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Abstract Coordination models and SA descrip-
tions work in different domains, but there are (at
least) two strict relationship between them: i) SAs
represent an high level description of the system
while coordination models (languages) are closer to
specification level; ii) coordination models are spe-
cialized to describe process interaction in a concur-
rent environment, SA descriptions contain inter-
components communication descriptions. In this
work, we are going to describe how SA description
and UML can be integrated in a UML software de-
velopment process with the aim to define a coordina-
tion process able to describe, analyze and validate
system coordination properties that might be then
specified with a suitable coordination language. A
real-world case study will be used to discuss, in de-
tail, the approach previously introduced.
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1 Introduction

In recent years, the growing of system com-
plexity and the need to manage highly com-
plex concurrency between different processes
has represented an important issue in different
fields of research.

Coordination models have been introduced
with the goal of finding solutions to the prob-
lem of managing the interaction among concur-
rent programs or activities. Several coordina-
tion languages (e.g., Occam, LOTOS) based on
theoretical models like CSP, CCS, process alge-
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bra or w-calculus have been proposed, putting
in evidence the difficulty to manage large num-
ber of concurrent activities. Further research
put forward the need of explicit coordina-
tion models and languages. Data-oriented or
control-oriented, endogenous or erogenous co-
ordination models (e.g., Linda, Gamma, MAN-
IFOLD) have been built, abstracting away the
details of computation and focusing on the in-
teractions [2].

On the other hand, in the software engi-
neering field the focus is continuously mov-
ing towards systems of larger dimensions and
complexity. Software production is becoming
more and more involved with distributed ap-
plications running on heterogeneous network-
s. As a result, applications are increasingly
being designed as sets of autonomous, decou-
pled components, promoting faster and cheap-
er system development. In this context Soft-
ware Architecture (SA) can play a significant
role, improving the dependability of large com-
plex software products, while reducing devel-
opment times and costs [4]. The originality
of the SA approach is to focus on the overal-
1 organization of a large software system (the
glue) using abstractions of individual compo-
nents and explicity modeling their interaction.
This approach makes it possible to design and
apply tractable methods for the development,
analysis, validation, and maintenance of large
software systems.

Coordination models and SA descriptions
work in different domains, but there are (at



least) two strict relationship between them:

e SAs represent an high level description
of the system while coordination models
(languages) are closer to specification lev-
el.

e Coordination models are specialized to de-
scribe process interaction in a concurren-
t environment, SA descriptions contain
inter-components communication descrip-
tions.

At the SA description level, many important
design choices related to the way components
interact, are already taken. As a result (see
Figure 1) we have that SA level information
influence the static and dynamic structure of
the implemented system and drive the coordi-
nation model specification.

In this work, we are going to describe how
SA description and UML [13] can be inte-
grated in a UML software development pro-
cess [11] with the aim to define a coordination
process able to describe, analyze and validate
system coordination properties that might be
then specified with a suitable coordination lan-
guage.

Although UML original purpose was for
detailed design, UML extension mechanism-
s makes it potentially applicable much more
broadly. Recent works [11] describe how UM-
L Diagrams can correctly and completely de-
scribe each step in the software development
life-cycle, from Requirements capturing to De-
sign model description passing through a Soft-
ware Architectural description [14, 5, 7].

In the rest of the paper, we concentrate
on the requirements phase and show how the
architectural description can complement the
UML ones to allow an architectural validation
step. In particular, we will see that the dynam-
ic description that the SA specification pro-
vides allows for validating coordination policies
that could not be validated otherwise.

A more comprehensive description of the
integration methodology we propose can be
found in [9].

2 The approach

The coordination process we are going to pro-
pose is described by UML diagrams and Soft-
ware Architectural modeling tools and is based
on UML software development process and SA
description. Requirement understanding and
capturing model is the first step in our coordi-
nation process. The UML [13] approach to i-
dentifying system requirements is based on Use
Case Diagrams; use cases represent a possible
way of using the system while actors are who
or what (humans or a subsystems) carry out
use cases. Each user needs several different use
cases, each representing the different ways he
or she uses the system.

To achieve a more precise understanding of
the requirements and structure them for reuse
and maintenance an analysis model can be de-
scribed [11] using analysis classes and interact-
ing analysis objects. Analysis classes describe
how a specific use case is realized in terms of
“abstract” cooperating classes and always fit
one of three basic stereotypes: boundary, con-
trol or entity;

e boundary classes represents abstractions
of windows, forms, communication inter-
faces;

e entity classes reflect logical data structure;

e control classes represent coordination, se-
quencing, transactions and control of oth-
er objects and are often used to encapsu-
late control related to a specific use case
[11].

