Integrator x2

M

cessing System Engineer x3, Technology Specialist x2,
Project Manager, Requirement Manager

P

ecom, Technology 1, Technology 2, Auto-
tive 1, Automotive 2, Processing

Toolchain and Processes, Requirements Ex-
pert, Process/Method/Tools(SysEng) x4, Pro-
cess/Methods/Tools (SW) SW Reqt Eng. x3,
Architect x2, System Manager

X

ecom, Technology 1, Technology 2, Auto-
tive 2

System Engineer x2, Agile Team Lead, Prod-
uct Owner x2, Agile Expert x2, Requirements
Engineer x3

X

ecting the appropriate case, we started data
rough the use of interviews and focus groups.
data collection instrument for Round 1 of our

found online1. Data collection was adjusted
each individual case based on resource avail-
ommitment. For instance, the Telecom case
large product development by many Scrum
e relied on a focus group followed by inter-
ed Int in the figure) with a variety of roles
). In contrast, the Automotive 1 case relates

team and we chose a focus group with the
complemented with an interview of a safety
views lasted approximately one hour and fol-
ar interview instrument for all companies with
ific adjustments for each company. For focus
cross-company workshops we scheduled three

Two Elicitation and Validation

cond round of data collection, summarized in
h elicitation events listed in Table 2, we relied
rkshops to expand and validate our data. We
over a period of one and a half years divided

ix-month cycles (each column in Figure 2).
ncludes regular cross-company workshops, la-
p PV (Planning and Validation), that served
ts to validate our findings with our industry

plan together the upcoming cycles. These
workshops gave us an opportunity to contin-
t our findings, receiving feedback. Round 1

w.cse.chalmers.se/~knauss/

(Figure 1) covers six months and Round 2 (Fi
ers one and a half years, making a total of two
posed of four 6-month cycles for the entire inv

Case

Telecom

Automotive 2

Technology 1

Technology 2

Processing

Manufacturing

Round 1 
results

XComp PV
Planning

TelWS

Auto2WS

Tech1WS

ProcWS

ManWS

XComp 3
(Full day)
Practices

XComp PV
Planning & Validation

XComp PV
Planning & Validation

XCom
(Full d

Strategie
Soluti

Figure 2: Overview of multiple case study research d
2.

We started Round 2 with a cross-compan
(XComp PV) at which we presented and receiv
on our previous findings, making plans for fur
gation with each company. We then conducte
of individual workshops with each company,
standard workshop instrument2. The genera
the instrument was to both orient the new co
the project and to go through the RE-related
found in the previous round of the study.
make the workshops more concrete, we elicited
artifacts (e.g., product backlogs, feature descri

2http://www.cse.chalmers.se/~knauss/

2020-AgileREChallenges/SWC27-Sprint12-Interview
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how each artifact would relate to the chal-
d discovered. Using this instrument as a guide,
d five company workshops (TelWS, TechWS,
anWS, ProcWS) confirming, expanding and

allenges and solutions. Each workshop lasted
and was hosted by the case company.
tage, with a tentative list of challenges and
utions from industry, we sought for solutions
le literature. In order to extract potential so-
ided in literature for large-scale agile devel-
selected two popular large-scale agile frame-
lude in our analysis: LeSS [27] and SAFeR©

uthors read both sources and independently
trix relating challenges found with our com-
tential solutions suggested by either source.
s were discussed and merged, and the results
d as part of our findings, addressing RQ2.
conducted two, full day cross-company work-
p 3 and XComp 4, with a focus on finding

ng solutions and strategies to our discovered
t these workshops, we presented an overview
dings, including updated challenges, collected
m the companies, and the challenge-solution
ined from the analysis of scaled agile frame-
discussed companies’ RE practices via indi-
ntations and a world cafe3 focusing on se-
. Depending on availability, not all case com-

send representatives to each workshop, but
op had at least four companies represented
).

erification

searchers participated in all interviews, work-
cus groups. In Round 1 we had one dedicated
resent in all data collection events. In Round
least two out of three principle investigators

ll workshops, after calibrating our efforts via
instrument. We recorded interviews and focus
possible and had at least two researchers take
ise. Collected data was verified at multiple

case company representatives through follow-
s.

nalysis

analysis, we relied on a thematic coding ap-
For each case in Round 1, at least two re-
iliarized themselves with the data and high-
orthy statements and assigned a label or code

sed on a card sorting approach, the authors
ssed and iteratively combined codes into 30
emes, from which we derived four high-level
aining 3-5 themes each. In our expanded data

cafe method allows to effectively host large group dis-
//www.theworldcafe.com/key-concepts-resources/

collection, we processed the material collected
pany workshops in the same manner, i.e., w
searchers sorting and updating findings to cre
dated list of issues and solutions presented in
In order to validate the clusters in each rou
cussed the outcome of our analysis in a repo
shop (XComp 2 Validation WS for Round 1 a
PV for Round 2) with all participating compa

As an example of our coding process, in Rou
view A2-PO said the following, “I don’t think
is not required or something like that. It’s just
cus hasn’t been on documenting the function.”
other quotes led to the creation of code (chal
Creating and Maintaining Traces’. In Round
of our discussions with Manufacturing , we ma
“Reusable modules = requirements and solu
viding a potential solution for our earlier C3.
These and other items are described in Sectio
a third example, our notes from the ProcWS i
following statement: “Product focus means li
requirements. How to reuse existing requireme
product? Beyond copy and paste...”. This and
porting quotes and notes caused us to create
(challenge), compared to the Round 1 results i
Avoid Re-specifying, Encourage Re-use’, and i
with the other explanatory text in Section 5.2

Overall, comparing Round 1 to Round 2, w
and re-organised several challenges, as well as a
new categories and sub-categories. Of the s
categories with 24 sub-challenges presented in
two of the challenges categories and roughly 11
categories appeared already in the Round 1
tails can be found in [11]). As such, roughly
challenges arose in Round 2, and are new to
Overall, due to the extensive changes, categori
lenges from Round 1 appear in a more elabor
and are adjusted accordingly, which makes a
ping between Round 1 and Round 2 results di

Once the challenges were established, we r
analysis process going through material collecte
pany workshops and the LeSS [27] and SAFeR©

looking for potential solutions which mapped t
fied challenges. Two researchers did this mapp
ually. The results were merged and difference
Section 5 presents both the challenges, update
along with potential mapped solutions, extract
company interactions and SAFeR© and LeSS ma
list of potential solutions, mapped to challeng
presented back to company participants in a cro
workshop, collecting feedback and making up
findings.

3.5. Threats to Validity

By design, the external validity of case stu
Hence, generalization of our findings might n
ble to different companies or domains. In pa
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n about challenges for small-scale or pure soft-
ment. We believe that while some challenges
ible there as well, they can likely be managed
thin the scope of agile practices. We designed
identify common challenges across participat-
es. Thus, our research method does not sup-
p argument about differences between compa-
s, and market positions. However, given that
ilar themes in all cases, we expect that these

rly to other companies or projects in large-
s engineering.
se internal validity, we regularly discussed the
r analysis in multiple cross-company work-
p 2 Validation WS, XComp PV). The work-

ed key roles from each company that were al-
ed in the study. We also used the workshops
derlying root causes and challenges that are

l companies.
a too restricted view on smaller parts of a

product, we selected interviewees from differ-
the development, including at least one team
system level roles in each case. Workshops
ed a variety of roles from a variety of divi-

ithin the companies. We relied on a conve-
le and companies provided us with access to
mpany experts in the areas of agile transfor-
RE, with a genuine but diverse interest in the
we hope that this improved internal validity,
e introduced a selection bias, which we tried
by encouraging participation of both propo-
ponents of agile/RE. Our contact persons at
panies all have substantial knowledge in the
transformation. Therefore, we expect that

le to select suitable participants.
ate threats to construct validity, we designed
d the interview guides in multiple iterations
respondence from the company contacts that,
d, are knowledgeable with agile transforma-
the interviews, workshops and focus groups,

lanations where concepts were not clear and
ipants or interviewees for elaborations in case
uous answer. Data was collected from mul-

including different companies and existing
AFeR© and LeSS) which helped us ensure we
e challenges correctly. During data analysis,
a triangulation between interviews, company
nd the literature. Further, in case of ambigu-

nts, we would contact the interviewee or in-
ssion of these statements in the next XComp
hile it is important to maintain a chain of

m the data to findings, we did not attempt
ll found challenges to specific cases. Since
oints came from cross-company workshops or
with many participating companies, it was

ossible to clearly decide which company had
e. We could have tried to establish these

ever, we refrained from doing so to avoid c
bias or bandwagon effect, i.e., that company
tives would agree to challenges simply because
likely and because others experience them as

Reliability is hard to achieve in qualitat
However, we tried to describe our study des
ticular the data collection and analysis proce
detailed fashion and shared the various instru
for data collection. At least two researchers w
in all interviews, focus groups, and workshop
the impact of subjectivity. Similarly, we analy
involving at least two researchers at a time. W
companies, we have a prolonged involvement
mutual trust among the parties.

The potential solutions proposed in Section
on our own reasoning, claims in related work
solutions help with a certain challenge), and on
with the case companies. Thus far, we have
the solutions from the literature in the case co
solutions suggested by one company in further
Further validation of the collected solutions is

4. Study Context: Pervasiveness of Ag
opment

Before answering the RQs as outlined in S
need to get an overview of how the case com
with agile in a large-scale, setting the context o
For this, we analyzed our collected data and co
summaries with the company representatives.
challenging to characterize the state of agility
case companies. Especially at scale, it become
to give an overview of concrete practices be
within a development organization. As one of o
contacts stated:

“I suspect that our organization is very agil
judged on what is found on powerpoint level, but
agile at all when judged on how agile practices
plemented.” — Anonymous interviewee

The challenges we discuss in this paper m
tential explanations for why adopting satisfa
practices is so hard. They should not be se
lenges that only occur once a company has
transitioned to agile, but more generally as cha
companies need to consider when they aim to

In addition to the practices being followed,
important to distinguish how widespread agile
are in the company. Figure 3 is a simplified v
of the different states we found within the c
nies. For some, agile practices are only applied
teams, for others, they span the development
functions (incl. hardware and potentially mech
for some, the full development organization a
tinuous and agile development. Note that not
companies differ in the way they (aim to) imp
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V Pervasiveness 
of agile 
development

rent scopes of agile development within system devel-
typical V model. (Light grey box denotes RE, arrows
equirements are used for informing developers about
ent, testers about what to test, and for documenting
maintenance. Three black boxes show the different

scussed in this case study.)

ompanies’ products, services and structures.
provides an overview of the contexts of our

ies.

pany. The Telecom case relates to the de-
f one major product. More than 30 Scrum
p in parallel based on a scaled agile approach
m SAFeR© [31]). Scrum sprints are based on
d a hierarchy of product owners breaks down
irements and customer visible features to back-
hile these product owners represent the cus-

ements towards the product development, sys-
rs represent a system requirements perspec-
rall effect is a continuous development stream

flow, which is supported by a powerful infras-
t enables continuous integration and testing.

ent generates knowledge about new features,
s effective planning for continuous delivery.
r to the Telecom case, hardware development
coupled from the software development. New
comes available with a regular, but low fre-
s, the software development sets the pace of
opment, which can be seen as continuous and
it embraces agile values as much as possible.
his is shown by the largest outer box encom-

entire V model, which implies that the whole
aditional V model is covered.

