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ABSTRACT

The main objective of Enterprise Architecture (EA) is to coordinate among the components of the architecture and to bridge the gap
between the changes in business process and advancement of technology. Despite its use, popularity and continuing researches, there
are still shortcomings in exiting EA in the areas such as addressing legacy system, reliability, affordability, maintainability, and
interoperability. Adaptation in line with changes in business process and technology is still considered a critical challenge. In this
paper, we address such critical challenges with use of Service Oriented Architecture (SOA), Product Line Architecture (PLA), Expert
System (ES) and also Cloud Computing. The proposed architecture provides the features such as adaptability, reusability,
maintainability and scalability.
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| . Introduction

One of the major problems in using ICT in
majority of the sectors including government offices
is concerned with the issue of the degree of
adaptability of ICT tools, with their systems and
applications. The innovation in technologies and
changing demand of wusers poses additional
challenges in managing the technology and the
system and this has been a serious concern for the
experts. E-government, which is by its very nature a
multi-stakeholder system requires a serious thought
on adaptability of technologies with the system. The
importance of the requirement of adaptability has
drawn significant attention because the concept of
e-government is heading towards the philosophy of
connected government and is expected to provide
seamless existing  Enterprise
Architecture (EA) provides the government to be
connected and alleviates some of these challenges of
adaptability to some extents but not in its entirety.

The main goal of EA is to achieve the
organization’s mission through the optimal
performance of its business process with optimal use
of ICT tools and technologies.

In this paper, we Enterprise
Architecture and cloud computing in the beginning
of this paper. We put the current work done in this

services. The

introduce

area in Section 2 as a literature review. The existing
problems of Enterprise Architecture are given in
Section 3 and propose the solution as a new
architecture in Section 4. We use Markov model to
analyze one part of architecture and use SHARPE [1]
as a modeling tool to verify our obtained data in
Section 4. The features of proposed architecture are

given in Section 5 We use cloud computing in a part
of our proposed new architecture.

Il . Literature Review

Enterprise Architecture has become an established
discipline both in industry and academia [2]. It is the
architecture
Information Communication Technology (ICT)
services delivery platform. During 1987, an IBM
researcher J.A. Zachman initiated the concept of
Enterprise Architecture. He mentioned the need of
architecture to bind the different components in

of both business process and

order to meet the changing business environment in
his framework [3]. He proposed a two-dimensional
scheme in his framework, the columns for
abstractions and the rows for perspectives. Many
organizations later started adopting the same
framework with little or no modifications. Adhering
to the basic concept of Zachman’s framework, the US
developed the Federal Enterprise Architecture
Framework (FEAF) for their Enterprise Architecture
in 1999. The main objective of this framework was to
provide the guidelines to the Federal agencies in
initiating, using, developing, and maintaining the EA
[4]. The EA tries its best to meet the goal of business
process with available technologies. The technology
like Service Oriented Architecture (SOA) is one of the

key technologies in EA [5].
As the popularity of EA increases, more
challenges have emerged regarding its

interoperability in semantics and syntax, reliability,
security, disaster recovery, etc. The existing EA
claims to have addressed the issues of reliability,

_2_
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security, disaster recovery and adaptability but the
level of such features are not convincing. Reliability
is achieved by incorporating redundancy in the
system. Security is achieved to some level through
the traditional security approaches. In order to obtain
such non-functional properties in more satisfying
level, a significant work has been done with
virtualization technology in other areas of system
development. None of the existing EAs is based
upon virtualization. Virtualization makes the system
more portable, durable, reliable and available [6].
These properties are essential for any EA. Stephen C.
Gay has put the possibilities of using virtualization
technology in managing disaster recovery [7].

Ili . Problems in EA

We have analyzed the present available EAs and
identified the problems currently existing. There are
a number of problems such as legacy to traditional
system, syntactic and semantic interoperability,
horizontal and vertical interoperability, security,
reliability and many more. Some of them are critical
and some of them are not. In spite of maximum use
and high level of maturity, there are still many
problems other than these in existing EA but our
focus is on addressing the issue of adaptability. It
covers all most all problems in EA. Ensuring high
adaptability can also address the critical problems
like modifiability, mobility, integrity and scalability.

