Describing Dependencies in Component Access Points
Marlon E. R. Vieira Marcio S. Dias Debra J. Richardson

Information and Computer Science
University of California, Irvine
Irvine, CA 92697-3425 USA
{mvieira, mdias, djr}@ics.uci.edu

ABSTRACT technologies implement open standards offering an
Developing component-based systems is problematicalinfrastructure of services to create, assemble and execute
without understanding potential component dependencies.software components. In  addition, they embody
A significant underlying challenge is making available mMechanisms to solve some problems with respect to
ways to determine and represent those dependencies anomponent heterogeneity, allowing better interoperability.
mechanisms to deal with them. This paper discusses issue$n spite of the important issues in component development
related to component dependencies and introduces arihat these technologies address, they don't support precise
approach to describe what can happen (in term of component description. In general, components are
actions/dependencies) after a particular component’s acces§leployed with an informal description of services provided,

points (services) are called. together with the signature of the methods that invoke those

services. This specification does not provide enough
Keywords _ . information for reasoning about component interactions
Software components, maintenance, dependence analysis. peyond the compatibility of their interface, consequently
1 INTRODUCTION restricting how well system properties can be predicted and
There is continuing interest in using components to build verified.

software systems. Components can be viewed as self-Aside from problems associated with creating, deploying
contained software entities that interact through open and composing components, there are questions related to
interfaces. They may be developed in-house or madeverification/validation of component-based system. It is not
available by a third party, often commercial-off-the-shelf clear, for instance, how the behavior of such systems can be
(COTS). The component-based development paradigm [1]verified and controlled in the presence of COTS
promises better quality and productivity, in part by components. More specifically: (i) how is it determined
addressing reuse and evolution of functionality over time. whether or not component behavior (or misbehavior) can
Unfortunately, this paradigm hasn't reached yet its full affect other components and the system as a whole? (ii)
promise; in fact, it is presenting some problems more what are the factors that determine cooperation and
difficult than the “traditional” development paradigm [2]. dependence among components, and (i) under what
Several difficult technical problems remain to be explored circumstances can problems arise in those relations?
and resolved in this field, many resulting from component Maintenance concerns also play a central role in
heterogeneity and the lack of behavioral information about component-based development. Adding, removing or
deployed components. Heterogeneity [3] takes place due tomodifying components requires a full cycle of
the fact that different components can be programmed in verification/validation. It is difficult to perform those tasks
different programming languages and for different without understanding potential component dependencies.
hardware platforms. Components may also be provided asMaking available ways to locate and represent
“black-box” by different, possibly competing suppliers, dependencies among components, along with mechanisms
often deficient in supplied information. for managing those dependencies, present significant

A range of technologies support component-based challenges for component-based development.

development (e.g. OMG's Corba, Microsoft's The goal of the research reported here is to investigate the

COM/COM+, Sun’s (Enterprise) Java Beans). Those sources of component dependencies and to develop an
approach to describe them. Our approach relies on
description of what can take place after a particular
component’s access points (services) are called. Typically,
an interface specification doesn't stipulate what happens (in
terms of possible actions/dependencies) when one of its
methods is invoked. For instance, a component can request



a service from another component before a possible call-hardware/software platform and/or version. Szyperski [4]
back to the originating component request. states the existence of components’ explicontext

dependenciesthose dependencies are constituted by what
a system, with which the component is going to be
integrated, needs to provide to fill the component’s needs.
fKon and Campbell explored component dependencies [5]
and define two distinct kinds of dependencies related with

