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e Presentation Layer: deals with wuser
interactions. Thin clients interface do not contain
business logic, just code required to process user
input, send requests to the server, and show the
results of these requests.

o Application Layer: processes client requests.
It is the actual web application that performs all
functionality specific to the web application.
However, it does not store the persistent data itself.
Whenever it needs data of any importance, it
contacts the database server.

e Database Layer: contains Database and
Database Management System (DBMS).

In the second and third tier there can be multiple
instances, because of scalability, load-balancing and
redundancy [10]. N-tier architecture (with N more than
3) is really 3 tier architectures in which the middle or
bottom tier is split up into new tiers. Figures 12, 13,
14, and 15 present different implementations of N-Tier
architecture.

Figure 12 shows the simplest implementation of
Three-Tier architecture, where the most left layer that
includes Smart Phone, Cell Phone, and PC presents
required logic to display information and validate user
inputs. Business logic ‘presented in applications’
required to provide web applications to users are
present on the Business Logic server. Required data to
support those applications are present in the Database
server.

Figure 12. Three - Tier Architecture
Implementation

Figure 13 illustrates the repetition of data layer by
presenting more than one database server. Database
servers can be connected together or separated.
Business logic server can connect to both database
servers, or connect to one database server incase

database servers are connected together. Servers’
connections is an architectural decision that software
architect shall consider while designing software
architecture.

Figure 13. N-Tier First Implementation

Figure 14 presents another N-Tier implementation
which replicates business logic servers. Scalability can
force such a solution. Business logic servers can be
connected to each other or not based on application
requirements.

Figure 14. N-Tier Second Implementation

Figure 15 presents the third N-Tier implementation
where business logic and database servers are
replicated. Large scaled institutions require this type of
architectures to face increasing requirements. N-Tier
Architecture serves integration by forcing enterprises
to implement standard software at each tier. Even if
different software is implemented, by connecting each
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tier to the other, enterprises overcome integration
problems. N-Tier has been widely accepted in today’s
organizations as the standard architecture.
Unfortunately, N-Tier architecture does not define
what tier should include, how tiers should connect to
each other, thus, architectural decisions still needs to
be taken by software architect. Table 4 shows driving
and restraining forces on adopting wide standard
software as an integration solution. Unfortunately, this
integration technique is not well suited for process
level integration.
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Figure 15. N-Tier Architecture Third
Implementation

Table 4. Driving and Restraining forces of
adopting Standard Enterprise Software — Adopted from
[125-127]

Driving Forces Restraining
Forces
Easier access to Mergers and
enterprise wide data acquisitions
Reduced development Departments

time have different needs
Reduced maintenance Dependence on
costs different software

products
Conversion to
new software

6.5.1 Middleware Integration Technique

Middleware integration facilitates communication
between applications in order to exchange data and
business logic. This communication is either: Point-
To-Point, or Multi-Applications.
6.5.1.1 Point To Point Middleware
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Point To Point refers to direct connection and
communication between two applications. This direct
communication can be presented by two methods:
Adapters, and Remote Procedure Calls (RPCs).

o Application Adapters: In this case, a special
purpose adapter is presented to integrate two
applications and provide communication and
exchange of data among them. Examples of
adapters are presented in [51]. This adapter is
capable of transforming data syntax and semantics,
and managing communication among connected
application. Special adapters are presented for each
application.

e Remote Procedure Call (RPC): an RPC
allows execution of program logic on a remote
system by calling local routine. This calling is done
via special message between client and server”.

6.5.1.2 Multi-Applications Middleware

Multi-Applications middleware relies heavily on
messages in order to hide complexity of
communication between systems. It is not acceptable
to provide adapters for the whole system; instead, a
middleware is required to integrate applications within
the system [36]. Exchanging messages enabled
integration on software level. Table 5 depicts driving
and restraining forces of adopting message routing
integration technique.

Software  architectures  supported  different
implementations for integrating applications via
exchanging messages. Those architectures include:
Message Broker, Message Bus, and Broker.

Table 5. Driving and Restraining forces of
Adopting Message Routing

Driving Forces Restraining Forces

Consistent Costs of
enterprise wide data development
Reduced Different semantics
development time in data sources
Reduced Semantic translation

maintenance costs
Minimal effect
on operational
systems

Lack of industry
standard definitions

Deciding what data
to route
Delays getting data
updates distributed

* In this case, machine who initiated RPC is considered
Client, while the machine that holds code to be
invoked and executed by reception of RPC is Server.
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Data quality issues
Brittleness of fixed
record exchange

e Message Bus: Message bus architecture
connects all applications through the logical
component known as Message Bus [28]. Message
bus is responsible for delivering messages to
destined applications. Sending application has no
responsibility of direct connection with destined
application. Sending application needs to prepare
the message in the message bus agreed format, and
delivers it to the message bus. Figure 16 depicts
how message bus architecture works.

Application Application Application Application

Message Bus

Figure 16. Message Bus Architecture

There are three options for subscribing the
application to the Message Bus [52]:
e List-Based Publish/Subscribe: There are
managed lists for subscribers. All subscribers
receive certain messages when they are sent to the
bus.
¢ Broadcast-Based Publish/Subscribe:
Messages are sent to the all connected applications.
e Content-Based  Publish/Subscribe: it
enables Message Bus to investigate message
contents to determine recipient of the message.
Limitations include that message bus can expose
only one interface. In order for an application to be part
of the architecture, it should implement the message
bus interface, use the message bus messages type, and
registers itself to the message bus. Performance issues
are also a potential problem; poor application
partitioning can create excessively high volumes of
messages, and some use cases can be impacted through
high network latency [53].