3.1 Adaptability

Adaptability is the property of EA that can change

itself according to the change in technology and
change in business processes. Existing EA can predict
the future technology and future business process
but a small change requires significant change in the
existing technical infrastructure, such as hardware,
software, telecommunication, policy,
process etc. The impact of small change is
tremendous. It induces the stress and risks in the
architecture itself. The present EA cannot handle the
change nor can it be updated by itself. It has very low
adaptability. So, whenever there is a change in
business process, it necessitates corresponding
changes in technical, software, data architectures. To
achieve maximum adaptability, we propose new EA.

business

IV . Architecture

In order to get maximum adaptability in the
architecture we need to ensure features like high
availability, high survivability and maximum reuse.
We have incorporated such features in our proposed
new architecture.

The features like availability, survivability,
reusability and minimum downtime collectively
makes a system adaptable. Absence of any one of
those features does not ensure high adaptability in
architecture. We propose the following architecture
in Section 4.1 to address the above mentioned
features.

4.1 The Proposed Architecture

This architecture is designed to address the
existing problems and incorporate the required
features of adaptability in EA.

_3_
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The architecture depicted in Figure 1 is divided
into three tiers. Each tier has been

significant role. Here, we consider electronic

assigned

government as a case study. There are two main
units on it. One is service provider and another is
service user. We have developed this architecture
with the consideration of service provider and

service user as two main actors.

% 1. ol ofF|E X
Fig. 1. The Main Architecture

We see the first tier is “Front Office” for user
section, second tier is “Main office” for Enterprise
Architecture with Product Line Architecture (PLA)
application, and third tier is “Back office” for
common repository for enterprises. Each tier has
been assigned significant role but back office is more
important as compared to others in this architecture
because it consists of sensitive government data,
information, and services, We give special attention
toit.

4.2 The Front Office

This tier belongs to the users of the system. In our
system, citizen is a user of the system. Citizen sends
request for service at the beginning of this tier. The

request goes to the client side stub. It converts the
citizen's request into system

understandable format ie. marshal the request
and convert it into standard format and send it to the
broker. The request is accepted by the service
assembly (SA) at the broker. The broker consists of
the database of the government offices along with the
Iist of services provided by them.-The middleware in
the broker checks citizen’s request and verify
whether the requested service is available in the
service provider domain or not. If it finds the service
then the service interface (SI) checks the interface and
forwards such request to the service provider after
de marshalling it with the help of server side stub.
Here, broker needs some time to conduct Search.
Once the search is complete then it forwards to the
server side stub and finally to the enterprise.

The enterprise (government office) in the main
office needs to be updated about its services to the
broker regularly. It is not shown in the Figure 1 but it
is assumed that this is done periodically. Here in this
tier, there are three main components i.e. client side
stub, broker and server side stub. These components
interact with each other with Simple Object Access
Protocol (SOAP) protocol and interfaces are designed
in Web Services Description Language (WSDL).

4.3 Service Oriented Architecture in EA

Since the proposed architecture is based upon the
SOA, each component plays the role in service
receiving and service providing as needed. A
component may be a service requester and at the
same time it may be a service provider as well. It is
possible in SOA through the concept of Meyer's
Contract Model. In our architecture a broker is a
service provider for client and at the same time itis a

_4_
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service requester for the server stub and the same
applies for enterprise and blackboard as well.

One component can identify another component
with its standards interface and communicates
through a standard protocol like SOAP. The
interfaces as well as SOAP are writtent in XML code.
Interface is written in WSDL which is simply XML
code.

4.4 Main Office

This tier consists of two units, one is the set of
enterprises, ie, Enterprises and second one is
application of PLA. We discuss each unit separately.

4.4.1 Enterprises

In this unit, there are more than one government
offices. Each office maintains its own enter-prise
architecture. It has three sections. The middle section
is the core of the architecture and other left and right
sections provide support for the smooth functioning
of the architecture. We explain each section in details.

® Core Part This is the main part of the enterprise
architecture. It has three sub components. The first
component is business goal. It defines the target or
mission of the enterprise.

