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Component-based software development (CBSD) has gained recognition as one of the key
technologies for the construction of high-quality, evolvable, large complex systems in a timely
and affordable manner. In CBSD, the development effort becomes one of gradual discovery
about the components, their capabilities and the incompatibilities that arise when they are used
in concert. Thus, trading becomes one of the cornerstones of CBSD. However, most of the existing
methods for CBSD do not make effective use of traders. In this paper, we analyze the required
features for commercial off-the-shelf (COTS) components traders, and introduc€OTStrader, an
Internet-based trader for COTS components. In addition, we discuss how th€OTStrader can be
integrated into a spiral methodology for CBSD, providing partially automated support for building
COTS-based systems.
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1. INTRODUCTION designers and builders must accept the trade-offs among three

s . main concerns: users’ requirements, system architecture and
Component-based software development (CBSD) is COTS products [5, 6].

generating an increased interest due to the development . , i
of plug-and-play reusable software, which has led to the Under this new setting, the proper search and selection
concept of ‘commercial off-the-shelf (COTS) software Processes of COTS components have become cornerstones
components. CBSD moves organizations from application Of €very effective COTS development. ~ However, these
development to application assembly. Constructing an Processes (_:urrently face_ serious I|m|tat|(_)ns, ge_nerally due
application now involves the use of prefabricated pieces, to three main reasons. First, the information available about

perhaps developed at different times, by different people angthe components is not expressive enough for their effective
possibly with different uses in mind. The ultimate goal is to selection. Second, the search and evaluation criteria allowed

be able to reduce development times, costs and efforts, whilePy current traders are usually too simple to provide practical
improving the flexibility, reliability and reusability of the  Ulility. And finally, current CBSD methodologies do not
final application due to the (re)use of software components Make effective use of trading for searching and locating
already tested and validated. components offering the required services.

This approach challenges some of the current Software First, one of the key issues in CBSD is the use of more
Engineering methods and tools. For instance, the tradi- complete, concise and unambiguous component documen-
tional top-down development method, based on successivetation (i.e. specifications). In the case of COTS components,
refinements of the system requirements until a suitable con-their black-box nature hinders the understanding of their
crete implementation of the final application’s components internal behavior. Furthermore, only functional properties
is reached, is not transferable to the component-based deare usually taken into account, while some other information
velopment. In CBSD the system designer has also to takecrucial to component selection is missing, such as protocol
into account the specification of pre-developed COTS com- Or semantic information [7] or extra-functional requirements
ponents that may exist in software repositories when building [8, 9]. Software component vendors are also of no help,
the system’s initial requirements, in order to incorporate them Providing scarce and unstructured information about the
into all phases of the development process [1, 2, 3]. Therecomponents they sell/license [10].
is a significant shift from a development-centric approach  Second, component searching and matching processes
toward a procurement-centric one [4], aimed at the searchare (in theory) delegated to traders, but the problem is
and acquisition of COTS components in order to reuse themthat existing traders do not provide all the functionality
for building software applications. Here, system architects, required for an effective COTS component trading in open
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and independently extensible systems such as the Internet, a8. REQUIREMENTS FOR COTS TRADERS
discussed in [11].

Finally, traders are notfully integrated into current method-
ologies to achieve effective component-based development,
hence missing many of the potential advantages provided by
traders such as information discovery or partially automated
selection of candidate components.

Trading is the natural mechanism defined in object-
and component-based systems for searching and locating
services. A client role that requires a particular component
service can query a matchmaking agent (the trader) for
references to available components that provide the kind of
service required. Service advertisements are called ‘exports’,

In this paper, we focus on the requirements for an . . - , . )
. X . . while queries are called ‘imports’. The trader provides just
effective trading service for COTS components in open . ; . .
the references to possible service providers, but without

systems; we analyze some of the limitations of current . L . L
traders; and we present a trading service that tries to addreséntervenmg in the service provision itself.
: P 9 Trading is not only relevant to CBSD. Context-aware

most of their current shortcomings. An extension of the . : .
. . I . software, such as mobile computing or adaptable applica-
information used for describing COTS component services . : . . . .

POI’]S, can greatly benefit from trading since it provides ser-

is also presented, where not only are the functional aspects of . . . . .
vice discovery in local environments and enables automatic

the components taken into account, but also extra-functional - ) )
application re-contexting. Moreover, enhanced traders with

requirements, architectural constraints and some other non-_"" . . S .
technical factors. Based on this information, a template for quality of service (QoS) facilities can provide the means of

describing services queries is defined. With all of this, it is self-configuring multimedia applications. In this paper, we

possible to improve both the service ‘export’ and ‘import’ will concentrate only on COTS componenttrading. However,

processes, and to design and develop enhanced traders thQ?OSt of our discourse is also applicable to all disciplines in

make use of the Internet facilities for locating and retrieving which trading is required.
COTS components. Finally, we will see how it is possible to ) )
integrate the trader into spiral methodologies for building 2-1. Trading requirements

component-based systems, providing partially automated e following list presents the features and characteristics

support for the search and selection processes of COTSihat we think traders should have in order to provide
components that match some of the architectural constraints 5, effective COTS component trading service in open

This kind of spiral methodology is the one commonly gystems,
used in CBSD (see, e.g. [12]). It progressively produces
more detailed requirements, architectural specifications and (i) Heterogeneous component modal trader should

system designs by repeated iterations, until a stable solution not restrict itself to a particular component or object
is found. model, but it should be able to (simultaneously) deal
Throughout the document, we will consider components with different component models and platforms, such
to be binary units of possibly independent production, as CORBA, the CORBA Component Model (CCM),
acquisition and deployment thatinteractto form a functioning Enterprise Java Beans (EJB), Microsoft's Component
system [13]. Although our proposal is valid for any kind Object Model (COM) and .NET etc. Heterogeneous
of software components, we have focused mainly on COTS traders should trade with multiple service access
components. The adjective COTS will refer to a special kind protocols, and accommodate the evolution of the
of component: acommercial entity—i.e. one that can be sold current models.
or licensed—that allows for packaging, distribution, storage, (i) A trader is more than a search enginEraders may
retrieval and customization by users and which is usually superficially resemble search engines, but perform
coarse-grained and lives in software repositories [14]. more structured searches. In a trader, the match-
The rest of the paper is organized as follows. Section 2 making heuristics need to model the vocabulary,
describes the features that traders should have, and discusses distance functions and equivalence classes in a
the shortcomings of current traders. Section 3 defines the domain-specific property space, in contrast to
concepts of ‘service’ and ‘service type’ that will be used in the keyword-based, domain-neutral matchmaking
our context. Then, Section 4 describes ®@TStrader, supported by search engines.
an implementation of an Internet-based trader for COTS (iii) Federation Cooperating traders can federate using
components, together with a proposal for documenting different strategies. The direct federation approach
components. Section 5 discusses how the trader can be requires traders to communicate directly to (and
effectively used within spiral methodologies for building know) the traders they federate with. Although
COTS-based systems, providing automated support for it is a very secure and controlled scheme, the
CBSD. We have also looked at the situation of existing COTS communication overhead grows with the number of
component vendors, trying to analyze how large the gap federated traders. In the repository-based federation,
is between the information they currently provide and the multiple traders read and write to the same service
information needed for effective trading. The results are repository; traders are not directly aware of each
presented in Section 6. Finally, Sections 7 and 8 relate this other, so this approach is scalable. The problem s the
work to other similar approaches and draw some conclusions, implementation of a globally accessible repository.
respectively. However, this may not be an issue in the Internet,
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(iv)

v)

