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ABSTRACT

The concepts of decision forces and the decision forces viewpoint were
proposed to help software architects to make architectural decisions
more transparent and the documentation of their rationales more
explicit. However, practical experience reports and guidelines on
how to use the viewpoint in typical industrial project setups are
not available. Existing works mainly focus on basic tool support
for the documentation of the viewpoint or show how forces can
be used as part of focused architecture review sessions. With this
paper, we share experiences and lessons learned from applying
the decision forces viewpoint in a distributed industrial project
setup, which involves consultants supporting architects during the
re-design process of an existing large software system. Alongside
our findings, we describe new forces that can serve as template for
similar projects, discuss challenges applying them in a distributed
consultancy project, and share ideas for potential extensions.
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1 INTRODUCTION

Decision making in the context of software architecture is known
to be a complex process which goes beyond selecting solution al-
ternatives based on technical requirements. In practice, decisions
have to be made according to the context in which the software
is designed, implemented, operated, and maintained. In addition
to technical requirements, the project setup, the time to market
of the product, a company’s strategic preferences toward certain
technologies, and even an architect’s experience with a certain tech-
nology might play an important role. Van Heesch et al. [10] refer
to any of such influencing factors as decision forces and propose
to document them as part of a dedicated architectural viewpoint
based on ISO/IEC/IEEE 42010 [2]. This way, they claim, decisions
become more transparent and traceable. But even without an ex-
tensive documentation of forces for all decisions within a software
architecture, discussing forces for the most critical decisions as part
of an architecture review can be of high value as shown in [11].

Transparency and documenting rationales of architectural deci-
sions is crucial especially for software systems with a long lifespan
during which decisions might have to be reconsidered due to evolv-
ing decision forces: new technologies become available, operative
requirements change, architects build up new expertise, architects
leave or join the project, or the strategy of the company changes.
Another scenario in which transparency is of high importance is a
setup that we refer to as consultancy setup in the remainder of the
paper. In such a setup, a system is initially designed by a separate
team (the consultants) than the one taking care of its productive
implementation (the business unit). This is a typical scenario even
inside companies, where technology development requires dedi-
cated research or pre-development units that act as consultants to
the business units on a short-term project base. For such a setup,
the reasoning behind architectural decisions needs to be completely
transparent such that they can easily be re-evaluated in an oper-
ational context that might be different from the context during
design time. Such differences are hard to avoid and can be caused
by the fact that not all decision forces were observable during the
design or the forces changed between the time of designing and
the implementation as part of a product.

In this paper, we describe the lessons learned of using the forces
architectural viewpoint proposed by Van Heesch et al. [10] and
study its applicability to a consultancy setup. It was applied in a
6-month project in which five consultants in two teams worked
with multiple business unit architects on the architecture evolution
of an established industrial control system. This work is motivated
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by the observation that documenting the decision rationales for a
set of design decisions during this project seemed inherently incom-
plete when trying to summarize the rationales behind the decisions.
Initially, we used a minimalistic and pragmatic approach to capture
the rationales based on the Y-model [12] that has been used for
many projects before. However, in this project, the consultancy
teams noticed a disconnect between the decision and rationales
documented. To better understand this disconnect and to close the
gap, we decided to study and document the decision forces for im-
portant decisions that were made. During this process, we noticed
that applying the viewpoint from [10] was helpful but showed some
challenges caused by the consultancy setup and multiple teams col-
laborating remotely. We also noticed that the forces discussed so far
in the context of the viewpoint were not covering the consultancy
setup, which however is common in a corporate environment.

To encourage the use of the forces viewpoint in future industrial
projects, we present lessons learned based on the work with the
viewpoint as consultants during the project. In addition, we describe
additional forces that were observed specific to the consultant setup
and that were not discussed in the context of the decision forces
viewpoint before. Some of the discussed forces play a crucial role
for key design decisions and close the gap in fully understanding
the decision process. Finally, we also discuss open questions that
could, e.g, help driving the development of adequate tools to support
distributed teams in using the viewpoint.

The remainder of the paper is organized as follows. First, in Sec-
tion 2, the concept of decision forces is introduced as a background
for the subsequent sections. Second, we present experiences gained
and lessons learned while using the forces architectural viewpoint
in a distributed consultancy setting of a real industrial project. In
Section 4, we discuss lessons that we learned from applying the
viewpoint and open questions we identified. Subsequently, we dis-
cuss related work in Section 5 and conclude the paper in Section 6.

2 DECISION FORCES

The notion of architectural decision forces, short forces, was intro-
duced by Van Heesch et al. in [10]. In this work, the authors propose
the forces viewpoint, an addition to the framework of architectural
viewpoints they introduced for the documentation of software ar-
chitectures in [9] based on ISO/IEC/IEEE 42010 [2]. This framework
includes four viewpoints: the decision detail viewpoint, the decision
relationship viewpoint, the decision chronology viewpoint, and the
decision stakeholder involvement viewpoint. The additional forces
viewpoint is motivated by the desire to make design decisions more
transparent and document decision rationales. It complements the
other viewpoints as it acknowledges that architects make decisions
not only based on technical arguments but also incorporate many
more factors.

