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Preface
The International Workshop on Software Architecture is celebrating its fourth
anniversary in the year 2000. The workshop will be held in conjunction with ICSE
2000 in Limerick, Ireland June 4-5,2000.

Interest in software architecture as an area of research, education, and practice
within software engineering has been growing steadly over the
past decade. Software architecture is concerned with the principled study of large-
grained software components, including their properties,
relationships, and patterns of combination. It is becoming clear that one key to the
effective development, operation, and evolution of software
systems is the design and evaluation of appropriate architectures. Interest in
software architecture is evident from the increasing numbers of
successful product families based on a common core architecture, the increasing
numbers of papers published on software architecture, and the
development of courses and texts specifically oriented toward software architecture.

As a complement to ICSE 2000, the Fourth International Software Architecture
Workshop (ISAW-4) will bring  together practitioners and researchers for two intense
days of discussion and work. The workshop builds on the success of the three
previous ones in the series:

ISAW-1,  Architectures for Software Systems, which was held in April
1995 in conjunction with ICSE-17 in Kyoto, Japan
ISAW-2, Second International  Software Architecture Workshop, which was held in
October 14 and 15 1996, San Francisco, California, USA, in conjunction with
SIGSOFT '96 (FSE-4)
ISAW-3, Third International Software Architecture Workshop, which was held in
November 1998, Orlando Florida, in conjunction with Sigsoft ’98 (FSE-6).

We want to thank the members of the Organizing Committee who diligently
reviewed the over 60 submitted position papers and joined in organising the
workshop. We look forward to another interesting and stimulating workshop.

The Organising committee for ISAW-4 consisted of::
Rob Allen IBM
Bob Balzer ISI (co-chair)
Lothar Borrmann Siemens
Jan Bosch University of Karlskrona/Ronneby
Rick Kazman              SEI
Jeff Magee Imperial College
Nenad Medvidovic USC
Juergen Mueller Philips Research
Henk Obbink Philips Research (co-chair)
Dewayne Perry UT Austin
Clemens Szyperski Microsoft Research
Richard Taylor University of California, Irvine
Will Tracz Lockheed Martin
  Eindhoven May 1 2000
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defined (DR(B1,B) = 2/(1×(3−1)) = 1 and DR(B,B1) = 0/((3−1)×1) = 0). For any entities X and

Y, where X is part of Y, DR(X,Y) = 0 (respectively DR(Y,X) = 0) indicates that X is not using

(respectively not used by) entities within Y, and hence, identifies X as a candidate for

movement. An entity X which is not using (respectively not used by) other entities within Y is

termed a “bottom” (respectively a “top”) of Y.

2.4. Optionally crossing multiple levels

Coupling and cohesion are defined for arbitrary sets of leaf entities in [8] (i.e. independent of

the decomposition structure of a system), and the re-clustering approach described leads to a

balanced system, when applied repeatedly [8]. On the contrary, the decomposition structure of

a system has been taken as one of the starting points in the definition of the dominating ratio.

The dominating ratio is applicable for both balanced and unbalanced systems, and defined

across multiple levels. The decomposition structure of S is shown in Figure II.

B2 B3B1

B A

C2C1

C

S Legend:

: entity

: part-of
  relation

A

Figure II: Five tree-cuts of unbalanced system S

2.5. Definition relative to a tree-cut

How to define the connectivity of S? Figure II shows (all) 5 conceivable tree-cuts. A tree-cut

is a line crossing each path from the finest grain architectural entities (e.g. B2) to the root (i.e.

S) exactly once, where each path is crossed “through” an architectural entity ([1]). Hence,

there are 5 different ways to define the connectivity of S corresponding with these 5 tree-cuts!

Stated in other words, the value of connectivity is relative to a particular tree-cut, and the

dominating ratio is defined as such.

A relative definition may come as a surprise, but is felt to be natural when considering

the fact that the decomposition structure of S could also be extended to entities at the

programming level. To our knowledge, (explicitly) defining an architectural metric relative to

a tree-cut is novel.
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3. Visualising the dominating ratio

The dominating ratio can be calculated for every pair of (architectural) entities of a system.

Given a large system (where the number of architectural entities may be in the order of

magnitude of 8K; see [2]), how to visualise such a large amount (64M values for the

dominating ratio) of information?

Experience within Philips ([2]) revealed that a tabular representation with browsing

facilities is an effective and efficient way for a systematic investigation of the module

architecture of a system (and complements a graphical representation). The tabular

representation is based on the decomposition structure of a system and browsing corresponds

with horizontal and vertical traversals through the decomposition tree. We use similar

visualisation means for the dominating ratio as well. In our view, such a means facilitates a

systematic investigation of the software architecture for incremental re-architecting of large

legacy systems. We have extended an existing module architecture browser (MAB; see [2])

with the dominating ratio, yielding a single means for visualising both quantitative (and

qualitative) structural module architecture information and metrics.

Note that it is quite uncommon to represent quantitative information by means of tables

([9]). To our knowledge the usage of a tabular representation with browsing facilities for

visualising architectural metrics is novel.

