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ABSTRACT

Software system development typically starts from a require-
ment specification followed by stepwise refinement of avail-
able requirements while transferring them into the system
architecture. However, the granularity and the amount of
requirements to be elicited for a successful architectural de-
sign are not well understood. This paper proposes a process
concept to support system development with the help of an
architecture-centric approach for goal-driven requirements
elicitation. The process focuses on multiple quality dimen-
sions, such as performance, reliability and scalability, and
at the same time shall reduce costs and risks through early
decision evaluation. The main contribution of this paper
is a novel process where not only requirements can drive
architectural design, but also architectural design can se-
lectively drive requirement elicitation with the help of hy-
potheses connected to the selected architectural solutions.
The paper concludes with a discussion on its possible em-
pirical validation.

Categories and Subject Descriptors

D.2.1 [Software Engineering]: Requirements/Specifications;

D.2.11 [Software Engineering]: Software Architectures;
D.2.9 [Software Engineering]: Management

General Terms

Design, Documentation

Keywords
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modelling, architectural solutions, design patterns, architec-
tural decisions, development process

PROBLEM STATEMENT

Because of the high complexity, strict time and resource
constraints, the derivation of a complete requirement specifi-
cation before proceeding to the architectural design is prob-
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ably impossible in practice [10]. This fact is especially com-
mon for non-functional requirements, but also includes high-
priority functional requirements [21]. Moreover, it is not
clear how many requirements and shall be elicited and at
which level of detail before the process can proceed to the
architectural design. An architect usually starts the software
design process with such incomplete requirements specifica-
tion. He transforms available requirements stepwise into
elements of the architecture, which in this case are drivers
of architectural design. Even already available requirements
can be misinterpreted or be inconsistent [10]. The later such
inconsistencies and new important requirements are discov-
ered, the higher is the cost and overhead connected to the
required system refactorings and implementation [21]. In
this case, success of the design process strongly depends on
architects experience, quality of the initial requirements and
complexity of the system to be developed.

However, not only requirements can drive architectural
design, but also architectural design can drive requirement
elicitation. Given a catalogue of architectural solutions (ar-
chitectural styles, patterns, components, services, domain
specific solutions, etc.), the solutions could be annotated
with sets of questions unique for each solution. Questions
would serve for the identification of a solution satisfying a
subset of selected requirements, and for the validation of so-
lution suitability and applicability at architectural design.
These specific questions sets are referred to as hypotheses
in this paper. Answering the hypotheses would contribute
to implementation of the available requirements (and trace
link creation), and to the elicitation of the new require-
ments (which are then captured and traced). The advan-
tages would be the following: faster recognition of new rele-
vant requirements, right level of granularity, early detection
of contradictions between requirements, and less time spent
on at the moment unnecessary requirement elicitation.

In this paper I propose a process concept to support sys-
tem development with the help of an architecture-centric
approach for goal-driven requirements elicitation. The pro-
cess focuses on multiple quality dimensions, such as sustain-
ability, performance, reliability, security and scalability, and
at the same time shall reduce costs and risks through early
decision evaluation. Explicit architecture modelling drives
selective requirement elicitation through the hypotheses con-
nected to the selected solutions.

This paper is organized as follows: Section 2 presents re-
search objectives and Section 3 the proposed process; Sec-
tion 4 describes research status. Section 5 provides an over-
view of related work, and Section 6 concludes.



2. RESEARCH OBJECTIVES

The goal is to improve the requirements elicitation phase
by establishing a stronger connection between architecture
decisions and requirements, and to support system devel-
opment with focus on multiple quality dimensions, such as
sustainability, performance, reliability, security and scalabil-
ity, reducing costs and risks.

In order to achieve this goal I propose a novel archite-
cture-centric tool-supported software development process
described in Section 3. The expected contributions of the
process are the following:

e active driving of selective requirements elicitation at
the appropriate level of granularity, and early detec-
tion of contradictions between requirements through
the use of available solutions in the architecture solu-
tions repository;

e reduced risks and costs through early decision evalua-
tion and reuse of architectural knowledge;

e explicit focus on multiple quality dimensions through
reuse of specific solutions (e.g. patterns targeting scal-
ability or performance)

e support explicit architecture modelling, documenta-
tion of system design and design rationale building up
trace links between solutions, decisions, requirements
and architecture model elements.

I argue that the approach is beneficial for domains where
explicit modelled architecture design plays a significant role,
such as business information systems domain (e.g. SAP sys-
tem).

3. PROPOSED APPROACH

The process consists of iterations of the three major phases:
initialisation, architectural solutions selection (architectural
styles and patterns, existing services and components, do-
main specific solutions, etc.) and design implementation, as
illustrated on Fig. 1. Selection and implementation phases
are themselves iterative and incremental (both alone and in
combination), and shall be executed as Scrum Sprints [20].
In the following the process foundations, and major phases
are described in detail.