Similar to a physical object in space that moves or comes to rest
depending on the sum of all externally applied forces, decisions
made by software architects are a result of the interactions between
anumber of observable forces. These can be technical requirements,
stakeholder concerns, a development team’s experience with a
specific technology, their expertise, a business-related concern,
or any other factor that influenced the decision. Thereby, forces
share some commonalities with the notion of design constraints
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as discussed in [8] but are more openly defined which made them
more appealing for our project.

In addition to the examples mentioned by Van Heesch et al., by
now, it is well understood that also human factors play an important
role in architectural decision making [7] as well as background and
judgement of individuals making the decisions [3]. Furthermore, it
has been acknowledged that decisions can be subject to cognitive
biases, reasoning fallacies, and political games as pointed out by
Kruchten [5]. While the latter might be hard to capture in concrete
forces, in our opinion, they should be considered when exploring
and eliciting forces observed by the team of involved architects for
individual decisions. Some of these factors can jointly or individu-
ally be observable in form of a force that might be hard to capture
at first. Overall, we decided to use the flexible and open notion by
Van Heesch et al. to study the decisions in our project, expressing
any factor that we observed and that can be attributed to one of
the above categories as forces.

3 EXPERIENCE REPORT

In the following, we share our experience during applying the
forces viewpoint. For this, we first motivate the project setup and
introduce the high-level software architecture. Subsequently, the
decision making process in the project setup is discussed, the ob-
served decision forces are presented, and their application to two
exemplary design decisions are explained.

3.1 Distributed Consultancy Setup

The project setup considered in this work is typical for corporate
research and development (R&D) environments. In our case, it con-
sisted of two consultancy teams that were working remotely from
two locations and two architects from the related business units
at another two different locations. The consultants were experts
from two corporate research centers of the same company. In such
a case, the consultancy work can include running pre-studies, eval-
uating or developing new technologies, proposing initial system
architectures, supporting the redesign of existing software systems,
or implementing first proof-of-concept systems to show the fea-
sibility of a proposed design. We assume that most aspects of the
setup considered here would also be applicable if the consultants
are external to the company. In the discussed case, they belonged
to the same company but not the same business unit. The busi-
ness unit architects decided to mandate the consultants with the
task to provide input to a planned architecture evolution of an
existing software system. The project duration was six month and
involved five consultants. For their work, the consultancy teams
were granted access to the source code of the software system and
its documentation. In addition, they got access to expert developers
which are familiar with the system.

Figure 1 illustrates the setup as described above. Architectural
decisions in the redesign were made by the consultancy teams ac-
cording to technical requirements elicited at the beginning of the
project. The design was presented to the business unit architects
and discussed in regular telephone conferences. The business unit
architects expressed their opinions and potential concerns during
these meetings and approved or overruled the decisions taken by
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Figure 1: A typical distributed consultancy setup as observed
in the reported project with two consultancy teams and two
business unit architects.

the consultancy team. Wherever possible and valuable, the consul-
tancy teams ran experiments to study non-functional properties and
implications of design decisions. This included, e.g., performance
measurements of chosen technologies, libraries, middlewares, and
implementation alternatives.

3.2 High-level Software Architecture

Figure 2 illustrates a high-level overview of the architecture evolu-
tion done in this project. The goal was to achieve a decoupling of
tightly coupled applications and a database of an existing large-scale
and established industrial control system with a large customer
base. The control system consists of a central database and appli-
cations that can have three different roles: (1) collecting data from
the field, such as sensors, and writing them to the database, (2)
operating on data from the database and writing data back to it, and
(3) reading data from the database to perform analytics or display
information to a human operator.

The tight coupling of applications to the database was a result of
timing requirements and dates back to the time the system was ini-
tially designed (a few decades ago). With the redesign, a decoupling
layer should be added as a step towards decoupling applications
from the database implementation and deployment. The motiva-
tion to introduce such a layer was twofold: Firstly, a compatibility
and translation layer should be added to avoid binary dependen-
cies of the applications on a specific database version. A practical
implication of resolving this direct dependency is that a better de-
coupling of the database and application development process can
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be achieved. Secondly, the layer should support an independent
deployment of applications and database. This, in turn, enables
a path towards modularization as well as resource allocation and
scaling of independent application. For the design of the decoupling
layer, this second objective implied a necessity to support a com-
plete distributed deployment. For all changes to the architecture,
a key requirement was that compatibility of existing applications
in terms of the database interface and features they use shall be
maintained as is. This also applies to the interface of the database.

Single-host Legacy Architecture
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Architecture evolution
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Figure 2: High-level overview of software architecture evo-
lution in the presented project, including two exemplary ar-
chitectural decisions: (A) the used communication middle-
ware and (B) the used caching approach.

