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ABSTRACT 
Architectural Description Languages (ADLs) fall into the 
narrow category of frequently using only one fixed 
representation scheme. Over the past years, it has become 
more obvious that no single such ADL is adequate in 
addressing a large number of stakeholder concerns. This 
paper, therefore, discusses the need and challenges of 
multi-view development with ADLs and introduces a 
decorative stance in handling view integration issues and 
scalability concerns related to consistency checking. 
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1 INTRODUCTION 
Boehm said that “your project will succeed if and only if 
you make winners out of all critical stakeholders.” [2] This 
notion, coined in requirements engineering, implies that it 
is vital to identify critical stakeholders, capture their 
concerns and goals, and resolve conflicts between them to 
ensure that the developed software system meets 
everyone’s expectations. By stakeholder we mean an 
individual or a group that shares concerns or interests in the 
system (e.g. developers, users, customers, etc.). Software 
architecting and design can also utilize these notions, so it 
is not surprising that recent standards such as the IEEE 
Recommended Practice for Architectural Description [8] 
(P1471) advocate using architectural views to address 
stakeholder concerns. Concerns can be of different origins: 
(1) goals to reflect the wishes and expectations of the 
stakeholders; and (2) conflicts to reflect clashes between 
these goals. To address development and evolution 
concerns, the P1471 standard suggests the use of views, 
following a widespread practice in software/systems 
modeling. Views deal with concerns in these ways: 

• Views can be used to separate concerns and reduce 
their overall complexity, 

• Views can be used to describe and analyze the 
feasibility of stakeholder goals, and 

• Views can be used to identify and resolve conflicts by 
suggesting options. 

Since views address concerns (during development and 
evolution), modeling with views needs to handle issues 
such as feasibility, security, maintainability, performance, 
reliability, cost, schedule, interoperability and so forth. The 
focus of this paper is geared towards architectural views 
and since architectural modeling goes hand in hand with 
requirements modeling, it follows that architectural 
modeling could be used to generally validate concerns on a 
higher level (as compared to identifying problems on the 
source code level resulting in potentially higher costs in 
fixing them). The logical conclusion to above statement is 
that architectural views are synthesized in response to 
concerns and that they are analyzed to address (handle) 
those concerns. For architectural modeling this entails 
several challenges: 

• need for support of a broad set of concerns, 

• need for validation capabilities to ensure consistency 
between those architectural models, and  

• need for an integrated toolset to support architectural 
modeling via multiple views. 

The software architecture community has proposed a wide 
range of architectural description languages (ADLs) [10] 
over the past years and has therefore delivered a range of 
mechanisms to model and evaluate development concerns. 
However, these ADLs commonly assume a single (or 
primary) modeling language, making their integration 
rather difficult (e.g., ACME [7] had little success in 
providing a common architectural meta language). Having 
independent models, however, implies the possibility of 
creating inconsistencies due to the lack of information 
sharing. Assumptions and definitions common to multiple 
views must be defined and maintained consistently. In 
other words, having inconsistent assumptions about a 
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system’s expected environment voids the correctness and 
usefulness of views and thus also renders invalid all 
solutions based on those views. For that purpose, 
architectural models need to be integrated with themselves 
and adjacent development models (e.g., requirements, 
design, etc.) to ensure overall development consistency. To 
this end, the IEEE P1471 standard confirms that an 
“[architecture description] should contain an analysis of 
consistency across all of its architectural views.” Although 
standards such as P1471 have identified the need for 
consistency checking between architectural descriptions, 
they do not specify methods required to do that. 

2 CLASSIFICATION 
To address view integration, we need to consider the 
classification of views first. Basically we distinguish 
between Fixed Views and View-Independent Models: Fixed 
views are stand-alone and support their interaction with 
other views only through some explicitly defined form of 
data and/or control integration. Most (if not all) 
architectural definition languages fall into the category of 
fixed views. View-independent models, on the other hand, 
incorporate all relevant information about multiple views 
under one common roof with the advantage that 
information must not be exchanged or updated explicitly. 