Dependence analysis is a fundamental static analysis
technique that has been useful for understanding [6], testing
[7], debugging [8], and maintaining [9] software systems.
Considerable work has been done in the study and use o

dependence analysis in the context of traditional . S L _
) ; . run-time evolution: (1)prerequisites - requirements for
programming languages, generally looking for correlation loading an inert component into the runtime system &)d (

among variables and statements. Likewise, there is somedynamic dependencies— relations between loaded
relevant work that applies dependence analysis in thecomponents in a running system
context of software requirement specification [10] and '
software architecture specification [11][12] Specification 3 COMPONENT DESCRIPTION

dependence analysis is a generalization of programThe concept of interfaces is an important issue in
dependence analysis since a programming language can beomponent-based development. Components are expressed
viewed as an executable specification language. in terms of externally visible interfaces and semantics,
Based on the specification of the component's accessWithout the implementation [13]. This view disconnects the

points, dependence analysis can be performed to predictnformation regardingvhata component does frommow it

system dependencies. In our approach, those dependencie%oes it. An interface defines what services a component

are presented as relationships among different services and®"oVides and requires in order to be used in a system. The
parameters of those services. We believe that thisProvided services identify the componengiscess points

information is able to provide helpful subsidies to carry out [OF its clients.
maintenance tasks as well as verification/validation tasks. |nterfaces can be defined at different levels of precision. A

2> COMPONENT DEPENDENCY ISSUES superior precision allows more effective component
. composition and conformance checking against its
Informally, dependence among components can be defined P : . .
as the rgliané)e of a compongnt onpother(s) to support aspeuflcatlon. The exact way an interface is specified
specific functionality or configuration. In highly structured depends on the nature of the component; generally,

environments, like component-based systems, units thowever, a component interface is described by the
o P ys ' signature of its operations and required calling conventions.
computations (e.g. components) communicate and shar

information in order to provide system functionalities. “Interface Definition LanguagefiDLs) are frequently used

Components are reqularly composed for the bUrDOSe Ofto describe distributed software component interfaces,
P 9 y NPOSe purp . providing a programming neutral way to describe
offering more abstract services in a system. This

. ) ) - _component services. For instance, the CORBA IDL [16],
composition creates interactions that promote dependencies

among the components. Frequently, system functionalitiesStandalrdizecj by the OMG, defines interfaces as sets of
9 P ‘ q Y, SY synchronous request/reply operations or asynchronous one-
are not solely encapsulated within one component.

Therefore, changing a component can affect that compositeway messages. A notable limitation of current IDLs is that

functionality, which is reflected in different components. In they only provide support for describing the names and

addition, replacing a new version of a specific component type signatures of the components attributes and
: 1, Tep gar P pone; operations, ignoring aspects related to behavior. Behavioral
might involve replacing the components on which it

depends, in order to preserve a specific System's aspects are important to analyzing system properties and to

functionality. The key point to analyzing those aspects is carrying out testing and mglnter_lance act|V|t|es.. Spme
the knowled.ge about possible component relations and theapproaches [14][15] try to fill thlS_ gap by specifying
dependencies among them comp_c_ment behawo_r_ with assertions (pre_ and post-
' conditions). Preconditions express the properties that must
One example of dependence is when a group of hold whenever an operation is called; if it is violated, the
components depend on each other to supply a complexcaller of the service is responsible. Postconditions describe
system functionality (e.g. a logon functionality of an on- the properties that an operation guarantees when it returns;
line bank system might involve executing services of if it fails there is a problem in the service (component)
different components for authentication, security, itself.
information retrieval  and provide  specialized
functionalities). Another example is when a specific
component relies on other(s) to obtain service(s) necessar
for its own functionality (e.g. a spell-checking component
may require the services of a dictionary component to
perform its tasks).

The focus of our research presented here is on the
relationship among components, describing component
Ynteraction structure. This specification makes clear if a
component needs some service in the system to be
available in order to perform the functionality exposed by
an access point and shows the composition of services
Besides dependencies on other component(s), a specifiammong components. The main idea behind this is quite
component can also depend on a particular simply: Having provided a description of what can happen



after a service is solicited, it will then be easier to predict that any parameter not listed in treffects clause is
the dependencies of a system composed of those bounded with an arbitrary value.

components, thereby subsidizing system analysis. The composition ofstatement allows the specification of a