To enable a distributed setup, the decoupling layer was designed
to consist of a database proxy component and a translation layer
that translates calls of individual applications to the database. In-
stead of directly issuing database calls, the applications use a data-
base proxy instance which provides a backward-compatible inter-
face to the database. This way, legacy applications can be used
without modifications, which was a key requirement stated by the
business architects. In a distributed setup, applications would be
always deployed together with a database proxy instance, while the
translation layer and the database could be hosted separately. The
communication between the database proxy and the translation
layer was decided to make use of either an existing centralized
or decentralized communication middleware. The decision for a
specific middleware was a key architectural decision made in the
project, which involved a detailed study of technology options by
the consultancy team. To comply with the timing requirements
of the applications for database access, the database proxy was
decided to include a local cache. The decision for a specific caching
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solution was a second relevant architectural decision, which in-
volved a study of available technology and implementation options.
Here, a number of additional requirements needed to be taken into
account, especially concerning data access requirements of applica-
tions, data consistency among cache instances and the database, as
well as the persistency of data.

Although the architecture presented here was motivated by the
specific project, it is of a generic nature and not specific to a product
of our company. Yet, it is sufficient to showcase our experience with
the decision forces architectural viewpoint and the challenges we
faced in the specific industrial use case.

3.3 Decision Making and Documentation

The project started off with an elicitation of functional and non-
functional requirements that were ranked according to importance
and criticality by the business unit architects. In total, there were
about 20 requirements, covering concerns related to the desired
decoupling of of legacy applications from the database, timing re-
quirements, reliability, compatibility of legacy applications, and
some specific features. Over the course of the project, about a quar-
ter of these requirements and their rankings were adapted based on
the input and results of the consultancy teams work. Some of these
changes were caused by decision forces that were not intuitive to
the consultancy teams at the beginning. The explicit analysis of deci-
sions based on the notion of forces, however, helped to make these
decisions more transparent. For this step, the consultancy team
discussed selected decisions in retrospective. The team members
expressed forces that they observed in addition to the requirements
elicited at the beginning of the project. These forces were collected
in an Excel sheet following the template used in [10]. As proposed
by Van Heesch et al., the architecture-significant requirement were
listed as the first set of decision forces, followed by a list of diverse
additional forces collected from the teams.

It turned out to be difficult to discuss the relevance of each indi-
vidual force on a selected architectural decision in an ad hoc manner.
While the consultancy team made use of advanced tools for remote
collaboration, such as shared whiteboards, the discussion of the
viewpoint was time consuming. One observation during the discus-
sion was that the perception of forces across the consultancy team
members was very diverse first. As a result, discussing the relevance
and names of individual forces themselves took more time than
initially anticipated. Due to the rather subjective nature of some of
the observed forces, a force-by-force discussion was necessary to
agree on the meaning and terminology used for the forces. Even
with only five consultants, this showed to be challenging because
of the teams being remote to each other and the missing ability to
discuss observations in parallel. Based on this experience, a better
collaboration method specific to the elicitation of the forces would
be desired. We decided to accept this limitation and decided to
leverage the possibility of the two teams collaborating more closely
in the individual locations. For consultancy setups with completely
distributed teams, a face-to-face meeting could be an alternative
option. In our case, the two teams continued the discussion and rat-
ing of the forces for individual decisions independently. This way,
a more efficient face-to-face discussion and decision process were
possible, which led to a speed up of the process. Afterwards, results
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were consolidated in a focused meeting in which the observations
were already more consolidated and common terminologies were
easier to establish. The steps taken for this distributed assessment

are illustrated in Figure 3.
@ Collect forces

Joint list of
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@ Teams rate forces
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@ Discuss conflicts
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forces view

Figure 3: The steps taken to produce a combined decision
forces view by the distributed consultancy team.

First, an initial list of observed forces was compiled based on
the input of both teams and briefly discusses in a joint session. In
our case, an initial list was proposed by one team and then refined
together with the other team. After the complete team had a rough
overview and understanding of all collected forces and the decision
forces concept in general, the two consultancy teams individually
continued the discussion and performed the rating for all selected
decisions. For the rating, the scale by Van Heesch et al. from [10]
was used, ranging from ++ (a force strongly supports a specific
decision alternative) to - - (a force strongly opposes an alternative)
and X (a decision alternative is prevented by a force). In a third step,
the individual ratings of the teams were combined into a single
Excel sheet. Instead of a single rating, the sheet indicated the two
ratings of the teams side by side. In a final step, discussions focusing
solely on those ratings that both teams differed in were initiated.
During these discussions, inconsistent or unjustified decisions be-
came obvious to the complete team. We observed the latter as one
of the main strengths of the overall process related to the decision
viewpoint. Based on the rating difference and the discussion, exist-
ing forces were rephrased, new ones were added, or ratings were
revised by the individual teams. In case of an unsatisfying outcome
or remaining questions on why a decision was made, we propose
to enter a discussion with the business unit architects to identify
additional forces that are not directly observable by the consultants.