The trade-off between them is expressivity and 
consistency: If one accepts the idea that the drivers of 
architecting are stakeholders and their concerns, then view-
independent models make the assumption that all 
stakeholders’ concerns can be uniformly captured in a 
single representational scheme. If they can, then having a 
single model greatly simplifies the “integration problem”. 
Although comprehensive models have emerged in the 
recent past, these models do not qualify as being view-
independent. Take for instance UML  (the Unified 
Modeling Language [11] [9]), which incorporates a number 
of views such as class diagrams, state diagrams, and 
sequence diagrams. Even though UML incorporates these 
views under one common meta-model, the actual storage 
does not exclude redundancy. It does not violate the UML 
notation to create two classes with a particular relationship 
between them and have their instances (objects) contain 
contradictory relationships. What the UML meta-model has 
achieved is not view integration but only view 
representation under a common roof. 

On the other hand, requiring a view-independent 
representation of having no (or only minimal) model 
redundancy is somewhat of an utopia, however a desirable 
one since it promises working with multiple views without 
having to deal with consistency issues. The classification 
from fixed views to view-independent models is not a 
discrete one but continuous and manifests itself through 
three major stances: 

• Constructive stance: Development views of systems 
are individually constructed. To understand the model 

is to understand the sum of all its views and their 
relationships.  

• Projective stance: Views are projected out of the model 
to allow its inspection and/or manipulation. The model 
itself is all-comprehensive and views are needed to 
extract the essence of particular concerns. 

• Decorative stance: Development views may be 
constructive and projective. Here a base representation 
exists that is annotated with additional information 
supporting a limited form of view projection.  

Whereas the constructive and projective stances represent 
the extremes of view integration (none or full), the 
decorative stance  takes the middle ground. Our work has 
shown that a decorative integration approach can be used 
even if the models and views were originally designed for a 
constructive stance (e.g., as in case of most ADLs and 
UML). 

3 DECORATIVE VIEW INTEGRATION  
We have devised and applied a view integration 
framework, accompanied by a set of activities and 
techniques to identify mismatches between architectural 
and/or design views in a more automatable fashion [3] [4]. 
Our view integration framework approach exploits the 
redundancy between views: for instance, if view A contains 
information about view B, this information can be seen as a 
constraint on B. The view integration framework is used to 
analyze such constraints and, thereby, analyze the 
consistency across views.  

To enable tool integration, we chose the UML meta model 
as a foundation for our model repository. The repository 
contains all relevant product information about the 
designed software system.  Having used UML as a meta 
model does, however, not exclude using ADLs in our 
integration approach. To this end, we have found ways to 
integrating ADLs (e.g., C2 [12]) in UML [5]. Note that we 
adopted the use of UML’s extensibility mechanism to 
represent C2 ADL concepts foreign to UML [1]. Although 
this mechanism has limitations it is still sufficient for our 
purposes here.  

To manipulate and analyze the model repository, we use 
Rational Rose as well as our analysis tool called 
UML/Analyzer [3]. Our framework makes extensive use of 
model transformation to simplify information exchange and 
comparison. For instance, in order to compare the two user-
defined views A and B, we could either a) compare them 
directly; b) transform (convert) A into ‘something like B’ 
so that A becomes easier comparable to B; c) transform B 
into ‘something like A’ so that B becomes easier 
comparable to A; or d) transform both A and B into 
‘something like C’ so that they are easier to compare in the 
context of C (see Figure 1). Whereas A and B correspond 
directly to the types of views we wish to compare, C 
introduces a new type and could represent some formal 



 

language (e.g., [13] and [6]) or interchange format (e.g., 
[7]) with which A and B become easier comparable. In case 
of our C2 to UML integration we followed the third 
scenario (c) in Figure 1 of transforming the design into an 
architecture to enable a direct comparison between them.   

