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Abstract. One of the most important aspects when designing and constructing an Information System is its architecture. This also applies to
complex systems such as System of Information Systems (SoIS). Thus, we
aim to propose an architectural model of System of Information Systems
(SoIS). Though Architecture-based approaches have been promoted as
a means of controlling the complexity of systems construction and evolution, what we really look for in this paper is an architectural model
to aggregate services from already constructed systems. Nevertheless,
it would be a good practice to compare the presented architecture of
SoIS to other architecture-based approaches such as Service Oriented
Architecture (SOA). Also, it is beneficial to examine how we can use the
well-established standards of SOA for the designing of SoIS. In this paper
we present an architectural model for System of Information Systems,
and highlight the standards of Service Oriented Architecture that might
help us in this task.
Keywords: System of Systems, System of Information Systems, Service
Oriented Architecture, Architectural Model
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Introduction

In recent years the work environment is becoming more competitive, as changes
are taking place much faster than before. One of these changes happens with
the services provided by Information Systems employed by companies, as these
systems need to learn how to work and communicate with each other in order to
aggregate services and produce new ones emerged from existing systems. Therefore, securing a competitive advantage does no longer rely only on efficiency,
quality, and customer responsiveness. While each of these factors is important,
the ability to deploy available solution to emergent problems by aggregating
services of existing Information Systems and provide ease of access to these
systems is of great importance. This makes innovation, flexibility, coordination,
integration, and speed the new success factors of todays work environment.
Those factors can be achieved through the concept of System of Information
Systems (SoIS). While successful SoIS production provides the basis of great
potentials, many development activities result in failure. The issue is that while

many individual Information Systems work well as an independent system, they
fail when incorporated as a component of a SoIS. The desired SoIS needs to
connect Information Systems that cross organizational boundaries, come from
multiple domains, and generates an overwhelming amount of information. Users
struggle to deal with the information produced by each Information System
independently by traversing through these systems and keeping track of the generated information separately. A solution might be found in a well-established
architectural model of System of Information Systems that provides guidance
to produce such solution. The SoIS operates as a single entry point for several
Information Systems granting the user access to information produced from
multiple Information Systems, and providing the ability to aggregate available
services to even create an added value not possible to maintain when those
systems were operating separately. Furthermore, this encompassing solution
should also work in a distributed environment over a network as the Information
Systems composing the SoIS could be geographically distributed. Distributed
system development is becoming crucial due to the requirement of applications
involving different devices and different sources of information. Management
of distributed software development has more challenges and difficulties than
conventional development [Mishra and Mishra, 2009] [Mishra and Alok, 2011].
The construction of SoIS, however, requires long-term projects that involve
comprehensive organizational changes in terms of new approaches to system
usage and different IT governance mechanisms, as well as changes in the roles
and responsibilities of employees and Information Systems users in particular.
To address this issue we believe that Service Oriented Architecture (SOA)
should be utilized as a business transformation tool for solving the needs of SoIS.
This paper is organized as follows: section 2 will provide the definition of
the notion of System of Systems (SoS). After that, in section 3, the SoIS architectural model is presented and then discussed by defining the concept of SoIS,
and presenting an example following our architectural model of SoIS. Then, a
comparison between SoIS and SOA in terms of similarities, differences, and limitations is presented in section 4. Section 5 will present a discussion of the findings
of this paper. Finally, we conclude with section 6.
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Definition of System of Systems

The notion of System of Systems (SoS) can be viewed as an evolution of the
standard notion of systems. Many definitions of a SoS exist. An aggregate of
systems leads to the creation of new forms of systems which may be either
described within the framework of composite systems, or demonstrate additional
features which add complexity to the description and may be referred to as
System of Systems.
We can summarize the definitions mentioned in [Jamshidi, 2011]
[Carlock and Fenton, 2001] [Manthorpe, 1996] [Rechtin and Maier, 2000]. In the

light of the definitions mentioned in the literature, we can describe the notion of
System of Systems (SoS) as the following; Systems of systems are large-scale integrated systems which are heterogeneous and independently operable on their
own, but are networked together for a common goal. The goal, as mentioned
before, may be cost, performance, robustness, etc. In other terms, A System
of Systems is a super system comprised of other elements which themselves
are independent complex operational systems and interact among themselves to
achieve a common goal. Each element of a SoS achieves well-substantiated goals
even if they are detached from the rest of the SoS.
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System of Information Systems

