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Component-based development is a defacto requirement for many competitive IT
industries. The implementation of component reuse ranges from the more isolated solu-
tion such as creating a new tool or language to the use of current industry standards such
as CORBA COM, EJB, and .NET. However, the complexity of managing and
maintaining reusable artifacts increases with large systems In the case of standard reuse
libraries, more overheard is associated with the management, storage, and retrieval of ar-
tifacts. To overcome this problem, this work presents a Wrapper-Based Framework that
promotes and facilities the design and development of domain-specific reusable
software components. The framework is based on the concept of Atomic Domain meth-
odology that signifies a reusable subsystem, which intelligently manages a collection of
highly reusable components in the application domain of interest. This methodology
largely reduces cost of component maintenance and the overhead associated with stan-
dard reuse libraries. This paper highlights the concept of atomic domains and proposes
a wrapper-based framework for domain-specific software reuse. |llustrative atomic do-
mains and a proof of concept functional prototype are also presented to demonstrate the
Atomic Domain methodology and the feasibility of this framework.

Keywords: software reuse methodology, component reuse, atomic domain, wrapper-
based framework, reusable domains

1. INTRODUCTION

The implementation of Component-Based Software Engineering (CBSE) has in ef-
fect become arequirement in today’s IT industry. The literature indicates that without an
investment in CBSE, there are possibilities for longer lead times, higher costs, lower
quality and possibly dropped projects, or a continued higher level in resource efforts in-
cluding maintenance. The implementation of CBSE ranges from the use of more isolated
solutions such as new languages [1], wrapping legacy components [2], refactoring [3],
program mining [4], implementing product populations [5], product line technologies [6],
and various domain analyses [7, 8] to the use of industry standards such as OMG's
CORBA Component Model, Microsoft’s Component Object Model, COM+, .NET, and
Sun’s Enterprise Java Beans [9]. Many of these industry standards are defined by a dis-
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tributed or runtime component model [10] while some lesser-known solutions follow a
more ‘local’ or embedded component model [11] such as PECT, Koala, PBO, PECOS
and the Rubus Component Model [12]. Each model has its own merits, conventions,
component definitions, and scope of use (application domain).

However, the complexity of managing and maintaining reusable artifacts increases
with large systems. In the case of standard reuse libraries, more overheard is associated
with the management, storage, and retrieval of artifacts. Leading from previous work [13]
on Atomic Domains, described in section 2 below, this work focuses on implementing
CBSE as aloca model based on two promises. The first promise defines the component
as the source code of amodule, class, or function. The use of such components, which is
not necessarily seen in the end product, may lead to lower development costs or shorter
lead times. This is code reuse in the strict sense of the term and implies that it targets
specific application domains. The second promise defines the components domain as
atomic. Atomic means that each domain is comprised of related components that are ir-
reducible. These two promises are significant in the approach to CBSE and together
comprise a general model from which has evolved the concept of the Wrapper-Based
Framework. Each atomic domain has a wrapper as its intelligent interface, through
which the selection of the proper component for reuse among all the related ones con-
tained in this atomic domain is automatically conducted based on the requirements of the
corresponding application. Unlike the standard model for domain construction, which
focuses on an application or a system [14], the construction of atomic domain incorpo-
rates related components from a heterogeneous collection of applications.

Fig. 1 shows a block diagram of the general model (section 3) in terms of multiple
atomic domains and their wrappers relative to an Integrated Development Environment
(IDE) and compiler. Wrappers are distinct units that communicate with the IDE and
compiler through their APIs (section 4). The wrapper API is an open design alowing
each wrapper manager to have access to the IDE and compiler and their resources such
as help, syntax checking, parsing, etc. In effect, each Wrapper Manager acts as a particu-
lar extension of the source code’s compiler, applying rules from an application domain as
to the use of a particular atomic domain.