One of middleware integration technique’s
implementation that utilizes message bus is CORBA.

e CORBA: is the acronym for Common Object
Request Broker Architecture, OMG's open, vendor-
independent architecture and infrastructure that
computer applications use to work together over
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networks [54]. CORBA applications are composed
of objects. CORBA creates a distributed objects
infrastructure  which makes activating and
accessing remote objects transparent [55]. Legacy
application is wrapped in code with CORBA
interfaces and opened up to clients on the network.
Systems wrapped with CORBA can be integrated
under CORBA architecture. Table 6 depicts driving
and restraining forces of adopting CORBA as an
integration technique implementation.

Table 6. Driving and Restraining Forces of
Adopting CORBA
Interoperable Different semantics in
networked data sources
applications
Reduced
development time
Reduced
maintenance costs

Semantic translations

Lack of industry
standard definitions

Lack of
CORBA/DCOM
product support

Perceived
CORBA/DCOM
complexity
Effect on operational
systems for up-to-the
moment data requests
Merges and
acquisitions

e Message Broker: The message broker can
expose different interfaces to the collaborating
applications, and it can translate messages between
these interfaces [26]. Message broker does not
enforce a common interface on the applications,
thus handles shortages of Message Bus. Figure 17
depicts Message Broker architecture. Subscribing
options are the same as mentioned in Message Bus
architecture. Driving and restraining forces of
adopting Message Brokers are presented in figure
17. Commercially, Message Broker is referred to as
Message Oriented Middleware (MOM). One
commercial implementation of MOM is Microsoft
BizTalk Server [56]. Software Architectures that
support Message Broker includes: Broker ‘Service
Oriented Architecture’.
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Figure 17. Message Broker Architecture

e Service Oriented Architecture (SOA):
Servers can register and deregister with the broker.
If a server fails, it will be automatically (after a
timeout) unregistered by the broker. Broker handles
user requests by providing user capability to find
different service providers, pick the most suitable
one, and utilizes its service [10]. The client requests
a specific service. It formats its request in a specific
format and sends it to its broker. The broker then
selects the most suitable server to process the
request. When the link between the client and the
server is set up, they may start communicating
directly, freeing the broker. Figure 18 depicts
broker architecture mechanism of action.

Client

Broker
4 4 4
y A
Server Server Server

Figure 18. Broker Architecture

CORBA was attempted to satisfy Broker
architecture requirements, unfortunately CORBA itself
has shortages that inhibited it from being the standard
integration solution. Service Oriented Architecture is
the most suitable architecture to integrate organizations
on process level. Service Oriented Architecture
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integration is the strongest integration provided to
organizations [33]. With this importance for Service
Oriented Architecture, CORBA limitations were
addressed among software vendors and industry
standards creators. Web services were presented as the
industry solution to overcome CORBA limitations.
Table 7 depicts driving and restraining forces of
adopting Web services as an integration solution.

Table 7. Driving and Restraining forces of
Adopting Web services
Interoperable Different semantics
networked applications in data sources
Emerging industry Effect on operational
wide standards systems for up-to-the
moment data requests
Standards are
evolving, not fixed

Support of Web
services in products
Easier exchange of
data
Reduced brittleness
using tags
Reduced
development time
Availability of
external services
Availability of
training and tools
Mergers and
acquisitions
Semantic
translation

With those driving forces mentioned for adopting
Web services, and with the fact that Service Oriented
Architecture being the only software architecture
capable on providing a process level integration,
combining both Web services and SOA is almost a
must. Most software capabilities will be provided and
consumed as services. When the service is abstracted
from the implementation it is possible to consider

various alternative options for delivery and
collaboration models [96].
7. Conclusion

Enterprise architecture is the framework of

business, IT, information, and software architectures.
Software architecture design is an important step
within system design because software architectures
should satisfy non-functional as it satisfies functional
system requirements. Non-functional requirements like
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integration, interoperability, and agility can be satisfied
by architectural design, if considered. Software
architecture satisfaction to integration; as one of the
non-functional requirements, is used in this chapter as
an indicator to the software architecture of non-
functional requirements satisfaction.

The most common Software architectures are
mapped to presented integration techniques;
highlighting architecture’s driving and restraining
forces, and its satisfaction level to system non-
functional requirements. Figure 19 summarizes the
integration  techniques and different software
architectures presented as an enabler of each technique.
Each one of the presented software architecture has its
driving and restraining forces which presents strengths
and weaknesses of each one. Web services based
Service Oriented Architecture (SOA) achieved the
maximum driving forces and satisfied almost all non-
functional requirements addressed in the comparative

study.
Integration
Techniques

1
Software Based
l Middleware \

1

Standard Data

Standard
Enterprise wide
software

Database,
Data Warchouse

Element
Definition

- Layered Systems |
- Client/Server
- N-Tieer

Pipe and Filter Repository

Multi-
Applications

- Message Bus
- Message Broker
-SOA

Point To Point

- Application Adapters
-RPC

Figure 19. Integration Techniques and Software
Architectures
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