In this section we propose a new system that combines the services from different
Information Systems. First, we are going to define our new system as a System of
Information Systems (SoIS). Then, we are going to present a generic architecture
of the SoIS. Finally we propose an intial design for the SoIS that can serve as
an example of the architecture
3.1

Definition

The notion of System of Information Systems is defined by
[Carlsson and Stankiewicz, 1991] as “networks of agents interacting in a
specific technology area under a particular institutional infrastructure for the
purpose of creating, diffusing, and utilizing technology focused on knowledge,
information, and competence flow.” [Breschi and Malerba, 1996] describe SoIS
as “the specific clusters of the firms, technologies, and industries involved in
the generation and diffusion of new technologies and in the knowledge flow that
takes place among them.”
Based on the definitions provided we can summaries the features of SoIS as
follows:
– SoIS addresses the impact of the interrelationships between different IS.
– SoIS is concerned with the flow of information and knowledge among different information systems.
– SoIS is responsible for generating information from the emergent IS.
– Information interoperability is a key issue when designing a SoIS.
3.2

Architecture

In this part we are going to present the generic architecture of the SoIS. As seen
in (Fig. 1), the SoIS will aggregate services from several Information Systems
(System A, System B etc.). These systems are working separately. Each of which
has its own services and databases. The services of these systems are denoted
as solid rectangles inside the system (Service 1A, Service 1B etc.). Information
can be represented in different ways within different systems, thus, the SoIS

Fig. 1. Architectural model of the SoIS.

might have trouble access information. Therefore, there is a growing need for
a solution to this interoperability issue. A solution to the problem of assuring
interoperability within the SoIS is to control the communication medium among
the systems. Two methods, outlined by [Bowen and Sahin, 2010], include:
– Creating a software model of each system, where the software model collects
data from the system and generates the outputs.
– Creating a common language to describe data, where each system can represent its data such that other systems may interpret.
Due to overhead restrictions on architecture and a required common language, it is not often that individual software models are created for the various
systems. Therefore, the most widely used approach to ensure interoperability
within a SoIS is to standardize the language of data interpretation throughout
the SoIS. The SoIS is represented as a group of services and a database. The
services residing in the SoIS can either be utilization of existed services from the
Information Systems comprising the SoIS, or emerging services created from the
aggregation of different Information Systems. Existing services re denoted with
hard lines while emergent services are denoted with dotted lines. In addition,
the two headed arrows linking the SoIS with the Information systems represent
information path between the SoIS and the different Information Systems.
3.3

Example

As mentioned earlier, the SoIS is composed of several Information Systems. In
this part we will take two Information Systems to create a SoIS from them

by following the architecture presented earlier in (Fig. 1). These Information
Systems are TiddlyWiki [tid, 2015] and MEMORAe. First we will take a
look at each of these systems separately and highlight their functionality as
independent systems, before unveiling their role as parts of the SoIS.
TiddlyWiki: Technically, a TiddlyWiki is just an HTML page with a
rather large JavaScript section that takes care of displaying all the contents, and
provides the interactive tools for their manipulation. The actual text of the page
is not immediately visible. It is stored in a set of invisible DIV elements, called
tiddlers. The content of the DIV tags is wiki text, i.e. text with a simple markup
language, similar to (old) emails. When the user clicks on a tiddler name to
show its content, the JavaScript rendering machine translates the wiki text into
HTML. The text may also contain macro fragments that trigger the actions
of subroutines. Other tiddlers are interpreted as a stylesheet or a JavaScript
plugin. When the user asks for a tiddler to be edited, this is replaced inline by
a form, and the user is presented with the original text [Bagnoli et al., 2006].
MEMORAe: As defined by [Ala Atrash, 2014], MEMORAe approach
is to manage heterogeneous information resources within organizations. The
approach is comprised of a semantic model (called MEMORAe-core 2) and
a web platform (called MEMORAe) which is based on the semantic model.
The model and the platform make together a support to enhance the process
of organizational learning. The MEMORAe project uses the Semantic Web
standards, therefore, the ontologies occurring in the system are written in OWL.
Users registered in the MEMORAe system can access one or more knowledge
bases. When a base is chosen, a user can view a semantic map of concepts
related to the selected base. Then, a user can create and share resources around
the concepts of the map.
After being introduced to the components of the SoIS, the services of both
those systems are present in Table 1. Table 2 shows the services available in the
SoIS either employed from one of the Information Systems or emerged from the
existing services.
Table 1. Available services in the Information Systems comprising the SoIS
TiddlyWiki
MEMORAe
(System A)
(System B)
Create Wiki pages
Index resources
Edit Wiki pages
Annotate resources as a whole
Available Service
Use macro fragments in Wiki pages Annotate resources as parts
Share resources