/— Focus of this work —\
— ) )
- AP Manager ( Atomic Domain A )
Source IDE / Compiler —a» ) )
o . API Manager ( Atomic Domain B )
ode
(Wrzypgifmr;lenu E API Manager ( Atomic Domain C )
<+
J Future Wrapper additions

Fig. 1. The general model framework: an IDE, compiler, and three atomic domains.
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2.ATOMIC DOMAIN METHODOLOGY

The current reuse practice is mainly at the component-level. Reusable software
components can be found in numerous repositories. In general, the requirements for re-
usahility revolve around concepts such as generic packaging of abstract data types of
basic utilities and mathematical functions. A number of packages describing the stack,
for example, are found in the literature. These packages provide the generic parameters
necessary to reflect a broad range of applications of the stack. In contrast, RESOLVE
components [15] are derived from complete abstract specification, which begins to ad-
dress the issue of reasoning about component behavior. One of the major problems with
component-based reuse is that past component-level designs may not match new system
requirements. In addition, the overhead associated with the management, storage, and
retrieval of components in the reuse library is quite huge. Domain-level reuse may pro-
vide solutions to these problems. However, domains differ significantly from compo-
nents. The increased complexity of most domains makes it virtually impossible to for-
mally specify the behavior of an entire domain. For example, the complexity of a
real-world domain [16] would present the designer with many dimensions as to make a
generic description forbidding. This problem can be illustrated by considering the vast
number of application areas of robotics, communications, data mining, e-commerce, and
others. In order to overcome challenges brought by both component-based and do-
main-level reuse, we propose a novel atomic domain methodology to promote multi-
ple-component reuse at the domain level.

2.1 Atomic Domain

Domain analysis and design activities are intended to facilitate software component
reuse. In such context, each reusable component is considered independent and self-con-
tained item with limited relationships to other related components that share some com-
mon behavior. The Atomic-Domain methodology is centered around the idea of grouping
related reusable software components into atomic domains. It is introduced to promote
software reuse from its traditional component-level to the domain-level for effective re-
use. At the domain-level, related artifacts (including source code, compiled objects,
documentation, procedures, and policies) are grouped and treated as a single unit (atomic
domain). The atomic domain is embedded within a wrapper that acts as intelligent inter-
face between atomic domain and its clients. The wrapper handles communication and
management aspects between the internal artifacts and the outside world.

Defined in previous work [13], the concept of an atomic domain is derived from the
concept of Aggregates[17]. An aggregate is a collection of objects referenced by asingle
aggregate name, and addressing mechanism facilitates the cooperation between objects
within the aggregate and its users.

Definition An atomic domain is an aggregate of reusable artifacts that possess proper-
ties associated with a group of related domains. Properties of the artifacts cannot be sub-
stantially decomposed without altering the primary properties of the domains. The
atomic domain exhibits the following properties:
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1. High-level of cohesion among components. This property distinguishes the atomic
domain boundary from the standard domain boundary.
2. A common wrapper to support multiple-component reuse and management.

The atomic domain is an irreducible representation of a common subdomain of re-
lated domains, and it is amenable to formal specification. The composition of several
atomic domains using glue components help realize the advantages of the atomic domain
concept. One common obstacle to developing effective reusable components is the diffi-
culty of interfacing reusable components in new applications. Current technologies pro-
vide support for defining interfaces to reusable objects. While necessary, an interface
specification alone is insufficient to compose complex systems. The specification is es-
sentially a syntactic aid. Tools that support the interpretation of behavior of the subdo-
main are needed along with interface specification. The atomic domain concept is tended
to provide such semantic support.

2.2 The Wrapper

As an extension of the interface concept, the main role of the wrapper is to support
reuse of components (or artifacts in the general sense) encapsulated in the atomic domain.
Among others, the wrapper performs control and management functions to exhibit in-
formation about the atomic domain content and to provide the appropriate services to the
atomic domain clients. It acts as an intelligent interface between the user applications and
the atomic domain.

Definition The wrapper is a collection of mechanisms that exhibit the atomic domain
content to the outside world, control the interactions between the atomic domain and its
clients, and manage the use of artifacts in the atomic domain.

The wrapper consists of five components described as follows:

1. Taxonomy: The wrapper uses the common taxonomy of experts in the field to “de-
scribe” the atomic domain content. The taxonomy may include search keywords, ter-
minology and definitions, patterns, algorithms, and textual descriptions. In some cases
the taxonomy is expressed in a formal language; while in other cases the language is
not formal but a universally accepted interpretation among the domain experts.