(vi)

(vii)

(viii)

(ix)

since search engines may naturally provide the basis trader should be possible to be extended by users
for such a repository. in an independent way, and still the trader should
Service composition and adaptatiddurrent traders be able to use all its functionalities and capabilities.
focus on one-to-one matches between client requests Furthermore, no matter how traders federate or organ-
and available service instances. A compositional ize, scalability should be guaranteed in large open
trader could also consider one-to-many matches, distributed environments such as the Internet.

by which a client request can also be fulfilled by (x) Support of both ‘automatic’ and ‘store and forward’
appropriately composing several available services, imports If a trader cannot fully satisfy a request, it
which together provide the complete services. can either automatically reply back to the client with
Furthermore, one-to-one exact matchmaking is also a denial (automatic behavior), or it may also store the
inadequate in a number of situations, e.g. when request and postpone the reply until a suitable service
format, QoS or performance mismatches happen provider is found (store and forward import).
between the client and the closest matching service (xi) Support of both ‘push’ and ‘pull’ model$n a push
instance.  This problem can be addressed by model, exporters directly contact the trader to register
composing such a service instance with format their services. A probably more convenient way of
translators and performance monitors to reduce working in a large open and distributed environment
mismatches. is by using a pull model, by which exporters make
Multiple interfaces In object-oriented systems, the publicity campaigns of their provided services
services are described by interfaces, and each available at their Web sites, for instance, and the
object provides just one interface (although it may traders are continuously looking for new services.
be obtained from many by multiple inheritance). Bots and search engines can be used to enhance
However, components may simultaneously offer current traders, which use a push model that crawls
several interfaces, and thus, services should be the Web looking for services and ‘pushing’ them into
defined in terms of sets of interfaces. This fact the traders.

has to be especially considered when integrating (xii) Delegation Traders should be able to delegate
components, since conflicts between components requests to other (smarter) traders, if they cannot
may appear to be offering common interfaces [15]. resolve them. Delegation of the complete request or
SoftmatchmakingTraditional ‘exact’ matches be- only parts of it should be desirable.

tween imports and exports are very restrictive in real
situations in which more ‘relaxed’ matching criteria
should be used. This is even more important when
trading for services in open and independently ex- Existing traders mostly follow the ODP trading model [19].
tensible systems, such as the Internet, where methodAlthough this is a complete and very well-designed trading
names and the operations that comprise the offeredmodel, it follows the general ODP (object-oriented) model,
services are chosen in a non-standardized arbitrary and therefore it presents some limitations when used in open
way and without agreed procedures. Therefore, par- systems. Actually, based on the experience obtained from the
tial matches that also select those candidates that mayexisting commercial implementations of the trading service
provide (part of ) arequired service should be allowed (e.g. [20, 21, 22]) and on the basis of some closely related
when building the list of candidate components. works and academic traders (e.g. [11, 23, 24, 25, 26]), we
Use of heuristics and metrics (preferencedgers can see how current tradergl) deal with homogeneous
should be able to specify heuristic functions and object models only;(2) use direct federation(3) do not
metrics when looking for components, especially in allow service composition or adaptatioi4) work with

the case of soft matches. ‘exact’ matches, and only at the signature ley&);, do not
Extended subtyping procedure€urrent traders  deal with multiple interfaces; ang) are based on a push
organize services in a service type hierarchy in order model only.

to carry out the service matching process. Centralto  Our main purpose is to design a trader that can help
type matching is the notion of subtyping. TypeA is overcome these limitations; a trader specifically designed to
a subtype of TypeB (TypeA TypeB) if instances of  deal with COTS components in Internet-based environments.
TypeA can substitute instances of TypeB and clients

are not able to detect the change [16]. Subtyping 3 SERVICES AND SERVICE TYPES

is now checked merely at the signature level, but

extensions need to be defined in order to cope Components offer services, clients request services and
with ‘behavioral’ information [17], ‘protocols’ [18],  traders deal with services. Therefore, we should start by
QoS etc. defining what a service is. We will adopt here the 1ISO
Independent extensibility and scalabilit@ompon- definition of service given in the ODP trading service
ent behavior, extra-functional requirements, QoS, specification [19]: ‘A service is a set of capabilities provided
marketing information and semantic data should also by an object at a computational level. A service is aninstance
be considered. The information managed by the of service type’.

2.2. Shortcomings of current traders
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In ODP, a service type is an interface signature type, a set We have used XML as the language for documenting
of property definitions and a set of rules about the modes components (i.e. describing services) and expressing queries.
of the service properties. Interface signatures describe theXML is simple, extensible and widely accepted within the
service functionality in terms of attributes and methods (ODP Internet community.
is object-oriented). Service properties are triplets (name, In order to illustrate our proposal we will use a simple
value type, mode), where the name identifies the property example, that of a one-place buffer component with the
(e.g. AllowEncryptior), the value type establishes the type of usual operations ead() andwite(). It also makes
allowed values for the property (e.g. Boolean) and the mode use of another component to print out the values written
specifies whether the property is read-only or read-and-write, in its cell, using methogbr i nt () every time a new value
or whether itis optional or mandatory. In addition, properties is written. Despite its simplicity, this example will allow
can also be declared as dynamic, which means that instead ofis to illustrate our approach for documenting components,
having a fixed value assigned, they have an external evaluatothe export and import processes and the way the trader
associated, which is in charge of dynamically providing the works. This example, together with several other examples
current value of the property (e.g. the current length of a and applications, is available at the COTStrader Web site
queue). http://www.cotstrader.com/.

This kind of ODP service type is the one commonly used
in most current traders. However, we need to extend this4.1. Exporting services
definition in order to allow more complete descriptions of o
the services, and to accommodate the specific requirementd©r the description of a COTS component we have
of COTS component-based systems. designed some Document Type Definition (DTD) tem-

In our context, a service type will consist of four plates based on the W3C’s XMLSchema schema language

main parts. The first one describes thactional (i.e. (htt p: // www. wc. or g/ 2000/ 10/ XM.Scherma).
computational) aspects of the service, including both The foIIowmg.showsasmple skeletal instance of the schema
syntactic (i.e. signature) and semantic information. Unlike t€mplate designed for the case of tbeePl aceBuf f er

the ODP service type which contains just one interface, COmMponent.

our functional description of a service defines the sets of
provided and required interfaces. Semantic information
can be described at two different levels, depending on
whether it specifies the behavior of the operations (which
can be described using pre/post conditions, for instance),
or the relative order in which a component expects their

<?xm version="1.0"?>
<COTSconponent name="OnePl aceBuffer"
xm ns="http://ww. cot strader.com
COTS- XM_Schena. xsd"
xm ns: xsd="http://ww. w3. or g/ 2000/ 10/

. XM_.Schema" >
methods to be called, and the way it calls other components’ . | .\ 0 oo </ functional >
methods—i.e. its service access protocols (also called <properti es> T </ properties>
choreography). < . T .
. . packagi ng> ... </ packagi ng>
The second part describes tiera-functionalaspects of <marketing> ... </marketing>

the service (e.g. QoS, security etc.) in a similar way to ODP
i.e. by means of services properties.

The third part contains theackaginginformation: about As we can see in the XML document, the description of a
how to download, deploy and install the COTS component component begins with @OTSconponent tag where the
that provides the required service, including implementation DTD name spaces used and the name of the component are
details, context and architectural constraints etc. established. Then, the body of the XML document describes

Finally, themarketinginformation deals with the rest of  the four main parts that a service type consists of, as defined
the non-technical issues of the service, such as licensing andn Section 3.
pricing information, vendor details, special offers etc.

