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Abstract

Separation d concerns has been widely recognized to be a major issue in software
design. Unfortunately, the definition of what concerns have to be wnsidered of
primary importance, and which is the best way to support software devdopment
based on those @wncerns are till missng. This paper presents three eamples of
separation d concerns and dscusses posshle solutions.

The taken approach is the definition d a conceptual model that underlies the
definition d a reference platform to suppat the devdopment of software. The
approach is smilar to the one taken be the Asped-Oriented Programming, even if
the projeds described in the paper were not direaly influenced by it. The airrent
work is toward the definition d language constructs that unify the solutions and
provide a start to deveop aconcern-oriented language.

1. Introduction

The traditional software anstruction does not address pedfic aspeds by independent modues or
constructs. Most programming languages supply the software enginees with a set of general-purpose
constructs that can be used to implement each concern and can be embedded (almost) anywhere in the
code. Moreover, some apeds are implemented as part of the abstrad machine on which the language
is based, thus preventing the programmer of modifying the standard behavior.

Some primary concerns have drealy been identified and accepted, and common programming
languages supply clean constructs to addressthem. Examples are the separation between interfaceand
implementation of modules and the exception handling mechanism. Actually, the exception handling
medhanism is a halfway solution, it provides for a dean separation from regular code and exceptional
code, but within each modue, thus missing a global independence In fad, the control of exceptional
situationsis gpreal over the whole software, thus making it obscure.

What would be useful is the possbility to develop independent modules, or components, to address
spedfic concerns that can be wmposed to form the desired software systems. This would provide
suppart for the mnstruction of open software with well-known advantages. They ded with readabili ty,
mai ntenance, tail orabili ty, reusabili ty, reli abili ty, portabili ty and so forth.

In this paper, the experience with threeprojedsis described. The first projed deds with hard red-time
embedded systems in which the concern is the predictable exeaution of tasks acwrding to timing
congtraints. The second deds with synchronous cooperative systems in which the mncerns are the
sharing of applications and the antrolled accessto them. The last deds with knowledge management
systems in which the oncern is the mntextualized presentation of information. These projeds are
examples of concerns that are not often addressed by general-purpose languages and framework; thus
they are good case studies for further investigation and definitions of models to cleanly suppart
separation of concerns.

The common god is the definition of architecdural models and frameworks to develop domain-specific
applicdions. A common assumption is that concerns have to be aldressed by independent components
that can communicae eah other someway, depending on the nature of the gplicaion and o the
reference platform. Moreover, components have to be distinguishable even at run-time, thus enforcing
the concern of producing open software by addressng tail orabili ty and configurabili ty.

The next sedions sketch the threeprojeds. Then adiscussonis provided.
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2. Real-Time Systems

This sdion describes the experience with the TDE projed developed within the Esprit Projeds
OMI/MODES. TDE is part of the HyperRed projed that has the goal of developing a complete
development environment and run-time suppart for hard red-time systems [4]. The goa of TDE wasto
develop aplatform to suppat embedded red-time systems with a "time-driven" approach.

Red-time programming paradigms are often based on concurrency models that are intrinsicdly not
suitable for red-time execution since they are based on non-deterministic exeaution of suspensive
constructs [6]. In such systems, time remains external to the exeaution model; consequently, time
constraints need to be trandated to fit the execution model. TDE bases the execution of tasks diredly
on their time nstraints. This approach allows system designers to concentrate on timing issues, and
the run-time suppart to constantly control the system behavior acarding to timed plans.

The major concern to be cmnsidered is the control of the system execution. Traditional environments
provide implicit mechanisms that are out of control of the programmers. It means that the programmer
cannot have sharp control over the behavior of ead element, nor over the behavior of the whole
system. Whil e this approach is reasonable for intrinsicdly concurrent systems, it becomes unaccetable
for red-time systems in which adivities cannot be performed eventualy, but “at the right time” as
spedfied by timing constraints. In time-driven systems, adivities are scheduled in ac@rdance with
clock times as shown by an integrated independent clock or as determined from the readings of a
system of clocks. Asthe logicd clock reading readies certain predefined values, an appropriate ation
is eleded for execution from alookup table [12].

The TDE approach aims at setting a set of abstradions to suppart the definition of a system as a set of
objeds that behave & autonomous, readive cmponents (agents), and controllers, whose task is to
drive the aents execution [7]. Controllers include every issue related to synchronization and
scheduling, thus making them first class concerns. In other terms, agents are designed without any
embedded assumption on timing and synchronization. The controller drives the agents' exeaution to
med the system's requirements.

This sparation of concerns has several advantages, ranging from readability and tail orability
enhancement, to formal verifiability. In particular, this approach leads to modular design of systems.
Modularity allows designers to build up tail ored systems out of existing components, and suppats the
integration of these systems with existing environments.
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Figure 1: The TDE architecture.

