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tecture description languages (see e.g. Medvidovic and Taylor 2000). Ac
cordingly, the literature seems to make an assumption that architecture 
serves mainly as a means for further design and implementation, "program
ming-in-the-Iarge" (DeRemer and Kron 1976) from the perspective of the 
"system designer" (cf. Hofmeister et al. 1999; Kruchten 1995). 

Other possible rationales for architecture, such as organizational knowl
edge creation or achievement of mutual understanding among diverse stake
holders of software development, are rarely discussed in the research. The 
state-of-the-art reports discuss little about these questions (cf. Shaw 2001), 
and the other than the technical purposes of architecture are often referred to 
with ad-hoc lists (IEEE 2000; Garlan 2000; Bass et al. 1998) without explicit 
empirical grounding or verification of their relative importance. Bosch 
(2000) presents a case study on the possibilities for organizing software 
product lines, but discusses only little about the varying rationales in archi
tecture design and description. Robbins and Redmiles (1998) consider the 
idea of diverse knowledge and the theory of reflection-in-action (SchOn 
1983), but focus on the design work of a single architect leaving other inter
ests untouched. Kruchten (1999) draws on consulting experience, illustrating 
the diversity of architects' role, and recommends how architecture teams 
should be built and operated. The rare empirical studies with the organiza
tional connotations of software architecture include Grlnter's (1999) study 
on architects in one company. It indicates the communicational and political 
skills required from architects, as they must communicate with (and influ
ence to) other stakeholders in numerous situations. 

Our goal was to examine the rationale for architecture design and de
scription in practice, seeking also for explanations for the possible variation 
between software-producing organizations. By the (description) rationale, 
we mean an underlying reason for making and using architecture descrip
tions. For instance, a designer may emphasize implementation support as the 
rationale, whereas an executive may need architecture descriptions for 
strategic decision-making and a project manager for project planning. Our 
use of the concept of description rationale should not be mixed with the 
concept of design rationale (Potts and Bruns 1988; Conklin 1989), which is 
associated with recording the reasons for design decisions of particular 
systems. 

We also wished to associate architecture descriptions with the related 
stakeholders and the architectural viewpoints (cf. IEEE 2000) they need. In 
this report, we shall concentrate on resolving the prevalent and emphasized 
rationales in particular organizations and finding out the causes for the 
variation observed in the emphases. Another report (Smolander and 
Paiviirinta 2002) explains the role of various stakeholders in detail. 
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An architecture description can be a document, presentation, plan, sketch, 
or any related genre of communication used in the architecture design proc
ess. This represents an idea somewhat broader from that of the IEEE 1471 
recommended practice, which emphasizes the documentation of architecture 
(IEEE 2000). 

A stakeholder is a person or a group of people involved in creating or us
ing architecture descriptions in a way or another: e.g. designer, project 
manager, architect, general management, customer. The repertoire of stake
holders varies between individual organizations. 

The IEEE recommended practice (IEEE 2000) regards a viewpoint as a 
specification from which individual views are developed by establishing the 
purposes and audience for the views and the techniques for their creation and 
analysis. Instead of necessitating any existing specification to identify a 
viewpoint in our analysis as such, we did not require a view and its specify
ing viewpoint to be explicitly defined beforehand, as we hypothesized that 
the organizations likely had shortcomings in such definitions, and our preju
dice on the viewpoint definition might have constrained rich data collection 
and analysis. 

This paper is organized as follows: the research process, in which we in
terviewed architects, designers, and managers in three software-producing 
organizations, is described in Chapter 2. Chapter 3 contains the descriptions 
of emphasized rationales and the causal relationships found in particular 
organizations. The results, suggesting that architecture, in practice, repre
sents wider organizational connotations than the traditional "programming
in-the-Iarge" metaphor would include, are discussed in Chapter 4. After that, 
we end the paper with conclusions. 