Below, we show how the dominating ratio is presented by the MAB and briefly describe

the basic means for navigation provided by the MAB.

3.1. Presentation

The basic form in which the MAB displays information is a table. Figure III shows the system

S and a screen shot of the MAB visualising the dominating ratio.

B1

S

B
B2

B3

C
C2C1

A

(a) (b)

Figure III: System S  and Dominating Ratio visualised by the MAB
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The values shown in Figure III(b) correspond with the tree-cut through the finest grain

architectural entities in Figure II. The dominating ratios from one dominating entity (the

system S) to one dominated entity (also the system S) are displayed. There is a row for each

child of the dominating entity and a column for each child of the dominated entity. The cells

of the table contain the dominating ratio between the corresponding children multiplied by the

so-called multiplier (displayed directly above the table). Hence, the corresponding dominating

ratio is obtained by dividing the cell value by the multiplier. A table may contain both empty

cells (e.g. DR(B,C)) and cells containing zero (e.g. DR(C,C)). Empty cells denote the absence

of uses relations, whereas cells containing zero denote the presence of reflexive uses relations

only. The layout of a table is determined by the order of its rows and columns, which may be

provided by a user by means of a layout relation. The fact that S is a strictly layered system

(see Figure I(a)) follows immediately from the table shown in Figure III(b): the bottom-left

triangle is empty and the top-right triangle contains only values adjacent to the diagonal.

3.2. Navigation

The MAB provides, amongst others, means to zoom-in and zoom-out on rows, columns and

cells of the table and to exchange rows and columns in a table. As an example, the tables

displayed in Figure IV(a) and Figure IV(b) are the result of clicking on B in the row and

column (i.e. zoom-in) in the table in Figure III(b), respectively. Similarly, Figure III(b) is the

result of clicking on S in the row of Figure IV(a) or the column of Figure IV(b) (i.e. zoom-

out), respectively.

(a) (b)

Figure IV: Screenshots of the MAB

Zoom-in and zoom-out are ways to traverse vertically through the decomposition structure. It

is possible to traverse horizontally through the decomposition structure by clicking on the

names of siblings (e.g. C above or A below B in Figure IV(a)). Note that Figure IV(a) is the

result of exchanging the rows and columns in Figure IV(b) (and vice versa). The fact that B3
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is a bottom of B and B1 is a top of B follows from Figure IV(a) and Figure IV(b),

respectively.

4. Initial Experience

In this section, we briefly report upon a small experiment conducted with the dominating ratio

using the MAB. The goal of the experiment was to identify candidates for movement in order

to resolve layering violations in a large software-intensive legacy system termed SOPHO.

SOPHO may be viewed as a family of private branch exchanges (i.e. telephony systems in a

business environment), which is developed and maintained by Philips Business

Communications since the early 1980s. The core of that system consists of approximately 5 K

files (containing 2.5 MLOC written in C++), 35 K includes between files, and 8 K

architectural entities (i.e. subsystems, components, modules and files), organised in an

unbalanced tree (representing the decomposition structure of the system) with a depth ranging

from 5 to 12.

4.1. Results

Amongst others, the following results were found during the experiment:

• different kinds of entities are candidate for movement:

Some of the layering violations could be resolved by moving individual files, modules,

and sometimes even components. Candidates for movement include "tops" and "bottoms"

(see Section 2.3), which may be easily identified with the help of the dominating ratio.

• moving candidates is not always the right way for resolving layering violations:

Some of the identified candidates for movement should not be moved. By moving those

entities, they would become part of a constituent to which they do not belong

conceptually. Note that in these situations automatic re-architecting tools would yield

structures which are awkward from an application domain expert’s point of view.

• generic entities prevail specific entities as candidates for movement:

A common reason for layering violations turned out to be that functionality introduced at

a particular layer became of a more general nature during the evolution of the system.

Rather than moving those entities “down” in the structure, they were simply used by

lower layers. We hardly identified entities which should have been more specific (i.e.

moved “up” in the structure).

• many violations can not be resolved by simply moving architectural entities.

Fourth International Software Architecture Workshop

ISAW-4 23 Limerick, June 4-5, 2000



4.2. Lessons Learned

The experiment revealed that the dominating ratio and its visualisation by means of the MAB

is effective to identify candidates for movement in order to resolve layering violations.

Amongst others, the following additional insights were gained during the experiment:

• means for modification of information desired:

As its name reflects, the MAB is a module architecture browser. The MAB provides no

means to modify either a uses relation or a part-of relation. In some situations such

modifications are desirable. E.g. whenever a set of mutually dependent entities is a

candidate for movement, it is desirable to be able to create a virtual entity containing

those mutually dependent entities (changing the part-of relation).

• dominating ratios presented by the MAB did not always reflect a user’s intuition:

Currently, the MAB presents values of the dominating ratio relative to the tree-cut

through the finest grain architectural entities. This choice did not turn out to be self-

evident in many situations. As an example, consider Figure I(c) and assume that neither

C1 nor C2 are the finest grain architectural entities (i.e. both have constituents). In such a

situation, DR(C,C) is unequal to zero, despite the fact that C1 and C2 are independent.
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