For the actual rating process, an important observation was that
it took the teams and its members some time to agree on a common
understanding of the rating scale. This should not be underesti-
mated when using the method with a larger team, especially if the
team collaborates remotely. We observed, e.g., that while the team
ratings showed similar tendencies, they often differed by one rating
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step. This is not considered a problem but again showed the overall
subjective nature of the forces rating. A discussion led to the im-
pression that forces were often observed differently by individual
team members. To avoid multiple reduplications, we decided to
acknowledge a certain degree of subjectivity of the observations
and keep the individual team ratings. For the initial purpose of
achieving transparency of decisions, the results seemed sufficient
and clearly showed the relevant tendencies of forces to explain
specific decisions.

Regarding the rating scale itself, a number of concerns were
discussed during our project. For example, it was considered if the
scale should be extended to better express the relative strength
of forces among each other. This was for example the case when
discussing the different technology options for the communication
middleware used as part of the decoupling layer, where the inter-
est of the architects in particular parts of the architecture and the
existing experience with one technology led to a rather quick deci-
sion in favor of that technology. In this particular case, the rating
discussion was resolved by making use of the X rating to indicate
that a decision against an alternative was taken because of a single
dominating force. Thereby, this force canceled out other strong
forces. Making this observation explicit and discussing it in the
team, was an important step for some dissensus decisions to achieve
transparency and document decision rationales. In retrospective,
it seems obvious what led to some of the decisions when taking
into account all observed forces. During the time of discussion and
shortly after a decision was made, there was not always a consen-
sus regarding individual decisions. One explanation could be that
establishing some of the more objective forces involved a substan-
tial amount of effort, e.g., to execute a performance measurement
and comparison of individual technology alternatives. This was
the case for the decision for a communication middleware. Here,
quantitative performance measurements were available for two of
the alternatives that were shadowed by other forces in the final
decision. Accepting that such an objective force can be canceled
out by another business-architect-related force that seemed rather
subjective and not as perceptible to the consultants was not always
easy but an important lesson. This also shows a key challenge of
the consultancy setup, where not all forces might be observable
directly and quantifiable at first. Therefore, we propose to establish
a body of potential decision forces that can help preparing for more
intangible decisions and being able to document them.

Another discussion regarding the rating of decision forces when
applying the method was, whether a weighting factor should be
introduced to express the strength of a force relative to other forces,
e.g., for the decision on the middleware discussed above. Based
on this idea, it was also discussed whether calculating a difference
between positive and negative ratings should be used as a quantita-
tive indicator of the combined decision force. However, these two
extensions to the methodology were not used as the complexity
would have increased and additional challenges introduced. For
example, the weighting of forces seemed to be dependent on the
individual decisions and could not be quantified easily. Defining
adequate weights would have been a challenge on its own. Fur-
thermore, simply calculating the difference between positive and
negative forces showed to be not straightforward once X ratings
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were used. Thus, we decided to follow the original rating scale
instead and leave a study of the ideas for future work.

While we decided to execute ratings on the basis of the two
teams as a whole, one could imagine that team members individu-
ally express their observations from which the aggregate for the
team can be deduced. However, based on our experience during
the project, a discussion to establish a common understanding of
the forces and the rating scale are indispensable and would also
need to be done in this case. Tool support could be provided, e.g.,
by extending the previously mentioned and already interesting
Enterprise Architect add-in from [6].

3.4 Forces in Industrial Consultancy Setting

In Table 1, we list the architectural decision forces that we observed
in the project. A similar forces table discussed by Van Heesch et
al. [10] additionally list the architecture-significant requirements
as forces. For the sake of brevity, these forces are not listed here
because they are specific to the particular project. In the presented
project, the list of architecture-significant requirements included
aspects such as the degree to which the solution shall decouple indi-
vidual components, the required compatibility to the existing legacy
architecture, the expected timing and availability requirements, as
well as requirements regarding data consistency, persistence, and
security. Clearly, these requirements played an important role for
the architectural decisions as they provided the guardrails for all
decisions taken. Within these guardrails, however, the following
forces often defined the final decision.

F1-F3 categorize the forces related to the main stakeholders of the
solution and the development process. F4 lists forces that are specific
to the project being an architecture evolution project. F5 names
general business-related forces that concern the competitiveness of
the developed solution, while F6 focuses on forces specific to the
project. Finally, F7 names forces observed in the selection of 3rd-
party technologies, such as commercially available or open-source
libraries and middlewares.

Forces F1, F2, and F6 are specific to the presented consultancy
setup of the project. Some of the initially made decisions by the
consultancy teams were later revoked because of strong unantici-
pated forces related to the business architects. We observed these
forces are mainly due to very focused interest of the architects in
particular parts of the proposed architecture, making previously
made decisions obsolete, or differences in the judgment among the
business architects. Here it is to note that these observed forces
are very subjective and expressed from the viewpoint of the con-
sultants. The actual forces leading to the observed forces are likely
more complex and not easy to understand as outsiders to the actual
business unit. The actual reason for a force might differ from its
observation. It could be caused by, e.g., past experiences of the
architects, a strategy that the consultants are not aware of, or the
decision not to focus on a specific part of the architecture that is of
interest to the architect expressing the force.