The idea behind this example is to be able to use MEMORAe system potential in indexing and sharing resources alongside annotating them for the benefit

Table 2. Available services in the SoIS
SoIS
(System A + System B)
Create Wiki pages
Edit Wiki pages
Use macro fragments in Wiki pages
Available Services Index Wiki Pages
Share Wiki Pages
Annotate Wiki Pages as whole
Annotate Wiki pages as parts

of TiddlyWiki system. Both systems will continue to work autonomously, but
new services will emerge from both of them like the ability to index, share, and
annotate Wiki Pages.
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4.1

System of Information Systems versus Service Oriented
Architecture
Definition of Service Oriented Architecture

The Organization for the Advancement of Structured Information Standards
(OASIS) [cov, 2015] defines Service Oriented Architecture (SOA) as the following:
“A paradigm for organizing and utilizing distributed capabilities that may be
under the control of different ownership domains. It provides a uniform means
to offer, discover, interact with and use capabilities to produce desired effects
consistent with measurable preconditions and expectations.”
The support of automated business integration by web services developments
and standards [Mockford, 2004] [Burbeck, 2000] has driven major technological
advances in the integration software space, most notably, the service-oriented
architecture (SOA). SOA is designed to allow developers to overcome many
distributed enterprise computing challenges including application integration,
transaction management, security policies, while allowing multiple platforms
and protocols and leveraging numerous access devices and legacy systems
[Erl, 2004]. The driving goal of SOA is to eliminate these barriers so that
applications integrate and run seamlessly.
The most important aspect of SOA is that it separates service implementation from its interface. Service consumers view a service as an endpoint
that respond to a particular request. They are not concerned with how
the service goes about executing their requests; they only expect the result
[Valipour et al., 2009].

We aim to explore the similarities, differences, and limitation of SoIS
and SOA in terms of the following characteristics [Valipour et al., 2009]
[Papazoglou and Van Den Heuvel, 2007] [Jian et al., 2010]:
– Service Discoverability: A service consumer that needs a service discovers
what service to use based on a set of criteria at runtime.
– Modularity: A service supports a set of interfaces. These interfaces should
be cohesive, meaning that they should all relate to each other in the context
of a module.
– Loose Coupling: Coupling refers to the number of dependencies between
modules.
– Interoperability: The ability to communicate information between different
services/systems regardless of the format or presentation of information.
– Location Transparency: Consumers of a service do not need to know the
location of the service when they invoke the service.
– Supporting Environment: The technical environment in which services/systems operate.
– Autonomy: The services/systems work independently without interference
from outside factors.

Table 3. Comparsion between SoIS and SOA.
Characteristics

SoIS
SOA
Fully Supported
Fully Supported
Service Discoverability
(Systems and Services level) (Services level only)
Modularity
Not Supported
Fully Supported
Loose Coupling
Fully Supported
Fully Supported
Interoperability
Fully Supported
Fully Supported
Location Transparency Fully Supported
Fully Supported
Supporting Environment Fully Supported
Fully Supported
Fully Supported
Fully Supported
Autonomy
(Systems and Services level) (Services level only)

4.2

Similarities

The core strengths of both SoIS and SOA lie in their ability to enhance
proper integration, while promoting flexibility. Both of them share similar
characteristics, while maintaining different strategies to reach their goals.
In terms of service discoverability, SOA supports the concept of service
discovery by providing a registry of services accessible by the service consumer.
In SoIS, this registry should be present with the addition to register the whole
system and not only its services [Valipour et al., 2009].