2. RESEARCH PROCESS 

The research followed the grounded theory method, a qualitative ap
proach to creating new theory from data collected around the research theme 
in question (Strauss and Corbin 1990). Preliminary discussions with repre
sentatives of the target organizations had already implied that the concept of 
architecture would carry ambiguous connotations (Smolander et al. 2002). 
Hence, we analysed the connotations related to the concept of architecture 
by the stakeholders from the transcripts, which were produced from 19 
theme-based and tape-recorded interviews in the target organizations, here
inafter referred to as Alfa, Beta, and Gamma (Table 1). 

The basic idea of the grounded-theory-based data analysis resides in find
ing conceptual categories and abstractions related to the research goal from a 
rich set of interviewees' mentions and other data, and in combining these 
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categories meaningfully to provide theoretical insight into the phenomenon 
in question. For the analysis, the interviews were tape-recorded and fully 
transcribed. A software tool designed for grounded-theory-based data analy
sis (ATLAS.tiTM) was used for managing and analyzing the data (all in the 
digital form), including also the documents about software processes and the 
examples of architecture descriptions. We started the analysis simply by 
searching for mentions about rationales and different stakeholders related to 
the architecture description process - we also had decided beforehand to 
focus on the mentions about the rationale of those stakeholders for producing 
or using architecture descriptions. The conceptual categories of 'rationale' 
and 'stakeholder' can thus be regarded as the high-level "seed categories" 
(Miles and Huberman 1984) of the data analysis. This "open coding" phase 
(Strauss and Corbin 1990) proceeded iteratively in parallel with the "axial 
coding" phase, in which relationships between the identified categories were 
built. The analysis progressed (in parallel with previous phases) with "selec
tive coding" in which the core of the research results was scrutinized to form 
the report here. 

Table 1. Characteristics of the target organizations 

Alfa Beta 

Personnel in sw 200 200 
development 

Typical Integrated software Software-based tele-
products for mobile terminals com services 

Typical Manufacturers of In-house customers 
customers mobile hardware 

Other Strategic commitment Extensive and 
characteristics to specific technology anonymous user base 

Interviews I architect, I de- 2 architects, 2 
conducted signer, 4 managers designers, 2 manag-

ers, 1 manager of an 
in-house customer 

Gamma 

400 + 600 (in two divi
sions) 

Tailored software, also 
for web and mobile users 

Telecom operators, 
public administration 

Role of integrator in 
large projects 

3 architects, 1 designer, 2 
managers 

3. ARCHITECTURE DESIGN AND DESCRIPTION 
IN THREE ORGANIZATIONS 

Table 1 declares some basic characteristics of the target organizations. 
During the selective coding phase, we regarded the following conceptual 
categories and the varying causal relationships observed between them in the 
target organizations as particularly relevant in relation to the research goal: 
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- Product - the characteristics of software developed by the organization in 
question. The characteristics ranged from product-based to tailored deliv
eries and from hardware-integrated mobile applications to enterprise
wide information systems. 

- Customer orientation - the degree of interaction between a development 
organization and its customers. The degree varied from a customer rela
tionship based on formal requirement documents with low level of inter
action, to a consulting-oriented attitude and intense interaction with 
several groups inside customer organization, including users, business re
sponsibles, and data administration organizations. 

- Business orientation - the amount of reasoning conducted within a de
velopment group about the business area of the software system in ques
tion. This may be further divided into the orientation towards 
understanding customer's business and the orientation towards software 
organization's own business. We interpreted that some development 
groups with a strong engineering culture had no interests on reflecting 
business problems, whereas for some groups the consideration of busi
ness problems was considered a responsibility. 

- Other business-related and organizational factors characteristic for each 
organization. These included for instance strategic choices of technolo
gies and partners, and the position of the organization from the perspec
tive of the whole enterprise. 

- Diversity of stakeholders - the number of stakeholder roles with different 
backgrounds, organizations, and professions involved in the software de
velopment process and projects. The number of roles varied and espe
cially the external roles (like those related to a customership) contained 
much variance. 