Figure 1 ill ustrates the TDE architedure. A planrer and a dispatcher form the controller of a system.
In the simplest definiti on, the dispatcher recaves a plan from a planner and lets agents run acordingly.
A planis a sequence of adions that represents the mmmands that can be scheduled and dispatched to
agents. An action spedfies an operation and the timing constraints associate with it. Constraints are
expressed by the worst-case execution time (wcet), and by a vaidity interval ([after, before]), i.e., the
lower bound after which the adion can be exeauted and the upper bound before which the adion must
be mmpleted. A planis associated with areference dock that defines the timeline.

This architedure leads to modular controll ers that separate the machine dependent aspeds from those
deding with the semantic of the gplicaion. A planner is in charge of setting up a timed plan that
describes the adivities to be performed by agents. The dispatcher isin charge of exeauting that plan by
trandating the adions of the plan in commands that drive the aents.



Agents are designed as objeds with a private part and an interface Agents are mmponents that reads
to commands issued by the dispatcher. The implementation splits a command in two perts. the
seledion of the operation to be exeauted and the execution of that operation by the agent. To let the
dispatcher seled the operation, an agents exports a set of control variables that can be set to signal
events to the agent. When an agent has a control variable set, it can execute. The dfed of the execution
is described by the behavior of the agent. The behavior is modeled as finite-state aitomaton that
defines how the agent reads to a cetain event. This means that an agent behaves acwrding to its
internal status and external events.

The private part encgpsulates data and operations. Operations are aomic, sincethey do not include ay
suspensive primitive, and they cannot be pre-empted to ensure deterministic execution. Agents are
basic building blocks for systems that are driven by the controller. They are not aware of when
operations are exeauted, nor are cgable of taking any schedulingrelated dedsion. An agent may
notify the environment about the internal status by means of signals (events), and may exchange data
with other components without expli cit synchronization.

3. Cooperative Systems

As cooperative systems, we define multi-user applicaions that let a set of user share a @mmon
working space They are dharaderized by the need of controlling multicast communicetion in a
seledive way. Traditional approadhes to software development do not separate @ncerns like
implementation of the system’s feaures, system’s management, and pdicies to use the system [2] [3]
[5].

As in the TDE projed, open architedure, based on spedalized components, has been proposed to
addressead concern separately, and to compase them in a single platform.

An example of the propased architedure is shown in Figure 2. It is a multi-tier architedure with three
kinds of components: Applicaion components, Control components, and Connedor components.

The example shows an applicaion split in three @mponents, ead one deding with a spedfic asped.
Assuming a spreadshed applicaion, the astrad data component maintains a database of cdl values
and manages interdependencies between them. The &strad user interface omponent defines the
overall layout of the user interface (e.g., menus, buttons, scroll bars, as well as the graphicd
representation of data, say, in the conventional tabular format). Finally, the physicd interadion
component manages |/O devices. Components can communicae by exchanging requests (e.g., “set cel
B3 with value 45"), and notificaions (e.g., “cdl B3 hasvalue 45").
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Figure 2: A cooper ative system architecture.

Application components are @wnnected by connedor components that control the data flow between the
conneding components. Connectors work as bridges between components to let them communicate.
They are in charge of configuring the gplicaion and transfer datain a wntrolled way. This means that
connedors filter (and posshly adapt) the exchanged data to implement an acesscontrol palicy.

To let users share an applicdion a cooperative @nnedor is interposed between two applicaion
components. The moperative mwnnedor functionality consists in multi plexing requests generated from
multi ple front-ends to the badck-end component, and demulti plexing the notificaions generated by the
badk-end component to the front-ends. In this case, the use of an access palicy becomes manifest: users
can be given access to the communication channels acording to their rights, or roles. Note that the



choice of letting the gplicaion components exchange only requests/notification messages makes the
introduction of cooperative mnnedors sfe.

Control components are in charge of implementing the mordination pdlicies by defining the user roles
and asociating them with access rights [3]. According to these rights, commands to control the
behavior of the mnnedors are issued. Figure 3 illustrates the logicd channels handled by the
cooperative connedor for applicaions like the spreadshed. Assume there ae two groups of users with
the roles of writers and readers. A control component implements the two groups of people and isaues
commands (e.g., “open input to user Ui") to the moperative mnnedor. In such a way, the moperative
connedor simply reads to commands issued by the @ntrol component. The cntrol components, and
consequently coordination palicy, can be replaced without effeding the rest of the system.
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Figure 3: Thelogical channels of a cooper ative connector.