Company 1. In Automotive 1, agile methods
ccessfully applied to in-house development of
ponents. In the light of growing competi-

tware-centric companies, e.g., on autonomous
e is a desire to scale up these fast-paced ap-

developing software components to develop-
functions, thus including agile development

and mechatronic. The selected case is a pilot
re-implements a whole customer function in
Integration of this function into a real vehicle

itional verification with respect to safety and
m behavior. Thus, we would characterize this
h the second largest box in Figure 3, where a
er takes responsibility for one particular func-

Automotive Company 2. With Automotive 2, w
case responsible for safety critical functionalit
in house. As with Automotive 1, agile teams d
ware within a development process that still
to the V model. Within the agile software team
requirements are transformed into backlog item
to speed up development of this differentiatin
ality, different measures have been taken to s
overall system development, such as introduci
information model that supports storing requir
sign elements, tests, and implementation mod
out the system development. Since this hel
ing development time significantly, participa
to this approach as narrow V model (compara
loop in [8]) in FG-4. In Figure 3, we describe
smallest box, not to refer to overall developm
but to the fact that hand-over between plan
agile development happens on a low level of a

Technology Company 1. Technology 1 develops
products, both for consumer markets and for in
velopment and manufacturing, as well as for O
integrators. Their system development is decom
several system elements. Software developme
confined to two of these elements, both of whi
acterized by agile methods and practices suc
and Continuous Integration. As with Automot
fer to this situation with the smallest box in
Technology 1 enables agile work of more tha
teams within a plan-driven system developme
tion.

Technology Company 2. Technology 2 develop
systems both for consumer markets and for OE
ing systems that are safety critical. In order to
their customers, Technology Company 2 is incr
agile development competency. Especially for
with OEMs, this entails challenging establish
working throughout the company, and at the
investigation, we discussed agility on the sca
customer project.

Manufacturing Company. The Manufacturing
develops high-tech products of supreme com
very large software parts for the medical doma
to decrease lead-time for delivering new feat
increase throughput, continuous development
have been embraced throughout the R&D d
Agile principles and practices are considered o
yet must be carefully considered due to regulat
ments and the very large scale of the develop
The software development is to a good extent i
from hardware development cycles and can be
very large scale. It is increasingly organize
to large-scale agile development frameworks a
ous software development paradigms and at th
would characterize its level of agility to corre
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ompany. The processing company, Processing
onents, services, and management for produc-
tories. Services provide detailed intelligence
al processes within a factory or plant. The
adopted agile ways of implementing software
s, which however rely on capabilities of phys-
nts within a factory or plant. Thus, the scope
ghly relates to the smaller box of Figure 3,

ering a complete facility as the system.
zing the seven cases, we recognize that some
ies have come a long way towards continuous
ineering and enterprise-wide adoption of agile
are currently moving in that direction. Our

s for common themes, regardless of the perva-
gile adoption or agile maturity (which we did

investigate in this study). In the analysis of
d workshop data, we uncovered challenges and
t relate to the application of agile methods in
ts, described in the next section.

ges and Potential Solutions (RQ1 and

pect to RQ1, we see 24 challenges that we
ix areas of challenges: Build and Maintain
rstanding of Customer Value, Support Change
n, Build and Maintain Shared Understanding
, Representation for Requirements Knowledge,
cts and Organizational Aspects. For each chal-
so discuss potential solutions from literature
to answer RQ2.

ection, we present the challenges along with
didates from SAFeR© and LESS, and, when
utions suggested by our participating compa-
r goal to provide a comprehensive overview.
have tried to organize the challenges in sim-
facilitate understanding, the areas are not

, and often there is overlap between areas and
igure 4 provides an overview of the categories

es, and, in addition, we summarize challenges,
utions, and research gaps for each category in
tables, Table 3 to 8. Readers can either follow
quentially, or use the figure and the tables as
int to directly jump to a challenge of interest.

nd Maintain Shared Understanding of Cus-
alue

Bridge Gap to Customer

large organizations, it is challenging to
ufficient customer collaboration. It is hard
teams understand customer value, express
stomer value in terms of user stories that
plemented in a single sprint, as well as to

eedback to and obtain clarifications from
mer.

Despite the close customer relations advoc
ile, study participants indicate a large distan
customers and developers. In all our cases we
cated roles that channel information from mu
holders down to the teams. It is not trivial to
gap, direct interaction of teams and stakehold
to chaos when established plans are circumve
site customers are not an option. Teams want
but do not focus on customer value.

i. Make team understand customer value. Ind
distance/gap, the teams struggle to understan
tomers’ view and cannot describe how their wo
customer value. Teams work with sub-feature
that can be finished during a typical sprint as
the bigger features in order to ensure frequen
practice noted from all our case companies, a
methods used differ. However, one interviewe
pointed out that a feature is what is sold to th
It thus becomes hard to gauge what the valu
feature is. One participant (XComp 1) claim
focus on agile practices occupied the teams so
this caused a neglect of product value. Teams
be agile. However, value creation is not solely
responsibility as the requirements breakdown
the customer units, as in the Telecom case,
function management units, in the Automotive
interviewee (T-APO-1) pointed out that it is h
down the requirements such that they carry u
challenge also recognized in other cases (Autom
Technology 1).

ii. Unable to express value in user stories. D
plexity of systems it is hard to write user
can be addressed by one team in one sprint
same time relate to value that could be reco
user/customer. User stories provide a fast me
knowledge both on a high and a low level in a
tem development. In the Telecom as well as
Automotive cases, user stories are used for two

“... so there are user stories that of course t
view from the end customer and describe what
customer wants from our system and why. B
there are other user stories that are more lik
descriptions of what the team should achieve an
could be like internal things that need to be de
in order to keep the architecture constrained.”
T-SysM

A Function Owner in Automotive 2 specifica
that high-level user stories could help to commu
early. However, it is particularly difficult to wr
ries that have direct value for the user. Such
would typically be too large to be completed
strated in one sprint. Yet, breaking it into mo
ries or more detailed requirements could det
quirements quality since not enough effort goe
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(C1) Build and maintain shared 
understanding of customer value
a) Bridge gap to customer

i. Make team understand customer value
ii. Unable to express value in user stories
iii. Feedback and clarification

b) Building long-lasting customer 
knowledge

(C2) Support Change and Evolution
a) Managing experimental 

requirements
b) Synchronization of development
c) Avoid re-specifying, encourage re-

use
d) Updating requirements

(C3) Build and maintain shared 
understanding about system
a) Documentation to complement tests 

and stories
b) System vs. component thinking
c) Creating and maintaining traces
d) Learning and long-term knowledge
e) Backward compatibility

(C4) Representation of reqts knowledge 
a) Manage levels vs. decomposition
b) Quality reqts as thresholds
c) Tooling not fit for purpose
d) Accommodate different 

representations
e) Consistent reqts quality

(C5) Process aspects
a) Prioritization of distributed 

functionality
b) Manage completeness
c) Consistent requirements processes
d) Quality vs. time-to-market

(C6) Organizational aspects
a) Bridge plan-driven and agile
b) Plan V&V based on reqts
c) Time for invention and planning
d) Impact on infrastructure

Figure 4: Challenging Areas of RE for Large-Scale Agile System Development. Updated from [11]

s it is hard to understand which high-level
an be traced to detailed requirements. We
ability further in challenge C3.c Creating and
traces. In summary, user stories are hard to

scale and complexity of the cases in our study,
r a unique opportunity to bridge distances be-

er and developer.

and clarification. Our teams suffer from long
les, which are a consequence of a) dependence
ware development/deployment, b) customers
ile, c) large numbers of stakeholders. In sev-
ies, study participants raised the issue of long
ed feedback cycles. At Automotive 1, one

ipant named slow mechanical or hardware de-
s one of the main reasons for long feedback
ftware has to be tested together with actual
edback on software functionality is postponed
dware is ready. One study participant stated
son — often customers are not agile and take
to try out and approve new features. By the
k then reaches the agile teams, they are al-
g on another part of the product and do not
actly what the feedback is about. That is, for
e feedback comes too late, while customers do

in giving quick and frequent feedback, even
crements. This challenge is especially encoun-
system under development is supposed to be
to a larger system at the customer site, as
in the Telecom and Technology cases. A third
omplicated feedback cycles is that there is a

of stakeholders, both external and internal.
omplex nature and the scale of the products
our case companies, there is rarely a single

stead, requirements inflow occurs from many
rces, e.g., customers, authorities, managing
rs and sourcing, or standardization organiza-
ny cases, requirements need to be discussed

mmunicated to other stakeholders within or
rganization, delaying feedback.

Potential Solution. In our view, the root cau
challenges relates to size and complexity of the
investigated. In such large-scale systems, cus
end-users cannot easily relate or give feedbac
developers work on.

In our workshops and focus groups, partici
panies brought up potential solutions. Many of
to facilitating discussion and communication,
for example be supported through better visu
requirements (Technology 1) or by investing in
focus on customer value every sprint (Teleco
ther, the companies suggested that handover
reduced, e.g., by introducing cross-functional
span traditional levels of abstraction (FG-1 an
by keeping the product management close to d
teams (ProcWS).

Common frameworks for large-scale agile, su
[26] and LeSS [27], focus on customer-value a
vice that relates to our challenges. SAFeR© ge
gests frequent (train) demos as well as to involv
on every level [26]. Similarly, LeSS recommend
tions to be customer-centric [27]. While we
this advice, we suggest that more concrete su
be provided in the light of our challenges. If wo
by an individual team does not clearly relate
for which a customer could care, it will be ha
or to involve customers in decisions.

In line with Lean Software Development,
suggests that teams take an economic view, wh
ciently supported within an organization can h
In addition, SAFeR© suggests that teams shou
necessary roles [26], which might help, but co
problematic, since the inter-disciplinary natu
scale system development may lead to a la
of necessary roles. LeSS offers Sprint-review
which might offer teams an opportunity to pr
ing their work to customer-value. Other than
suggests to rely on product owners to connect
customers [27], but does not share concrete ad
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Building Long-lasting Customer Knowledge

complex product families and large stake-
ndscapes, it is hard to maintain reusable
e about customers. Thus, each change
ult in repeated efforts to acquire similar
ion from customers.

he challenges related to feedback and clarifi-
e addressed, gained knowledge must be effec-
ed, as pointed out by participants in FG-5

ams have a lot of tacit knowledge, which is not
e beyond their scope. But how much ceremony
e force on teams?” — FG 3

ond designing a single system, knowledge about
nd their needs should be maintained for fu-
s. Without a good knowledge management
is can collide with the desire to allow em-
ponent teams to make fast, local decisions.
of this knowledge management challenge were
, it is unclear where knowledge about a spe-
r can be managed beyond the team and cur-
Second, in continuous product development,
not realize that they have valuable knowledge
rts of the system development, while those
o not know that valuable knowledge is avail-

lution. Both, SAFeR© and LeSS focus on short
t appears that long-term knowledge is mainly
(automated) tests and in the product itself,
intained within the agile organization. To
find discussions about component and feature
the SAFeR© community insightful. In partic-
munity indicates a slight preference towards

s [25].
st, component teams can maintain long-term
bout which features their component supports
is providing customer value. However, problem-
er or end-user requirements must be trans-

uirements that a particular component should
additional indirection is likely to increase the
er gap.
ot find relevant practices specifically for build-
ing customer knowledge in LeSS. Our partic-
anies could not provide further potential so-

nd the use of feature or component teams.