® f the mission in business goal is changed or
up-dated then the business process also needs to
be changed. The third component is for the
technology specially ICT tools. It is more on
selection of proper ICT tools which comprise
proper data structure, application software or
architecture, hardware infrastructure, network
topology etc.

® Activity: It has three main components. All
these components work along with business goal,

business process and ICT tools. The first
compo-nent is “As-Is”. The main task of this
component is to analyze the present status of the
enterprise in terms of business goal, business
process and technology. It gives the idea of present
scenario of the enterprise like what goal that
enterprise is trying to achieve now, what are the
business processes that are being followed, and
what is the status of ICT tools and how are they
being used in current business process. The second
component is “To-be”. It has the clear picture for
tomorrow like what exactly the enterprise would
like to be in certain period of time, what the
mission of the enterprise is and how do we make
or select the business process and what are the
technologies that we require for this. This
component gives us the guidelines to make a plan.
These first two components in this section show us
the clear gap between the existing systems and
would be system. The third component contains
the rules and regulation of the enterprise.

® Non-Functional Properties: This section is for
the quality of services which is provided by this
architecture and also quality of entire architecture.
There are

four non-functional properties:
availability, survivability, reuse, downtime in this
section.

([

4.4.2 Product Line Architecture (PLA)

It is the architecture of product line and product
family. A product line is a set of related systems that
together addresses a market segment and a product
family, is the set of related systems that are built
from a common set of core assets [8]. In our case,
product line is a set of enterprises whereas a product
family is a blackboard repository.

_5_
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This unit provides the major contribution in this
part of the architecture. It takes the functional
properties or main services from each of the
enterprise then it finds out the commonality and
differences in functional properties or services
among the enterprises [9]. Many organizations in the
government share the same data, same information
and provide almost same type of services to the users
and also have almost the same objectives but they do
it differently. The product line architecture considers
each one of them and tries to find out the
commonality and variants among the organizations.
It exploits the commonalities and manages the
differences [10]. The Figure 2 shows the working
mechanism of PLA.

a8 2 Helop7|E e PLATA
Fig. 2. Equivalent PLA of Main Architecture

The dark part on the bottom of Figure 2 is
commonalities and remaining hollow part is
variants. In Figure 2, we see each ministry has some
set of services i.e. A, B, C, D, E and F. We relate these
services to the components of business process in
Figure 3. “A” corresponds to first component, “B”
corresponds to second component, and “C”
corresponds to third component and so on in Figure
3. The information on the types of service is obtained

by the knowledge source. In Figure 2, each service is
analyzed by product line architecture along with the
information obtained through knowledge source and
creates the list of commonalities and variants. We
find components “A”, “B”, “C” and “D” are common
sharable components among the three ministries. If
we focus only on the commonality parts, there will
be no need to develop these components from
scratch. we can achieve good percentage of reuse.
These commonalities are stored in Blackboard of
back office for the objective of proper reuse of these
blackboard  stores  these
components based upon the features. Feature

components.  The

Oriented Product Line Engineering manages the
commonalities and differences based upon the

features or services [10].

4.4.2.1 Case Study

As we have said that we consider e-government as
a case study, we take an example of it. Let us take an
example of a service as a case that gives the legal
authorization to the citizen. We call such service as a
License Service. It provides rights to practice certain
discipline. Citizen makes a request to the
government for permission of doing some events.
We have listed three examples below related to the
legal authorization.

® (itizenis in need of permission to drive.
® (itizen is in need of permission to be a tourist
guide.
® (itizen is in need of permission to run a factory.
These permissions are provided by the
government to its citizen. A single government
department normally does not provide all the three

_6_
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permissions. There are three different departments
for these three different permissions. In general,
Ministry of Transport provides permission to drive,
Ministry of Tourism provides the permission to be a
tourist guide and Ministry of Industries and
Commerce provides permission to run a factory.

We found that each ministry has different criteria
for giving permission but the mechanism is almost
same and there are many similar steps in the
procedure they follow.

