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Abstract— Of recent, networked organization structures
have become common practice in numerous industry
sectors. They come together to pool their expertise to
design, develop, maintain, and sustain resources that can
be expensive. This increasing collaboration among
organizations is related to business drivers, such as the
need for increased flexibility, cost reduction and focus on
core competencies or forming strategic alliances.
Collaboration has become a key issue in networked
organization, but has not been fully exploited in rural
enterprises such as Small and Medium Enterprises (SMEs)
where resource scarcity threatens their existence. We
assimilate this problem to the very nature of collaborative
approaches not meeting social and individual requirements
of these SMEs. To this end, this paper aims at
incorporating social e-factors in the development of an e-
Commerce solution based on a grid computing platform, to

enhance  collaboration  efforts  during  software
development.
Index Terms—Collaborative commerce, Enterprise, Grid

computing, Societal requirements.

[.INTRODUCTION

To survive and thrive in the internet economy, businesses
are moving toward an e-business web model in which
collaboration among members of the participating network of
suppliers, distributors, service providers, and customers
produces value for customers. Such Internet-enabled industry
defines e-business as collaborative commerce, in which
companies participating in the e-business web become virtual
enterprises [1]. Virtual enterprises are characterized by rapid
exchange of information within a virtual network of suppliers,
customers and partners, working together to create value
added processes [2], necessitating the establishment of
appropriate  inter-organizational systems to facilitate
communication, co-ordination and collaboration among virtual
markets [22].

Unfortunately, virtual markets benefits are mostly
experienced by urban organizations. Rural businesses are still
lagging behind because most are small and find it difficult to
obtain the necessary resources needed to compete in the new
digital economy. In addition, remoteness hinders many of them
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as they try to gain access to the capital, infrastructure, and
technology needed to operate in today’s global and
instantaneous marketplace [3].

Research into inter-enterprise collaboration has advanced
to Portal Technology for Collaborative E-Commerce solution,
with some based on Grid computing technology. Grid
computing is fast becoming the means to foster sharing of
widely distributed, limited and scarce resources [4] for
increased flexibility, cost reduction and focus on core
competencies or forming strategic alliances [5].

Although collaborative commerce has risen as a key enabler
for enterprises to secure resource advantage and to promote
global competitiveness [6], the following challenges are still to
be addressed: (i) strategic aspects to describe the drivers,
contingencies, and strategies for inter-enterprise collaboration;
(i1) sociological aspects which look at how individuals can
benefit and their collaboration needs; (iii) technology, to
describe how to make business transaction environments
flexible enough not to hold back ; (iv) how to use collaborative
support systems for quick and flexible configuration of
business transaction environments, in order to achieve
operational excellence; (v) and how collaborative support
systems and business transaction environments be integrated
into an open, generic, flexible infrastructure for business
collaboration in the broadest sense [7].

To this end, this paper aims at proposing ways on how to go
about creating a grid infrastructure in an African context. The
paper incorporates social e-factors in the development of an e-
Commerce solution based on a grid computing platform, to
enhance collaboration efforts during software development.
The work is driven by a long-term view in which SMEs
belonging to rural areas will be enabled to establish and run
collaborative business relationships with their partners through
“plug and do business”.

The rest of this paper is structured as follows: Section II
provides a brief background on Grid computing. We present
the framework in Section III. Section [Vprovides a designed
prototype and application instances. Section V concludes the
work.

ILRELATED WORK

E-collaboration technologies are broadly defined as
technologies that enable collaboration among individuals
engaged in a common task. It supports an organization team by
acting as a facilitator to effectively acquire requirements for a
software system and support requirements negotiations in a
distributed and asynchronous manner [8]. The tools are usually



web enabled, to fit the idea of the virtual organizations where
for example the lead developer could be a marketing
organization with partnered suppliers in another geographical
area. Example includes ART-SCENE Scenario Presenter and
the ARENA (Anytime, Anywhere REquirements Negotiation
Aids) which of recent still do not fit nor support mobile
devices whose requirements are constraint with merging data
from different sources and constraints in the transmission and
presentation capabilities of the mobile side require
sophisticated media scaling and conversion capabilities [8].
Further, the majority of potential users demand to be
supported in the way they are used to live and to do things —
hence the need to map users needs to the capabilities of
technology, especially with emerging technology like
knowledge-based grid computing [9, 10].