2. Application Programmer Interface (API): The API descriptor includes formal pa-
rameters and expected behavior, known limits, and constraints (pre- and post-condi-
tions and data formats).

3. Manager: The wrapper manager determines the appropriate applicable componentsin
the atomic domain, and assigns (conceptually speaking) the component to the user ap-
plication. The manager relies on information presented through the API descriptor.

4. Communication Mechanism: The communication mechanism is used to present the
domain to the outside world. For example, the atomic domain source code artifacts
may be used through message passing or function calls.

5. Control Mechanism: The control mechanism is responsible for program flow within



WRAPPER-BASED FRAMEWORK FOR SOFTWARE REUSE 273

the domain, especially with complex atomic domains where input may be asynchro-
nous due to dependencies among domain components. The cohesiveness of the do-
main content is essential characteristic of the domain.

The wrapper components support domain analysis and design by improving the co-
hesiveness of the atomic domain. When a new component is designed for an existing
application, the wrapper helps determine whether the new component belongs to the
atomic domain. The wrapper description of the atomic domain boundary differs from the
traditional description of domain boundary as follows: It improves cohesion within the
atomic domain; the atomic domain artifacts communicate with the outside world through
a coherent set of message structures (or data structures); and the wrapper taxonomy can
be employed to support cataloguing and subsequent search, which is essential for effec-
tive component reuse.

2.3 Atomic Domain Creation Rules

During domain analysis, domain experts identify reusable artifacts that belong to the
problem domain, such as specification; source code; object code; test cases; results of
requirements, analysis, and design; policies, plans, guidelines, and metrics; and applica
tions or parts of applications. A key descriptive characteristic of the atomic domain isthe
irreducibility of its components. The domain expert examines existing atomic domains to
check if any identified reusable artifact can be incorporated into any of these domains. If
not, new atomic domains will be created to accommodate those identified reusable arti-
facts.

The descriptive approach outlined below is not exclusive of standard methods of
domain analysis, so it only address items unique to building an atomic domain. The gen-
eral steps for defining new atomic domains are:

1. The domain expert group reusable artifacts into new categories and extract common
characteristics for each of them, such that each category has taxonomy, a set of criteria
to verify whether an artifact belongs to this category, naming convention, define sets,
hierarchies, and other organization techniques. This step helps the domain expert iden-
tify groups (atomic domains) of artifacts of potential reuse across related domains.

2. Develop an abstract behavior model for each atomic domain. This behavior is ex-
pressible in the taxonomy built by domain experts. In particular, the content of the
domain(s) that share the services of the atomic domain are used to construct (generic)
parameters passed to/from the atomic domain.

3. Identify constraints within the each atomic domain, such as constant relationships, pre-
conditions, and post-conditions. To enhance reusability, it is best to plan the use of the
atomic domain across application environments.

4. Analyze the “dimensionality” of each atomic domain. Here, the domain expert defines
the environment in which the atomic domain will exist. For example, a sort operation
may take place in an environment where performance is critical, or, conversely, onein
which performanceis not critical but memory usageis.

5. Define the boundary of each atomic domain. This step would require three actions:
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— Define the scope of the services of the atomic domain. By performing this step the
designer has a criterion by which components can be included or excluded from the
atomic domain.

— Define the interface of the atomic domain. The interface identifies how interaction
with the domain componentsiis achieved.

— Define awrapper for the atomic domain.

6. Embed the atomic domain in awrapper.

Although domain analysis and design are intended to support software reuse, each
reusable component is considered independent and self-contained object with limited
relation to other components. The atomic domain methodology focuses on grouping
functionally related components into an atomic domain (not tightly coupled, which may
lead to maintenance issues).

Knowledge of reusable artifacts of an existing domain of interest facilitates the
analysis and design of new domains. Reusable atomic domains expedite the development
of new applications through integration of systems that belong to different application
domains. Working with reusable atomic domains may reduce the management effort due
to artifact grouping, because part of the management functions is assigned (delegated) to
the wrapper. The wrapper encapsulates a group of components that perform similar func-
tionality, and provides the user with a higher level of component abstraction. Therefore,
it is the wrapper rather than the developer who determines the appropriate component to
be reused for a particular application.