Another observation was that forces in category F5 and F6 should
not be underestimated. They provide the framework of the overall
project. Competitiveness is a key concern for every company that
competes with others in the market for customers. Product manage-
ment sets out strategic goals for future products that also research
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Table 1: Decision forces observed in the considered consul-
tancy setup, exclusive the (non-)functional requirements.

Code Description

Concern(s)

F1  Consultancy team related

F1.1 Experience with technology Development time

F1.2 Imbalance of experience across Development time
distributed teams

F2  Business architect related

F2.1 Architects’ interest/priorities in ~ Stakeholder interest
a specific parts of solution

F2.2 Different opinions of architects Stakeholder interest
representing separate stakes

F3  Development team related

F3.1 Strategic knowledge develop- Competitiveness
ment

F4  Architecture evolution related

F4.1 Alignment to legacy architecture Legacy concerns /
and components Compatibility

F4.2 Use of legacy development envi- Legacy concerns /
ronment and setup Compatibility

F5 Business related

F5.1 Technology/product road map Competitiveness

F5.2 Business vision, integration with Competitiveness
other products, new architecture

F5.3 Time to first proof of concept Competitiveness

F6  Project related

F6.1 Time budget for project Development time

F6.2 Challenge development team and Innovation
business with new technologies

F7  3"%-party technology related

F7.1 Knowledge on performance Performance

F7.2  Expected license costs License costs

F7.3 Support model Maintenance/Features

F7.4 Operational experience Ease of operation

and development project need to be aligned with. Similarly, the
project itself is typically time-bound and has a fixed development
budget. Finishing a first proof-of-concept implementation to show-
case the value of the investment taken by running the project, thus,
is extremely important. By showcasing a proof of concept, it is
important to convince stakeholders to further invest in a particular
solution or abandon it in favor of an alternative path.

For the forces in category F7 it is to note that for using 3rd-
party technologies in an industrial setting, the actual features of a
technology might only play a minor role in the decision to use it.
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The license model, expected costs, as well as the support and active
development of, e.g., a library or middleware usually are stronger
forces to be considered. Furthermore, although the performance of
a technology might be excellent it might not be considered as long
as no comprehensive and reliable empirical proofs exist. Similarly,
a specific technology might not be selected if the effort to find or
educate corresponding R&D personnel is considered to be too high.
Depending on the importance and available time, empirical studies
might be done as part of a project or skipped in favor of less rated
but well-studied alternatives.

While some of the forces discussed above are more generic,
a number of new forces were identified that are specific to the
consultancy setup. Other listed forces are specific to the project
being an architecture evolution effort, where the existing software
architecture has to be considered in all decisions. With that, Table 1
can serve as template for similar projects in an industrial setting to
ease the phase of force elicitation and inspire identifying similar
forces specific to a new setting.

3.5 Exemplary Design Decisions

To illustrate the effect of the different forces, we present two ex-
emplary design decisions and their corresponding forces. In both
cases, decisions have been made regarding technology alternatives
to be used within the project. The first decision concerned the com-
munication middleware used to implement the decoupling layer.
The second one concerns the used caching solution within the
decoupling layer (also see Figure 2). The considered technology
alternatives were either commercially available implementations,
open-source implementations, or in some cases even a custom im-
plementation that would have to be implemented by the consultants
as part of the project. To illustrate different expressions of forces
and how they jointly led to a decision, the actual technologies are
not as important. Therefore, we refrained from any details here.
In the two examples presented in the following, the architecture-
significant requirements are omitted. While for other decision they
played a more crucial role, for these two particular decisions they
did not discriminate among the technology options. Interestingly,
only the forces introduced in the previous section led to a decision
in these two cases. Table 2 shows an extract of the architectural
decision forces viewpoint of the project, highlighting the strong
forces that contributed to the final decision.

Decision A - Communication middleware: In case of the communi-
cation middleware, a decision in favor of Technology A was made.
The decision was made in two steps after the consultancy teams
evaluated the individual technology options and discussing their
findings with the business architects. In a first step, Technology B
was ruled out as a result of a number of forces. The technology was
new to most of the members of the project. The missing experience
regarding the technology and the lack of reliable information on
its performance specific to the intended usage played an important
role in the decision. In addition, the business architects realized
that using Technology B would require a more fundamental study
of how to model and map data of the legacy system to the concept.
It became clear that the architects had general interest in the new
technologies themselves. However, they decided to avoid spending
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too much time on this particular part of the architecture. The ar-
chitects’ wish to focus on different parts of the architecture in the
project, thus, prevented the further consideration of Technology B.