Each use case can be modeled by analysis
classes. Each class may participate and play
roles in several use-case realizations. A class
diagram (of analysis classes) can be drawn to
indicate which use-case realizations a class par-
ticipate and plays roles in. This diagram gives
an high-level static description of the classifiers
implementing the use cases but it does not give
information on how the system evolves in terms
of use cases interactions.
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Figure 1: SA description drives Coordination models

The sequence of actions in a use case begins
when an actor invokes the use case by send-
ing some form of message to the system; the
boundary class receives the communication re-
quest, sends the request to the control class
that coordinates the various activities and let-
s the involved objects interact to realize the
use case. Interaction Diagrams can model the
chronological sequences of interactions but on-
ly as a sort of coordination specification con-
straints; since a limited amount of scenarios
can be manually depicted.

The (global) dynamic model obtained by
the use of Software Architectural description
can provide a model of the global system in-
teraction. For example, using an operational
transition-based description of an SA, like the
Cham [10], the system behavior is modeled as
a global LTS; each transition represents a pos-
sible interaction between different components
and each path a possible execution scenario co-
ordinating different activities.

The LTS model is intended to be the coor-
dination model while Interaction Diagrams (at
the requirement level) the coordination spec-
ification. The LTS model could then be used
to check the system correctness with respect to
coordination requirements (coordination spec-
ifications).

The idea is to define a mapping between
Analysis model and SA topology; actors in the
Use-Case Diagrams represent a suitable ab-
straction of active components in the SA de-
scription; control classes can identify coordina-
tion components; control classes attributes can
identify communication channels. Other class-
es can be hidden at the SA level or mapped to
other components.

3 An example

Let consider the Tele Remote Medical Care
System case-study (TRMCS) [3] requirements:

the system USER can (non deterministical-
ly) choose to SEND AN ALARM message or
a CHECK MESSAGE to a component named
ROUTER. The Router is always WAITING
FOR ALARMS and CHECKS. If an alarm
message 1is received by Router (and correctly
processed by the Server component, to which
the alarm is forwarded), an ACK MESSAGE is
sent back to the User. If a check message is re-
ceived, by Router, it is STORED in a local file;
in the case an ERROR OCCUR, this has to be
handled by the SERVER. The service has to be
ever guaranteed (every day); the termination of
the service is due; only ENABLED USERS can
take advantage of this service; hardware fault
tolerance must be managed; more than one us-
er can run concurrently.

User(s), Router and Server are the system
actors while Alarm, Check and Ack send and
receive operations, ErrorHandling, CheckUs-
er, CheckRouter and StorelnLog are the main
functionalities. A Use Case Diagram can be
used to depict this configuration (Fig. 2) while
(analysis level) Class Diagram (Fig. 3.a) shows
boundary, control and entity classes ”imple-
menting” them.

With a process oriented analysis, Alarm,
Check and Ack processes are identified and the
following coordination rules are taken out:

1. An Alarm message sent from User has to
be followed by an acknowledgment mes-
sage; it represents coordination between
dependent processes;

2. Check and Alarm messages have to be
concurrently managed. This is the coor-
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dination between different threads;

3. The system can be used concurrently by n
users; it represents coordination between
different instance of different threads.

Figures 4.a, b, ¢ represent possible dynamic
scenarios conforming to the first, second and
third described coordination policies respec-
tively; using Interaction Diagrams we can draw
interesting scenarios, without a global concur-
rency view.

SA topological description (Fig.5) can be ex-
tracted by class diagrams where User, Router
and Server become active SA components and
Check, Alarm, Clock and Time Handler coor-
dination components, hiding the others. Mod-
eling the system behavior via a transitional sys-
tem we can generate a global LTS model de-
scribing how the coordination policies are in-
tegrated in the whole environment. Consider-
ing the case when two users are working on
the TRMCS system, we have built the LTS
model of the system dynamics. A portion of
it is shown in Figure 6 while the whole LTS is
around 500 states.

Each LTS complete path represents a system

global scenario, i.e., a possible combination of
Alarms, Checks, Clocks and Acks messages ex-
changed by the system components. Scenarios
could be validated by the scenario defined in
Fig. 4.
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