- Rationale for architecture design and description (as declared above) 
In the following, we shall describe how these categories appeared in the 

architecture design and description practices at the target organizations. 
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3.1 Emphasized rationales 

3.1.1 Allfa 

"[The designer uses architecture descriptions] for finding out what his 
own module would contain, how it would communicate [with other mod
ules] ... or what other modules it would possibly use and what other 
modules would possibly use it ... infact, that's it."1 

John, software architect 

Figure 1 depicts the causal relationships (the arrows in the picture) be
tween the core categories resulting in the rationale for architecture design 
and descriptions that were observed in Alfa. As a software producer for 
mobile terminals, Alfa has made a very strong and binding commitment to a 
certain technology. Therefore, the development group does not generally 
need to reflect on the technological risks and the selection of technology 
actively because the risks and selections are readily embedded in the busi
ness strategy. In addition, Alfa as a formal subcontractor and a tool devel
oper typically has low customer orientation since the customers are seldom 
integrated to the software production process. In addition, the users are 
mostly anonymous to the development group. This results to low business 
orientation among the developers, and low diversity of stakeholders with 
similar backgrounds and education. The emerging rationale for architecture 
design and description becomes then programming-in-the-Iarge, as little 
reflection upon business or with other stakeholders is conducted. Architec
ture description is tied directly to implementation and to the transfer of 
explicit knowledge from architects to designers (and to some extent to the 
other stakeholders). 

Business factors: Business orientation: 
technology risks the development group 

embedded to business does not need to think Emphasized rationale for 
ft strategy about business explicitly r-+ arclWctore design and so ware or 

terminals with fixed Customer orientation: . . description: 

technology customer is seldom an Diversity of .-. programming-in-the-

inle ted part of the . stakeholders: large 
gra uniform development 

process, anonymous 
users groups 

Figure 1. Emphasized rationales at Alfa 

I All the quotations are translated from Finnish 
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3.1.2 Beta 

"[ draw and make the descriptions and documents for the purpose that 
we could ... with our directory system roo.J that we could outline it from 
the description, what is installed in what parts of the world and what kind 
of connections we have built from what parts of the world. " 

Thomas, product manager 

"Naturally, the descriptions are needed by the production organization 
that is responsible for coordinating the operation services. They define 
from whom we buy the operation services, from whom we buy the daily 
care and what other services we buy for it ... " 

Timothy, architect 

Beta's situation (Figure 2) diverges from that of Alfa's. The developers 
are business-oriented as the use of the software (for telecom services) pro
duces revenue to the corporation per se. To make right decisions, the soft
ware engineers must understand also the revenue logic behind the business 
processes in which the software solutions are being used. The customer 
orientation and diversity of stakeholders emphasize also slightly different 
role of architecture descriptions than in Alfa. Instead of further design and 
implementation as the main function, architecture emerges also as a tool for 
documenting decisions and making solutions and technologies explicit to the 
various stakeholders in different business units and technology centers inside 
the corporation. As the in-house software developer of the company, Beta 
must reflect on the corporate-wide strategies to software production. There
fore, the reuse of reference architectures and product lines arises as a topic of 
interest as well. 

Product: Business orientation: 
software-based business must be 

telecom services for understood by the 
corporate use / development group , Emphasized rationale 

for architecture design 
and description: 

Customer orientation: Diversity of Pt 
decision.making and 

Organizational factors: documentation 
internal software in·house customer .. stakeholders: 

integrated to the diverse stakeholders organization 
process within one company 

Figure 2. Emphasized rationales at Beta 
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3.1.3 Gamma 

"With customers, I have used architecture descriptions as the basis for 
telling about the possibilities we have if we do things this way. It is little 
like innovating or, let's say, selling. Our aim is to show to the customer 
that we understand the problem domain [ ... llfthere are technical people 
present, a logical architecture description is a good way to show our 
thoughts to the customer. " 

Jack, software architect 

In its tailored software business, Gamma interacts intensively with a 
great variety of customers, including customer's business responsibles, data 
administration, technical personnel, and users in various positions. In addi
tion, Gamma as an integrator must co-operate intensively with other part
ners, such as vendors of interfacing systems, and hardware and software 
vendors. Hence, architecture descriptions are most essentially used as a 
means for communication and negotiation about the contracts concerning 
software projects (Figure 3). The understanding ofthe customer's business is 
essential for the developers. Architecture thus becomes a rich description of 
the reality that must be comprehended and shared among the heterogeneous 
collection of stakeholders, including the varying assemblies of customers 
and suppliers. The rationale and role of architecture description resides in 
communicating meanings and creating common objectives and mutual 
understanding among the stakeholders. 

