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Abstract

Continuous changes in organizational requirements, including the architecturally significant ones, have drawn researchers' attentions to the
importance of architecture evolution process. Considering the widespread effect of structural design decisions, the consistency with
previously designed architectural structures should thus be continuously preserved throughout the evolution process. Evolving Enterprise
Architecture (EA) and Software Architecture (SA), as a kind of architectural structure, is thus important. One of the approaches for managing
this process is managing the evolution process knowledge. The knowledge that has been used for designing the architecture is as valuable as
the designed architecture itself because the architecture would be destroyed if it is updated without considering the knowledge that was used
(or created) during the design process. On the other hand, one of the reasons for which updating the architecture is important is the need for
aligning SA and EA. Although the idea of using Knowledge Management (KM) process for evolving architecture has somehow been
addressed, researchers have sporadically studied the applicability of using KM techniques for addressing the alignment issues. In this
research, a framework is proposed for aligning the SA and EA based on KM process. Architectural designers can use this framework for
aligning the architectures, and researchers can use it for proposing new alignment methods.

Keywords: Architecture Alignment, Enterprise Architecture, Software Architecture, Knowledge Management-Based Framework,
Knowledge Management Process.

that the organizational business goals are accomplished
through aligning the business activities with action plans
throughout the whole organization. SA is also recognized as
an engineered structure which provides an organized
framework for the target software, and is inspired by
architecturally significant requirements [4].

Various research efforts have been made in the area of
architectural alignment. Although KM has been used for
evolving designed architectures, KM process has not been
directly used for aligning architectures. It should also be
mentioned that in most of the conducted research, alignment
has been seen as a generic process, rather than an engineering
process which requires identifying alignment requirements
precisely, and also prescribing situational alignment solutions

1. Introduction

Business-IT alignment has been researched in various
dimensions including strategy (like [1]), architecture (like
[2]), and process (like [3]). This research is aimed at
providing a framework for aligning SA an EA. Although
being expert in the area of SA is not a prerequisite for
designing EA, EA designers should have a glance at designed
SAs, in order to ensure the consistency between EA and SA.
In return, SA designers should consider the consistency
between EA and SA. Sometimes, the previously designed EA
(SA) should be updated to be aligned with the new SA (EA),
so that its practicability is maintained. This may require
redesigning the architecture, which results in wasting the

organizational assets as well as missing the deadlines.

Although process of designing EA has been viewed from
different perspectives, most of the researchers have
unanimously agreed that the EA design is aimed at
engineering/reengineering the business enterprise in a way

based on the identified requirements.

Available EA and SA management approaches do not
support KM process, through the commonalities have
somehow been approved [5], [6]. We have used these
commonalities as a basis for aligning the architectures
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through managing the knowledge that is required for
alignment.

The rest of this paper is organized as follows: Section 2
discusses the background of this research, Section 3 explains
the proposed framework, Section 4 discusses the results of
evaluating the proposed framework, and finally the last
section provides the conclusion and proposes the potential
future works.

2. Background Study

Generally, the conducted research in the area of this research
incorporates the following sub-areas:

1. ldentifying the corresponded components to be aligned
(Component-Based Approach): This category of research
efforts has focused on identifying the correspondence
between SA and EA components. As an expressive example,
Pereira and Sousa have provided heuristics within four main
components, including Business, Information, Application,
and Technology [7].

2. Assessing the established alignment (Evaluation-Based
Approach): Some researchers have studied the appropriate
way for investigating alignment strategies and also the way
of preserving the alignment. As an example, some
researchers have proposed a model for assessing the maturity
and alignment status of architecture [8].

3. Proposing process-based alignment methods (Process-
Based Approach): Some of the researchers have tried to
propose methods for aligning architectures. As an example,
Eck et al. [9] have proposed a framework which can be used
for extracting patterns for aligning strategic and software
dimensions. Although this framework has skillfully been
engineered, it has not considered the differences between
architectural and strategic alignment.

4. Proposing multi-dimensional EAs (Integration-Based
Approach): In this category, the researchers have tried to
integrate existing EAs in a way that the resulted EA would
be more consistent with the existing SAs. For example,
Zarvic and Wieringa have proposed such a framework [10].
5. Providing model-based alignment methods (Model-Based
Approach): This category of research is concerned about
aligning, and does not consider the domain features. In other
words, this category of research focuses on logical issues.
As an example, Clark et al. have published a research paper
of this category [10].