Grid computing is fast becoming the backbone for most IT
infrastructure, in enhancing sharing of widely distributed
resources [4]. In most developing countries, these resources
are not only widely distributed, but are also limited and scarce
to obtain. Resources range from human resources such as
skills, to IT infrastructure. Although it would be difficult to
deploy skills and integrate them in a grid infrastructure, IT
infrastructures can be managed and easily deployed if
application development is made easy to exploit by the few
employed staff [11].

Most applications offered by a grid infrastructure, for
example Exostar [12], tend not to be user oriented but are
focused on specific users who are conversant with the
applications. For example, most CRM products are focused
more on sales management and reporting than on increasing
revenue. The trouble is that by focusing on the mechanics of
the sales operation, such software implicitly assumes that the
salesperson is the sole factor in making a sale and expects him
or her to fight alone in an uphill battle against the customer's
perception of the company, its products and its level of service
[13].

IBM offers their vision of services for their grid
infrastructure in figure 1: placement management, Change
Publish, Cache, Replication, Meta-data, Discovery,
Registration, and Data services. The purpose of information
infrastructure support services is to enable appropriate, safe
and ready access to information resources for all members
from wherever they are working, thus allowing leveraging
investment in technology as well as sharing important
resources. While there is no system that provides all of these
capabilities today, prototypes and even commercial versions of
some services do exist [4].

The Registration Services is responsible for registering any
new feature. This step provides information pertaining to that
source to the Meta-data Services, which know about all
available sources and how they ought to be represented within
a unified view to the consuming applications.

The Discovery Services is then used to automatically
identify possible information sources and help merge them into
a unified view by depositing the required meta-data into the
Meta-data Repository using Meta-data Services. Of all the
services, the most essential is the Data Services, for example, a

file (mydata.xls), which handle requests for information from
applications or from other services [4].
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Figure 1: Services for an information infrastructure for
the grid [4]

Grids are often categorized, in Table 1, by the type of
solutions that they best address [14]. Most require software
infrastructure to support interoperability between different
implementations reflected in figure 2, where knowledge is
represented as relationships between domain concepts.
Information is represented as attributes about resources within
the grid, and the grid objects are grid elements such as data
files, programs, storage resources, and execution resources.
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Figure 2: Knowledge-based Grid [15]

Grid Type Solution to address
Computational Focused on setting aside resources specifically
for computing power
Scavenging Most commonly used with large numbers of
desktop machines
Data Responsible for housing and providing access to

data across multiple organizations.
Table 1: Grid classification

The three infrastructure components in figure 2 represent
the technologies needed to manage the registration process,
manage the grid infrastructure, and manage the discovery
environment. The three rows represent the infrastructure
needed to manage knowledge, information and objects [15].



III.LMODEL FORMULATION

A.Requirements for effective collaboration in a grid enabled
infrastructure.

Many factors are likely to influence the success or failure of
enterprise collaborations, and no two collaboratives can
progress in exactly the same way or within the same time
frame [16]. Thus, factors that ensure smooth collaboration
should be defined. The literature on collaboration offers some
suggested guidelines that have wide applicability with most
laying emphasis on involving key players in discussions so that
collaborative decisions and activities will receive widespread
support and recognition [16, 17, 18] and also gain wider
understanding of key player’s environment and behavioral
patterns.

Though management tends to think that key players are the
stakeholders who provide funding and sustenance of the
product, we argue that of the most important key players, are
the user and the community in which the product will be
applied. They are the ultimate deciders, of the products
success and failure. They can choose to accept or reject the
product depending on whether the product meets not only their
immediate needs but whether also it’s in line with their way of
life. We need to restructure the grid platform to incorporate
these issues and enhance its service delivery mechanism.

B.Restructuring the software development process for the
African Context

With most software engineering development, the initial
starting point is requirements gathering, a process that set of
activities that help develop the understanding of a system’s
domain, constraints, characteristics and systems functionalities
as per stakeholders view, as well as the documentation of the
systems specification for all stakeholders involved in systems
development [19,20,21].

Even during product line development the process starts by
capturing domain information and analyzing common elements
in terms of services, operating environment, domain
technologies and implementation techniques to generate a
feature model [21,29,30]. Still, the emphasis is on the system
itself. This has overshadowed the most important aspects of
software development - social requirements. The inclusion of
social requirements component in grid infrastructure has been
emphasized and reflected in figure 3. A typical software
engineering process requires the corporation of all
stakeholders  (customer, domain expert, analyst and
developer), but with each stakeholder’s role clearly outlined.