</ COTSconponent >

4.1.1. Functional description

4. ACOTStrader FOR OPEN SYSTEMS The functional description of a component follows an
. » i . approach similar to that of most common component
Once we have identified the requirements of a trader in nodels such as CCM, EJB or EDOC [27]. Actually,

open systems, this section describes the implementation;; -an be used to describe components of any of these
of an Internet-based trader for COTS components, called nodels. The information contained in this part includes
COTStrader. the set of interfaces that the component implements, the

~ We have divided this section into three main parts. The get of interfaces that the component requires from other
first one deals with component and service documentatlon,ComponemS and the sets of emitted/consumed events.

i.e. how to describe the services provided by the COTS

components in terms of their service types. The second part<f unct i onal >

defines how clients may query the trader and express service <pr ovi dedl nt er f aces>

imports. Finally, Section 4.3 describes the trading process of  <i nterface nane="interfaceA'> ...
COTStrader. </interface>
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<interface nane="interfaceB"> ...
</interface>
</ provi dedl nterfaces>
<requi redl nterfaces>
<interface nane="interfaceC'> ...
</interface>
<interface nane="interfaceD'> ...
</interface>
</requiredlnterfaces>
<consunedEvents> ... </consunedEvent s>
<producedEvents> ... </producedEvents>
<chor eography> ... </choreography>
</ functi onal >

The last part€chor eogr aphy>) allows the description

<requi redl nterfaces>
<interface name="Printer">
<descri ption notation="1DL- CORBA">
interface Printer {void print
(inlong x); };
</ descri pti on>
</interface>
</requiredlnterfaces>

As we can see, not only can the syntactical description
of the interfaces (i.e. their signatures) be expressed,
but also their behavioral semantics using any nota-
tion, such as Larch-CORBA (http://www.cs.iastate.edu/
~leavens/main.html#LarchCORBA). This notation allows
the specification of the pre- and post-conditions of the meth-

of the ‘service access protocols’, which define the relative ods implemented by the component.
order in which the component expects its methods and events The main information described in this XML template

to be called, and the order in which it emits events and calls usually comes inside thedescri pti on> tag.

This

other components’ methods. Semantic information can alsoinformation can be either implicitly included in this tag, or a
be added to the syntactic description of the operations usingreference to an external location can be made usinirtieé

a<behavi or > tag.
Letusillustrate all this using the one-place buffer example,
for which the first two parts can be described as follows.

<provi dedl nt er f aces>
<interface nane="| OnePl aceBuf fer">
<description notation="1DL- CORBA">
interface | OnePl aceBuffer {

void wite(in long x); long read(); };
</ descri ption>
<exact Matching href=".../servlet/

| DL- CORBA. exact "/ >
<sof t Matching href=".../servl et/

| DL- CORBA. soft"/ >
<behavi or >
<descri pti on notation="Lar ch- CORBA" >
interface | OnePl aceBuffer {
initially self’ = enpty;
void wite(in long x){
requires i senpty(self);
nodi fies self;
ensures sel f’
}
long read() {
requires "iskEnpty(self);
nmodi fies self;
ensures isEnmpty(self’) /\

append(sel f°, x);

result = head(self");
}
}
</ descri ption>
<exact Matching href=".../servlet/
Lar ch- CORBA. exact"/ >
<sof t Matching href=".../servl et/

Larch- CORBA. soft"/ >
</ behavi or >
</interface>
</ provi dedl nterfaces>

attribute.

We did not want to commit to any particular notation to
express the information contained in the XML templates.
Therefore, theiot ati on’ attribute is present in most
fields. It currently has several pre-defined values, but it is
a matter of clients and servers agreeing to the values they
want to use. More than providing a syntax for importing
and exporting services, our goal is to provide a template that
can be used for clients and service providers to express the
information they want to share; a template that is able to
evolve as the market does.

Associated to each notation for describing behavior, there
may also be a reference to a couple of procedures that
will allow the trader to do the matchmaking process. In
this example, Lar ch- CORBA. exact’ is the name of
a program that is able to decide whether two behavioral
descriptionsA and B, written in Larch-CORBA, satisfy
that A can replaceB [28]. Analogously, the second
program Lar ch- CORBA. sof t ' is the one in charge of
implementing the softmatchmaking process [29].

These programs have the same interface. They are both
servlets that accept as arguments two pieces of text (i.e. two
strings) with the two specifications to compare, and return a
Boolean value with the result of the comparis@iRUE if the
specification given in the first argument is a subtype of the
secondFAL SE otherwise.

We have distinguished between two kinds of matchings:
exact(<g) and soft(<s). Exact matching is the usual kind:
given two interfacegt andB, we shall say thatt <g Bif A
can replaceB, i.e. if A is a subtype oB using the common
subtyping relations for interface signatures [19, 30]. This
operator can be defined not only atthe signature level, butalso
be naturally extended to deal with the semantic descriptions
of components, following the usual subtyping relations for
pre- and post-conditions [17, 31] or protocols [16, 18].

On the other hand, softmatchmaking between interfaces
is defined for achieving partial matches. At the signature
level we shall say thatt <g B if interface B ‘contains’
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some of the services defined i and we shall also write
AN B # ¥ (please note that s is not a pre-order). This
relation intuitively means thaB offers at least one of the

4.1.2. Extra-functional description
The second part of tHeOTSconponent template describes
extra-functionablspects (e.g. QoS, ‘ilities’, ‘nesses’etc.) ina
methods required byt. The extension of this operatortodeal similar way to ODP, i.e. by means of service properties [33].
with semantic information is due to Miéit al. [29], who also We have studied the importance of extra-functional
define semantic distances between component specificationsnformation and how to include it into our COTS documents
The last part, calledchor eogr aphy’, deals with the [34]. We have adopted the ODP way of describing
semantic aspects of the component that globally describe itsextra-functional properties, using properties, which is the
behavior, and that cannot be usually captured by the semantusual way in which the extra-functional aspects of objects,
ics of the individual interfaces, namely the relative order in services and components are expressed in the literature.
which the component expects its methods to be called, theWe suggest using W3C types for describing properties,
way it calls other components’ methods, or how operations although any notation is valid for describing them (e.g. the
in separate interfaces interleave. In the example, the LarchOMG’s CCM style [35, pp. 10-365], that also uses an XML
description uses pre- and post-conditions to specify the vocabulary).

behavior of the operations provided by the buffer. However,

Thus, the<pr oper t i es> tag will describe a collection

this information does not capture details as to when the of properties, each one indicated by<pr operty> tag,

required operatiompr i nt is invoked, or the partial order
in which the buffer operations should be called. This
is commonly known as protocol information [7, 32], and

and with a type and a value associated (see below). Dynamic
properties can also be implemented in this approach,
indicating the reference to the external program that will

can be expressed in many different notations such as Petrievaluate their current values.
Nets, w-calculus, Message Sequence Charts etc. In this
example, the actual description is given in-line and there are
two external references to the programs that implement the
exact and softmatchmaking checks [18]. The parameters of
these two servlet programs are again two strings with the
specifications to compare, and the result is a Boolean value
indicating if the specification given in the first argument is a
subtype of the second.