Business orientation: 

Diversity of 
stakeholders: 

heterogeneous 
customers and 

suppliers 

Emphasized rationale for 
1---" architecture design and description: 

communication and negotiation 

Figure 3. Emphasized rationales at Gamma 
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3.2 Used viewpoints in architecture description 

In an earlier study conducted in the target organizations (Smolander et al. 
2002), architects' conceptions about the usage of architectural viewpoint 
were scrutinized. We found out that especially the business environment and 
business practices had effects on the selection of architectural viewpoints by 
the architects. Our original objective here was to extend that earlier study 
and to find out the general combinations and relationships between rationale, 
stakeholders, and used viewpoints in the architecture design and description 
process. As mentioned above, we let the interviewees to define their own 
points-of-view to architecture and analyzed the meanings given for the 
concept from the transcripts. The analysis revealed that the concept of archi
tecture carried varying connotations. To some, it included only the structure 
of software components, whereas to others, it included system's stakeholders 
and their functionality, packages of business operations, network topologies, 
among many other features of the system. 

With regard to the issue of viewpoints, the interviewees in the target or
ganizations were generally rather unaware of such specific viewpoints rec
ommended or defined in the literature (e.g. Kruchten 1995; Hofmeister et al. 
1999; Zachman 1987). Some interviewees mentioned, for example, the 4+1 
model (Kruchten 1995), but the concept of a viewpoint was not explicitly 
present in the target organizations' process documents or architecture de
scriptions, nor recalled in the interviews. Still, we were able to identify more 
than 20 diverging viewpoints to architectural level descriptions of software 
mentioned in the data, ranging, for instance, from viewpoints describing 
networks, hardware, functional scenarios, used technology, cost-benefit 
mappings, failure plans, memory allocation, security, laws and regulations 
involved, stakeholders, systems integration and legacy interfaces, among 
many other features of the systems requiring separate attention at the design 
phase. These viewpoints were used in no explicitly pre-planned way; they 
were selected as the situation at hand required. On the other hand, so-called 
"rich descriptions", informally constructed and communicated among the 
stakeholders, were used in all kinds of situations; obeying no explicit view
point definition (as defined in IEEE 2000). These "rich descriptions" were 
used in negotiations with customers as well as in internal meetings and 
communication among the stakeholders. Typically, they were materialized 
as PowerPoint™ presentations and extensive textual documents comprising 
often tens of pages of text and pictures; e.g., imported UML-based models 
created with design tools such as Rational Rose™, which was used as well 
for architecture descriptions in all target organizations. The comprehensive 
textual documents were often regarded as "too specific" for other stake
holders than designers, however. 
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Furthermore, several interviewees were also rather unaware of all the ra
tionales behind the descriptions. Some created architecture descriptions 
simply because it was defined obligatory in the process model and some 
were aware only of a proportion of the uses of their descriptions. These 
reasons led us to abandon the original idea of trying to relate viewpoints 
explicitly to particular rationale and stakeholders (at least based on our 
contemporary amount of data). 

4. DISCUSSION: VARYING RATIONALE FOR 
ARCHITECTURE DESCRIPTIONS 

Emerging rationale related to architecture design and description clearly 
varied among the three target organizations and their stakeholders. In addi
tion to the programming-in-the-large conception that was highlighted in Alfa 
(but only secondarily present in Beta and Gamma), architecture design 
comprises decision-making, organizational communication, and documenta
tion for maintenance and reuse. Figure 4 summarizes the findings related to 
the rationale for architecture design and description in the target organiza
tions. The characteristics of the development organization, including the 
business and customer orientation and the diversity of stakeholders, evi
dently affect the rationale for architecture design and description. The ra
tionale then steers the needs for tool and method support in architecture 
design and description. The development group must have tools and methods 
for transferring the knowledge about architecture between architects and 
designers, the descriptions must support and document decisions concerning 
architecture, the solutions must be made explicit enough to all stakeholders, 
and some level of common understanding about architecture must be 
achieved among a number of diverse stakeholders. 