Change and Evolution
Managing Experimental Requirements

hen exploring new functionality or prod-
, experimental requirements need to be
ifferently from stable requirements. Still,
to be captured and potentially integrated

stem view at a later time.

Organizations that develop large, comple
have often established significant research and p
ment operations as part of traditional systems
When changing to an agile organization of syst
ment, it is not clear where such activities (wh
ily span a year) fit in. Should a particular cros
team research, create a prototype, and then de
cific system function? This does not likely
an agile iteration and release rhythm. Shoul
ized market/research department do such acti
would introduce hand-overs, often including
sive documentation, which would appear un-a

On the scale of typical system functions or
features, research and pre-development also
plicit support for managing experimental re
That is, given a current state of the system requ
should be able to create a variant, exploring wh
ios and identifying potential changes to the ove
ments model that a specific new function or fe
entail. Given the scale of products and their
is clear that the current state of the system r
will evolve during such research and pre-deve
tivities. Thus, our case companies were raisi
to create, synchronize and merge variants of
requirements.

Potential Solution. In our workshops, partic
considering to introduce specific sprints for l
increment planning. It seems generally mor
to broaden the views of team-members and al
participate in such activities, and by this to re
overs. With respect to the actual managing
there was a suggestion to manage requirement
the product. T-Reqs, a specific solution that w
considers to maintain (textual) system require
same repository as tests and source code [33].
to rely on powerful support for branching a
that modern source control systems such as gi

SAFeR© proposes some mechanisms that c
the management of experimental requirements
lying on enabler stories, architecture, and expl
p. 108]. Further, set-based design allows to s
to reason about different alternatives during t
ment flow [26, p. 178]. Input from exploratio
and pre-development can also be managed a
solution intents [26, p. 186ff].

LeSS, in contrast, appears to suggest that t
topic can be handled using a backlog [27].

In summary, we identify encouraging buil
for solving the challenge of managing experimen
ments, but have to note that combining them
vincing strategy remains non-trivial.Jo
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Synchronization of Development

large organizations, there exists a large
f stakeholders, teams, projects and fea-
is variety makes it challenging to synchro-
lopment between teams. A trade-off arises
documenting extensively and specializing
take ownership of a single feature or sys-
ct.

of our case companies, teams receive require-
the product managers through several orga-
vels. Furthermore, they often need to ex-
mation with other teams to synchronize the
. This process of channeling the ‘right’ infor-
rds and between teams is difficult and time-
Hence, it limits agility and speed of teams.
ticipants wondered whether agile should be
e development only, or should start from a

est. In the former case, developers would re-
requests in the form of already broken down
for implementation. In the latter case, devel-

have to do the breakdown of a feature request
units themselves. While both cases seem to
he question is how teams can be synchronized
se cases, especially at scale, where some form
ition is required. If requirements are broken
xternal role or team, possibly in a plan-driven
n be handed to different agile teams and their
to be synchronized. If they are broken down
ented within one team, multiple agile teams
synchronize when there is interaction with or

s to features developed by other teams. How-
s of a user-visible feature with respect to its
and suitable decomposition takes time and it

how this work can be fit into the tight sprint
gile teams. Awareness about such dependen-
requisite.

lution. As described above, our company part-
different levels of agile pervasiveness as a way
his issue, although different choices have dif-
ffs. SAFeR© suggests to provide such synchro-
ugh bi-weekly synchronisation of agile release
, a set of agile teams that work together to-
ed release schedule) [26]. This is further sup-
gh enabler stories for exploration [26, p.108].
ect to organizing such synchronisation, SAFeR©

s tribes (i.e. organizational units of around
s in a common scope, such as an ART), chap-
munities of practices, that can discuss cross-

erns within a tribe), and guilds (allowing to
-cutting concerns beyond the scope of a single
e) [34, p.46]. We believe that such structures

support for synchronisation of development,
ver for discussing methods and processes. It

performance guild could also provide value to d
cutting requirements. Further, the unity hou
meeting meant to bring together a tribe [34, p
used to make announcements that can foster s
tion between teams.

LeSS is comparably brief on the synchronis
velopment, but suggests aiming for continuo
ment based on reflection, both on team level
[27, p.69].

5.2.3. C2.c: Avoid Re-specifying, Encourage R

C2.c: Focusing on projects discourages re
tween projects. Defining a strategy to
existing requirements and encourage thei
across projects is challenging.

Our company partners have indicated that
fectively with legacy systems is becoming more
Previous approaches which focused on project
products or components lead to re-inventing
quirements. Several of our companies are se
ways to reuse existing requirements, e.g., b
and paste (Processing ). One participant com
a shared requirements database indicated that
quirements was still a challenge, as reusing req
eral knowledge of existing features – in order t
needs to know what is there. Currently, require
only happens on the lowest levels.

Requirements reuse also potentially involve
of governance. On one hand, it may be desira
duplicate or very similar requirements in the
(e.g., for different projects or products), but o
hand agile teams want freedom and autono
practices.

Potential Solution. In our workshops, we ex
different approaches to facilitate re-use of re
product line engineering and shifting from a
cus to a product focus. While the former appr
aim to group requirements into customer-visibl
oriented features directly linked to existing so
components, the latter would bundle key requir
a core product that can be maintained over lo

It appears that both SAFeR© and LeSS are
product-focused organization. In such a contex
design could facilitate reuse [26, p.75,190]. Le
to avoid duplicate product functionality as well
product definition, which could to some extent
need to reuse requirements [27, p.159].

Despite these recommendations, SAFeR© a
not go into detail or emphasize systematic reu
scale agile projects.
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Updating Requirements

quirements can be defined at the begin-
e sprint, but often these requirements be-
of date, and no longer reflect the solution.

ses issues in organizational memory. It is
ng to understand when and who should
equirements.

S, the company explained that their require-
ature models are often old and not up to date.
s are not being updated, in part due to the
ile work, which does not explicitly factor in
keeping requirements up-to-date. This issue

by Telecom and Manufacturing , in the lat-
irements are defined at the beginning of the

then kept the same; however, the company
o enable more flexible requirements updates.
m case, non-functional requirements are kept
nt originating from before the agile transfor-
place and for which there is no obvious way of
gular updates. In the short term, this works,
irements are relatively stable; however, it is
hin their current processes how to deal with

nt becoming slowly out of date. From an ag-
e, perhaps the requirements only serve to get
ent started, and it is therefore not impor-
them up to date with the eventual product.
overall problem is that having out-of-date re-
an cause confusion, discourage requirements

revents companies from using requirements as
izational memory, a practice which we found

our subject companies.

lution. LeSS acknowledges that requirements
lifecycle in which they will change, get less

r are retired [27, p.105]. This clearly shows
blem is known, yet there is a lack of concrete
how to do this. We believe that guilds and

SAFeR© could be useful for bringing together
rties in a platform that could make decisions
es of cross-cutting requirements [34, p.46].
re surprised about the lack of explicit mecha-

dating or changing requirements in large-scale
orks. It suggests that epics and user stories
ide value beyond planning the next releases
ates from the agile teams (such as hidden de-
r costs) are irrelevant for updating such plan-
s that no other requirements-related informa-
for example tests) should be shared between
er of these suggestions match our data.
estion from our focus groups is again based
a system that allows cross-functional teams
stem requirements together with source code
version control system [33]. T-Reqs allows all

date requirements via git and relies on gerrit

suggestion for updating or deprecating requir
also to share information about such updates
Thus, requirements could be updated or depre
on knowledge generated during agile sprints
strong relationship to C4.c Tooling not fit for

5.3. Build and Maintain Shared Understandin
tem

While the C1 challenges focus on building
taining shared knowledge of the customer value
lenges focus on building and maintaining know
the system, a more internal view.

5.3.1. C3.a: Documentation to Complement T
ries

C3.a: For complex systems, user stories
cases are often insufficient to understand t
all functionality. It is challenging to com
these artifacts with appropriate but yet ag
umentation of requirements that provides
derstanding.

The idea of using test cases both as actu
facts and as requirements documentation is
in the agile community [1] and was also discu
eral participants. While this was seen as a po
to reduce documentation effort, several issue
approach were brought up. According to se
participants, test cases do not carry enough
to serve as a means of documentation:

“Tests are written in a pragmatic way. They
capture the ’why’.” — Tec-SRR

Other interviewees throughout the companies
one would need a number of tests to documen
icant requirement, which will then be hard to
from just reading the tests during maintenanc

Several participants saw similar problem
stories, as they would only reflect single scen
overall system behavior would then emerge fr
thesis of all these single scenarios. To derive t
ture from tests or user stories only would, how
difficult:

“If we don’t specify this kind of complete [require
specification, we could try to use all [..] user stor
But then we must base the understanding on [..]
[..] 2000 user stories [..] and try to find a good
describing the complete system.” — T-SysM

It is interesting to note that this challenge su
on, i.e., when an incoming customer request
Therefore, if agile teams only develop backlog
on finished requirements that they receive from
of the organization, they might not be aware
lenge and therefore wrongly consider user sto
mented by test cases to be sufficient.
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the Telecom case the issue of understanding
vior from user stories or tests was mainly dis-
respect to new features, participants in Au-
aised this issue especially for system main-
-2 participants agreed that user stories or

uld not be appropriate to understand the be-
y were unsure what form of documentation
ed instead, which level of detail the require-
be on, and how they could be different from

requirements.

lution. With respect to complementing user
ests, the focus groups yielded suggestions re-
o areas: modeling customer-value (see C1.a
to customer and C1.b Building lasting cus-
edge) and modeling (distributed) system be-
th respect to the latter, the reasoning is that
use models to explicitly describe the intended
their solutions. However, some of the same

ith traditional large-scale requirements docu-
arise with models, e.g., scalability, and mod-

ore, we note that several companies create
stom requirements documentation to supple-
nd stories. For example, Telecom creates a
cription of a feature, giving a high-level view,
ces this description down to requirements.
rovides suggestions to model both interfaces
urs to account for their importance. There
en further suggestions in the large-scale agile
use models to analyze requirements [25, pg.

r, it is not exactly clear how these models will
requirements information model suggested in

ot identify artifacts to potentially complement
er stories in LeSS. In contrast, the focus on
by example and acceptance test driven devel-
s to suggest that such a complement is not

n LeSS.
arize, modeling in an agile manner is one

o supplement the description of overall sys-
ality provided by user stories and test cases.
of lightweight textual summaries can also be

System vs Component Thinking

is hard to balance system versus compo-
us feature thinking in complex system de-
t with multiple teams.

pically have specialized knowledge for their
ver, they may lack the overall system knowl-
can be problematic when developing a feature
x product, as several components might be
r companies had different types of agile soft-

on component teams, who become experts for
ponent, but do not necessarily understand all f
are supported by their component or the imp
their design decisions on the overall system.
reasoning about the quality of a component, t
sub-optimize with regard to the overall syst
companies relied mainly on feature teams, w
find an elegant way of implementing a new fe
feature teams struggle however to monitor th
of all affected components as well as their qua
we even find a mixture of feature and compo
in complex systems, where some of the more so
components are maintained and developed b
teams.