<properties notation="WBC'>
<property name="capacity">
<type>xsd:int</type> <val ue>1</val ue>
</ property>
<property nanme="i sRunni ngNow" >
<t ype>xsd: bool ean</type>
<val ue href=".../running.cgi"/>
<!--dynam c property-->
</ property>
<property nane="keywords" conposition="AND'>
<property name="keyword">
<type>xsd: string</type>
<val ue>st or age</ val ue>
</ property>
<property nanme="keyword">
<t ype>xsd: string</type>
<val ue>bounded</ val ue>
</ property>

<chor eogr aphy>
<descri ption notati on="P| - CORBA" >
Enpty(ref,printer) =
ref?write(x,rep).printer!print(x).
printer?().rep!().
Full (ref,printer,x) ;
Full (ref,printer,x) =
ref ?read(rep).rep!(x).
Enpty(ref,printer) ;
</ descri pti on>

<exact Matching href=".../servlet/ </ property>
Pl - CORBA. exact" /> </ properties>
<soft Matching href=".../servlet/

Please notice how we allow keyword-based searches too,
including the special propertkeywor ds’.

In order to deal effectively with extra-functional
requirements, we have used some principles from a
qualitative approach called the NFR Framework [9]. This
approach is based on the explicit representation and
analysis of extra-functional requirements. Considering their
complex nature, we cannot always say that extra-functional
behavior is defined by procesall | , which specifies that  requirements can be entirely accomplished or satisfied.
the buffer can only accept mead operation in that state. = Rather, the NFR Framework represents extra-functional
Aresponse is sent once this operation has been received, ancequirements as softgoals, which do not necessarily have
the buffer changes its stateEapt y. In[7] we can find more a priori, clear-cut criteria of satisfaction.
information on protocols and their importance for specifying  In addition, extra-functional requirements can contribute
components, beyond pre- and post-condition information. positively or negatively, and fully or partially, toward
Further information on the notation used can be found in achieving other extra-functional requirements. First,
[32], and the subtyping mechanisms used in the matchingthey are decomposed into more specific extra-functional
programs are described in [18]. requirements. For instance, the security requirement can

Pl - CORBA. sof t"
</ chor eogr aphy>

/>

The choreography for the buffer is expressed in a
m-calculus-based notation [32]. As we can see, initially, the
buffer only accepts awr i t e operation, and then calls the
pri nt method of thepri nt er component, waits for its
response and replies to tiaei t e operation. After that, its
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be considered to be quite broad and abstract. To explicitly any of the operations provided by thénePl aceBuf f er
deal with such a broad requirement, we may need to break itinterface is less than 10 ms can be expressed as follows:
downinto smaller parts, so that unambiguous solutions can be

found. By treating this high-level requirement as a softgoal

to be achieved, we can decompose it into more specific

subgoals, which together satisfy the higher level softgoal
(this is an AND type of contribution). For instance, the

<property name="responseTi ne">
<type>xsd: f | oat </ t ype><val ue>10</ val ue>
<i npl enent edl n>1 OnePl aceBuf f er
</i npl enent edl n>

security softgoal can be decomposed into three sub-softgoals</ Pr oper ty>

integrity, confidentiality and availability. Another kind of
composition is the OR type: the softgoal is satisfied if any of
its subgoals is.

Thus, at the COTS component description level we can
enrich the description of properties, which may be either
single properties, or composition of properties. Composition

For a list of the quality properties for COTS components,
the interested reader can consult [36].

4.1.3. Packaging/architectural constraints
This part contains theackaginginformation about how

to download, deploy and install the COTS component that
provides the required service, including implementation
details, context and architectural constraints etc. Again, there
isa<descri pti on>tag with the appropriate information
written according to a particular notation, either implicitly
encoded in the XML document, or pointed at by lanef
reference.

can be either AND-composition or OR-composition.

<property name="aut hori zation"
conpositi on="OR'>
<property nanme="user Aut hori zation">
<type>xsd: string</type>
<val ue>L0Od N</ val ue>
</ property>
<property nanme="nanager Aut hori zati on" >
<t ype>xsd: string</type>
<val ue>ADM N</ val ue>
</ property>
</ property>

<packagi ng>
<descri ption not ati on="CCM sof t pkg"
href=".../ M/l npl ement O OnePl aceBuf f er.
csd" />
</ packagi ng>

In this example, the CCM ‘softpackage’ [35] description
style is used. A CORBA component package maintains one
or more implementations of a component, and consists of
one or more descriptors and a set of files. The descriptors
describe the characteristics of the package—such as its
contents or its dependencies—and point to its several
files. This information allows description of the resources,
configuration files, the location of different implementations
of the component for different operating systems, the way
those implementations are packaged, the resources and the
external programs they need etc.

We may need to express that a given property (no matter
whether it is simple or composed) is ‘implemented by’ a
given functional element (e.g. an interface). In NFR terms,
this expresses that the functional element ‘operationalizes’
the property, i.e. this element is the one in charge of
‘implementing’ it. This permits traceability of requirements
(in order to determine the functional elements which provide
a given extra-functional requirement). Analogously, we can
express that a given property is ‘present’ in a given functional
element, i.e. this element ‘exhibits’ the property (by default,
the whole component).

For instance, think of a property named
‘user Aut hori zation’ that reflects the require- 4-1.4. Marketing information
ment of having to authorize any component user before Finally, other non-technical details of the service are also
accessing any of its services. Among the many alterna-described in this section. Typical information described
tive ways of implementing it, imagine that the component here includes vendor information, licensing and commercial
provides an interface | Logi n) with operations for aspects, certificates, vendor support, level of customization
user ‘login’. In this sense, theser Aut hori zati on allowed etc.
property is implemented by thd Logi n interface,

which can be expressed as a child XML element of the <To! Keting>

ronerty: <license href=".../license.htm" />
property. <expi rydat e>05- 10- 2003</ expi rydat e>
<property name="user Aut hori zati on"> <certificate href=".../lcard.png" />
<vendor >

<type>xsd: string</type>

<val ue>L0Od N/ val ue>

<i npl enent edBy>I Logi n</i npl erent edBy>
</ property>

<conpanynane>E- Br okeri ng corp.
</ conpanynane>
<webpage>htt p:// ww. e- B. coni </ webpage>
<mai | t o>sal es@- Br okeri ng. conx/ mai | t 0>
<addr ess>

<zi p>04120</ zi p>

<street>Ctra Sacranento s/n</street>

Expressing that a given property is implemented in (i.e.
supported by) a component or in a functional element may
also be useful. Forinstance, the fact that the response time of
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<city>Al meria</city>
<count ry>Spai n</ country>
</ addr ess>
</ vendor >
<descri pti on>A one-pl ace buffer
</ descri ption>
<ManMont hsRD>1</ ManMont hs RD>
<ManhMbont hsSki | | Fact or >3
</ ManMbont hsSki I | Fact or >
<Li nesOf Code>53</ Li nesCf Code>
<Devel oper - CMMt | evel >4</ Devel oper - CM\t | evel >
</ mar ket i ng>

<functi onal Mat chi ng>
<i nt er f aceMat chi ng>
<exact Matching href=".../
exact2match.cgi " />
</interfaceMat chi ng>
<chor eogr aphyMat chi ng>
<softMatching />
</ chor eogr aphyMat chi ng>
</ functi onal Mat chi ng>

<pr opert yMat chi ng>
<constrai nts notation="XQery">

(responseTime <= 10) and
(i sRunni ngNow = TRUE)
</ constraints>
<preferences notation="0DP">first
</ pr ef er ences>
</ pr opertyMat chi ng>