We associate requirements engineers with the actual
initiation of the application development process which
entails: eliciting domain information, identifying domain
features, and developing application instances of the domain.
There are three actors playing these roles namely Domain
Expert, System Analyst and the Developer. We then associate
social requirements elicitation with the social sciences,
management and software disciplines. Figure 3 outlines the
additional component to software development. The reasoning

behind delegating software engineering to these actors is that:

1. Domain experts are not expected to be familiar
with the software development process but are a
good source for domain knowledge information;

ii. Domain experts are not familiar with societal
problems, needs and wishes. They also do not
understand the impact which developed software
can have on the people it is to serve. Hence the
need to incorporate business management and
social science disciplines;

iil. System Analyst and the Developer are
responsible  members of the  software
development team who define requirements for
an application instance. But what a System
Analyst considers input to a given model or
component, the developer could regard as an
output element.
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Figure 3: Enhanced Software Development Cycle

IVENHANCING THE GRID INFRASTRUCTURE FOR
EFFECTIVE COLLABOATION

A.Comprehensive Grid Services

Grid services tend to define and describe the technology
infrastructure  without providing guideline on social
requirements services such as: Cultural theory, Symbolic
Interactions and Ethical theories; and on Individual
requirement services such as educational status, psychological
and behavior requirement services. Even among the subsidiary
services such as Policy Management Services and Notification
services, none provide a detailed description for the social and
individual services.

Although we know that these services fall under the
requirements phase of the software development program, we
do also understand that these features are not integrated into
the grid infrastructure but are acknowledged in requirements
specification document. This document usually does not
efficiently depict the social context of the domain, but
illustrates the product requirements, and defines features [23]
together with possible domain variations. Usually the RSD is
written in a natural language which the customer understands
but difficult to integrate with the Developer’s language.
Therefore factors like organizational and social requirements



cannot be adequately captured in the developer’s language.
These are left out during development and caught up with later
after the product is at its final stage.

For example, an SME based in rural South Africa where the
speakers are Zulu, would prefer a grid infrastructure that is
customized to suit their needs in terms of communication
language and offering of products that meet their ethical and
social behavior. Most grid based infrastructures do not have
an application or a service that can be tuned to suit the markets
preferable communication language. This phenomenon
constitutes communication barrier and hinders the
development process, causing the right product to be marketed
to the wrong traget market.

As grid computing gains more popularity in e-business,
these social and individual issues cannot be ignored. Societal
aspects of current e-business models are crucial elements in
achieving sustainable product adoption and their incorporation
as part of grid services. Grid services are typically divided
into two categories namely: Information infrastructure and
subsidiary services (see figure 1). We categorize social
requirements under subsidiary services and group them using
the societal e-factors namely: Region/Geography, Culture,

Legislation, Economic, Ethical and Professional, Social
Capital and Networks, and Social Structure [24].
V. SOCIAL E-FACTORS
A.Region Support Services
Region Support Service describe the geographical
boundaries in which the grid infrastructure is being

implemented or to be used. It is related to specifics geographic
issues such as linguistic singularities, environmental and
country specific features that characterize that area. Despite
the geographical diversity of participants who will be using the
infrastructure, the communication channel employed (e-mail,
interactions, electronic bulletin) will have to be conquered to
ensure that regional differences do not interfere with the
success of the program. As one of the information
infrastructure, we propose an addition component - language
interpreter, to ensure that user’s medium communication
language is not compromised.

B.Cultural and Ethical Issues

The different aspects of culture and ethics, such as values
and beliefs, adoption, acceptance, attitudes, awareness, and
business practices; influence the e-business models to be
implemented. Users need to know the impact the new product
will have on the entire community and especially how the new
business model will influence the way the organizations does
its business.

C.Legislation

Although most organizations do not seriously take into
account issues of policy making and abiding to them, security
and confidentiality, reliability, regulatory firms and
government require that such factors be observed.
Stakeholders need to engage themselves and understand the

effect of employing or adopting a particular form of doing
business. This also requires that customers as well as the
community be informed about the rights with respect to the
new adopted technology.

D.Economic and Capital

As technology evolves, so are the needs of its community.
Users need better services at a fast pace. This necessitates
organizations to embark on investing in new and sophisticated
infrastructure that is able to use limited resources with
maximum output. Stakeholders need to understand the capital
income of its subjects to reap the benefits of its investment.

E.Network and Social Structure

With the current of business collaboration and collaborative
commerce (c-commerce), the value of social networks
becomes evident. C-commerce has arisen as a key enabler for
enterprises to secure resource advantage and to promote global
competitiveness. In the less developed countries, collaboration
amongst enterprises has not been fully exploited. Thus,
successful businesses need to form alliances and partnerships
to compete in the new IT-enabled world. Strengthening
collaborative networks gives enterprises a foothold in
promoting innovation and competitiveness. It assists related
enterprises to engage collectively in markets and creates an
environment that fosters c-commerce. This facilitates the flow
of ideas, the transfer of technology, market development, as
well as regional economic development.