Overall, we find it is challenging to provide
system-level knowledge while at the same time
specialized knowledge about features or compo
teams.

Potential Solution. In our focus groups, Autom
a clear need for a global baseline that allow
about the full system. In large system devel
quirements can be seen as a way to put tasks
sub-organizations. Automotive 2 reported tha
beneficial. Instead, requirements should be sp
spect to the product while all parts of the o
should be encouraged to also monitor requirem
full system, not only for their component. Pro
ther suggested that these ideas should be com
by a clear model of ownership of requirements

System thinking on all levels could, accor
focus groups, be facilitated by placing architec
and to take special care with respect to the a
runway, when planning architectural enablers
panies saw the need for active governance o
pendencies, and interfaces between teams, and
volatile architectural concepts differently from
are stable.

It is one strength of SAFeR© to provide a
down hierarchy from enterprise level to teams
when combined with awareness on how each
the complete picture, could discourage localiz
SAFeR© does promote system thinking [26, pg
pg. 12], yet it is hard to deduct from the te
how such thinking will emerge.

It is interesting to look at the discussion o
component teams [25], particularly from the pe
this challenge (systems vs. component-thinkin
a feature team will find it easier to think about
and how it relates to a particular feature. Ye
will be primarily to implement the feature. Th
quality of the different components as well a
for the overall system is not their main conce
the more concrete suggestions with respect t
to strive for tribal unity and use regular releas
meetings for communicating the vision [34, pg
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s [27, pg. 11,78], which is partially provided
m product backlog refinement and the engage-
roduct owner with the team to facilitate own-
product.

Creating and Maintaining Traces

aces are valuable and often required, but
rovide a direct value to their creators.
y are typically produced inefficiently post-
ent and not maintained. It is challenging

ivize the creation and maintenance of trace

l of our companies, we see the existence of
requirements and user stories, where require-
roduced in a plan-driven way and provided
organizations, who then create user stories
lly in an agile way. However, since user sto-
rectly to feature implementation they are not
matically derived from existing requirements.
tracing is not always possible.
situation occurs in Automotive 2, where prod-
rite user stories based on plan-driven require-
eceive as an input. These user stories can in
r local development tasks and backlog items
equire tracing to system requirements. Thus,
t systematically managed, which can lead to

ork in cases where such backlog items become
racing to system requirements. The fact that
e product owner is aware of which user stories
m which requirements can slow down collabo-
en agile teams and plan-driven RE teams. In-

the agile teams considered tracing user sto-
rements to be documentation, which should
of the agile process. Instead they preferred to
ime on implementation:

think traceability is not required or something
t. It’s just that my focus hasn’t been on docu-

the function. I just focus on doing implemen-
nd developing the function.” — A2-PO

as also shared in Automotive 1: while partici-
that tracing is valuable, or even required by
ey felt that right now there is not enough in-

gile developers to create traces. They wished
ive or directly visible benefit for the develop-
s for simplifying trace creation.

lution. In our focus groups, most focus was on
ce the workload related to tracing. One way
could be through a better approach to reuse,

ete features (equal to a group of requirements)
eusable modules, consisting both of reusable
(with adequate tracing) and reusable solu-
oving from project to (long-term) product

reuse could further be facilitated, and agile

teams would find themselves integrating exist
ments with strong traceability.

For system engineering companies, it is s
cerning how little scaled agile frameworks disc
SAFeR© suggests to describe the solution, whic
result in technical documentation with rich tra
pg. 184ff]. LeSS suggests to link to wiki pag
tional information [27, pg. 33], as well as to
link backlog items to ancestors for maximum
[27, pg. 204,222], but does not offer rich det
and by whom such links are maintained.

5.3.4. C3.d: Learning and Long-term Knowle

C3.d: Due to their long lifetime, product
require knowledge to be built up and ma
over longer periods of time and across prod
is challenging to optimize an organization
generating and maintaining this knowledg
on system level and on team level.

In the Tech1WS, the company expressed t
needed at the beginning of development, but la
shifts to knowledge management, in part to
learning of future personnel and other teams
quirements management is an activity that is
at the end of the sprint. Technology 1, Man
and Processing expressed that spreading kno
networking knowledge was a challenge, it is n
them how to synchronize knowledge across diff
working in different cycles or on different proj
ManWS, the participants discussed the use of s
share knowledge (e.g., a specialist in security),
that this was not the most effective solution
as often the specialists ended up being rare, a
in too many different contexts.

TelWS brought up the challenging trade-
feature ownership and documentation. If a feat
owned by an individual or team, it does not ne
documentation; however, others are then depen
team or product owner for anything to do wi
ture, and this places the company in a danger
in the case of personnel turnover, where impo
documented knowledge is lost.

Potential Solution. Although turnover is a p
solution offered by Telecom is to exploit owne
tures and tools to document less. One way
personnel loss would be to support ownershi
rather than individuals.

According to SAFeR© , agile release trains
cus on value, not on projects [26]. Thus, know
value for customers can be maintained in such r
without additional documentation, even with n
of staff turnover. SAFeR© also proposes the us
or component teams [25]. SAFeR© recommends
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eas [26]. The creation of chapters or guilds
proposed [34] as a way to support and share

al knowledge. LeSS proposes something simi-
ing experts to teach each other, and to create

works.
on, SAFeR© introduces the idea of enabler sto-
ries that are explicitly aimed for exploration.
teams to learn about a particular topic and
bility [26, pg. 108]. LeSS promotes a simi-
by discussing reflection and encouraging im-
xperiments [27, p. 7,20]. As a form of learn-
o recommends specification by example, using
mples instead of more abstract user stories [27,

Backward Compatibility

a part of the maintained product knowl-
ms need to be aware of compatibility is-

particular, as part of an agile way of
it is challenging to maintain the knowl-
ackwards compatibility as part of the re-
ts across different products and product
of a product family.

f our companies have indicated the impor-
wards compatibility, particularly for customers.

lso we use them (detailed requirements) for re-
result, to make sure have we . . . its very im-

for our customers that we don’t change back-
mpatibility, we don’t change the behaviour with-
fying our customers. ” — T-APO

ays, using an agile way of working makes the
of backwards compatibility easier, as devel-

ven the freedom to handle changes in a way
patibility is not broken. However, in cases

veloper does not have this knowledge, if it is
also captured via the requirements, compat-

e broken

e the part of being agile here is that we don’t
t (compatibility) on the highest level and just
never break backward stability but you handle
ges. And of course you can only tolerate (this)

rtain degree. At some point it breaks legacy
n it goes to a level (where) we cannot release

anymore. You need to make sure that doesn’t
” — T-OPO

lution. We have not found suggestions from
es for this challenge as part of our interviews
ups. Although agility in general can help,
es are lacking methods to capture backwards

at a higher-level of abstraction, as captured
ents. Furthermore, we find no potential solu-
eR© /LeSS to address backward compatibility

5.4. Representation of Requirements Knowled

While the C3 challenges focus on internal
ing, the C4 challenges focus on how this knowl
effectively captured, managed and accessed.

5.4.1. C4.a: Manage Levels vs. Decomposition

In an agile environment, it is hard to map
ments to levels of decomposition. Class
(stakeholder, system, system element) do
with an agile way of working, since stakehol
define low-level requirements. Yet the com
of the software calls for some form of dec
tion.

In Tech1WS, the participants explained t
ments from the customer express needs, and a
ferent from system requirements, which expre
of a solution. This company very much wants
requirements, they want to always define the
fore the solution, but customers sometimes pr
with detailed solutions instead of describing th
Although one can consider this a rather class
ments problem, it is exacerbated by agility, wh
ages many levels of requirements, and does not
between different types of requirements.

In the ProcWS, we covered challenges in
breaking down requirements, particularly no
requirements, and expressed the need for mo
classification. They made the point that bre
requirements is very much experience-based, a
the process of building knowledge. Along the
Manufacturing expressed the problem that r
are often in the form of system requirements,
a technical thing, and the real customer prob
this requirement may be lost. They also echo
lenge that those who describe problems (sales,
often have solutions in mind, meaning that t
may not be captured. Telecom reported someth
that although they have a means to capture
tion behind requirements via a one-page slide
this step is skipped. Often their user stories
name) tend to be more technically focused, a
value is only implicit.

Potential Solution. One potential solution offe
nology 1 is to allow stakeholders to specify requ
any level of abstraction, but then use matchi
levels to match details to motivations, or point
requirements at one level. They also suggest
distributed requirements analysis, so that stake
different expertise (e.g., problem, solution) can
Traceability was offered as a solution by both
and Technology 2, allowing for a requiremen
linked via traceability, bearing similarity to th
above.
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ve 2 emphasized the importance of the inter-
n requirements and architecture. They sug-
tinguish dimensioning functional requirements
of use cases) and quality attributes and to use
ely as input for a suitable architectural decom-

is common practice with quality attributes
scenarios, such dimensioning functional re-

would be carefully chosen early on as typi-
atives and could be used to reason whether a
cture is suitable to support such functionality,
ning as a blue print for architectural decom-

ggests having a clear hierarchy of people and
enterprise level to team [26, p.70], comple-
hierarchical view of requirements in four lev-

ics to capabilities to features to user stories
onds to this clear hierarchy [26, p.177-6,104-
on this hierarchy and requirements informa-
SAFeR© advises to transport the stakeholder
onents across potential hierarchies [25]. LeSS
various splitting and refinement guides using

areas, major areas of customer concern, where
s its own backlog and feature teams [27, p.30].
for traceability of certain items (e.g., product

s have requirement area attributes which trace
ciated area) [27, p.216]. However, they advise
uirements only to three levels [27, p.222].
we see potential solutions from both indus-
literature; however, although recommenda-

en for limited refinement and traceability, this
omer vs. system requirements is not deeply
t seems SAFeR© and LeSS may advise to avoid

requirements with no links to customer ra-
h does not appear to be good advice for our
ies.