We have also included three tags that capture the infor-
mation currently provided by ComponentSource (www.
componentsource.com), one of the major software com-
ponent vendors for the industry. These tags are the
ManhMont hsRD, ManMont hsSki | | Fact or and
Li nesCOf Code. The Man Months Research and Develop-
ment is the time taken to research, develop and test the <Packaginghatching notation="XQuery">
current version of the product. The Man Months Skill Fac- description/notation = "CCM sof t pkg"
tor is the business skill-level needed to design and develop (description/inpl enentati on/ os/
the product in the number of man months indicated in the name="WnNT" or
ManMont hsRDfield. Finally, Lines of Code is the number descri pti on/inpl ement ati on/ os/
of lines of code that is in the current version of the prod- name="Sol aris")
uct. Please note how these values try to measure the effort </ Packagi nghat chi ng>
involved in developing the component, so the potential
acquirer can decide whether it is worth buying the compo-
nent, or if it is better to develop it from scratch—which is vendor/address/ country = " Spai n”
probably the most crucial decision. (An old rule of thumb </ mar keti ngMat chi ng>
in CBSD says that if you have to adapt more than 20% of </ COTSquery>
the component functionality in order to integrate into your  The first section COTSdescri ption) explains
system, you had better develop it yourself.) the target service by using the previously described

Another interesting information is the capacity and coTSconponent template. The client fills in the required
maturity of the development environment of the component ya|yes (interfaces and properties) that will be used to com-
developer, expressed in terms of the Capability Maturity pare against the information available in the service exports
Model (CMM). Finally, it is also worth noting the  that the trader knows about. An example of such a de-
<expi rydat e> tag, which allows old service offers to be  scription template is shown below (the one referenced as
readily purged. Querylinthed i ent Query template above).

and

<mar ket i ngivat chi ng not ati on="XQuery" >

<?xm version="1.0"?>
4.2. <COTSconponent name="Queryl"

Once we have described how to document component XM ns="http://wwmw. cotstrader. con
services, this section discusses how to import them, i.e. ~ COTS-XM.Schema. xsd" >
how a client may locate them using tH@OTStrader <functi onal >
service. <provi dedl nt er f aces>
In order to import a service, the client needs to provide <i nterface name="onePl aceBuffer">
two XML documents. The first one, calle@OTSquery, <description notation="1DL- CORBA">
contains the selection criteria to be used by the trader to look interface | OnePlaceBuffer {
for the service. The second document describes the main void wite(in long x); long read();

features of the required service. I
</ descri pti on>

</interface>
</ provi dedl nt erfaces>
</functional >
<properties notation="WBC'>
<property name="responseTi ne"
priority="7">

Importing services

<?xm version="1.0"7?>
<COTSquery nanme="d i ent Query"
xm ns="http://ww. cotstrader. conl
COTS- XMLSchena. xsd" >

<COTSdescription href=".../Queryl. xm" />
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<t ype>xsd: fl oat </t ype> 4.3. The trading process

</ property>

<property name="i sRunni ngNow'

priority="2">

<t ype>xsd: bool ean</type>

</ property>

</ properties>
</ COTScomponent >

COTStrader is an implementation of a trading service that
provides a mapping between a client query (i.e. an import
operation) and a set of COTS components that may act as
valid service providers for that query (exporter candidates).
We have already discussed the notation for exporting and
importing services, by means of XML documents. In this
section, we will discuss how the trading process works, and
how potential clients can make use of it.

Our implementation of theCOTStrader consists of a
CORBA object, which has two main interfac&ggi st er
and Lookup, similar to the ones supported by the ODP
trader.

The last four parts of th€l i ent Quer y XML document
describe the selection criteria to be used. In the functional
part, apart from the services description, the required
kind of matching in each case can also be specified.
The client may specify whether the matchmaking process
should be exact or soft, and optionally the matchmaking npqyi e corstrader {
program to be used (in that case, the program originally nterface Register {
stated in the target COTS component description is ool ean export (in string

ignored). XMLCOTSConponent ,
Property-based matching is done in the usual way for ODP in string userlD,
traders, using constraints and preferences. Constraints are out string results ):
Boolean expressions consisting of service property values, oo ean wit hdr aw(in string
constants, relational operators, (>=, =, ! =), logical XM_COTSConponent ,
operators 1fot , and, or) and parenthesis, that specify in string userlD,
the matching criteria in order to include a component out string results ):
in the trader’s list of candidates for the current search. bool ean replace (in string
Constraints are evaluated by the trader by substituting the ol dXMLCOTSConponent ,
property names with their actual values, and then evaluating in string ol duserlD,
the logical expression. Components whose constraints are in string
evaluated to be false are discarded. We have used the newxXM_COTSConponent
notation defined in the W3C’s XML QueryAlgebra proposal in string newuserlD,
to write the matching expression (http://www.w3.org/ out string results );

TR/query-algebra/). :
Another issue during the selection/matching process jnterface Lookup {

is resolving conflicts between contradictory properties. bool ean query (in string

Assigning priorities is one of the possible solutions to deal XMLCOTSquer yTenpl at e,
with conflicts. Priorities can be assigned to each first-level in long

property in the<properti es> tag, using the scale 0 MaxCandi dat es,

(very low) to 9 (very high), which is the scale commonly in bool ean

used in many decision-making processes. For instance, St or eAndFor war d,
some security properties may be in conflict with some out |ong nHi ts,
performance requirements (security checks may consume out string tenplates,
some time, which will have a negative impact on the out string results);

response time of the component). Assigning priorities can 4.

help to decide the order between components in case nong .

of them implement all required properties (e.g. a very fast '

but not secure component versus another component that The three methods of interfac®egi st er allow
implements security mechanisms but with a slower responseregistration of a COTSconponent document in the

time than required). trader, repository, its removal and updating of this
Preferences allow the sorting the list of candidates accord-information respectively. All methods retuRUE if the

ing to a given criterion using the ternfig r st , random operation succeedALSE if it fails. The results

m n( expr) andmax(expr), whereexpr is a simple parameter contains a description of the failure in the

mathematical expression involving property names [19]. latter case.

Finally, packaging and marketing information is matched  InterfaceLookup has only thequery operation, used
using expressions that relate the values in the appro-to look for components. In addition to tHeOTSquery
priate tags €packagi ng> or <mar ket i ng>) of the template with the selection criteria, the user may specify the
COTSdescri pti on query. In this example, the notation maximum number of candidates to be returned, and whether
defined in the W3C’s QueryAlgebra proposal is used again a ‘store-and-forward’ policy is followed. This operation
for building the ‘select’ expressions. returns the number of services found and a string with the
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sequence ofCOTSconponent templates, one for each elements are described i and T are compatible,
component found. the programm is used for the element.
COTS vendors may export their services to the  (ii) If there is no such matching program specifieddn
COTStrader using either a push or a pull model. In the first but there is one iIT, it is used.
case, the exporter directly accesses the trader and registers (iii) Otherwise, if there is a default matching program in
the component information using the operations listed above. theCOTStrader that can handle the notation in which
Apart from this CORBA interface, we have built a portal to the elements to be matched are described, it is used.
access th€OTStrader services using Web forms. (iv) Otherwise, the component is marked as ‘potential’
In the pull model, the exporter only has to leave the candidate, since no checks are possible for that
XML document with the component template in a place particular element.

accessible to Web search engines. Together with the basic ) )

trader we have also developed another component called the After repeating th.'s process for all elementﬂntemplate
ServiceFetcher, which uses automated searchers (bots) and 1 iS: (&) discarded if any of the tests has failed, (b) included
well-known search engines to locate Web pages that containiln_the list of candidates if all tests have succeeded or

XML descriptions of services, i.eCOTScomponent (c) considered as ‘potential’ candidate if all tests have either
templates. Once found, they are automatically registered atSUcceeded or there was no matching program for a particular
the COTStrader. functional element. The manner of dealing with ‘potential’

Our current implementation dEOTStrader just keeps a candi_dates will depend on the sort of matching selected by
database with the XML registered templates, which serves € client (soft or exact).

as its repository. In this sense, it is just a prototype (i) |n the case of soft matching; is included in the list
implementation to validate the feasibility of our proposal. of candidates, after those which passed all the tests.