Foundations. The process builds upon Scrum, extendible
and relatively lightweight agile method of software develop-
ment [20], and a process proposed by me in [3], [4], and sum-
marized in [5] (this earlier proposed process was targeting
agile architecture modelling). For definition and modelling
of software architectures I build upon the Palladio Compo-
nent Modelling approach (PCM) that is a component-based
architecture model approach and tool-chain [1]. PCM has
five views on software architecture: repository, assembly, be-
haviour, deployment and usage. It is implemented as a set of
Eclipse plug-ins for prediction of non-functional properties
(performance and reliability) at the architectural level, thus
enabling early architecture decision validation. It will be
additionally enhanced with a requirements view for require-
ments capture and management, and a trace links mecha-
nism. The decomposition of the problem domain is based
on [22] and the extended problem frames approach [17, 2].
The idea to extend focus from reliability and performance
to multiple other quality dimensions was inspired by [18].
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Figure 1: Collaboration between process phases

Initialisation. The process does not consider initial re-
quirements elicitation, assuming it could be successfully ex-
ecuted before start. The initially elicited requirements shall
be recorded and prioritised conforming to the special re-
quirements description template and requirements meta-mod-
el (both currently in development) and shall be managed in
PCM requirements view. The template is the enhancement
of Scrum Product Backlog [20] and Architecture Backlog,
developed in the [19] under my supervision. After initiali-
sation work the architect can proceed to the solution selec-
tion. In later process iterations during initialisation phase
the architect goes on with the refinement of the next most
important requirements that are not yet implemented and
described with the help of the template.

Solution selection. To support requirements refinement
into architecture, I propose a rule-based expert system con-
taining a repository of architectural solutions (styles, archi-
tecture-relevant patterns, existing components, services, do-
main specific solutions, etc.). Each of the solutions is stored
in the solution repository together with the detailed descrip-
tion of its goal, context, instantiation details and hypothe-
ses. Hypothesis is a set of questions specific for a solution,
aiming not only to discern between similar solutions, but
also to validate the suitability of the selected solution. Solu-
tions are annotated with information about their relevance
to the quality dimensions (e.g. improves security, reduces
performance).

While there is a rather limited number of architectural
styles, the number of e.g. architecture relevant patterns or
services can be next to unlimited. The system has to support
several solution selection mechanisms to scale and to propose
a limited number of only the most relevant solutions.

First, the initial set of available solutions is reduced thro-
ugh the selection of a category (e.g. pattern, style, compo-
nent, categories within patterns), predefined keywords and
the most relevant and prioritized quality dimensions. So-
lution annotations support the focus on the desired quality
dimensions. The non-functional properties of the designed
system can be later evaluated with the help of PCM, as so-
lution annotations are not sufficient to make conclusions on
the overall expected system quality.

Second, the architect will be able either to browse through
the reduced choice of solutions, or answer special questions
narrowing the choice towards one possible solution group,
and then a particular solution in the group. These ques-
tions target the difference between groups of solutions and
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Figure 2: Requirements elicitation from hypotheses

solutions within these groups solving the same problem. For
example, concrete table inheritance, single table inheritance
and class table inheritance patterns solve the same problem
of mapping from objects to relational database tables as they
do not support inheritance [7]. Such patterns would belong
to one group in the repository. To discern between them
in the group, more specific questions contained in the con-
nected hypotheses are required (e.g. questions concerning
performance or database technology preference).

Moreover, answering questions contained in the hypothe-
ses can help to elicit new requirements that were otherwise
not evident, as shown in Fig. 2. Coming back to the ex-
ample: it might become clear that due to the performance
issues in the database, the access load shall be spread be-
tween different tables (concrete table inheritance), or that
the database does not have an optimisation and any loss
of space shall be avoided (single table inheritance). In this
case a new requirement is elicited that otherwise might have
remained undiscovered till the point where consideration of
it would have been highly expensive. This example require-
ment is non-functional, but the approach also supports elic-
itation of functional requirements.

When the architectural style is selected, one goes on ana-
lysing requirements having the highest priority and imple-
menting them in the design, refining the architecture and
also architecture model. An expert system that proposes
suitable solutions shall reduce architecture design overhead
at the same time stimulating explicit architecture modelling
and its further refinement. Ideally, modelled architectural
solutions could be imported directly into PCM. An architec-
ture model created in PCM can than be simulated to predict
e.g. the system’s performance or reliability. This prevents
unsuitable architecture solutions from being implemented
and, therefore, reduces risks and makes development more
agile. Thus, the focus on quality dimensions is supported by
the solution quality annotations at the one side, and PCM
at the other side.

Additionally, using hypotheses to validate the solution
enables traces between architecture elements, requirements
and decisions, including their rationale. The rationale con-
tains information on requirements that were crucial for the
selection of one particular solution. An advantage is that
requirements that are crucial for the making of a concrete
decision, and therefore are the most relevant for certain ar-
chitectural elements, can be filtered and marked automat-
ically. This helps to avoid having a forest of trace links
themselves requiring a lot of maintenance effort (e.g. when
architecture needs to be refactored).