Cltizen
AF;:‘,gﬁon N sisor [ suoms
pgo'rm /| Bidence [/] required
\

J \ J \

Verifiesthe Veiifying
obtained data

/] with defined

Making Final
Decision

a8 3. g% 58

Fig. 3. Business Process

There are six business steps in business process,
given in Figure 3. The process flows from left to the
right. Like, a citizen has to fill up the application
form for all three above mentioned permissions.
They are required to provide evidences of their
personal information and they submit to their
respective ministries or departments within the
ministry. Ministry verifies the completeness of
application form and other supporting evidences.
Each ministry has different criteria for analyzing the
obtained data from citizen like; Ministry of Transport
may need the health information of the applicant as
one of the prerequisites to give driving license
whereas Minis-try of Industries and Commerce may
not require it to give factory license. Along with
these, each ministry has different policy to make the
final decision.

In spite of differences among ministries in
verifying obtained data and making final decision,
but they are common in some aspects like, in filling

up application form, asking and collecting evidences,
and verifying collected evidences.

4.5 Back Office

It has two main units ie. blackboard and
monitoring unit. Blackboard is based upon the
blackboard architecture. It is one of the popular
architectures in the area of software architecture.
There are two main parts in this architecture: one is
repository and another is knowledge source (KS). It
is also known as knowledge based agent. It has a
knowledge base that contains the sentences which
are used to verify the types of services. The sentences
are represented with first order logic. The process of
inference is used to make a decision on the services.
The knowledge source interacts with the repository
directly and it may interact with each other through
repository. Knowledge source puts its features or
services into the repository and shares the features
provided by other knowledge sources as per the
need. Here, the government organizations of “Main
Office” are knowledge source and they put the
services to it through product line architecture. As
mentioned in Section 4.4.2, the commonalities among
the different organizations are kept in the repository.
The dotted line between organizations and black
board shows the relation between them.

The blackboard takes some time to search service
from its repository, to verify the authentication and
authorization from the enterprise. Once the service is
found and authentication and authorization from
enterprise are obtained then the service will be given
back to the enterprise. We use some set of primitives
to interact between them. Monitoring unit monitors
the performance of blackboard and its details are
given in the next section.

_7_
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4.5.1 Blackboard

Blackboard as a whole contains two main parts:
one is blackboard itself and another is KS. KS is the
government enterprise but its main work is carried
out in collaboration with blackboard. We define
some set of primitives with signature for the proper
interaction between enterprise and blackboard. The
primitives like: Discover, Inform, Initiates and
Transfer are used for every transaction between
enterprise and blackboard.

The blackboard architecture does not only contain
the services but also has security mechanism to
protect the data or services from unauthorized
access. One organization may want to share some set
of services to only particular organization and not to
every other organization. In this case the blackboard
architecture takes care of this with identity based
access control mechanism [11]. Access to the service
and data is only granted to the requested
organization if such an association exits in the
blackboard.

4.5.2 Knowledge Source

It has been mentioned in the previous Section that
the main work of knowledge source is carried out in
collaboration with blackboard. Knowledge source
considers each service from the organization and
decides on the types of services. Once the types of
services are identified then PLA takes the role to
construct the feature matrix. Here, we use the
concept of expert system in which the decision is
made based upon the inference of the sentences in
knowledge base. Knowledge base is the collection of
sentences that are used to make a decision of the type
of service in our architecture. We use domain experts

in finalizing the sentences.
4.5.3 Monitoring Unit

We see that the monitoring unit is very close to
blackboard in Figure 1. The monitoring unit monitors
the blackboards and provides fault tolerance
capability to the blackboard. As per the nature of
performance and architecture the blackboard suffers
from outages due to fragmentation and accumulation
of errors which is nothing but software ageing. The
software ageing brings high costs, in system with
high availability requirement. In order to counteract
we use manager in our system to take care of this
phenomenon [12]. We use cloud computing here as a
pilot concept. The blackboard gives the signal in
every 20 seconds to monitoring unit. It means it is
alive. If monitoring unit does not get the signal in 20
seconds then it switches to another backup system.
We can use the following approach for this as shown
in Figure 4.