Once a query is received, the trader looks in the repository (i) In the case of exact matching, our algorithm compares
trying to match existing component descriptions with the only the signature information, checking that:
required one. The algorithm currently followed by the (a) all provided interfaces and consumed events
COTStrader to match whether a COTSquery templade defined inQ should be present ifi, and they need
matches a template from the repository (hence including to be syntactically equal:
in the list of candidates for that query) performs the following (b) the sets of required interfaces and emitted events

steps: in O should be a superset of thoseTn using a
() If a <mar ket i ngMat chi ng> tag is present irQ, syntactic match.
the QueryAlgebra expression is evaluated for the
fields of the corresponding tag &f referenced in 5. BUILDING COTS-BASED SYSTEMS USING
the expression.T is discarded if the expression is THE TRADER

evaluated to be false. It may happen that any field in ) ) ) )
the expression is presentin in this case the expres- As mentioned in the Introduction section, CBSD challenges

sion evaluates tGRUE. some of the current Software Engineering methods and
(i) The same happens for the<packagi ng- tools. For instance, the traditiqnal top-down or bottom-up

Mat chi ng> tag. development methods_ are not directly transfgrable to CBSD.
(iii) The same happens for thepr oper t yMat chi ng> Here, the system designer has also to take into account the

tag (which includes not only quality properties, but specification of pre-developed COTS components available
also keywords etc). In this case, the dynamic in software repositories, incorporating them into all phases
properties should be evaluated prior to evaluating the ©f the development process [1, 2, 3].

QueryAlgebra expression. The criterion described in Current solutions addressing these issues are usually based

the<pr ef er ences> tag is used to insef into the on spiral methodologies (see e.g. [12]), which progressively
list of candidates, in case it is finally selected. produce more detailed requirements, architectural specifica-
(iv) Functional information is then matched using the UONS and system designs by repeated iterations. _
‘matching’ programs.  Signatures (provided and A good. methodology for CBSD that_ follows this
required interfaces, in this order) are matched first, @PProach is due to Cheesman and Daniels [38]. After
then events if they are indicated, then choreographies the requirement analysis phase, an abstract and preliminary
and finally behaviors. This follows the usual least- software architecture of the system is defined from the user’s
cost pattern [37], which first filters those functional requirements, which defines its high-level structure, exposing
elements that are easier to test. its organization as a collection of interacting components.
These are called abstract components that are then matched

In the case of functional elements, the templates might gqainst the list of concrete COTS components available in
specify the matching programs for every particular element: gogare repositories. This is the so-called gap analysis

interface, behavior or protocol (events are only syntactically ohiem for which our trader tries to provide a solution. This
matched). trading process produces a list of the candidate components
() In case a matching program is specified inQ for that could form part of the application: both because they
a particular element, and the notations in which the provide some of the required services, and because they may
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(2) Translate image (GIS) arena, and consists of a common service to convert
from XML request spatial images, usually known as a Geographic translator
service (GTS). Briefly, a Sender component needs to send
a formatted image to a Receiver component, but instead of
GTS (Geographic sending it directly, it uses a translator service for dealing
(5) Pull Translated with all the issues related to image format conversion
'lnzgeféoT uuIb and compression. This simplifies both the Sender and

9eREIIENC®  the Receiver, taking away from them all those format-
compatibility issues.

Translator Service)

(1) XML request
(3) UUID Image
Translated Reference

SC (Sender | RC (Receiver The way the service works is shown in Figure 1. First,
Component) (4) Send UUID Image Component) the Sender forwards a request to the GTS with the required
Reference service and its related information:

<image url="http://.../downl oad/">
<nane input="Ri verl mage"
out put ="Ri ver | mage"/ >
<format input="DWG' output="DXF"/>

FIGURE 1. A schematic view of the GTS example.

fulfil some of the user’s (extra-functional) requirements such
as price, security limitations etc. : ; i —n "

With this list, the system architecture is re-examined in </<::Smwgre§55| on Tnput=r.zip® output=".tar*/>
order to accommodate as many candidates from the list as
possible. There are usually different ways to combine the Then, the GTS downloads a zip-compressed DWG image
candidate components to build the system. Such differentfromtheht t p site, generates a DXF file with the same name,
combinations (that we will call configurations) need to be stores it in a buffer, associates a unique (Universal Unique
generated and then shown to the system designer for alDentifier UUID) to it and returns the UUID to the Sender to
decision to be made: which configuration is the one that bestextract the converted file from the GTS buffer.
matches the user requirements, which components are still The following sections briefly describe how the example
missing and hence need to be developed and how much theystem was built. The interested reader can consult [39] for
initial software architecture should be changed (and whethera more detailed description of this example.
it is worth changing) in order to accommodate the COTS

components found. _ 5.2. Describing software architectures
Then, the system requirements are matched by the soft-

ware architect against those provided by the obtained COMplex software systems and applications require expres-
architecture, and revised if needed. The process starts agai§iVe Notations to represent their architectures. Traditionally,
until a software architecture that meets the user require- SPecialized Architecture Description Languages (ADLs)

ments and is ‘implementable’ from COTS components is have been used, allowing the formal description of the struc-
obtained [38]. ture and behavior of the architecture of the application being

As we can see, the software architecture is refined "ePresented [40]. However, the formality and lack of visual

(re-adjusted) at each step of the iteration. Atthe initial stages, SUPPOrt of most ADLs have encouraged the quest for more
instead of specifying abstract component interfacpsori, user-friendly notations.
they are obtained after analyzing the software components ©One of the proposals that makes use of UML to represent
offered in the component marketplace. The first trading for SOftware architectures is UML-RT [41], which originally
components is made basically looking for the main required defined UML extensions for modeling real-time systems, but
‘features’ of the components, using just selected keywords,?hat hgs also been s_uccessfully used in W|der environments,
and ‘soft’ matchmaking. As the architecture gets more and I particular to describe the software architecture of financial
more refined, the searches are based on more ‘exact’ matchegind banking systems [42]. Itis also supported by commercial
In this way, the architecture of the system is always built by t00IS (€.9. Rational Rose RealTime).
taking into account the third-party components available in ~ Figure 2 shows the software architecture of the example
software repositories, using a bottom-up approach. application drawn using UML-RT. Components are repre-
In this section we will see an example of how it is possible Sented by means of UML-RT capsules. Users’ requirements
to integrate the€OTStrader into this kind of spiral process, ~ and other component properties are documented by means of

automating most of the search and selection activities. %M'a notes )and tagged values (not shown for simplicity in
the drawing).