On first glance, it may appear that we have adopted a 
constructive stance in our view integration approach which 
is not surprising since the models we used were of that 
stance. However, this was not our original goal since we 
wanted to avoid model redundancy altogether. Although it 
is theoretically possible to make UML view-independent 
we found that this would require a complete re-construction 
of its meta model; something we were not willing to do 
since that would violate the UML standard. Restricting 
ourselves to stay within the UML standard required that we 
used UML views under the constructive stance as they 
were created. We therefore made extensive use of 
transformation to enable multiple views to communicate 
and share information. A pure constructive stance in 
integrating UML models does, however, not come without 
a price tag. Initially, we defined and adopted simple 
transformation methods such as class abstractions, 
sequence to state consolidation [4], or C2 to object 
translation [1]. These simple transformation methods 
proved to be adequate in handling information exchange. 
However, we found that using those simple transformation 
techniques resulted in an extremely severe scalability 
problem caused by 
transformation redundancy 
as the following example 
illustrates: 

Assume that we are 
constructing a software 
system and at its current 
state we have created say 
100 user-defined views. 
Using transformation, we 
can easily come up with 
thousands derived views 
using various view 
combinations and 
transformation paths (e.g., 
note that transformation in 
theory can take any two 

views and transform them to another derived third view; 
those derived views in turn could be further derived 
creating a theoretically infinite number of transformation 
combination). Assume now that we modify a single model 
element in one of the 100 user views. The consequence 
would be quite disturbing: not only would we have to make 
sure this change is properly propagated to the other 99 user-
defined views (for consistency), we now would also have to 
update all the derived views that we had computed from 
these user-defined views since they may have become 
inconsistent as well. In other words, view transformation on 
constructive models causes an enormous diseconomy of 
scale in that the number of views that are needed to be 
maintained consistently increases non-linearly over time. 
Under those circumstances it may seem impractical to use 
any automated view integration method that relies on 
transformation (or constructive views for that matter). 

One may, however, suggest a straightforward way of 
avoiding the above problem by creating derived views on a 
need basis and discarding them thereafter. This approach 
would, however, create a scalability problem of another 
kind since the transformation overhead would increase 
through the lack of reuse. Thus, we are faced with the 
conflicting issues of wanting to preserve derived 
information without having to worry about keeping them 
consistent. This challenge can be addressed through a 
decorative stance in dealing with multiple views.  
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Figure 1. View Transformation and Mapping to Complement View Comparison (Differentiation) 

Visiting
Record

Patient

Person

τ

record
collection

Visi ting Rec ord

record_collection

0..*

1..1 contains

Patient

1..10..1 1..10..1

has

Person

has
0..*

1..1

Person

Patient Vis iting Record

0..*

0..*0..1 0..*0..1

0..*

<<derived>>

<<derived>>

Patient Visiting Record

0..*0..1 0..*0..1

<<derived>>
0.. *

<<derived>>
0.. *

User-Defined

Derived

Derived

Figure 2. View Redundancy and its View-Independent Representation [3] 



 

Applying the decorative stance, we create little pockets of 
view-independent models; or to be precise derived-view-
independent models. Instead of creating separate spaces for 
derived views, their information is seamlessly integrated 
into the user-defined views. Derived views are then treated 
as perspectives and computing perspectives is 
computationally not very expensive. This approach is 
depicted in Figure 2. There the upper-right corner depicts a 
user-defined concrete view in the form of an UML class 
diagram. The two derived views in the lower half were 
generated automatically via the UML/Analyzer tool and 
represent abstractions of the user-defined view. Instead of 
storing derived information separately from user-defined 
information, we integrated them into a (more) view-
independent representation as depicted on the upper-left. 
The image there shows a storage alternative for the three 
user-defined/derived views which has indeed view-
independent characteristics since, for instance, we could 
change the name of the class record collection to records 
without requiring any additional consistency work in 
updating the derived views. However, note that this 
example does not create a fully view-independent model. If 
the class record collection is deleted then the abstracted 
relationship τ in the derived view still becomes 
inconsistent. 

4 CONCLUSION 
This paper discussed the need for architectural integration 
to support multiple stakeholders/concerns during software 
evolution. Views are an excellent mechanism for capturing 
stakeholder invariants. Further, the separated nature of 
views makes it much easier to manage them independently. 
A side effect of multiple views is the need of integrating 
them; foremost in order to maintain their consistency. We 
proposed a decorative approach in dealing with view 
integration since this approach can be made to work with 
regular constructive views but it minimizes the 
consistency-checking overhead and this improves 
scalability (the example used in this paper shows such a 
case). In [4] we describe our view integration framework in 
detail. 
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