The two remaining technologies were further discussed between
the consultancy teams. Interestingly, each of the two teams had
some expertise and experience with one of the two technologies.
This imbalance implied that a decision for either one of them would
likely lead to one of the teams taking over the core development
of this part of the architecture. Yet, due to the force being equally
strong for both alternatives, it did not play a role for the final deci-
sion. Furthermore, we observed different forces in favor of Technol-
ogy C due to it being part of the general technology road map and
being aligned with the envisioned long-term future architecture of
the business unit. However, as its application would have required
more changes and general considerations for the legacy application
during the adaptation, other forces dominated the decision. One
part of the business unit was already using Technology A for a
different use case and had detailed knowledge on its performance
as well as operation. Therefore, the rather pragmatic decision for
this “safe” option was taken. Due to the above line of reasoning for
Technology C, the consultancy team experienced the final decision
as being made rather by the architects’ prejudice. In retrospective,
also the overall forces observed support the decision. Thus, here,
more strategic forces were given less weight than the forces in favor
of a timely implementation within the project.

Decision B - Caching solution: The decision for a caching solution
was partially influenced by a single requirement requesting that
the cache access time should be in a similar order of magnitude
than for the legacy architecture. The lack of upfront performance
measurements for the intended setup made a discussion in favor
of Technology A and B hard. Due to the limited possibilities how
these technologies could be integrated into the legacy architecture
and the flexibility of aligning Technology C with the existing ar-
chitecture, a decision for Technology C was taken. Although the
consultants were in favor of Technology A and B, the architects
finally expressed their interest in Technology C, superseding other
forces and canceling out the alternatives. With that, Decision B
illustrates the importance of considering forces depending on stake-
holder interests, although they might initially not be observable as
prominently as other more objective and technical forces.

4 LESSONS LEARNED AND OPEN QUESTIONS

With this work, we wanted to share our lessons learned in using
the decision forces viewpoint in a typical distributed project with a
consultancy setup. We wanted to understand if it can help achieving
a better transparency of architectural decisions and make their
documentation more explicit. In the following, we summarize the
key lessons.

Applicability and value. After studying the work by Van Heesch
et al. [10], the application of the viewpoint was rather straightfor-
ward. As the notion of forces is very generic and also intuitive, it
seemed easy to apply to the architectural decisions made as part
of the project. The challenges we observed were caused mostly by
the project setup that implied a number of specific forces but also
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required aligning on the observed forces and their ratings for indi-
vidual decisions across the distributed consultancy teams. However,
we quickly noticed the benefit of discussing factors influencing
the decisions on the more abstract level of forces and reflecting on
some of the previously made decisions.

The observed gap between decisions and rationales became ob-
vious once we considered more and more forces. Especially, the
non-technical forces were not sufficiently captured when only using
the Y-model [12], where we seemed to over-simplify the rationales
behind a decision. Other pragmatic documentation approaches,
such as Architecture Haiku [4], are expected to have shown similar
limitations in this case because its focus on functional requirements
and quality attributes. One example for this is the observation that
the consultancy team tried to make decisions based on objective
measures wherever possible. In case this was not possible, studies
of alternative technologies were performed or even performance
tests executed to provide a solid basis for a decision. The business
architects, however, steered some of the decisions in different di-
rections. They were interested in new technologies and discussing
new approaches but also used their experience and interest in par-
ticular parts of the solution to pragmatically steer decisions that, as
a result, sometimes seemed not fully apparent to the consultants.
Understanding these decisions and naming the likely forces behind
them showed to be of great value for the project. This transparency
also allows re-evaluating critical design decisions once the results
of the consultancy project are to be used in an operational context
in that some forces inevitably will differ.

Project-setup-specific forces. A main lesson learned in applying
the forces viewpoint was that architectural decisions are heavily
influenced by non-technical forces that, in the discussed project,
were manifold as shown in Section 2. Most interestingly, a number
of forces were observed that exist because of the distributed setup,
such as differences in the experience across teams in different loca-
tions. But also forces that were observed as preferences or interest
by individual stakeholders in particular parts of the solution are
quite specific to the consultancy setup of the project. Such a force
might not be observable in a project with well-aligned architects
sharing a common understanding of long-term strategic goals. In
the consultancy case, strategies might not be obvious to the ex-
ternal consultants. Also, experience with the particular software
system might have to be slowly built up in the consultancy team
first, before particular forces might become explainable. As a result,
some of the decision forces we observed and reported might not
even be captured completely and accurately due to this fuzziness.
Related to this observation, some strong forces seemed to suddenly
materialize for a number of decisions. Most likely, they were present
all of the time but could not be recognized by the consultants from
the beginning.

Force elicitation. The previous observation on forces highlights
another important lesson: A number of non-technical forces, which
one might call as the more subjective forces, were not perceived
equally by the members of the consultancy teams. It took several
discussions during the phase of forces elicitation to come up with
the list of forces presented in Section 2. Some of the forces seemed
to be perceived rather fuzzy by different team members that even
were not always sure how to name them properly first. Finding the
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Table 2: Forces observed for exemplary design decisions. Cells indicate the individual ratings of the two consultancy teams
(Team A/Team B). Red and green cells indicate dominant forces that led to the made decision. The rating scale follows Van
Heesch et al. [10] indicating the strength of a force in supporting/opposing a decision alternative: ++ (strong support), + (mod-
erate support), blank (neutral), - (moderate opposition), - - (strong opposition), X (prevented by force), ? (currently unclear).