This subsystem contains a main component, the
Tr ansl at or, which uses the services of four other compo-
In order to illustrate our proposal we will use another nents: a file compressor, a geographical image converter,
example, extracted from a large application we developed a buffer for storing the image files, and a component for
within an industrial project, in which COTS components had intermediate representation and manipulation of the XML
to be used as much as possible. The example applicationdata. ComponentXDR and XM.Buf f er use another
comes from the distributed geographic information systems component POV to deal with XML documents using the

5.1. Anexample application
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[ ]
GTS Component
+/transProv
:ProtTrans~ +/FileCompressge
+/Translator :ProtComp-~ -
ProtTrans— +/FileCompressor [ 1 /fC:FileCompressor,
3 :ProtComp

+/ImageTranslator

‘ProtTransimg +/lmageTranslator

:ProtTransimg~

/trans:Translator

+/XDR L1 /iT:ImageTranslator|

:ProtXdr

L
+/XMLBuffer

:ProtBuffer
+/XMLBuffer +/XDR ] /XxDR:XDR
:ProtBuffer~ :ProtXdr~
[

+/Element +/Documen +/Element
:ProtElem :ProtElem

/xmiBuf
:XMLBuffer

+/Document
:ProtDocum

+/Element

/dom:DOM

FIGURE 2. The GTS software architecture in UML-RT.

DOM model. The interface of th&OM component is  software architecture gets progressively refined. Typical
available in commercial software packages such as IBM (increasingly stronger) levels of matching are: keywords,

XML4J or Sun JAXP. marketing and packaging information (operating systems,
component models etc.), quality properties, interface
5.3. Extracting component information names, interface operations and behavioral and semantic

) o information. Although the latter matchings are in theory very
Once the software architecture of the application is drawn, the useful, our experience shows that it is difficult to go beyond

information about the components, the services they offer andne |evel of looking for quality properties. Software vendors
require, and their properties must be extracted from the UML- g ot even include the names of the interfaces that provide

RT diagram. For that purpose we use a process that parseg,eir services, not to mention their semantics [10].
the (RTMDL) files produced by Rational Rose RealTime,

and produces a list of XMICOTSconponent templates 5.5. Building ‘configurations’

with the description of the components found in that -~ ]

architecture. Moreover, we have a generic tool that processes! raditionally,  the search and matching processes of
XML Metadata Interchange (XMI) files (www.omg.org) and Components have been defined on a one-to-one basis
produces th€OTSconponent templates, since we did not ~ [30: 31, 37], whereby each component implements just one

want to commit to any particular tool or graphical notation.  S€rvice, and requires none. However, this is not the common
case in most real applications; in general, COTS components

are coarse-grained components that integrate several services
and offer several interfaces. Think for instance of an Internet
Once we have a list ofCOTSconmponent templates navigator or a word processor: apart from their core services
describing the services that the components in our systemthey also offer many other services, such as Web page
should have, the next step is to invoke the trader. For composition, spell check etc.
each of those templates describing the abstract components, The trader can help to find and locate those components
the trader produces a list of candidate components, whichthat implement any of the services specified in the system
are available to implement the system. This process wasarchitecture. In this step, we face the problem of defining
described in detail in Section 4. those ‘combinations’ of the components found by the
As we mentioned earlier, the matching operations start trader that may implement the system (or parts of it). Of
with ‘soft’ matches (basically, by looking for keywords only)  course, there are usually many different ways of combining
and get more and more ‘exact’ in each iteration, as the the components found, since more than one component may

5.4. Invoking the trader services

THE COMPUTER JOURNAL, Vol.47, No.3, 2004




354 L. IRIBARNE, J. M. TROYA AND A. VALLECILLO

offer the same service (as may usually happen in the case of In order to validate our proposal we tried to build the
complex components providing several services). Let us call GIS example application described in Section 5.1 using
configurations to every alternative combination that can be COTS components. First of all, we surveyed the Web sites
built with the components found by the trader [15]. of different software component providers (such as IBM,

Not all configurations are ‘valid’ for building the system. Sun, ComponentSource, Flashline and OpenSource RedHat
The goal is to find those configurations with no service gaps Community), trying to fill-in our component templates with
and no service overlaps. Gaps happen when any componenthe information available about the components they sell
in a configuration provides one of the services required by or license. The study was conducted during the first half
the architecture. On the contrary, overlaps happen when twoof 2002, and the repository built with these samples can
or more components in the same configuration provide thebe found at http://www.cotstrader.com/samples/templates/
same service. repository.

The task of building valid configurations from the set of The results clearly show the gap between what is claimed
candidate components found by the trader is not an easy taskby the research community about the information needed for
especially when components may offer and require more thancomponent reuse (especially if we want to have automated

one service simultaneously. The idea is to start exploring support), and the (scarce) information provided by software

all the possible alternatives, and discard those with gaps orcomponent vendors.
25-40% of the information described in our templates was
available from the vendors.

overlaps.

A backtracking algorithm to build valid configurations
has been reported in a separate work [15], together with a
more rigorous definition of the concepts ‘valid configuration’,
‘closure’ etc. The implementation of the algorithm is now
part of the tool suite that accompanies the trader, and can be
obtained atth€OT Strader Web site. In[15]we also discuss
the process of ordering the valid configurations according to
some criteria, and how they are presented to the software
architect, for him/her to decide which is the most suitable for
his/her system.

In our example, we had a COTS component repository
built from the information provided by different software
component vendors. The trader found eight components
which provided one or more of the seven services required by
the components specified in the architecture. Out ofthe 2
256 possible combinations, 24 were valid configurations of
which only five were closed. ([39] contains a complete
description of this example.)

It is now up to the system architect to decide, based on
the list of configurations produced, how to proceed. For
instance, the system designer may decide to use one of the
configurations obtained, it being the best one that matches
his/her requirements. But he/she may also decide to review
the initial architecture in order to accommodate it to the
components found if any configuration really satisfies the
requirements. With this new architecture, he/she may start
the process again.

More precisely, we found that only

e <mar ket i ng> Most of this information is available

from most vendors.

e <packagi ng> Basically, only deployment character-

istics are available: CPUs, operating systems etc.

e <properties> Extra-functional information was

difficult to find, apart from some of the supported
features, and some very specific characteristics. For
instance, in the case of the spatial image conversion
components (such as BBN's OpenMap or ESRI's
MapObiject) there was information available about the
supported conversions (DXF, DWG, MIF,...), map
projections (Orthographic, Polyconic, Azimuthal, ...)
or the coordinate systems handled (UTM, GKM,
ECEF). But very little extra-functional information was
found about the quality of service provided, for instance.

e <functi onal > Apparently, the most ‘technical

and ‘easy-to-provide’ information. Most academic
proposals for effective CBSD provide successful
solutions based on this kind of information (component
interfaces and behavioral semantics), without which
(automated) CBSD seems unaffordable. However, that
was surprisingly the most difficult information to be
found. The very few vendors that provided some
functional information described just (some of) the
names of the supported interfaces, but nothing about
their operations, or their protocols or semantics.