6. Presenting domain-specific alignment approaches
(Domain-Based Approach): In this type of research, the
researchers have tried to investigate the useful techniques for
aligning the architecture in a special domain. As an example,
Riempp et al. have focused on special enterprise architecture
for US army [12].

3. Proposed Framework

Architectural design is sometimes defined as the process of
making a sequence of design decisions [11] [12], and thus
aligning the architectures can be seen as aligning these
decisions. On the other hand, managing the organizational
knowledge impacts on decision making process [13]. In this
basis, our proposed framework uses KM process for aligning
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the design decision processes, which results in aligning
software and enterprise architectures. For this reason, the
main phases of our proposed framework are the main phases
of KM process (Figure 1).

It should be noted that different researchers have presented
various phases for managing the organizational knowledge
[14], but we have used the four common ones in our
framework, named as Discovering, Capturing, Sharing, and
Improving. These phases guide the procedure of making
appropriate decisions for alignment, and also aligning the
decisions that have previously been made.

Falessi et al. have surveyed decision-making techniques for
designing software architecture, and they have proposed a
process for selecting the best decision-making technique
among various alternatives [15]. We have used this process
for analyzing the decisions, and also discovering the
knowledge that should be shared to alleviate the
inconsistencies.

Steps of our proposed framework are sequentially explained
below:

1. Discover: This phase is aimed at discovering the existing
misalignments or the potential points of misalignment.
Furthermore, the knowledge sources that contain the
alignment knowledge, which is needed for alleviating
misalignments or preventing them to happen, are discovered.
For this purpose, the following steps should be taken:

- Activity Identification: Identify the activities that have
been taken (or are going to be taken as new decisions) in
designing the SA and also the EA.

- Decision Analysis: Table 1 shows some of the most
important aspects in making architectural design decisions.
In this step, the identified activities in the previous step are
analyzed. For each decision, result of performing the under-
investigation activity is analyzed; it may improve the design
decision or it may make it worse.

- Knowledge Source Identification: Identify all the people
who have been (or are going to be) involved in making
decisions in the process of designing the software and
enterprise architecture. Then, ask them to specify all the
knowledge resources that have been (or are going to be)
involved in making the intended decisions. Note that all the
explicit and tacit knowledge resources should be identified
[16], [18].

2. Capture: This phase is targeted at capturing the knowledge
that is required for aligning the decisions that have been
made (or the decisions that are going to be made). The
following steps are prescribed to achieve this goal:
-Knowledge Elicitation: As shown in Figure 1, this step is
performed in parallel with all the steps that should be
performed in this phase. Use the knowledge elicitation
techniques to capture the knowledge that is needed for
performing the steps within this phase [17]. The knowledge
should be extracted from the knowledge resources that have
been recognized in the previous phase.

-Relation Analysis: Use Table 1 in order to investigate the
impact of SA design decisions on EA design decisions (that
have been made or are going to be made) and vice versa. The
tick symbols show that the corresponded rows and columns
affect each other.
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Figure 1. Proposed Aligning Framework

Table 1. Design Decision Aspects

SA Design
Decision Aspect Complexity of Satisfaction of Understandability of Uncertainty of
Architecture Stakeholders’ Presentation Method Designed
EA Design Description [15]  Requirements [15] [15] Architecture [15]
Decision Aspect
Dependency between Decisions v
[24]
Rationality (Level of Certainty) v 4
[25]
Number of Alternative Decisions v
[25]
Amount of  Attention to v 4 v
Business,  Application, and
Technology Layers [25]
Predictability of Consequences v v v
of Decisions [25]
Number of  Positive and v v

Negative ~ Consequences  of
Already-Made Decisions [25]
Decision Traceability [25] v v v
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-Synergy Identification: Identify the synergetic points
between the SA and EA design decisions. Synergetic points
are those activities that result in aligning decisions that have
been analyzed in the previous step.

-Inconsistency Analysis: Identify the inconsistent points
between SA and EA design decisions. Similar to synergy
points, inconsistent points are the activities that cause
misalignment between decisions.

3. Share: In this phase, knowledge is shared between SA
and EA designers. In other words, the SA and EA designers
share their knowledge in order to remove (or prevent)
inconsistencies.