Quality Requirements as Thresholds

ality targets are within a range. Negoti-
cost-value trade-off is difficult to capture
age with current representations.

ethods recommend various levels of user sto-
S reported issues with using such presenta-
ntitative quality requirements trade-offs. For
y requirements are thresholds, and it often
time to quantify thresholds for requirements,
’ in the meantime. The systems and repre-

e company has now are not capable of dealing
pe of thresholds, and they default to a single
or requirements. There is also a need for guid-
to find these boundaries, a process as part of
specification. Other companies confirm this

lution. The companies offered a few solutions

offs when they are brought up by a team, and
offs are peer-reviewed among teams and system
in gerrit (a code collaboration tool). Techno
phasised that thresholds for quality requirem
a good way to indicate and moderate price n
between different development partners.

In SAFeR© , non-functional requirements 4 a
on a program level, constraining the backlogs a
(system, feature, team) [25, p.77,79]. We find
solution in LeSS to help with quality requirem

Overall, one can argue that this issue may
in a non-agile context, but use of user stories
ing this issue more challenging, and current
frameworks do not offer any specific solutions

5.4.3. C4.c: Tooling not Fit for Purpose

Tooling plays a significant role in agile pr
but available tools are often not designed
port large-scale agile practices. Part of the
is access to requirements, as traditionally
not allow access to all requirements, but so
of managed access is often needed.

Agile endeavours to empower teams, but it
ing to determine the scope of this power. Tech
expressed a requirements/tooling access chal
teams rely on requirements they do not have
access to. These requirements are exported ou
tool to other formats for them to use as inp
process. This requires extra effort and results
tent requirements, but the alternative, to let
access and edit/refine all requirements, would
carefully managed both in terms of processe
Often, teams lack expertise and knowledge to
quirements that they have not worked closely w
they are dependent on those requirements, and
changes.

This brings up a broader challenge related
for specialized tools. Automotive 1 have des
used of tooling, at the moment they use trad
for requirements management (e.g., Doors), an
are aimed for agile (e.g., JIRA). However, the
largely separated and not designed to fit a larg
process.

Similarly, in Telecom , current tooling was
as a hindrance for speed and agility. Inter
scribed the current process of updating syst
ments as too slow and cumbersome. They sta
introducing a more efficient tool solution, eng
potentially be more motivated to make change
ments and by this narrow the gap between agile
and requirements.

4For our purposes we treat NFRs and quality requir
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of a tool-chain that better supports agile in-
ws was further confirmed by other companies.

lution. There are a few solutions to this chal-
ted by industry: Technology 2 suggests that
duct owner updates requirements, and all re-
go through them. Tooling should be updated
his model. This imposes governance, but may
necks if change requests are frequent. In Au-
, and Telecom , it is suggested that the team
he main responsibility to update the require-
s approach removes bottlenecks, but makes
ore difficult and requires strong support from

cially when knowledge of updates needs to be
s teams and abstraction levels.
ffers no solutions to this issue. LeSS advices

software tools for sprint backlogs [27, p. 18,
cusses tooling for large product backlogs such
ikis, pictures and spreadsheets [27, p. 23, 210].
e source does not discuss the issue of tool or

access.
arize, our companies of study are looking for
g and more effective requirements access solu-
hile some custom tools show promise, SAFeR©

not emphasize tooling or discuss access con-

Accommodate Different Representations

l teams strive to tailor requirements re-
ifacts to what works best in their context.
ever is seemingly in conflict with the sys-
l goal of keeping artifacts consistent and
ble. Companies experience a lack of sup-
navigating this conflict.

S, the participants expressed frustration with
e. On the one hand, specific teams use a vari-
nt representations for requirements depending
Word documents are used for quick exchange
l stakeholders, figures, graphs, and models
iscuss, and teams use them in the way most
get the job done. On the other hand, a con-

on system level needs to be arranged and there
o limit the flexibility in representations. This
to technical reasons (it is easier to store text
in a requirements database, see also Chal-

ling not fit for purpose in Section 5.4.3) and
organizational reasons (system-level planning
t certain information is easily accessible, it is
re a small number of simple formats across a
ation).
e-off demands for an approach that allows
a consistent requirements model of the full

kly draft sketches in arbitrary representations
te between teams and external stakeholders,

and then re-integrate any knowledge gained in
tent requirements model to evaluate it in the
system or platform variability constraints.

Potential Solution. We did not find potential
this issue from our participating companies as
rent workshops or interviews. SAFeR© advocat
to have their own individual user story flavor [2
some degree supports freedom in using a form
fits local work. This goes along with SAFeR©

to emphasize team independence, where teams
sible for their own way of working. However, S
recommend some sharing of knowledge and pra
book clubs and guilds [34]. We find no potent
for different representations of requirements in

5.4.5. C4.e: Consistent Requirements Quality

The quality of requirements artifacts (i.e. u
ries, backlogs) differs (e.g. level of detai
makes working with requirements at highe
across teams or boundaries, difficult.

Telecom reports that the quality of requirem
from system to system, or between roles and
find that the quality of user stories also varies
they are from the perspective of the user, whil
are phrased like a technical task. Technolog
similar findings, with backlogs from different
ing to the same product or platform having ve
styles. Processing similarly reports that they
mon way of working with requirements, which
some teams try to minimize the requirements
while other teams try to specify everything, de
lar requirements over and over across projects o

Potential Solution. Manufacturing expresses th
of experience in operationalizing requirements
tive way. As such, either skilled personnel or t
be required. Currently, Telecom are exploring
requirements reviews using T-Reqs and gerrit.

SAFeR© advocates responsibility for Ways
and other practices such as book clubs and
potentially sharing knowledge on ways of w
requirements or ideas on requirements quality
SAFeR© supports the formation of community
to align on needs [26, p.25,43,290]. Less offers
solution to help with requirements quality. O
practices are suggested by our industry sour
large-scale agile literature, but the challenge
sufficiently addressed.Jo
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Prioritization of Distributed Functionality

uency of dependencies in large-scale ag-
prioritization of products or requirements
teams difficult. Bottom-up prioritization
rking well, since teams tend to start with
asks.

, participants reported that, before their agile
ey had spent a lot of time analyzing features
end up in the product. They see an improve-
s using a more agile approach. However, a
wback brought up at our case companies re-

ures that have a scale at which many teams
ral release trains need to be included. Each
s or release trains usually has a full backlog

ordinating functionality, each involved party
n critical parts to consider.
S, participants complained that developers
take on the highest priority task first, often
are lacking expertise. When prioritizing their

ms consider which of the tasks they can do
available provides most value. A particular
may therefore not be touched, since the team
time to implement it to be in no good relation

they could provide with other tasks. This can
when considering highly complex products.

eature then might take a very long time to be
ce teams go for “lower hanging fruits” and

o consider the cost this delay creates. This
roblem, especially if other teams or release
already committed to develop their part of
feature, as their effort then does not generate
e (since the overall feature is still incomplete).
ng, one could summarize this as: Letting in-

s prioritize (bottom-up prioritization) is not
, as teams tend to favor simple tasks.

lution. Although our participating companies
zation with coordination as a challenge, they
eral potential solutions. Manufacturing prior-

elease backlog based on a business dashboard,
ms such as commitments to customer. Auto-
s to address this challenge by introducing a

t owner hierarchy and puts the focus on inter-
of requirements. This helps address prioriti-
ms can articulate their needs towards other
terface issues can be addressed with high pri-
gh appropriate architectural decomposition,
irements will inform changes on interface def-

concrete requirements on team level. Process-
oped a system with some success, prioritizing
working on the next part with the highest

k. They calculate risk via a system design
sing on technical needs. They also have fo-

a bidirectional flow between both roles. Techni
transferred in technical review meetings, hel
ness.

The large-scale agile frameworks also off
lutions. SAFeR© describes techniques such as
“weighted shortest job first”, “portfolio backlog
gram kanban” to support cross-cutting initiati
prioritization [26, p.65,104,212]. It also advoca
bination of team backlog, business values and
action backlog” [26, p.109,127,137] and seque
based on the cost of delay [26, p.175]. Howe
clear how to combine all these suggestions to
one coordinated process. LeSS recommends th
uct owner acts as a single source of prioritizatio
a multi-site product backlog review is used to
tization across products [27].

Overall, this is a challenge that comes with
tential solutions; however, there is a lack of e
idence or proven strategies to inform compani
approach may work best in a particular conte

5.5.2. C5.b: Manage Completeness

In a large-scale agile context, it is not clear
quirements are complete enough. It is also n
on what level to judge completeness: per
per product? per system? Which view is t
important for completeness?

The ProcWS participants described their
tion in relation to requirements completeness
tially, they wanted to have complete requirem
was difficult to have an overview. They ques
many requirements they could manage in a s
ManWS participants expressed similar difficult
specification of system control, the requiremen
cover everything, but instead focused on the alg
control.

Potential Solution. Generally, for our compani
tioned this as an issue, the goal of complete r
was relaxed for something more manageable. S
no potential solution, in fact, by advocating bu
mentally and producing minimal viable produ
as principles, SAFeR© actually recommends aga
ments completeness [26, p.77]. Similarly, L
mends to “take a bite”, analyzing and impleme
parts of the problem, forgoing completeness
ments [27, p.3,202].

Taking an agile mindset, one can argue t
ments completeness should not be a goal; howe
two of our companies have struggled with this
agile context. Even working incrementally, it
how complete or detailed requirements for an
should be.
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Consistent Requirements Processes

teams create and manage their require-
ing different processes, tools and level of
oordination and sharing is difficult.

S participants indicated that distributed de-
different countries with different cultures has

ency in requirements processes difficult. Some
embracing agile, with others still want a more
pproach with document approval. Processing
d similar frustrations, but with tooling. Peo-
tant to stop using common tools like Excel
to modern requirements management tools.
anges from full to partial migration, some-
g between the tool and Excel, with the Excel
ted more frequently. The problem persists

lity complaints about the new tool as well as
not enforcing its use. If some migrate and

, inconsistency is the result, hampering coor-
chnology 1 sees similar tool-related migration
ncy problems. This challenge relates strongly
lenge 4.c (requirements quality) and 4.e (tool-

lution. Telecom suggested that requirements
could be managed similarly to code and test
Therefore, they aimed for a system were re-
re stored in the same repository as code and
sistently updated during sprints, and peer-
ensure comparability. This would then lead
nsistent requirements process.
pect to SAFeR© , the recommendation for a
hy, from the enterprise level to team, may help
onsistent processes [25, 26]. However, SAFeR©

es for team independence, with responsibility
way of working. Coordination mechanisms

bs and guilds can help to share best practices,
ndependence between teams [34]. LeSS does
o directly address this issue.
he level of consistency needed between teams

uestion, likely depending on context.

Quality vs Time-to-Market:

n not clear what quality level (of require-
roducts, deliverables) is good enough. It
ar when to continue improving or when to
articularly on a large-scale.

e aim to shorten time-to-market, answering
of what is good-enough quality is becoming a
our case companies. This challenge holds for
f the actual product, but also for intermediate
such as requirements. It is one of the agile
one should not invest time into high-quality

implemented. The same holds for products:
widely spread idea that it is better to have a
of the product in the market and then iterativ
it to achieve good fitness for purpose without o
the required quality.