Implementation and next iterations. A design draft
(partial or complete) created within architecture design iter-
ations shall be presented and explained to the implementa-
tion team that can start implementing identified tasks with
the highest priority (Scrum). Architect goes on with the ar-
chitectural design iterations refining architecture. This pa-
per does not touch upon the issue of implementation itself,
assuming that design decisions can be successfully broken
down into tasks, and then implemented in Sprints.
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4. RESEARCH STATUS

In [3] T initially proposed a process targeting agile archi-
tecture modelling, and in [4] its validation concept. These
proposals are summarized in [5] (to appear). Current work
in progress incorporates: 1) development of the requirements
description template and a corresponding meta-model, and
2) development of the expert system prototype. The proto-
type containing an initial set of solutions (only architectural
styles in the first version) shall be finished till the end of
2011. The hypotheses for the prototype base on the liter-
ature and existing patterns catalogues (e.g. [7, 9]). The
preliminary validation is planned for the beginning of 2012.

This work is supervised by Prof. Dr. Ralf H. Reussner,
Karlsruhe Institute of Technology.

S. RELATED WORK

The process proposed in this abstract supposes decisions
to be captured through the hypotheses and questions con-
nected to them. It differentiates it from majority of ap-
proaches dealing with the design decisions and their capture,
e.g. [24, 11]. A Goal Solution Scheme [18] maps quality
goals and goal refinements to architectural principles and
solutions, and can be used complementary to my approach.
It focuses on non-functional requirements and architectural
solutions, similar to the ones proposed in this paper, but
does not consider requirements elicitation, and early deci-
sion evaluation. The main drivers of the approach are qual-
ity goals that serve as weights when proposing a solution.
These arguments are also valid for the [10, 9, 12, 8] and
[15], the latter evaluates multiple available design decisions
basing on selected quality attributes.

Studies in [14, 13, 6] confirmed influence of existing soft-
ware architecture on the requirements engineering, however
they do not consider using this influence for the require-
ment elicitation. The idea to use architecture as a basis
for further requirement discovery and determination of the
alternative design solutions is presented in [16]. However,
authors propose to use the view on models and prototypes
and commercially available software to emerge new require-
ments. Design patterns are a way of implementation. The
authors give very few details about the method itself. To
my best knowledge, the author has no further publications
directly to this topic. Another method using similar idea
s [23]. It uses information extraction to improve the archi-
tecture evolution process by mining architecture and design
patterns, however, its goal is to support the system’s evolu-
tion and to extract general scenarios for it.

6. CONCLUSION

I argue that architectural design can be a driver for a goal-
oriented requirement elicitation. First, an expert system
containing various solutions shall support architect trans-
forming requirements into architecture. Second, architec-
tural solutions themselves contribute to goal-oriented re-
quirement elicitation through unique hypotheses connected
to each solution in the repository. Validation or invalidation
of this hypotheses leads to refinement or implementation of
existing requirements or to the elicitation of new ones. Thus,
not only requirements lead to architectural decisions, but
also architectural decisions lead to new requirements that
are may be crucial for the system sustainability and would
be otherwise discovered much later.



A solution repository supports architectural knowledge
reuse through use of patterns, styles, services, etc. contained
in a solution repository. No expert knowledge of possible
architectural solutions is required by a person using the ex-
pert system, as he is supported by the expert system, which
can be also used as a knowledge repository itself. Selection
of solutions from the repository leads to the creation and
continues refinement of architectural models. These models
can then be evaluated in the PCM for the violation of non-
functional requirements, such as performance and reliability.

Although not all architectural decisions can be derived
from available architectural solutions and not all require-
ments are architecture relevant, the semi-automated pro-
posal and integration of solutions can improve overall sys-
tem quality targeting sustainability, design speed, and as-
sure that design decisions are validated before implementa-
tion. The proposed Backlog modification will enable dealing
with and management of requirements that are irrelevant to
the architecture. Additionally, I plan to include some non-
architectural best practices into the solution repository, that
are important to support the selected quality dimensions .

The cost of efficiency benefits of software processes are
hard to empirically demonstrate by nature. Therefore, I
plan to validate that (a) the process leads to less wasted
requirements, (b) more precise formulated requirements (c)
traceability between requirements and implementing archi-
tectures through series of planned case studies. Of course,
controlled empirical experiments would have a higher va-
lidity, but are practically hard to perform due to the high
effort for the participants. Therefore, I plan to perform stud-
ies, where participants (students and researchers colleagues)
have to do only specific subtasks in existing documents, such
as finding ambiguities or lacking requirements. From a com-
parison of this process with a process without architectural
feedback on requirements elicitation, I plan to extrapolate
from finding on such subtasks to the general effect of the pro-
cess. Additionally, the sufficiency of scalability mechanism
will to be tested on the larger set of requirements.

I am thankful for the support of the German Federal Min-
istry of Education and Research (BMBF), grant No.01BS0822.
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