-Creation of Knowledge Sharing Environment: Develop
appropriate environment in which the SA and EA designers
can share their knowledge. Consider the cultural and the
organizational factors that are mentioned in [19], [20], [21],
and [22].

-Knowledge Transfer: Establish the right knowledge flow
between SA and EA design decision makers. For this
purpose, transfer the knowledge that has been gained in the
previous phase. The knowledge sharing technique should be
chosen based on the EA and SA designers’ opinions. Try to
motivate designers to share their knowledge [22].

- Alternative Identification: Identify all the activities that
may be performed instead of the activities that were
previously been identified.

-Mechanism Identification: Find all the mechanisms that
may be used for performing the activities that were analyzed
in the previous step.

- Prioritization: Investigate the advantages and disadvantages
for selecting each of the identified activities and
mechanisms, and prioritize them in a way that the activities
with the highest priority cause less inconsistency and have
the most advantages and the least disadvantages. Study the
available heuristics for alignment (like [7] and [23]), and use
them if appropriate.

4. Improve: The final goal (alignment) should be realized in
this phase. The following steps are prescribed for this
purpose:

-Solution Determination: Select the best solution among the
solutions, prioritized in previous phase.

- Control: If a new decision is made, find the new issues that
cause inconsistency. Follow the alignment steps, if needed. It
should be noted that the available assessment models (such
as the model proposed in [8]) can be reused for performing
this step.

4. Evaluation of Proposed Framework

This section is targeted at evaluating the proposed
framework. To this aim, an example of using the proposed
framework is first provided, and then the available alignment
approaches, reviewed in the second section, are compared
with our proposed framework.

8
4.1 Example-Based Evaluation

In this subsection, the proposed framework is used for
aligning a new SA design decision with a previously
designed EA.

Dynamic software architecture is a kind of software
architecture that may change during the maintenance phase,
and thus particular description languages and techniques are
required for applying the changes [26]. Suppose that an in-
use EA has been designed based on the Zachman framework
[27], and the SA changes continuously (because of the
change in customers’ requirements). As mentioned in [28],
the Zachman framework does not support the maintenance
phase. Thus, our proposed framework can help aligning the
architectures as follows:

1. Discover: The following steps have been taken:

-These activities have been performed for changing the
software architecture: Extract the services from component
functionalities, and define the relations between services.

-1t has been discovered that the mentioned activities increase
the uncertainty because all the service would not be extracted
from component functionalities; in the other words, services
are not equal to component functionalities.

- The following knowledge resources have been discovered:
SA designer, SA design documents.

2. Capture: Results of performing this phase are as follows:

- The following tacit knowledge contents were elicited: The
reason behind the relation between components, results of
analyzing different types of relations between services, the
reason behind the way of identifying the services, and the
knowledge about the relation between component
functionalities and services. Furthermore, the following
explicit knowledge contents have been identified: Designed
component-based architecture, designed service-oriented
architecture, and the post-mortem documents which
incorporate the lessons learnt about the architecture that has
previously been designed.

- The following issues have been discovered as the items that
are affected by the new design decision: The rationality
level, the level of predictability for the consequences of
decisions, the number of positive and negative consequences
for already-made decisions, the traceability of decisions, and
the relation between business, application, and technology
aspects of previously designed architecture.

- The reusability aspect of consistency (between business
process model and the previously designed architecture) is
expected to be maintained because both component-based
and service-oriented architectures support reusability.

- Some inconsistencies may occur as follows: The concept
of “service” is different from “component functionality”. For
example, the services may be coarse-grained while the
component functionality is fine-grained and vice versa.
Furthermore, all the component functionalities may not be
directly mapped to a service. As a result, the business plan
that has been designed (throughout the EA design process)
may be inconsistent with the new functionalities that are now
mapped to services.

3. Share: Results of performing this phase are as follows:

- Both SA and EA designers should be motivated for sharing
their knowledge. For this purpose, an unofficial session is
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held and the advantages and goals of sharing the designers’
knowledge are discussed. The designers are also asked to
talk about their worries and opinions. In this step, the
managers should try to alleviate the worries and provide an
unofficial environment (like a coffee shop) for sharing
knowledge.

- The technologies, which facilitate sharing designers’
knowledge, should be recognized and prepared.

- Using the knowledge that has been shared in previous steps,
the following activities are prescribed to be performed
instead of the activities that have first been proposed: Extract
the services from the system requirements, Refine the
services, and continuously check the consistency with both
the existing business plan, and the in-use business process
workflows.