Communication middleware Caching solution
<decided>  <discarded> <discarded> | <discarded> <discarded> <decided>
Technology Technology Technology | Technology Technology Technology
A B C A B C
F1.1 Experience with technology ++/+ -/- ++/+
F1.2 Imbalance of experience across -/- -/-
distributed teams
F2.1 Architects’ interest/priorities in [++ X +/- X X ++/++
a specific parts of solution
F2.2 Different opinions of architects
representing separate stakes
F3.1 Strategic knowledge develop- /- +/+
ment
F4.1 Alignment to legacy architecture +/++ /- == -/ -/- +/++
and components
F4.2 Use of legacy development envi- +/- /- /-
ronment and setup
F5.1 Technology/product road map +/ +/++
F5.2 Business vision, integration with +/ +/++ /+
other products, new architecture
F5.3 Time to first proof of concept /+ /= /= +/+ +/ -/
F6.1 Time budget for project /+ /+ /- /-
F6.2 Challenge development team and /- /+ /+
business with new technologies
F7.1 Knowledge on performance ++/+ /- +/+ -/+ -/+
F7.2 Expected license costs ++/+ == =
F7.3  Support model /+ [++ [++ /+ [++ /-
F7.4 Operational experience ++/++ /= /-

right terminology to describe the forces and aligning on a common
understanding required some time, which should be considered in
the planning. Forces were added, rephrased, grouped, joint, or even
deleted before the team decided to go ahead and apply it to the
different decisions. The fact that the teams could only collaborate
remotely also showed to be challenging. Here, a collaboration tool
specific to the force elicitation task would be desirable.

In addition to the process of identifying forces based on the
discussion within the consultancy team, a way to directly identify
forces early enough, e.g., together with the elicitation of technical
requirements would be desirable. Here, a standard catalog of ques-
tions could help to specifically ask the business architects for forces
they expect and that they think might be hard to anticipate by the
consultants. Such a catalog could include questions for expected

complexity of different parts of the solution, problems encountered
in previous projects, particular interests in technologies, and the
expected impact of different project results. Although, experienced
consultants might anyway ask these questions, having a checklist of
such questions could greatly help in making even less experiences
consultants mindful of other potential forces and reducing the risk
of overlooked forces. Also, the answers of the architects can provide
an initial indication that could be used to assign indication weights
to the forces according their expected relevance once they become
observable in the course of the project. This could help focusing
the attention on more critical forces and avoiding wasting time
on, e.g., time-consuming measurement studies to establish a weak
force that is likely to be canceled out by a more dominant force.
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Potentially critical forces could be monitored and re-evaluated over
time to timely stop activities that will likely become obsolete.
Overall, the temporal dynamics in observable forces played an
important role in our process and should be considered. Forces
might be hidden at a given state, increase or diminish over time or
with insights on decision alternatives, or can even become preven-
tive and cancel out other forces. Table 3 illustrates a case in which

Table 3: Exemplary heat map of potential dynamics in
strength of forces for an individual decision over time.

Project time

Force M1 ‘ M2 ‘ M3 ‘ M4 ‘ M5 ‘ Mé6 ‘
A ‘ Hidden Neutral Prevented
B ‘ Neutral Discriminating Prevented
C ‘ Hidden Exclusive

three forces are observed with different strengths over the course of
the project. While Force B was visible the whole time, in the third
month, it becomes discriminating, meaning that it causes a decision
towards one of the alternatives at that time. Force A is observed
starting from the third month but is neutral and does not have an
influence on this particular decision. Force A would be shown as
a blank cell in the decision forces viewpoint (cf. Table 2). Force C
was not observable in the first four month. It is first observed in the
fifth month, but from there on prevents other forces and becomes
the only relevant force for a decision. Based on our observation, the
goal should be to identify as many potential forces as possible early
on, monitor existing forces, be sensitive to upcoming forces, and
willingly foster the rising of preventive forces that are inevitable as
early as possible to avoid unnecessary work on other forces.