4 DESCRIBING COMPONENTS ACESS POINTS: AN sequgnce.of a_tomic action. We define four basic types of
OVERVIEW atomic actions:
It has long been recognized that the best way to describel. Actions dependent on services that are not provided by
the semantics of a software component is abstractly and the component itself; consequently, the component that
formally [17]. We believe it would be useful to have carries out that action relies on the system (typically
precise and high-level documentation related to component another component) to provide the service specified by
dependencies as well. The approach we take in providing the action.
this mechanism is a specification language to describe2 |nternal component services that are not explicitly
component access points (or services). That description can provided for clients; the description of an action of this
be deployed with the component and used to support type shares knowledge about the component’s internal
analysis tasks. The prime reason for creating a new flow, which is normally hidden from clients (actions of
description instead of extending an IDL with assertions  this type can be omitted if the developer does not want to
(and/or new keywords) is to enable support for (semi) expose the component's internal structure).
automatic extraction of this description from the source 3 gepices that the component provides through its

code, thus providing a higher level of abstraction than what jnterface; this description also shares information about
is implemented. Further, we want to maintain a more the component's internal flow.

general approach (not coupled with a specific IDL),
allowing compatibility with different technologies. The

specification of component access points is intended to
complement an IDL and not serve as a substitute.

4.Terminal action, which is defined by the keyword
operationReturn atomic actions always execute in some
particular order, so the terminal action puts together the
results of execution and ensures the operation return, in

In our approach, we define component access points, which the case that here is a return.

consist of a sequence of one or more actions. The Figure 1 presents a very simple example of component

description consists of (i) a header, specifying the access point specification for a login service (operation) of

operation’s signature, and (ii) a body, describing the a BankOnline component.

operation’s behavior (possible actions) after it is invoked. _

Since an operation in our description executes as g °mPonentBankoniine

sequence of one or more atomic actions, we specify it§ |...]

behavior not with a single pre-condition/post-condition |operation login ( String ID, int password jeturns (double balance)

pair, but rather, with a sequence of specifications, eacH cor_npositi_on ofve_rifylde_ntity, ggtAccountBaIance, operationRetur

describing the behavior of one atomic action. Each atomid ~ 2°1°" Vﬁﬂfgr']dtfl:‘;”y (String ID, int passwordjeturns (int acc)

action has avhenclause and an additioneffects A list of modifies define (acc)

action identifiers declares the sequencing of the actions. Arj effects(arbitrary or acc = null)

action specification consists of the action’s name and ong action getAccountBalance (int acegturns (double balance)

or more action bodies, each containing: when (acc <>null)

modifies define (balance)

- when clause, which states the condition that allows the _ effects(arbitrary)
action operationReturn (int acc, double balancergturns (double

action to take place. If the condition for an action is not | pajance)

met, the action will not be performed, but with the when (acc =null)

execution of other actions, their effects may allow its modifies (balance)
when-condition to be met later. The default for the when effects(balance null)

clause is true, which means no restriction to execute the when (acc <>null)

action. effects(arbitrary) //return balance

- modifies clause, which specifies if parameters may -]
change as a result of the action. This clause defines that}
only the listed parameters may change; all other Figure 1 - Login operation
parameters remain unchanged. A keywaedine inside  \yhen the login service is called the user identification is
the modifies clause establishes a parameter that is first, qrified and his/her balance is returned. in the case of
defined during that action. _ wrong identity the service returns null (exception). This

- effectsclause, which describe the results of the action. A gpecification consists of a composition of three actions. For
parameter listed in the modifies clause may either be the sake of brevity (and space limits), we do not illustrate
bound to a subjective value defined by the keyword the entire example; the verifyldentity and
arbitrary, or if the effect is specified, bound to a specific getAccountBalance actions are related, respectively, to
value that is the consequence of the action. It is assumedservices provided by authentication component and




database component. Using the description provided for the6 REFERENCES

diverse components access points, we can construct a
dependence graph showing components in the nodes andy
actions in the edges.
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