F.Individual Perspective

According to the Technology Acceptance Model (TAM),
when users are presented with a new product, a number of
factors influence their decision about how and when they will
use it. Thus user acceptance and adoption is a concern for both
customers and employees that utilizes e-business [25]. Factors
that affect a user’s acceptance to a product include among
other: geographical region, culture background, educational
status, experience obtained previously, individual differences,
and psychological reasons. Stakeholders need to ensure
effective commitment, autonomy, and trust to directly have a
positive effect on the beliefs and norms that lead to IT
acceptance and use [26].

VI.CASE STUDY: SOUTH AFRICA SMEs

A.Business Proposal

The case study aims at developing an infrastructure for rural
SMEs reap the benefits of collaborative commerce by
developing a localized/ customized e-Commerce solution. This
includes building an innovative enabling platform based on
grid computing, to promote a new collaborative business
model for the Arts and crafts SMEs. The generic nature of the
Grid computing approach allows customization of the
functions of the platform according to specific business
requirements.

B.Requirements Elicitation.

Requirements elicitation is carried out by domain expert
using a requirement template for eliciting and scoping domain



features such as domain name, its description, goal and actors.
There are two main templates designed for elicitation and
scoping of domain information: Domain Template, figure 4
and Product Template, figure 5.

The templates define features of the domain or product in
terms of domain-specific or product specific services. The
techniques used in the template include questionnaire
elicitation approach that consists of both closed and open-
ended questions. This technique enables sufficient information
to be captured and allows flexibility. Close-ended questions
are more specific and take up less time than open-ended
questions. The questionnaires are set up as Textual Use Cases
as suggested by Cockburn [27] and Fantechi et al [28] to elicit
domain and product information. A domain template snapshot
that elicits elementary domain features is presented in figure 4.
While figure 5 elicits and scopes behavioral features, figure 6
elicits quality features.
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Figure 6: Quality Requirements Specification

C.Eliciting Social Requirements

South Africa is regarded as a rainbow nation compromising
of all races and religions. What makes it an interesting study
is that it is a developing country which is not only overcoming
racial barriers but trying to adapt to the evolving dynamic
international market. Serving the market of South Africa is a
challenge in which the African, Western and Asian virtues
cannot be compromised.

South Africa’s rural SMEs are characterized by low skilled
workers whose educational background is underprivileged; the
community environment lacks infrastructure required to
improve performance and global competitiveness, as well as to
be aware of available products, services and initiatives to meet
these requirements.  Although there has been many IT
strategies employed, the portal included, none has made a
breakthrough in rural enterprises where resources are scarce
and social barrier poses as a threat.

For an e-Commerce solution to be applicable in South
Africa (with specific to rural businesses), understanding of
both business as well as social requirements will have to be
performed. Social requirements includ understanding the
nature of each race’s four social needs and expectations. To
ensure maximum understanding of social requirements, a
South African rural person from the Zulu Culture, was
incorporated into the project to add in the Zulu cultural values
and to make it easier for the team to understand the Zulu’s
perception of the product.

During domain engineering, the domain expert, together
with the social sciences and management disciplines, uses the
Social Context Form (figure 7), to fill in social requirements
observed in the community. Each requirement can be further
refined to its simplest element. For example in Figure 7, once
the Culture was selected, the tool automatically uploads pre-
defined requirements (figure 8) to identify the specific social
status and buying behavior of that culture with respect to other
cultures. This serves to properly document social user
requirements. Software developers can now easily retrieve this
data to map product features to what users wants and
subsequently define and add in product features suitable for
that particular culture or subset of group.

= EIEIX

Social Context

Culture Factors Zulu - |
Zulu.

Education LS wana
Whenda
Afrikaner

g Christian -

Legislation | ANC i |

| CANCEL || EDIT || prOCEED |
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VII.ConcLUsION

Although there is some awareness for the strategic and
sociological aspects, the current state of affairs in the area of
integration is poor. In this paper we have argued, that the mere
concept of software engineers developing products in isolation
is wrong. It is not a discipline of just collecting system
specifications and developing the system, but is a collective
collaboration effort of software engineering, social sciences
and management disciplines. Software engineers need to take
human and social factors into consideration to obtain clear
incentives, such as overall cost and time reduction, real-time
communication, lead-time reduction, and improved
collaborative planning and forecasting.
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