Blackboard 1
 —
| Blackboard 2 I

28 4 HohE ZHAIRH
Fig. 4. Proposed Monitoring Unit

As shown in the Figure 4, the proposed
monitoring system has three main entities, i.e.
Blackboard, Voter, and Manager. Each entity is in the

_8_
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cloud. The interaction among the entities means
interaction among the clouds. In total there are four
clouds in Figure 4. We define set of standards APl in
order to communicate among the components in
monitoring system.

4.5.3.1 Analysis

Manager has the vital role in monitoring unit that
is why; we carry out the analysis based upon the
presence and absence of manager. We assume
manager as a reliability component in monitoring
system.

o With Manager:

Blackboard consists of stack of services in its
repository. It keeps the services from enterprise,
provides the services back to enterprise, protects the
services from unauthorized entities, and updates the
services periodically. Most of the core activities of EA
are done by blackboard in collaboration with KS.
Performance of EA therefore depends upon the
proper functioning of blackboard and necessitates
mandatory monitoring of it to ensure smooth
functioning of the blackboard. In order to achieve it
we propose monitoring unit as a master unit to
observe and monitor the blackboard. Here, we
analyze blackboard with monitoring unit using
Constant Time Markov Chain (CIMC) model
depicted by the state diagram shown in Figure 5. We
perform the analysis based upon the CIMC. We
develop the corresponding state diagram. We use
Markov model for the purpose of analysis.

The Figure 5 is the equivalent state diagram of
Figure 4. It has twelve states. The transition from one
state to another takes place with a probabilistic mean
rate.

a8l 5 AEjMolE (HEX} UE)
Fig. 5. State Diagram (with Manager)

1: Blackboard is operating

X: Blackboard is in abnormal condition but
working

M: Blackboard is getting repaired but not working

0: Blackboard is down i.e. not working

Good State: 1,1

Defective State: 1,X; X, 1; X,0; 0,.X

Partial Failure State: 1,0; 0,1

Maintenance State: 1, MM, 1, M, 0; 0, M

Failure State: 0, 0

Each state has a certain probability to be in its own
state. They are represented with 10, 1, 72, 13, 14, 15,
76, 17, 18, 19, 110, and 111 for respective states. Each
state is marked with two numbers (i.e. the status of
two blackboards) and the combination of these two
numbers indicates whether the system is in running
state or not. In Figure 4, there are three main units i.e.
black-board, voters and manager. Blackboard
contains the stack of sharable services and it provides
these services to the enterprise. Voters monitor the
blackboard whereas manager monitors both voters

_9_



BRI SRR E SOGE A6 A1 2011 2

and blackboard. It is assumed that voter monitors the
blackboard regularly as per predefined duration and
manager monitors blackboard in every 10 minutes.
Manager is considered to be extremely reliable.
Blackboard is a kind of software component which
is designed using a specific process. We consider
process aging in this case but a catastrophic failure is
ruled out. For this reason base longevity interval for
the blackboard is considered 6 months. It means the
process in blackboard application can survive up to 6
months. We expect both blackboards run throughout
the life time of the system. During the life time of the
system if one fails another takes care because of hot
standby fault tolerance approach. In Figure 5, there
are two possibilities for the transition. Transition is
based upon the behavior of the blackboard. If first
blackboard behaves abnormal then it follows the
states in the right side of the state diagram and if
second fails it follows the left. We assume the both
blackboard does not fail in the initial phase of the
system life time. The transition from a good state to a
defective state takes place with a probabilistic mean
rate of 2\1. Once it is in the defective state voter
identifies it and try to inform manager with
probabilistic mean rate of 2\2. This occurs in every
30 minutes. Voter can notice the defect but cannot
repair it. Unfortunately, if it cannot switch to
maintenance state then it goes to a partial failure
state with probabilistic mean rate of 2\s. Here, one of
the blackboards is down but the system is operating
because another blackboard is still in good condition.
We assume this happens in a week. The first
blackboard gets repaired with repair rate of 1. At the
same time, the second blackboard may also get defect
with a rate of A\1. As earlier, the voter notices this
defect also and moves to the maintenance state for
getting maintenance from manager with probabilistic

mean rate of A2. Here also manager does maintain or
repair the abnormal blackboard. If the second
blackboard does not get repaired by manager on
time then it moves to the total failure state with
probabilistic mean rate of As. This is the meantime
between two main failures (MIBF) in our monitoring
system. Finally, if both of the blackboards go down
then it is repaired with the rate of 1. The system does
not provide the services if it is in state 7, 10 and 11
otherwise the services are available in other
remaining states.