2.4 Atomic Domains and Sour ce Code Components

The atomic domain methodology promotes reuse, at the domain level, of various
domain-specific artifacts including specification, anaysis, requirements, design, source
code, object code, test cases, policies, plans, guidelines, and other artifacts. The wrapper-
based framework derived from atomic domains focuses on source code components. Be-
low we highlight few issues specific to atomic domains of source code components.

The wrapper concept has been widely used in component-based development and
other areas, such as embedded system development. Wrappers defined for such specific
domains are tend to be more focused on working with components within that domain,
making their usability limited to a single domain. |n comparison to existing wrapper con-
cepts, the wrapper defined in section 2.2 is more general. The proposed wrapper consists
of five components, each of which provides a distinct functionality needed to facilitate
source code reuse across related domains. With this wrapping approach, a source code
component in the atomic domain can be reused in many applications. For example, an
atomic domain of components for robot arm control software can be reused in various
robot applications such as rescue missions, farming applications, fire fighting, and re-
moval of hazards materials.

Previous research suggests that perhaps more time is spent on building reusable
components than the benefits received from reusable components because the actual re-
use is very low. Unlike the traditional approach, the atomic domain methodology pro-
motes reuse of already existing source code components, rather than calling for building
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new components for reuse. Therefore, the presented framework is not an exercise in cre-
ating components that may never be reused. Rather, it is an exercise in reusing what has
aready been created, tested, and proven to be usable for applications within our domain
of interest, an effort to make components more readily reused. From the initia illustra-
tive atomic domains [13] and the prototype model (described in section 4), it can be seen
that the benefits brought by atomic domain reuse largely outweigh the initial cost re-
quired to implement atomic domains. In addition, the ease of implementation and usage
were also evident by these examples.

3. THE GENERAL MODEL DESIGN

A wrapper-based framework that facilitates the development of reusable compo-
nents is implied in the genera model shown in Fig. 1. The general model functions in-
clude a modified IDE and Compiler, and template(s) for atomic domain and wrapper.
These two parts make up the framework and facilitate reuse of source code components
as defined by the atomic domain and wrapper concepts. Fig. 1 shows the general model
with three atomic domains and their wrappers as well as how those wrappers communi-
cate with amaodified IDE and compiler.

The selection of the IDE and compiler is the developer’s choice so long as the nec-
essary functions of the IDE and compiler are exposed and the compiler control can be
passed externally. Although just a command line compiler could be used, an IDE and
compiler combination is preferred since it is one of the current developer’s tools of trade
and the interaction between the developer and environment is beneficial. Aside from the
choice, the modification and template(s) must address the following design criteria,
which lists the basic functions of the general model.

Each atomic domain is based on one related context. All reusable and irreducible
components related to the context are placed in the same atomic domain. Those compo-
nents can be (and should be) virtualy linked via the wrapper manager rather than physi-
cally contained within the same file or package. This way the components could be re-
used by multiple domains and therefore hel ps attenuate the maintenance issues.

1. Each atomic domain is associated with a single command that is referenced by the
IDE and compiler. References can also be made by the wrapper such as expected
syntax, help, etc.

2. The single command associated with a wrapper refers to al components within the
atomic domain. The command does not act as a single library call or an overloaded
function.

3. The atomic domain components are hidden from the developer and can only be ref-
erenced by the wrapper manager.

4. When the single command is used in the developer’s source code at compile time,
the compiler supplies all required data to the appropriate manager through the wrap-
per’'s API for assessment.

5. For a single command assessment, the wrapper’s API requires. source code; current
command line text; command line number; and count of command use.
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6. The wrapper manager assesses the single command at the point it is used in the
source code and determines which component(s) to return based on application do-
main rules.

7. Application domain rules are built into the wrapper manager during its construction
process. The rules determine which component(s) to select as well as whether any
additional code is needed.

8. If the single command assessment fails, the wrapper manager either requests addi-
tional data, or posts an error through the IDE and stopping the compiler.

9. If the command assessment passes, the wrapper manager returns the selected com-
ponent(s) and other needed codes to the compiler.