- As an alternative mechanism, using the available tools that
support automatic definition of services has been discovered.
-The advantage of directly extracting the services is
accuracy, and the advantage of extracting services from
components is speediness. Also, automating part of the
extraction process helps speeding the service identification
process. Thus, the activities can be prioritized based on two
criteria: speed, and accuracy.

4.Improve: In order to improve the alignment status, the
designers should integrate the recognized activities. Meaning
that, at first, some services are extracted directly while some
are extracted indirectly. Then, the designers compare and
integrate these results.

4.2. Comparison-Based Evaluation

In this subsection, the proposed framework is compared with
a number of available alignment approaches, which were
briefly reviewed in the background study section. To do this,
a number of criteria have first been extracted based on the
previously conducted research in this area (Table 2), and
then the proposed framework has been compared with other
research efforts in this area (Table 3). The evaluation criteria
may be satisfied in three levels, as follows:

“+” Symbol: Means that the criterion is satisfied.

“*” Symbol: Refers to partially satisfied criteria.

“-“ Symbol: Indicates that the criterion is not satisfied.

As shown in Table 3, the proposed framework satisfies most
of the criteria. The reasons behind assigning the satisfaction
values are sequentially provided below:

1. The proposed framework provides a high-level method for
aligning architectures; thus it has a methodological approach.

2. The framework guides both SA and EA designers in regard
to consider the special characteristics of the domain for
which the architectures are (have been) designed. In other
words, sharing the designers’ knowledge helps satisfying this
criterion.

3.Similar to the second criterion, this criterion is also
satisfied due to active involvement of designers to whom the
alignment issues have been conceded.

4.This framework has not been tested through case study;
however, it has been proposed based on practically evaluated
methods.

5. Analyzing the decisions (and the relation between them)
supports this criterion.

6. Active involvement of designers helps satisfying this
criterion. The designers are actively involved to share their
knowledge.

7.The stages that analyze the synergy and inconsistency
support satisfying this criterion.

8. Providing appropriate environment for knowledge sharing
and also identifying the alternative activities and mechanisms
support prevention of misunderstanding.

5. Conclusion and Future Works

The process aspect of aligning EA and SA has poorly been
considered in the area of architecture alignment. In this
research, we have proposed a high-level framework for
aligning an existing (or new designed) EA of an organization
with existing (or new designed) SAs. KM process has been
used as the main frame of our proposed framework because
the alignment process can be seen as a KM process that
guides making architectural design decisions in a way that
alignment is guaranteed. The SA and EA designers can take
the proposed steps in the framework in order to find the
issues that should be aligned. Then, they can make
appropriate decisions for eliminating these issues.

It should be noted that the proposed framework is not
detailed enough, and it should be configured by designers. In
fact, the detail are dependent on the domain for which the
framework is aimed. As an example, there exists various
knowledge sharing techniques but selecting the best
technique depends on the organizational characteristics (like
culture); meaning that the techniques cannot be prescribed in
advance. This research can be continued through proposing
context-specific methods which are instantiated from this
framework. It should be noted that various case studies
should be performed to evaluate alignment methods in detail.
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Table 2. Evaluation Criteria
ID Criterion Description
1 Considering the methodological aspect of The aligning approach should not ignore the methodological aspect of
SA [4] SA

2 Attention to domain issues [29]

The domain area in which the alignment is applied, affects the

alignment method.

3 Distinguishing alignment situations [30]

The alignment should be guaranteed according to the situation at hand.

The architectures should be optimally adapted.

4 Practicality [31]

5 Considering the relation with other aspects The
of alignment [32

6  Considering the human and process aspects

The proposed method should be evaluated in practice.
relation between architecture,
communication issues should be considered.

The alignment method should be comprehensive and should attend to

governance, strategy, and

[33] different aspects of alignment and the relations.

7  Being aware about alignment maturity [34]
8 Paying attention to identifying alignment
pivot and preventing misunderstanding

Both the current and the target alignment level should be considered.
The main goal should be determined. It should be specified that the
goal is to align IT and business, or it is to use the business for IT

[35] alignment (or vice versa).

Table 3. Criteria-Based Evaluation

Criterion
1D

Approach
Component-
Based
Evaluation-
Based
Process-
Based
Integration-
Based
Model-
Based
Domain-
Based
Proposed
Framework
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