E 1. 2% nelo|g
Table 1. Operating Parameters

Parameters Values

A1 6 Months
H 1 time in a day
Ha 2 times in a day
A2 1 time in 30 minutes
A3 1 time in a week

Time 1 year i.e. 8640 hours
t 1 time in 30 mn

Calculations:

Let us calculate the probability of each state. The
steady state balanced equations of state diagram are

given below.
Good State:
o Ty + sy + T+ Tiglly, + T4 1
o (24, +24,) (A)
State 1:
ﬂ“ 1
T 1 = T 0
Ay, + Ay @
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State 2: State 10:
2y ”w:[ ik ],,0
(At 4) (25 ) (At ) = A (B4 1)
(10)
State 3:
State 11:
Ty = A V1 20208
3 0 = .
Ay + A4 G) o Lx(ﬂ?+ﬂ3)z(ﬂl+uz)—wﬂq+ﬂg)u1”
(1)
State 4:
. 2 /11 ﬁ,z - Now, with following balanced equation, the
4 m ( A, + /13) 0 @ steady state probability of vector = of the Markov
Chain is given by:
State 5:
Yimgm=1
s = Ay T
5 0
(R+A)(A+m)-4h @) Where,
P is the total number of states of a system.
State 6: The equation for our state diagram can be
. A2, . obtained by summing up the probabilities of all five
° (A + A) (A + 1) = Ao (A + 5 ’ (6) states and the sum is equal to 1.
7 = i Aol 2 7, (12)
H (A + 2a) (At tty) = 2o (2 + 2 )
O mimimsmtn gy =L
State 8: 13
T, = T Equating equation (1-11) into equation 12, we get,
D (et ) ()4 @
State 9: o . : i )
N 2 ) R L S e
9 2 0 TERS R FRTA R SAFRG R TR PO N P YT 5 |
(et ) (i) (24 ) ) ”



BRI SRR E SOGE A6 A1 2011 2

This is the equation of probability of our proposed
monitoring system to be in “Good State” After
keeping the parameters from Table 1, we get
following features of monitoring system.

Availability: It is the likelihood that the system is
delivering adequate service to its users. We consider
EA and try to calculate the likelihood of service
delivery. Since the blackboard is the core of our
architecture and monitoring unit is keep on
monitoring and supporting the blackboard in case of
any type of failures, so non-functional properties of
monitoring unit are very important. We calculate the
availability, survivability and down time of
monitoring unit with an hour repair rate.

If we divide the state space into the set of UP states
and set of Down states, then the basic availability can
be obtained with following equation,

Hence,

Availability = 1- unavailability

System does not provide service when it is in
defect state, voter state and failure state. Only it
provides when it is in manager state. So, the
following expression calculates the availability of this
system

T+ Mo+ 7y
(16)

Availability = 1 - (

Survivability: It is the likelihood that the system is
in operating state in spite of any type of threat, attack
or disaster. In our architecture, we consider the
capability of monitoring unit to survive, which is

given by:

Survivability = Availability-Probability of system
to be in failure state.

Survivability = Availability- (Service Unavailable)
(17)

Downtime: It is the period in which the system
stops providing the servicee. We calculate the
downtime with following equation:

Downtime=( 777 + 7o T 71 )*L (18)

Where,

L =Period of 1 year i.e. (12*30*24) = 8640 hours

We calculate the availability, survivability and
downtime as the function of repair rate i.e. rate of
transition from voter to manager. Table 2 shows the
results of them. As it is said that manager is most
reliable and can repair the defects, we consider this
repair rate as a parameter for achieving the
availability. Hence, we carry out the repair rate from
1 time in a day till 24 times in a day i.e. Repair rate in

every hour.
2 do{7l gt
Table 2. Obtained Values
Manager Rate Availabilitf Downtim| ~ Survivabilit
SN.
(A2and As) y e y
1 1 time ina day 0'92931285 0.01063 0.99851
2 2 fimesina day 0'999%3182 0.00372 0.99877
3 dtimesinaday | O 69 B0 0036 0.99891
4 12 times ina day 0‘9:993474 0.00033 0.99902
5 Mtimesinaday | O 495%716 0.00014 0.99904
6 48 fimes ina day 0‘999999652 0.00007 0.99907
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The above Figure 6 shows the availability verses
the times of maintenance in a day. If we perform
maintenance in a day then availability would be
three 9's. Once the rate of maintenance is increases
the availability also gets increased. We can achieve
uptofive9s.