Modularity is a key concept in SOA. It is an important concept to take into
consideration when creating services. Since the concept of modularity is related
to the creation of services in the first place, it is hard to incorporate it with
SoIS as the architecture of SoIS is concerned with aggregating services already
exist in their respected systems [Jamshidi, 2011].
Both SoIS and SOA provide support for the characteristics of Loose Coupling, Interoperability Location Transparency, and Supporting Environment.
All of these characteristics should be found in systems produced by SoIS or
SOA [Jamuna and Ashok, 2009].
When it comes to autonomy, SoIS emphasizes on the autonomy of encompassing Information Systems as a whole. In SOA autonomy is enforced on services
level [Erl, 2008].
4.3

Differences

The differences between SoIS and SOA lie in their consideration for the building
blocks for the system they aim to construct [Erl, 2008]. While SOA consider services to be dependent building blocks that collaborate to deliver functionality,
SoIS focuses on Information Systems as black boxes and use them as building
blocks. It is also important to note that SOA provides a framework for system
development. It is important to plan for interoperability challenges at an early
stage. However, for SoIS the systems already exist and the interoperability problems are only addressed at later stages. Therefore, due to overhead restriction
on architecture and a required common communication medium, it is often that
individual software models are created for the various systems comprising the
SoIS.
4.4

Limitations

SoIS engineering faces significant challenges. On one hand, the lack of standards
that guide the construction of a complex system constituted of operational independent Information Systems. On the other hand, there is also a lack of standards
in regards for evaluation methods for the architecture and performance of the
SoIS. However, there is a potential in using SOA as a well-established framework
to compensate the lack of standards present currently in the domain of SoIS.

5

Discussion

In the previous section we presented the SoIS with an example that will grant
users access to various Information Systems from a single interface. The question
here is: How can we evaluate our architecture and the measure the performance
of the overall system? Performance optimization of the SoIS architecture in order
to achieve a common goal or mission has become the focus of various application

areas. In the optimization problem, the most basic work is quantitative objective
evaluation of the alternatives [Jian et al., 2010]. For SoIS, objective evaluation
confronts several challenges comparing with single system objective evaluation.
These challenges are listed as follows:
– SoIS is aiming at future common goal. It consists of heterogeneous component systems which can be divided into as-is and to-be systems. So the
components and boundary of SoIS is evolving with time going.
– There exist ad-hoc interconnections and interactions of multiple integrated
complex systems as part of the whole SoIS. So its very difficult to find an
analytic formulation to measure the objective value of SoIS alternative.
For SOA complex systems there have been established methods for the definition of metrics that can be utilized to evaluate the architecture and performance
of the system. It is possible to deploy those methods in order to evaluate the
work done under SoIS architecture.

6

Conclusion and Future Work

Our goal was to take current Information Systems and move towards System of
Information Systems (SoIS) to aggregate services and exchange information with
simplicity and ease. The aim was focused towards providing an architectural
model of SoIS to guide such migration. To achieve this goal we undertake this
research to determine what is currently known about SoIS and deploy this
knowledge to present an example of a SoIS composed of various Information
Systems. We found potential to the SoIS to expand and hold new Information
Systems. It was also clear that combining services from various Information
Systems will result in an added value to users not present when those systems
were operating separately.
The next step is to expand our work and introduce new Information Systems
to the SoIS based on the example presented in this study and users needs. It
should also be tested in a real world experiment. The SoIS should keep simple
interface, with all the services as far from the user as a single click, to keep the
users experience useful and friendly. Furthermore, we need to apply evaluation
metrics used in SOA in the field of SoIS to compensate the absence of such
metrics in the newly emerged concept of SoIS.
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