This view however raises practical concern
when embracing agility at scale. Telecom an
tive 2 did indicate that sometimes requiremen
of sufficient quality to allow testing. While in
agile, this could be mitigated through intra-te
nication, at large-scale there must be a form of
to ensure that lack of information can be arti
fixed between teams and release trains.

Technology 1 indicated a related challenge w
to releases of products. Obviously, quality com
which could manifest in product cost, time-to
a combination of both. However, it is very har
this with customers, since for large-scale produ
ficult to make customers aware of the price.
discussing with customers about quantitative
quirements on systems that include hardware
components, customers usually strongly deman
quality, even beyond what they actually need o
for a concrete business case.

Often, there is also a reluctance to recor
on quality requirements, as then there is a le
mitment for this number, when agility demand
Yet, for many qualities, it will be difficult to a
late in the development without careful plann
for example functionality can be added later, fi
performance or usability problems late can e
refactoring and rework. In addition, custom
tions about quality remain rather constant.

Potential Solution. Relying on frequent review
ments as part of sprint deliverables can be a g
establish a feedback channel about requirem
and lack of information, as brought up by Tel
could help teams to find over time a good bala
viding just enough requirement quality: missi
tion might delay development, while to elabor
ments will unnecessarily lengthen time-to-mar

SAFeR© advocates for built-in-quality as pa
ile process [26, p.23, 140], and provides guid
ducing time-to-market through value stream m
p.298], but does not explicitly address the tr
tween time and quality. We did not identify co
ance for this challenge within LeSS.

Generally, there is a trade-off between prod
and time-to-market, for products and release
for deliverables and artifacts needed during d
There is a lack of guidance to balance this traJo
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Bridge Plan-Driven and Agile

d to bridge the gap between plan-driven,
t-centric approaches on system level and
ven, agile approaches on team level. Com-
ruggle to stay pro-active on system level as
o leverage knowledge about requirements
nerated on team level.

roduct perspective, a plan-driven or stage-
ch is important. Release of a new product
planned and longer development cycles for

d mechanical components need to be sched-
our case companies have agile software devel-
s that operate within the context of a larger
eering process, which one interviewee described
ds:

like agile islands in a waterfall.” — FG 2

e we found here regardless of agile scope in the
is continuous information exchange between
nd agile parts of an organization. Incubation
ative ideas, facilitating quick feedback loops,
arning on potential business value are impor-
o remain competitive, yet they are hard to
o the overall system development approach in
.
lecom case, we found that system managers
cted from the agile teams. Their role is to
n a certain part of the system and support
their knowledge of the system requirements.
one interviewee stated they currently cannot
t with all teams and might therefore not get

if something has been changed with respect
equirements.

a team updates a past requirement, perhaps I
et like a notification on that so I can ask them
ou forgotten X?’.” — T-SysM

enges exist with the other companies, e.g. in
ive 2 case where agile teams can add new back-
change existing ones in collaboration with the
er. However, since agile teams do not inter-
with system requirements (see C3.c creating
ning traces), they do not consider knowledge
to be of importance. Further, backlog items
nderstand, even for stakeholders not directly
d allow them to share their opinion. While
ally perceived positively by the interviewees,
brought up that this can cause the function
overexposed to change requests. One function
ssed this as follows.

ore people look into requirements, the more they
m, the more iterations it will become. [..] there
to be more opinions, comments and also more

As this can lead to inconsistencies between c
new backlog items and the system requireme
the case where a system requirement related to
story already existed, increased gate-keeping b
essary. This generates effort for backlog groom
(agile) product owner, and managing of syst
ments by the (plan-driven) function owner. T
separation between both worlds does not seem
since product and function owner can easily b
tlenecks, and late resolution of inconsistencies
additional effort. If the actual implementati
from the original requirement or when some r
are not implemented, this will surface as pro
ing system integration and testing. Tests ar
against the plan-driven requirements and are
need of an up-to-date version.

“If I have a requirement saying this thing shou
pen, when I test it, I find out that what is su
to happen doesn’t happen. [..] And then I find
requirement wasn’t updated. So actually the imp
tation was correct but the requirement isn’t m
the implementation.” — A2-ST

Further, if the system has to be evolved or
in the future, outdated requirements can caus
standings.

Potential Solution. In our focus groups, the
of requirements between system level plannin
teams was raised as a key issue. Telecom emph
the team should be enabled to update the r
during sprints, similarly to source code, tests
mentation. TReqs as a tool solution was again
as potential enabler [33]. In contrast, Technolo
the responsibility of updating requirements wi
uct owner.

While we did not identify related practices
believe that SAFeR© offers good advice on go
requirements and related knowledge across le
it provides a clear hierarchy from enterprise le
vidual teams [25, 26]. Yet, mastering this part
significant effort by any company transitioni
ile development, as we found few concrete pr
guidelines in the agile frameworks.

While transitioning from plan-driven to lar
ile, companies start to rethink the role of sy
neering artifacts. While many of these artifact
requirements specifications on various levels)
static documents, agile development now dem
tively managed artifacts that help with the c
of agile teams within a plan-driven system eng
ganization. We believe that this will be a cha
for fully agile system development.Jo

ur
na

l P
re

-p
ro

of
— A2-FO

21



5.6.2. C6.b:

In the pa
planned
ments ar
througho
testing?
lines and
test artif
align req

Using the
tight link be
of requireme
However, pl
ticularly in
people, etc.)
cated that fo
partial trace
level artifact
on tests); ho
ple, a wide
account, whi
to user actio
testing. In th
for the V &
are more in
planning. T
causes challe

More gen
one has to d
tion to the
system devel
and it is part
which stakeh
ability. Sev
that their sy
of what the
shall be imp

“You ca
quireme
when yo
ments n
T-TA

Yet, as m
not enough
assumptions
be interprete
from now on

Potential So
this challeng
tion models,
time making
to developm
tem requirem

ance mech-
t tests and
ified at the
commit as

s and tests,
ifications to
tional orga-
in the agile
s [26, p.97].

planning of
hallenge es-
disciplines.
s and proven

rd to fit
ental in-

that an ex-
gile sprints,
xed sched-
ures. Pre-
the impact
group, this
results and
developers

ration sprints
transfer en-
stem devel-
wledge with

solution in-
ure solution
oth enabler
on [26, p.108]
lanning [26,

or evidence
a company

hallenge re-
m develop-

impact
oo late.
proving
time-to-

Journal Pre-proof
Plan V & V Based on Requirements

st, verification and validation (V & V) was
based on requirements. Now that require-
e inherently incomplete and incremental
ut development, how does one plan for
Particularly, it is hard to provide guide-
traceability, to allocate resources, manage
act information for decision making, and
uirements with system tests.

V model, our case companies were used to a
tween requirements and tests. As the nature
nts changes, these links must be rethought.
anning of test activities is still critical, par-
order to allocate resources (time, hardware,
, and can be costly. Manufacturing has indi-
llowing new agile practices means there is only
ability between tests and requirements. High-
s are used to define test guidelines (boundaries
wever, these are hard to follow, as for exam-
range of test oracles needs to be taken into
ch vary from numbers (dimensions or signals)
n responses. More guidelines are needed in
is company, system engineers are responsible
V strategy, while the project managers, who
line with the agile processes, do not do such
his gap between agility and the testing team
nges.
erally, this requires to rethink traceability and
iscuss the different information items in rela-
roles that use them. In our large-scale agile
opment cases, we find a very complex picture
ially unclear how information items relate and
older needs could be satisfied through trace-

eral interviewees in the Telecom case stated
stem requirements work as a documentation
system is doing, rather than a plan of what
lemented.

n’t really afford to have this kind of static re-
nts work upfront which will be a waste anyway
u implement stuff. The way we handle require-
ow is more like a system description.” —

entioned before, user stories and tests are
(C3.a), thus there is a need to document any
or decisions taken during testing, which can
d as requirements that the system should fulfil
.

lution. Manufacturing has partially addressed
e by establishing virtual test rigs and simula-
reducing the cost of testing and at the same
testing infrastructure more directly available

ent teams. Telecom suggested to include sys-
ents in the same repository as code and tests

and to make sure that the same quality assur
anisms are applied. Ideally, this ensures tha
requirements are consistent, as they are mod
same time, and traced, as they share the same
well as explicit trace links.

SAFeR© recommends duality in backlog item
and describes solution intents as linking spec
tests [26, p.187]. Adopting a more cross-func
nization, including testers or system engineers
teams, would also help to alleviate these issue
LeSS does not offer any specific solution here.

Despite these promising suggestions, the
validation and verification remains a huge c
pecially in system engineering and its various
Empirical evidence about the proposed practice
approaches are currently lacking.

5.6.3. C6.c: Time for Invention and Planning

Research activities and exploration are ha
into development sprints but offer fundam
formation towards requirements.

Study participants in Automotive 1 reported
ploration of solution space is difficult within a
as it would be impossible to commit to a fi
ule without deep knowledge about new feat
development is required to better understand
of new features. If this is done by a dedicated
would imply documentation and hand-over of
slow down the process. If it were done by the
the development process would be slowed.

Potential Solution. As a remedy, specific explo
were brought up. Another solution could be to
gineers between pre-development and agile sy
opment, so that they can also share their kno
team members.

SAFeR© again recommends capturing the
tent, including a repository of current and fut
behaviours [26, p.20]. SAFeR© also describes b
stories, stories that explicitly support explorati
and iterations dedicated to innovation and p
p.96,154]. LeSS offers no potential solution.

In summary, there is a lack of experience
with respect to the proposed practices. For
transitioning towards large-scale agile, this c
quires careful scoping of agility within syste
ment.