Time(s) in a Day vs. Availability

0.99999
0.99987 -
0.99974 +
0.99962
0.99949
0.99937
0.99924

Availability

Availability

1Time 2Times4Times 12 24Tims 48
inadayinadayinaday Times inaday Times
inaday inaday
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Fig. 6. Maintenance Rate v.s. Availability

The Figure 7 shows the survivability verses times
in a day. Survivability is increasing as we increase
the rate of maintenance from in every 24 hours to
every 30 minutes. It can be achieved

up to the three 9's. It also shows that survivability
can be achieved further more if we increase the rate
of maintenance.

Time(s) in a Day vs. Survivability
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Fig. 7. Maintenance Rate v.s. Survivability

Time(s) in a day vs. Downtimein a
Year
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Fig. 8. Maintenance Rate v.s. Downtime

The Figure 8 shows the decreasing trend of
downtime of a system. Here, we also compute the
downtime against the maintenance rate. It clearly
shows the system does not go down for a long time.

®  Without Manager:

g 9. MEfHolL (ZefRt ele
Fig. 9. State Diagram (without Manager)

The Figure 9 shows the state diagram without
manager. Here also, we use Markov Model and
identify the state probability of each state and the
probability of the system to be in good state is given
below:
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We calculate the availability, survivability, and
downtime of Figure 9 and compare it with Figure 5
with the help of following graph.

Comparision Between With and
Without Manager
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Fig. 10. Comparison Availability, Survivability
between with and without manager

Comparision Downtime Between
Manager and Without Manager
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Fig. 11. Comparison Downtime between with and
without manager

The Figure 10 and Figure 11 are the graphs of
comparison between with and without manager. It
shows clearly the high availability, survivability and
less downtime with manager as compare to without
manager.

V . Features of Proposed Architecture

There are many features in the proposed
architecture but we have listed only few of them:

® High Adaptability: The main challenge of EA is
to enhance the degree of adaptability. We have
calculated non-functional properties in our
architecture and found very satisfying results. As
per the analysis, this architecture can achieve
availability of 99.957%, survivability of 99.910% and
it goes down for four hours in a year which is the
significant time for maintenance and repairing of
the system.

o High Reusability: It is possible to get maximum
reusability in this architecture because each service
is analyzed by blackboard, knowledge source with
the approach of expert system and product line
architecture and tried o get maximum reuse.

o High Maintainability: SOA is used in component
interaction. Each component interacts with other
component with SOAP and WSDL thereby creating
a loosely coupled architecture., A component can be
updated, or replaced without disturbing other
components or architecture. This feature ensures
high maintainability.

® Scalability and Resource Management: It is the
capability of architecture to expand its resources as
per the need and reduce its when there is no need.
We have obtained the feature of scalability in
monitoring unit of architecture. That has been
possible with cloud computing,
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VI. Conclusion

The proposed architecture gives a new dimension
to the existing enterprise architecture and is built
upon the basic philosophical premise of EA
consisting of components such as SOA, PLA, along
with cloud computing. Blackboard architecture is
proposed for managing sharable services. There are
few components with some specific objectives and
they can interact with each other through SOAP. The
features like separation of concern, reusability,
interoperability, scalability and cost effectiveness can
be achieved in this architecture. Maximum
reusability is achieved through PLA. We identified
poor adaptability as the major challenge in existing
EA and a solution to address this challenge has been
proposed that makes use of available technologies.
Now, there is no need to re-structure entire
architecture with small change in one component.
The proposed architecture also addresses the critical
challenges of EA and enhances the non-functional
properties.
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