4. Knowledge Management Systems

The experience described in this ®dion deds with the ongoing projed Klee&Co [11]. The projeds
goal is the design of a knowledge-management suppart system for design centers and ather credive
environments. Key feaure of the system is the aili ty to provide information in a contextualized way.
The basic ideais to dsplay an information (e.g., a document) surrounded by a @ntext composed of
related information like related documents, related persons, related knowledge aeas and related e-mail
messages [1]. To adieve the goal there is the neal to colled, label and retrieve the knowledge of the
designer in red-time with minor user involvement in collaborative design processes. The maor
concern is the caability of acassng the information in different ways acarding to the use wntext,
and consequently the capability of retrieving the related information to be displayed. Unfortunately,
languages or frameworks do not supply means to addressthe problem.
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Figure 4: The architecture of the Klee& Co system.
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The system development is based on the document management system DocuShare by Xerox. It comes
with an XML-based APl and a Java API that can be used to program the system to customize feaures.
DocuShare is based on web technology, so it is natural to think of extending DocuShare by adding rew
components using existing tools, platforms and languages. Figure 4 illustrates the Klee&Co
architedure. Unfortunately, the use different technologies to address new aspeds of knowledge



management and presentation is not straightforward since they were not designed to acoommodate
different kinds of systems.

Moreover, some of the @mncerns are not essy to address because of conflicts. Examples of conflicting
concens are the caability of handling different kind of information like private information,
community information and public information - which means to guaranteethe right level of security
but providing the right level of information accessto make the system useful; the cgabili ty of tracking
the user adivity to store the design processand the related information without changing the eisting
pradices - which means to include and extend the functionality of existing tools and data formats; the
cgpabili ty of providing data description to alow for personalized display - which means common data
representation without assumptions on manipulating tools (in DocuShare the @ntent representation is
arealy based on XML to pertially addressthis problem).

Solutions to effedively addressthese issues are still under investigation. Currently, we ae developing
prototypes based on open architedure that hosts gpedalized components. The development approach is
to let the users evaluate the prototypes to colled information on both usability and functionality of the
system. Once the set of requirements will be set, we plan to devise aframework to suppat the
development of coll aborative, knowledge-based applications in which information of different nature
and format can be cmbined to provide the user for comprehensive presentation space ad work space

5. Discussion and Conclusions

As described in the previous sdions, we have chosen to start from spedfic domains to addressthe
issue of designing and implementing software acording to the principle of separation of concerns. The
leson leaned is that languages and frameworks should be based on basic constructs and assumptions
with the dlightest influence on spedfic concerns, or aspeds. Constructs and libraries to address
common concerns in typicad applicaions dould then augment such languages. Moreover, this
approach makes designers freeto extend languages and framework to address pedfic concernsin the
cleanest way to fit spedal system requirements. The work to identify these basic assumptions and
common concernsis gill far to be completed.

In the described projeds, a number of different languages and technologies have been adopted to
achieve the goals. TDE platform was implemented by repladng the scheduler of a cmmercia red-
time operating system [9] with a TDE dispatcher, whil e planners and agents were implemented in C. A
set of maaos was defined to supply the programmers with the basic constructs to addressthe mncerns
of setting yp plans and designing agents [7] [8].

The ooperative system projed was implemented by Unix technologies like C, X-11, Motif and
TCP/IP to implement the gplication components and the communicaion part of the cmnnedors. An
important issue was to overcome limitations due to single-user assumptions of X-11 protocol and
environment. To address the design and the implementation of the @ntrol components a spedalized
language named CSDL [3] was devel oped.

For the knowledge management development, the web technology is exploited, which means that
several languages and platforms need to be used. Examples are proprietary APIs to program the
document management system DocuShare; Pyton and Java to program CGI scripts and servlets; Java
and JavaScript to program the user interface general propose languages to implement todls. A problem
we aefadng isthe neal of writing tricky code to overcome some rigidity, and to address aspeds not
arealy addressed by languages/environments.

After these experiences, we plan to move forward looking for unifying models and platforms. Today,
the design of a single language and framework to acaommodate erery paossible oncern is probably too
ambitious, and probably unfeasible. What feasible is the dasdficaion of concerns and the
identificalion of those that are compatible and influence eab other. For example, consider the
performance isaue. When designing a system, it is fundamental to identify if it will be distributed or
not. In fad, the way its components can communicate diredly influences the system performance. As
for the example discussed in [13], transferring a reference to an objed or a wpy of that objed is
meaningful in a distributed context, but it is of little, or at least different, impad in a centralized
system. Therefore, a model for communicaion and data transfer is required, and a platform that
implements that model is needed.

The HyperRed projed taught us that even the exeaution model should not be part of the dstrad
madhine of a language. It should be implemented as an independent feaure that can be replaced as
necessary. This is similar to the experience described in [13] where synchronizaion constructs were
removed from Javato get alessintrusive kernel.

Moreover, the new language/framework should be designed to be le to host new feaures to address
new concerns. For example, we leaned from the moperative system projed that if messages
exchanged by components do not depend ead other, it possble to make asingle-user applicaion a



shared applicaion, otherwise the message ordering affed the @rredness of the system [5]. The
drawbadk is that independent messages may affed the performance of the system. As often happen,
there is not a unique, best solution. That is why an open framework to host tail ored solutions is needed.
Currently we ae working on experiments based on Java to deliver a framework that enables for
programming component-based systems in which each component can address gedfic aspeds as
described aong the paper.
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