5.6.4. C6.d: Impact on Infrastructure

When neglecting upfront analysis, the
on infrastructure might become obvious t
Then, updating infrastructure (e.g., im
labs for testing) increases cycle time and
market.
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development, integration testing often de-
strong laboratory setup that allows testing
ftware, and potentially mechanics together.
is relates to challenge C6.b, required infras-
nges may go beyond testing infrastructure.
feature might mainly depend on changes of
can be provided in an incremental, fast-paced
require an update of the test environment,

include sophisticated hardware and environ-
s. However, changing the test environment
s long as finishing the software components,
cing delays, if not started in due time. Sim-
relate to other infrastructure for continuous

delivery, and deployment.

lution. From a testing prospective, as men-
.b, companies can make use of virtual test
ulation models to avoid physical infrastruc-
. Peer-reviewing of requirements can raise
out potential impact on infrastructure early

ecommends having a cross-functional organi-
can help teams to understand the wider im-

r features and changes, including impact on
e [26, p.97]. We do not find a potential solu-
.
llenge shows that independent of the perva-
ig. 3, there is a need to maintain a system-
tive beyond self-organized teams and to allow
related information to escalate to this level

ossible.

on and Implications

ugh the seven cases differ in their context, i.e.,
pervasiveness of agile methods within system
, we found common concerns and challenges
to RE. As our investigation reveals, systems
ce severe challenges that are not sufficiently
ommon large-scale agile frameworks. Gener-
gests that in order to yield their full benefits,
es must be combined with a sufficiently strong
to manage requirements and related knowl-
nd challenges in six different areas and while
rive potential solutions from data collected
e companies as well as from our analysis of
orks, we see a significant need for future re-
will discuss each of the challenge areas and
tions for future research in the following.

nd Maintain Shared Understanding of Cus-
alue

g customer value is usually assumed to be the
s of agile approaches and we identified poten-
both in LeSS and SAFeR© . Yet, we found in

companies that the distance between the cus-

(summarized in Table 3). In particular, it was
difficult to break down a feature request into
ages that both have customer value and can b
in small iterations. However, agile values such
uals and interactions [35] as well as agile pra
as continuous delivery [36] depend on a goo
value. Yet, we found this particularly hard
in large-scale system development, because of
tomer role and scale. The customer role is of
since development teams do not only need to pr
to external customers, but also to other roles
company, e.g., in order to prepare for mainten

In case of an external customer, any custo
feature will imply more work than can be done
sprint or by one team, at the scale of our c
nies. This makes feature decomposition neces
is impossible for a single team to demonstra
value at the end of a typical sprint. Related w
direction has, in particular, pointed out chal
the practice of customer representatives [16,
it seems that the notion of value itself is prob
a shared language for discussing value is nee
as well as approaches to systematically enable
assess shared understanding [39]. Without tho
our case companies struggle to establish, mana
date a shared understanding of customer value
the development organization and we see the
ture research to address these challenges.

6.2. Support Change and Evolution

As summarized in Table 4, our results indic
ficient facilities for updating system requiremen
agile learning are currently missing affecting m
perimental requirements, synchronizing devel
using requirements, and managing the lifecycl
ments. Thus, such updates are a result of m
leading to inconsistencies, which are expensiv
and can be considered waste in the overall d
process. In addition, developers have little in
tivation to update requirements models based
to user stories, as they are not part of their de
ally code and tests). If, however, requireme
were not propagated, the system requirements
become quickly obsolete and detached from t
tem. Consequently, roles responsible for cu
high-level system requirements (product owne
owners, system managers) fear a loss of impor
edge for later maintenance of the systems. A m
atic approach to manage requirements upda
from agile teams would make their jobs much

We believe that more research on these as
gently needed to provide better guidance, app
tools to manage evolving requirements. In line
burn, we believe that agility is a game on two
only should one aim to deploy features to the m
but one should also increase the organization
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able 3: Summary of results for Challenge Area 1: Build and maintain shared understanding of customer value.

hallenge Proposed practices
from case companies

Proposed practices from
SAFe

Proposed practices from
LeSS

Research gap in
large-scale agile

ridge gap to
ustomer

→Visualization of
requirements to
facilitate discussion;
→Reduce handovers,
XFTs across levels;
→Keep product
management close;
→Focus on value
every sprint.

→Frequent (train)
demos;
→Customer involved at
every level;
→Teams take economic
view;
→Team covers all
necessary roles.

→Customer-centric;
→Sprint-Review
bazaar;
→PO connects teams /
customer

→Provide concr
advice and tools
establishing,
managing, and
validating share
understanding o
customer value.

uilding
ong-lasting
ustomer
nowledge

- →Feature teams;
→Component teams.

- →Research gap
similar to 1.a, b
with long-term
memory in mind

Table 4: Summary of results for Challenge Area 2: Support change and evolution.

hallenge Proposed practices
from case companies

Proposed practices from
SAFe

Proposed practices from
LeSS

Research gap in
large-scale agile

anaging
xperimental
equirements

→Introduce Learning
and increment
planning Sprints;
→T-Reqs: Use git
branching and
merging.

→Combine enabler
stories, architecture,
and exploration;
→Set-based design;
→(Variable) solution
intent.

→Use backlog →Design and ev
an approach to
manage experim
requirements.

ynchroniza-
ion of
evelopment

→Differing levels of
agile pervasiveness

→Biweekly ART sync;
→F2f PI planning;
→Enabler stories
(Exploration);
→Tribes, chapters,
guilds;
→Unity hour

→Continuous
improvement;
→Retrospectives
(Team+overall).

→Design and ev
an approach to
synchronize
development ba
promising ideas
literature.

void
e-specifying,
ncourage
e-use

→Product-line
engineering;
→Move from project
to product focus.

→Product-focused;
→Set based design.

→Product-focused;
→Avoid duplicate
product functionality;
→Avoid narrow
product definition.

→Strategies and
guidance for
systematic reuse
agile product-lin
engineering at s

pdating
equirements

→T-Reqs: Reviews
supported by git and
gerrit.

→Guilds and chapters. →Requirement areas
will change, will get
less important, have a
lifecycle, be retired.

→Provide concr
advice and tools
updating
requirements an
establish awaren
the current stat

nd Maintain Shared Understanding about Sys-

challenge area relates to building and main-
ared understanding about the system and is
in Table 5. Historically, plan-driven approaches
stinguish between requirements specified from
ective (user or customer requirements spec-
d those specified from a system perspective
upplier requirements specification) [41]. Ag-
mainly concern themselves with customer or
thus covering the content of a user require-
cation and even going beyond by focusing on
t is generated for users and customers. There
such value- or problem-based specifications
we agree that user or customer value is an

nowledge area with respect to requirements.

We found, however, that system requirements
is crucial for large-scale system development a
cially considering the very long maintenance c

We generally find this perspective of requir
a particular system or solution in mind to b
resented in scaled agile frameworks. User s
been found insufficient to cover such knowled
(automated) test cases are often named as
tive [19, 44], especially for small-scale project
ings suggest that using test cases, even in c
with user stories, is not sufficient, in particu
spect to supporting the understanding of a sy
rent functionality. Specifically, we identify a l
ance in agile frameworks with respect to captu
prehensive big picture of requirements and the
a finding in agreement with Heikkila et al. [1
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Table 5: Summary of results for Challenge Area 3: Build and maintain shared understanding about system.

hallenge Proposed practices
from case companies

Proposed practices from
SAFe

Proposed practices from
LeSS

Research gap in
large-scale agile

ocumenta-
ion to
omplement
ests and
tories

→Use models for
interfaces and
behaviors, additional
text summaries.

→Use models to
analyse requirements.

- →Methods to ca
comprehensible
picture of agile
requirements an
motivations.

ystem vs.
omponent
hinking

→Need (global)
baseline;
→Requirements for
product, not
organization;
→Establish ownership
on all levels;
→Architects on each
team.

→Clear breakdown
from enterprise level to
team;
→Feature and
component teams;
→Systems thinking;
→Tribal unity;
→Communicating the
vision.

→Principle: Whole
product focus;
→Multi-team product
backlog refinement;
→PO engages team to
own product.

→Provide and
evaluate concret
advice and tools
support systems
thinking on all l
as well as govern
of requirements.

reating and
aintaining

races

→Reuse features( =
groups of reqs);
→Reusable modules
(= requirements and
solutions);
→Move from project
to product focus.

→Describe the solution
(Documentation).

→Link to wiki pages;
→Backlog items to
ancestors, max. 3
levels.

→Provide guida
and tools for
large-scale agile
traceability.

earning and
ong-term
nowledge

→Exploit ownership
of feature and tools to
document less.

→ART focus on value,
not project;
→Enabler stories
(Exploration);
→Feature and
Component teams;
→Community of
practice, chapters,
guilds.

→Reflection +
improvement
experiments;
→Experts teach each
other, informal
networks;
→Specification by
example.

→New approach
towards requirem
as a knowledge
management pro

ackward
ompatibility

→Push responsibility
(and freedom) to
developer.

- - →Strategies and
guidance for
systematic
management of
backwards
compatibility.

it is challenging to support systems thinking
ents governance, to provide (often required)
and to manage long-term knowledge as well
s compatibility. Therefore, we see the need
k investigating the use of different notations,

r methods to inform early analysis of incoming
.
ugh such documentation and management of
irement may feel non-agile by nature, it be-
l to support agile systems development. While
ork exists in the area of agile modeling [45,
s companies do not report experiences with

ns. We distinguish therefore between agile re-
ngineering as covered in most of the related
d requirements engineering for agile system-
(RE4agile), where we do not require an agile
engineering requirements. We see RE4agile
ental service to provide crucial requirements

that agile teams can perform. Our findings
such support cannot be offered sufficiently by
pfront RE, as indicated [1, 17]. Similarly, we
any specific roles that emerge in the large-

scale agile environment comparable to the role
in [47].

Our results suggest that continuous and ag
ment methods on a large scale require new co
brid approaches [48] that aim to combine stren
plan-driven (waterfall) and value-driven (agile
may offer inspiration, but are at this point not
documented through empirical studies to rela
our findings. In more recent parallel work wi
companies [49, 50], we have been exploring t
methods to manage and govern shared objects
quirements, architecture descriptions, APIs, an
umentation. Interpreting such items as boun
can help link individual teams to shared views
the whole system and ultimately lead to effect
proaches to manage such knowledge at scale [4
explored this approach with respect to strategi
agement and governance [50] and we are confide
research direction will yield useful concepts a
to tackle this challenge area.
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Table 6: Summary of results for Challenge Area 4: Representation of requirements knowledge.

hallenge Proposed practices
from case companies

Proposed practices from
SAFe

Proposed practices from
LeSS

Research gap in
large-scale agile

anage levels
s. decompo-
ition

→ Allow stakeholders
to specify on any level
of abstraction, e.g.
through traceability
and reqts structure;
→Support distributed
reqts analysis;
→Distinguish
dimensioning FR and
NFR.

→Clear hierarchy, from
enterprise level to team;
→Requirements
information model
(epic-capability-feature-
story): transport
stakeholder view to
components.

→Various splitting and
refinement guides with
depth 3 limit.

→Strategies and
guidance for
requirements
decomposition,
including how to
manage custome
system requirem
as well as on ho
inter-relate them

uality
equirements
s thresholds

→Thresholds to
negotiate prizes;
→Trade-offs brought
up by team and
peer-reviewed by
teams and system
managers.

→NFR are constraints
on program level,
constraining a) the
system and the product
backlog or b) a feature
and the team backlog.

- →Strategies and
guidance on ma
and evolving qu
requirements.

ooling not
t for
urpose

→PO updates
requirements;
→Team updates
requirements.

- →No software tools for
sprint backlog;
→Tools for large
product backlogs
(boards, pictures, wikis,
spreadsheets).

→Tools specific
designed for
large-scale scale
practices, includ
reqts access con

ccommo-
ate different
epresenta-
ions

- →Teams can have
individual user stories
flavour;
→Emphasize team
independence;
→Responsibility for
Ways of Working, book
clubs, guilds.

- →Strategies and
guidance to bala
independence of
teams and syste
level consistency

onsistent
equirements
uality

→Operationalization
from experience;
→Peer-reviews by
teams and system
manager.