Force rating and agreement. The rating of forces and agreeing
on the rating across the consultancy teams showed to be another
challenge of the viewpoint when applied in a distributed setup. The
problem was not that the consultants did not agree at the end but
that discussing the ratings and aligning the individual subjective
observation of some forces showed to be too time-consuming al-
ready in a team of five consultants. Splitting up the discussion into
per-location ratings and combining these ratings helped to come to
a rating that showed clear tendencies for the strength of individual
forces. We decided to keep the individual team ratings and work
with the overall tendencies. However, as also visible in Table 2, in
some cases the ratings differed or were observed even in opposite
directions. Thus, for the rating process, a live voting tool could be of
great value for remote teams. This way, individual team members
could rate the forces according their observations before a meet-
ing and the team could directly enter focused discussions to align
ratings that diverge substantially. Team members could also start
to take others’ ratings into account and, thereby, better calibrate
to the team’s overall rating scale. This could help in executing a
more focused rating process for a large number of forces or even
take on-the-fly decisions based on a rating, which was observed as
a bottleneck for the use of the viewpoint.
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Cost/benefit of viewpoint. Overall, one could pose the question,
whether the effort of using the viewpoint is justified by the benefit
for a project. We agree that this is a valid question and that using
the viewpoint becomes more challenging for more complex project
setups. However, due to the great benefit we observed in gain of
transparency in decisions for the consultancy teams, we would
say that the benefits outweigh the costs if the viewpoint is applied
in the right manner. We decided to only use it for critical design
decisions, similar to the architectural review method by Van Heesch
et al. [11], and we decided to stop the elicitation and rating once
we observed a strong enough tendency of agreement.

To increase the benefit of using the viewpoint, it would be in-
teresting to further study how the viewpoint could be made more
accessible also to the business architects. There is a high chance
that experienced architects might see the process as an academic
exercise, since most of the forces might be obvious to the archi-
tects themselves. Here, it is valuable to increase the awareness for
common fallacies as the ones described by Kruchten in [5] and
considering them as forces. This could help convincing even expe-
rienced architects of the value of the viewpoint.

5 RELATED WORK

Within this section, we summarize the most relevant related work
for our work.

Manteuffel et al. [6] realized the decision forces viewpoint as
part of an add-in for the tool Enterprise Architect by Sparx System.
The add-in is used to document architectural decisions based on dif-
ferent architectural viewpoints. The authors evaluated the add-in in
an exploratory case study with industrial software architects. The
evaluation showed that the forces viewpoint was considered useful
with some requests for further features to ease working with the
viewpoint. In contrast to the authors’ work, we are not focusing on
tool support but rather evaluated the use of the viewpoint as such.
Furthermore, we discuss its challenges in a typical, not yet consid-
ered, consultancy setup with geographically distributed teams. For
maximum flexibility and to reduce the number of required tools
in the team, we decided to use a generic Excel representation to
document the forces instead of the Enterprise Architect add-in.

In Van Heesch et al. [11], a later work by some of the authors of
the original forces paper, the use of decision forces in the context
of architecture reviews is proposed and discussed. The authors
describe a lightweight method to execute focused and time-bound
architectural reviews and share experiences for its use in industry
use cases. For this, selected design decisions are individually eval-
uated by internal or external reviewers in a half-day face-to-face
meeting. Following a management and architect presentation, rele-
vant design decisions and their forces are collected. Subsequently,
the participants of the review prioritize the decisions according
their criticality. The top seven to ten decisions are then used during
the decision evaluation, where the decisions and the completeness
of relevant forces are challenged. The outcome of this evaluation
is summarized in a report afterwards that architects can use as
additional decision documentation. The approach and reported use
case evaluations show the strength of the force concept with a focus
on architectural evaluations. While not following the steps of the



ESEC/FSE *19, August 26-30, 2019, Tallinn, Estonia

proposed method, our use of forces to question architectural deci-
sions during the design process shows similarities to the method.
However, the method does not consider the challenges related to
the consultancy setup presented in this work.

Harrison et al. [1] discuss the problem of architectural decision
making in large open-source software (OSS) projects, where sim-
ilar to a consultancy setup, a team of geographically distributed
architects/developers need to collaborate and agree on taken de-
cisions. Interestingly, they point out that contributors to an OSS
project might have different motivations and agendas if they work
for different companies. This shares some commonalities with a
consultancy setup, where architects work with experts external to
their team, potentially having different opinions and motivations
in participating in the project. Based on an analysis of architecture
documentation from forty-four OSS projects, the authors point out
that decision making, communication, and transparent documen-
tation are the major challenges in such projects. They summarize
that the decision making in these projects followed three potential
patterns: decisions were taken by a single person in the role of a
lead architect, an architecture review board existed that reviewed
and controlled changes to the architecture, or a less organized ap-
proach was taken were voting on decisions are likely to have played
a role. Overall, the authors note that no particular decision making
practice was observed that takes into consideration the distributed
nature of the development team, which is a focus of this paper.

Overall, none of the above works discuss a consultancy setup,
the influence of remote teams collaborating, or the specific decision
forces we experienced in this setup.

6 CONCLUSION

We applied the decision forces viewpoint in a distributed industrial
project with a consultancy setting. Overall, this helped to improve
the transparency of critical design decisions and contributing to
clear documentation of the decision rationales. With that, made
decisions can be re-evaluated once decision forces change or related
architecture decisions need to be made. Based on the lessons we
learned in this project, we encourage the use of the viewpoint
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in industrial settings. Most of the observed challenges could be
addressed by an improved tool support for distributed teams and by
trying to identify strong forces early in the design process. For this,
continuing our effort in providing templates of likely forces and
the development of a question catalog for the the forces elicitation
would be of great value.
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