10. The wrapper’s APl returns: returned component(s), other needed codes, and status of
assessment.

11. Per single command line in the developer’s source code, the compiler replaces the
single command with the returned component(s) and other needed codes.

12. The developer does not make declarations or function calls to the wrapper's API.
Instead, the IDE and compiler make these calls as the developer executes IDE or
wrapper commands.

13. All atomic domain components are either in the compiled state, tokenized for multi-
ple platforms, or in the form of source code. This greatly affects the design of the
wrapper manager.

14. The wrapper and atomic domain exist as entities or objects within the IDE and com-
piler environment rather than any other form in the final compiled project.

Given an atomic domain and wrapper template, the construction process of each
wrapper manager around its atomic domain is the most critical step. This step creates the
application domain rules that determine the selection of the component(s) as well as
other needed codes. These rules can exist as either sensible defaults or hints depending
on factors like the surrounding codes placed by the devel oper, data type(s) used, previous
command usage in the same source code, and the place where the code is put. Therefore,
the wrapper manager’s design determines the effectiveness of atomic domain reuse. This
is clearly a minimal programming effort before reuse can begin. An understanding of
how the atomic domain components were used within the application domain of interest
isakey to constructing awrapper manager that behaves as expected.

4. PROOF OF CONCEPT MODEL

A proof of concept prototype model, using Microsoft Access version 2002 auto-
mated by Visual Basic for Applications (VBA), has been developed to illustrate the
framework implementation in the database application domains. Thisis aform of Visua
Basic, which has reference to numerous database objects and, more importantly, allows
access to the source code (Modules) and IDE object models. This means that the source
code and IDE can be manipulated programmatically. The working model utilizes two
atomic domains and their wrappers. One atomic domain contains components related to
sort functions [18, 19], and the other contains related components that test attached ta-
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ble(s) and assist the end user in their redirections (reattachment to new location). All of
the components within the two atomic domains are prime candidates for reuse within the
application domain. The steps of using the framework for developing the prototype
model areillustrated below.

1. Source Code Analysis: For the working model, the analysis is conducted by an ap-
plication domain analyst, who analyzes past source code for reuse potential and returns
the results to the application domain for consolidation and assignment of its applica-
tion domain rules. In terms of the atomic domain and wrapper concepts, reuse poten-
tial is not simply concerned with code that repeats but with code that both relates and
repeats. In a real world setting, atomic domains come from the same organization,
which creates them for reuse. For the working model, the components in the two
atomic domains were a given. It should be noted that this approach to reusable com-
ponents has the benefit of avoiding difficulties related to COTS, distributed compo-
nents and licensing, as well as the problems related to unique interfacing.

2. Domain Formation: The Sort atomic domain, one of the two atomic domains within
the working model, is shown as a pane in the VBIDE in Fig. 2. The functions related
to sorting are consolidated and installed or coded as a single stand-alone module
within the VBA project. All functions related to sorting can be seen listed from the
declarations pull-down menu. Theses components are assumed to be supplied by the
domain analyst from the previous step. The second atomic domain within the working
model has components related to attached tables. The name of each atomic domain
module has a prefix of ‘atd_wrp_’ and a postfix of *_AtomicDomain’, which is a nam-
ing convention used by the VBA project. For both atomic domains, the components
are in the form of source code without being compiled or tokenized.

-'-'3:.;— IDE - atd_wrp_Sort_AtomicDomain [Code]
{General) :j {Declarations) _v_!

e
'error handler constants, must bg
! BubbleSort

'‘or repreated in header of ‘n‘ppliECuthun

Priwvate Const cstr_atdErrHsg1$ = IndexShellSort

Private Const cstr_atdSortErrHsgsaui.;RSOn

Private Const cstr_atdErrHsg2$ = (ShellSort

Private Const catr atdErrMagss SizeGreaterThanEqualTo

Priwvate Const cstr_atdErrHsg4$ "ipplied Atomic Domain Error™
Private Const clng atd3ortlargelizes = 50

Fig. 2. The Sort atomic domain of the working model.