→Responsibility for
Ways of Working, book
clubs, guilds;
→Community of
practice to align on
what is needed.

- →Ways to share
experiences on
quality;
→Empirical
evaluation of
suggested metho
practice.

ntation of Requirements Knowledge

th challenge area includes challenges that re-
epresentation of requirements knowledge (see
e underlying observation of the challenges in

ates to the shared responsibility for require-
ledge. In particular, scaled agile appears to
eams take more responsibility for both cus-
ystem requirements. This in turn implies a
l flow of requirements knowledge. On the
must both be relayed top-down, from system
g to teams. On the other hand, it must flow
from teams that explore the best way of sat-
tomer need through incremental and iterative
scovered challenges with both directions.
p, the current tooling is not fit for purpose,
not allow teams to create and share knowl-

tly. In addition, teams are expected to take
y for their own ways of working and to estab-
flavours of requirements artifacts. How can
ams have their own specialized requirements

requirements model? Top-down, a suitable de
of requirements is hard to achieve, especially
frameworks do not cover the duality of custom
tem requirements. It is also difficult to establi
tent requirement quality. Related work by Wo
suggests that diversity and alignment of rep
can be balanced, especially when taking into
formation and consistency needs on different
stractions and at different times during the d
cycle [51].

Challenges with this shared responsibility
ing and managing requirements-related knowle
in difficulties to establish thresholds for qual
ments. How does a large-scale organization al
threshold and manage their evolution when new
becomes available?

We have been evaluating the use of T-R
proach to manage textual requirements in git
trol together with tests and source code [33
tools such as T-Reqs can be accessible across
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iews of requirements changes by other teams
managers. Existing work in the requirements
s recognized that user story quality in prac-
roblematic and has introduced various qual-
ks and tools to manually and automatically
y issues, e.g., [52], which in our view would
ll with such peer-reviews. Such an approach
help with giving teams access to requirements
porting quality assurance, and even with re-
quality thresholds and we encourage further
his area.
sults suggest, it is crucial to establish suitable

management of knowledge throughout large-
stem development. Agile development works
continuous inflow of new requirements and
elp to resolve ambiguities and refine require-

n time, as new knowledge becomes available.
is important to support updating system re-
odels and to coordinate the information flow

allel teams.
ing suggests that communication issues con-
elevant in large-scale agile RE, in contrast to
ested by related studies, e.g., [18, 20].

Aspects

challenge area relates to the process of work-
uirements. As the previous challenge areas

t requirements knowledge is not only contin-
ing, but also spread between customer value
requirements as well as between a consistent
model of the complete system and specialized

ividual teams, it becomes clear that strong,
nd distributed processes must be established.
problem-space, the well-known challenge of

requirements engineering [53] reappears with
an a developing organization with dozens of
find this fine balance where time-to-market
pacted by too much missing information nor
uirements work?
te challenge relates to distributed prioritiza-

While this is certainly challenging, it ap-
rioritization by risk rather than value can be
ice in many cases. This suggestion is in line
esearch by Hadar et al. [54], suggesting to use
ritization. They suggest that risk is in many
o quantify than value, thus providing a strong
criteria, if applicable.

requirements processes are expected to help
a meaningful concept of completeness as well
y. Yet, they must enable agile teams to take

y for their own ways of working. Recent works
objects [49, 55] and bridging methodological
different scopes in large-scale agile [56] may

uidelines.

6.6. Organization Aspects

Related to the process aspects, our final ch
includes challenges that relate to the overall o
in which requirements engineering is practiced
ent to systems engineering that some long-term
needed, especially to plan for facilities to manu
test hardware and mechanics, but also to coo
integration of components across disciplines.
lenges here relate to bridging between such s
planning and agile work in software teams, t
ning of integrated system testing, to manage t
and pre-development, and to identify impacts
infrastructure in good time.

At the moment, we are not aware of proven
neither through empirical evidence nor within
works, that can address these challenges. As w
lenges related to process aspects, we believe
research around boundary objects could offer a
to encourage self-organization in system devel
55]. If constructively used to establish boundar
means of coordination between plan-driven and
of an organization, we expect a positive impac
zational aspects with engineering requirement
agile system development [56]. Our works on
be seen as a special boundary objects, where
communicate critical requirements changes e
spread awareness through peer reviews [33].

6.7. Challenges Beyond the Scope of this Stud

Through the transition to large-scale agil
pects of the overall processes, organization a
working of our case companies were under cons
the time of our investigation. Requirements ar
importance to all of our case companies and
tionally relate directly or indirectly to all asp
tem development. Thus, we found at several t
this investigation that we needed to sharpen
We wanted to create a catalogue of general re
related challenges that are relevant to system d
of organizations that have transitioned or desi
tion to large-scale agile.

One big challenge that we ultimately exclud
scope relates to the development of safety-crit
lated systems. It is an exciting research field, b
a dedicated space. Our challenges of large-sca
tem development also apply if safety-critical
developed, yet, safety and regulation bring in a
level of complexity to an already complex top
instead spend a few lines here to relate our
safety-critical systems.

Traditionally, long upfront analysis and plan
to address these needs [1]. However, as com
to speed up their development, research nee
tigate new ways of dealing with documentat
cross-cutting issues. Ensuring qualities and
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non-functional requirements has been brought forward as
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Table 7: Summary of results for Challenge Area 5: Process aspects.

hallenge Proposed practices
from case companies

Proposed practices from
SAFe

Proposed practices from
LeSS

Research gap in
large-scale agile

rioritization
f distributed
unctionality

→Business dashboard
to help rank reqts;
→Clear product
owner (hierarchy);
→More focus on
interfaces, less on
reqts;
→Estimation by risk.

→Combining ”weighted
shortest job first”,
‘Portfolio backlog”, and
“Program Kanban” to
support cross-cutting
initiatives;
→Combine team
backlog, business value,
and interaction
backlog;
→Sequencing based on
cost of delay.

→One PO single source
of prio.;
→Multi-site product
backlog review;
→Challenge: Join the
split-to-see problems.

→Empirical evi
and proven stra
on what works i
specific context.

anage
ompleteness

- →No potential solution
found in SAFe. Instead,
build incrementally
(Principle) and MVP
suggest the opposite.

→LeSS-Guideline “take
a bite”.

→Provide a clea
taxonomy or lan
to reason about
requirements
completeness in
incremental wor
scale.

onsistent
equirements
rocesses

→Delivery = code,
test, and reqt
(update).

→Clear hierarchy, from
enterprise level to team;
→Emphasis on team
independence;
→Responsibility for
WoW, book clubs,
guilds.

- →Strategies and
guidelines to ba
alignment and
diversity of reqt
practices.

uality vs
ime-to-
arket

→Frequent reviews of
reqts in relation to
Sprint deliverables.

→Clear hierarchy, from
enterprise level to team;
→Built-in-quality;
→Reduce time-to-
market: Value stream
mapping.

- →Guidelines to
achieve just-eno
quality of
requirements,
products, delive
in order to redu
time-to-market.

in agile RE [19, 20], and first works exist to
lations in agile [57, 58]. This is an interesting
t allows to look at requirements practice in
gile as a spectrum, where regulation or safety
a more formal approach. Several of our case
evelop such systems and participants repeat-
ed concerns that the development of safety
are together with corresponding standards

e agile development.
ples, the participants expressed the need for
on and tracing that is required by several stan-
s ISO26262 [59]. However, an expert for func-
in Automotive 1 stated that the need for doc-
and tracing is related more to the size of the
d the system rather than regulations.

see that as a problem. Many say that it’s safety
, it is a 26262 problem. But we say [..] we need
ment anyway since then half a year later it is
nt team [working on the same software]” —

our interviewees, standard conformance could
with agile development if only this was planned
tic fashion, e.g., by sandboxing safety critical
er, our case companies discussed a spectrum of

and safety-critical systems to lightweight for
and non-critical systems. Yet, it is unclear wh
practices and approaches are distributed ove
trum in large-scale agile, which is confirmed by
work on safety in agile system development [6

7. Conclusion and Outlook

We presented our results from a multiple
with seven systems engineering companies on
tion of RE and agile methods in large-scale d
We studied the pervasiveness of agile method
requirements-related challenges of large-scale a
development and solutions from best practic
try as well as those provided by SAFeR© an
all case companies, the way plan-driven and
opment currently co-exist within the systems
environment limits the potential development
found that in all companies, there is a need fo
quirements engineering approaches, especially w
to documenting a system’s behavior for future
quests or maintenance. The pervasiveness of
mentation in the case companies differs, rangin
development on team-level embedded in an o
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method ranging from full-scale for regulated driven process up to agile development for the entire prod-
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Table 8: Summary of results for Challenge Area 6: Organisational aspects.

hallenge Proposed practices
from case companies

Proposed practices from
SAFe

Proposed practices from
LeSS

Research gap in
large-scale agile

ridge
lan-driven
nd agile

→Dedicated
governance of reqts
across levels;
→Team updates
requirements;
→PO updates
requirements.

→Clear hierarchy, from
enterprise level to team.

- →Strategies and
guidelines to rep
static document
actively manage
boundary object
allow coordinati
across levels.

lan V&V
ased on
eqts

→Establish virtual
test rigs and
simulation models;
→Manage reqts and
tests together.

→Solution intent links
specifications to tests;
→Duality of backlog
items and tests;
→Cross-functional org.

- →Empirical evi
and proven
approaches.

ime for
nvention and
lanning

→Solution intent, a
repository of current
and future solution
behaviors;
→Innovation and
planning iterations;
→Enabler stories.

- →Empirical evi
and proven
approaches.

mpact on
nfrastructure

→Establish virtual
test rigs and
simulation models.

→Feature teams;
→Component teams;
→Cross-functional org.

- →Proven strate
for achieving sy
level awareness
critical reqt cha

ent. Despite the difference in pervasiveness,
similar challenges in all companies. These
blishing a shared view of value from the cus-

ther stakeholders down to development, sup-
ge and evolution, building up and maintaining
erstanding about the system, representation

nts knowledge, as well as dealing with process
tional aspects. Proposals to mitigate these

ave been extracted from SAFeR© and LeSS,
collected further practices from the compa-

e these proposals and practices, we note that
nges remain open or have solutions without
uation.

e of this investigation, we conclude that nei-
nal requirements engineering nor scaled-agile
rovide satisfying concepts to manage require-

edge effectively, when developing at the scale
at our case companies desire. Thus, each or-
ust find workarounds for their particular con-
sults facilitate the search for such individual
tegies by providing a comprehensive overview
. In particular, it helps to design solutions

over-optimize solving one challenge at the ex-
ifferent challenge. Further inspiration is pro-
ing relevant solution candidates. Yet, more
reusable approaches are desperately needed.
e encourage future work to not only produce
tices to solve open challenges, but also focus
n of existing large-scale agile proposals from
ts perspective. Ideally, this will allow large-
development efforts to fully benefit from ag-

while still systematically managing knowledge
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