Differences in Varying rationale for architecture Organization-specifIC 

• business orientation design and description method and tool 

• customer orientation • communication for mutual requirements for 
• diversity of stakehoklers understanding architecture design 

• products 
effect • decision making for effect and description 

• other business-related on product/system development on 

and organizational r • programming-in-tIIe-large y 
factors • documentation for maintenance 

and reuse 

Figure 4. Varying rationale for architecture design and description 

We recognized two sets of category combinations that suggested an ex
planation to the formation of rationale for architecture design and description 
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in the organizations. The higher business orientation, customer orientation, 
and the diversity of stakeholders, the more the rationale pointed towards 
communication and mutual understanding of architecture. Especially the role 
of a customer seemed to be of high importance emphasizing the communica
tional aspects of architecture. On the other hand, the lower the business 
orientation, customer orientation, and the diversity of stakeholders, the more 
emphasis was put on architecture as programming-in-the-Iarge, i.e. architec
ture design was seen more solely as the pre-phase for programming and a 
way to transfer design knowledge from architects to software engineers. 

However, most of the current software architecture research recognizes 
only the second combination. Our study suggests that further research on the 
software architecture design and description should consider a wider scale of 
issues than the programming-in-the-Iarge rationale or the plain viewpoint of 
the software engineer. Current conceptions on architecture design and de
scription, including the proliferation of the formal languages and models that 
currently dominates the research on software architecture, are somewhat 
based on such presuppositions about the rationale for architectural design 
that do not correspond with practice. The research should cover the evalua
tion of the role of formal vis-a-vis informal models and descriptions in 
architecture design - to what extent knowledge is created and transferred 
through formal models and to what extent through informal pictures, textual 
descriptions, and other social interaction. After that, we can determine 
effective means and tools to develop the architecture design and description 
process and methods. These means might slightly exceed the current focus 
on the formal issues of architecture design. 

The simultaneous existence of several rationales for architecture design 
and description leads to a conclusion that architecture as a concept contains a 
seed of conflict. Whereas many designers and architects may remain satis
fied with formal and detailed architecture descriptions (aimed at supporting 
implementation), the issues of creating common understanding among 
diverse stakeholders, enabling decision-making, and documenting the soft
ware for re-use, more rich and easy-to-interpret descriptions emerge among 
the other stakeholders. These diverging descriptions will most probably 
involve logical conflicts, and the "rich descriptions" may use simplifications 
and selling glorifications for creation of trust, interest, and understanding 
among the stakeholders. The consequence of having several rationales 
should be recognized both in research and practice. Software-producing 
organizations need different and even partially conflicting descriptions for 
different purposes and stakeholders. Eventually, the absolute quality of 
descriptions may appear less important than the quality of interpretations 
that people make from the descriptions. We thus argue that alongside the 
formal consistency of architecture descriptions highlighted for supporting 
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the technical engineering of software as such, the issue of how communica
tive these descriptions appear to be in the varying contexts of their use would 
deserve additional research efforts in the future. 

5. CONCLUSION 

In addition to the programming-in-the-Iarge conception, a more holistic 
rationale of architecture description should be recognized in software
producing organizations. The rationale for architecture design and descrip
tion should be carefully scrutinized considering a number of factors in the 
organizational context in question; such as the type of produced software, 
business orientation, customer orientation, and the diversity of stakeholders. 
Architecture descriptions can be deeply involved in requirements and cus
tomer management, organizational communication, and knowledge creation 
and management. In connection to the development of architectural practices 
in a particular software-producing organization, this fact should be respected 
and attention targeted on making the rationale for architecture descriptions 
explicit. The process of architecture design emphasizes different descriptions 
and viewpoints if the rationale resides in achieving understanding between 
diverse stakeholders compared to the aim of technical implementation within 
a uniform development group. The categories and causal relationships iden
tified here contribute as a potential conceptual basis for improved tool and 
method support for architecture design. 
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