These results evidence the need of better component
6. RESULTS AND DISCUSSION documentation, if effective component search and selection
In this section we will discuss some of the issues that cur- processes are to be achieved. Our evidence shows that we are
rently have an impact on the applicability of our proposal currently far from this, since we cannot even count with the
in commercial environments. The first issue is about the functionalinformation required for checking whether a given
documentation of components. There are several proposal$~OTS component fits into a software architecture described
for documenting them, using different notations and strate- by the interfaces and method names of its constituent
gies [3]. Most of the approaches agree on the basic cOmponents.
information that needs to be captured in order to build  Finally, another issue worth mentioning is that trading
component-based systems (e.g. [10, 43, 44, 45]. However,can be particularly effective in the case of large companies
few of the proposals are supported by tools, and probably working in very specific environments, and/or using product-

none is widely accepted by the industry for documenting line architectures [46] that rely on in-house repositories of
commercial software components. components previously developed for similar applications.
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7. RELATED WORK services cannot be captured with WSDL either, hindering the
tautomated assessment and selection of WebServices based on

Two main research lines can be related to ours: the design o . . . .
. extra-functional requirements and architectural constraints.
software component traders, and the documentation of COTS . .
In this sense, UDDI provides a very useful and complete

components so that they can be fully integrated into Softwaredirectory service, but it cannot really be regarded as a

Engineering practices and methodologies. trader: a trading service can be considered as an advanced

Most of the existing traders (e.g. [2.0’ .21’ 22, 23, 24, directory service which allows attribute-based search [47].
25, 26]) follow the ODP model [19] (which is also the one . . :
Besides, as a directory service, UDDI does not currently

adopted by the OMG), and therefore have similar features,i lement two features common to traders: federation and
advantages and disadvantages, as we have already discusseg” . ithouah th '.f. . t
in Section 2.2. An approach that somehow distinguishes it query propagation. Although the UDDI specification allows

from the rest, and which claims that an enhanced model forthe conc.ept. of afﬁhatmry , it does not really cpntemplate
the possibility of federation of UDDI repositories. Query

trading is needed for Internet-based software development is ropaaation between different UBRS is not allowed either

called WebTrader [11]. This proposal uses XML to describe P Rpe gardin the documentation of components this.is

component services, but the problem is that the information 9 9 . ponents,

) ) - currently a hot topic, and many authors are making different

it manages about components is somehow limited (actually, roposals [48]. To mention some of them. IBM is workin

it is very close to the information handled by the standard brop ' : . 9
on a proposal to document their large-grained components

ODP trader). (www.ibm.com/software/components), and there are several

A proposal very similar to ours is called Component- 4 nronosals from SEI (www.sei.cmu.edu) claiming better
Xchange [44], which also uses an XML-based specification component documentation. Han [43] has defined some

language for components, and |mp-|e-ment.s a Componentcomponent specification templates in a joint project with
broker over the In_ternet. However, it is qu'te focused on Fujitsu, Australia, which provide semantic information for
e-commerce, forcing components FO be I|cense-§1ware andproper usage and selection of components, in addition to
imposing the trader to be involved in the transaction. Fur- their standard signature description. Bastigteal [49]
thermore, it does not deal with any behavioral description of and Canakt al. [32] are among the authors that propose
the semantics of the components and has limited support forIDL extensions in order to deal with protocol information
some of the features required for COTStrader, such as imple—using Petri nets and-calculus respectively. Finally, Alves

menting a pull-based model and store-and-forward requestso; 4| [8] are working on the extra-functional side of

Agora is an interesting search engine for components components, trying to add this kind of information to
developed at the SEI, that provides agents that crawl the commercial components, with the goal of relating it to the
Web for components [45]. The components descriptions are grchitectural specification of the applications, too. Our
indexed and stored in the search engine. However, Agoraproposal for documenting components just tries to provide
deals only with the syntactic aspects of components, without 53 ommon template to integrate most of these different
considering the rest of their aspects (packaging, marketing.notations, aiming at being flexible and versatile enough to
properties etc.). host all of them.

There is also a directory service for WebServices, called
(Universal Description, Discovery, and Integration UDDI,
http://www.uddi.com). The companies that are willing to 8. CONCLUSIONS AND FUTURE WORK
advertise a WebService they provide, must register at aCBSD aims at building software systems by searching,
(UDDI Business Registry UBR), which is the repository used selecting, adapting and integrating (COTS) software
by UDDI to locate WebServices. A UBR repository contains components. In a world where the complexity of the
data about the registered companies structured in white,applications is continuously growing, and the amount of
yellow and green pages. White pages contain information available information is becoming too large to be handled
about the company providing the service. Yellow pages by human intermediaries, automated trading processes need
group companies according to the kind of services they to play a critical role.
provide. Finally, green pages contain the references to |n this paper we have analyzed the features that COTS
the WebServices Definition Language (WSDL) description components traders should have in open systems, and
of the services provided by a company, i.e. the technical presentedCOTStrader, an Internet-based trader for COTS
description of the offered WebServices. components that addresses the heterogeneity, scalability and

Apart from using these technical descriptions, searches areevolution of COTS markets. Furthermore, we have shown
focused on aspects of location, binding and communication how it can be integrated into some kinds of spiral CBSD
of WebServices. Precisely, one of the limitations of UDDI methodologies, providing partially automated support for
comes from the fact that these technical descriptions restCOTS components search and selection processes.
on WSDL, which only allows the capture of functional There are several possible extensions to our work. In the
information about the services being described, and thatfirst place, theCOTStrader fulfils some of the requirements
too only at the signature level (it does not allow any described in Section 2.1, but does not implement all of
behavioral or protocol descriptions). Furthermore, extra- them. Some issues remain open, such as the dynamic
functional information (e.g. quality-related attributes) about service composition and adaptation, the definition and usage
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of heuristic functions or the query delegation. ‘Semantic’ [9] Chung, L., Nixon, B. A., Yu, E. and Mylopoulos, J. (1999)
trading is not covered by our proposal either, since we do not Non-Functional Requirements in Software Engineering
currently deal with concepts, ontologies or knowledge-based Kluwer Academic Publishers.
trading. [10] Bertoa, M. F., Troya, J. M. and Vallecillo, V. (2003) A
We also need more tools to automate the matchmaking ~ Survey on the quality information provided by soft-
operators at the protocol and semantic levels. Compatibility ~ Ware component vendors. Rroc. 7th ECOOP Workshop on.
and replaceability of services are two of the key issues in Quantltatlvigggréazcggs n Objtegtt-oélented Sci]ftvlvagel Eznsgl-
CBSD, together with predictable assembly, and therefore the 3392293((? Universid ad:)ilirvrgsdg Li’sbsg_nany’ uly £2=29,
automated support for them seems to be crucial. ]

. [11] Vasudevan, V. and Bannon, T. (1999) Webtrader: discovery
Moreover, the emergence of Semantic Web cannot be and programmed access to web-based seriRester at the

ignored. Part of our current efforts is focused on enhancing 8th Int. WWW Conf. (WWWgJoronto, Canada, May 11-14.

the COTStrader to deal with the new Web advances, University of Toronto.

integrating our proposal with their notations (WSDL, WSFL, [12] Nuseibeh, B. (2001) Weaving together requirements and

RDF), resources and repositories, so they can be successfully  architectureslEEE Comp, 34, 115-117.

handled by theCOTStrader. [13] Szyperski, C. (1998 Component Software. Beyond Object-
Likewise, we are building bridges to other existing traders Oriented ProgrammingAddison-Wesley Professional.

(especially to CORBA ones). The ideais to be able to connect[14] Brown, A. W. and Wallnau, K. (1999) The current state of

COTStrader with other trading services tied to particular CBSE.IEEE Softw, 15, 37-46.

component technologies, aiming at the provision of a more [15] Iribarne, L., Troya, J. M. and Vallecillo, A. (2002) Selecting

complete and global COTS trading service. software components with multiple interfaces.Rroc. 28th
Euromicro Conf. Dortmund, Germany, September 4-6,

pp. 26—32. IEEE Computer Society Press.
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