3. Wrapper Definition: To facilitate the construction of the two wrappers and atomic
domains for the working model, the framework of the general model was introduced to
the VBIDE by the coding of two modules. One contains a higher-level set of short
functions, and another contains a lower level set of larger functions. The majority of
Sort domain wrapper functions can be seen listed from the declarations pull-down
menu. A subset of these functions comprises the wrapper manager that applies the ap-
plication domain rules to the atomic domain and returns the results. The wrapper is
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another VBA module coded and installed within the VBA project and whose naming
convention calls for a prefix of ‘atd_wrp_’ and a postfix of ‘*_Wrapper'. The wrappers
were constructed after the VBIDE was modified as the wrapper APl standards had to
be established.

The two wrapper single commands are ‘atdSort’” and ‘atdCheckLinkedTables’ as a
result of the two installed wrappers. Each single command is usable within the devel-
oper’s source code to call the respective wrapper manager to apply the application do-
main rules to the respective atomic domain and effectively replace the single command
with the selected component(s) and any additional code.

4. Domain Integration: This step installs all required wrapper and atomic domain mod-
ules into the VBA project that contains the modules for VBIDE and wrapper manipu-
lation. In general, integration requires that the framework of the general model be in-
troduced to the VBIDE by the coding of two modules as mentioned in the previous
step. The coding required research into the programmability of such object models
[9-11]. The coding essentially augments and exploits some of the VBIDE capabilities
as prescribed by the general model’ s design and rationale.

Fig. 3 shows one of the two modules that modify the VBIDE of the working model.
The module named ‘basResources’ contains numerous VBIDE wrapper functions in-
cluding the function ‘ AtomicDomainApply’. Other functions can aso be seen listed from
the declarations pull-down menu. The other module containing the higher-level set of
functions is named ‘basMain’. All function names Conform to VBA project convention.
Note that the names ‘basMain’ and ‘basResources’ are not by convention, unlike most
other modules that must be referenced programmatically, and all functions from both
could have been placed in a single module. Function ‘ AtomicDomainApply’ is the primary
function that communicates with wrapper manager, while function *‘ AddCommandBar-
ControlToVBE' sets up the wrapper menu system.

- IDE - basResources (Code)

(Generaly LI |{Declarations) Ll
Option Compare Database AddCommandBarControlToVBE a -
: Sl AddReference
Opt fon Hxpligan AtomicDomainApply
AtomicDomainApplyFunc
Private Const lestrErrMdiNamed = "hb AtomicDomainExpose

AtomicDomainExposeFunc -

Publie Function AddCommandBarControlToyMtomicDomainHelp
EyVal ComwandBar s String, AtomicDomainHelpFunc
ByVal Caption is String, _ — |AtomicDomaininstall

; ; AtomicDomaininstallFunc
ByWal Cmiction s 3tring) As OAtDmicI]DmainUninstall

AtomicDomainlninstallFunc ¥
! Purpose: Adds a new command bar button to a VEE menu,

! bpmenta:

Fig. 3. Modified IDE (VBIDE) of the working model, the VBIDE lower-level function module.
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Fig. 4 shows the wrapper menu system as well as the two wrappers and atomic do-
mains installed in the VBA project in the |eft pane. All VBIDE wrapper functions for the
developer are apparent from the figure. The main focus here is the ‘ Apply’ menu item. It
applies all atomic domains to the source code module named ‘basSourceCode’, which is
written by the developer. The wrapper manager returns the results in a new, compilable,
and stand-alone module called ‘basSourceCode-atdApplied’. This compiled module is
the end result of applying application domain rules to the atomic domains per single
command in the source code.

@ Microsoft Yisual Basic - IDE

- File Edit Miew Insert Debug Run  Tools Add-Ins  Window | Wrappers I Help
Pl - B ooy o om kG| R Instal Ln 1, Col1 2
Frojat - IDE X — Lninstall =
. } = isw... pper [Eode] 2l
IE |(Gen., :]
Maodules al - ! Apply !
%% atd_wrp_CheckLinkedTables_AtomicDaomain | op e oos atabase
3% atd_wrp_CheckLinkedTables_\Wrapper = e [Code)
-+ atd_wrp_Sort_akomicDomiain © Help _‘_I
442 atd_wrp_Sort_Mérapper
424 bashain Option Compare Datshasze
~+48h basResources Option Explicit
-84 basSourceCode Dim MyMatrix (0 To 2000) is Double
-8 basSourceCode_stdeApplied | Dim MyIndex (0 To 20003 &s Long

Fig. 4. Modified IDE (VBIDE) of the working model, the VBIDE with wrapper menu system and
two wrappers and atomic domains installed as seen in first four entries under ‘Modules’ in
left pane

5. Domain Utilization: As Fig. 4 depicts, the wrapper menu system is designed to allow
the developer to access the necessary and beneficial wrapper functions available
through the modified IDE (VBIDE). The first two menu items, ‘Install’ and ‘ Uninstall’,
respectively install and uninstall the atomic domains and their wrappers, which add or
remove the associated modules. The atomic domains and their wrappers are checked
for the existence of essential constants and functions as they are installed. The next
menu item, ‘View’, allows the developer to view some of the information related to an
installed atomic domain such as the component (function) name(s), related constants,
etc. which may aid the developer in parameter selection.

The next menu item, ‘Apply’, applies all atomic domains to the source code per sin-
gle command and is further discussed in prior subsections. After the atomic domains
have been applied to the source code, the developer can select the next menu item, ‘Ex-
pose’, which shows the function(s) and any additional code that were selected per single
command. This lets the developer see what was sel ected based on the application domain
rules per single command line. The last menu item, ‘Help’, alows the developer to view
help on usage of single commands with examples.

The application of atomic domains and their wrappers is apparent from the analysis
of three source code examples that involve sorting 20,000 random numbers. Table 1
shows an obvious advantage of using atomic domains. It contrasts the LOC and NOF
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Table 1. Contrast of LOC and NOF.

Source Code | Standard Code Code Using Atomic Single Command
Sample # (before) Domains (after) Call Counts

Lines of Code (LOC)

1 83 33 1

2 161 31 1

3 292 61 7

Number of Functions (NOF)

1 4 2

2 6 2

3 13 3

required for these examples before and after using atomic domains. From a developer’s
point of view, single commands make it simple in that the actual function(s) applied do
not have to be known by the developer. That is how an atomic domain wrapper facilitates
component reuse.

The first program (Sample #1) has a single static call to ‘atdSort’ atomic domain.
Static implies always using the same function. In the second program (Sample #2), the
program has a single dynamic call to ‘atdSort’ where the selection between two functions
is based on the size of an array. Although the size is 20,000, it could be dynamic and
ater the best function to use. The third program (Sample #3) has seven static cals to
‘atdSort’ to illustrate the time differences in sorting between different available sort
components (functions). It should be noted that the development of these example pro-
grams required very few coding effort after atomic domains are defines and utilized.

5. CONCLUSIONS

The Wrapper-Based Framework for developing atomic domain is motivated by the
need for new architectures and models to facilitate the design and development of com-
ponent reuse in specific domains of applications. Reuse, integration, and domain man-
agement are key investigation issues in this work. The atomic domain methodology fo-
cuses on adding existing reusable components to the atomic domain (rather than creating
them from scratch). Instead of physically organizing all source code components within a
same file or package, the wrapper manager virtually link those components together and
select the best candidate based on the specification provided by client applications. This
type of virtual atomic domain method largely reduces the cost caused by the component
maintenance. Another factor that can help attenuate the maintenance concern is coupling
among components. When creating an atomic domain, the domain analyst aims to
achieving low coupling among selected components for the domain.

The application of the general model isillustrated verbally or graphically as a map-
ping of the described framework to each selected case (found in the literature). These
sample applications demonstrate that the proposed wrapper-based framework not only
facilitates reuse practice but also encourages a higher reuse in the corresponding domain.
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Future work focus on making the general model a more intimate part of the IDE and

compiler by exploiting the compiler’s level of control and using devices such as the pre-
processor, syntax checker, and error handler among others. This would also allow wrap-
pers to have automatic precedence in the compiling process as well as to be able to han-
dle ideal atomic domains, which would be in a compiled or tokenized state and truly hid-
den from the devel oper.
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