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  Abstract 

  

Abstract 

Due to the rapid changing environment many organizations are striving to 

achieve agility and flexibility in internal and external environments. In order 

for an enterprise to be able to respond to this changing environment, it must 

integrate the business functions into a distinct system that is capable of 

exploiting information technology competently. Enterprise Resource Planning 

(ERP) mainly focused on integrating internal business functions and 

implementing an ERP system requires a significant amount of time and 

financial resources. Moreover, ERP systems are complex, non-flexible and are 

not capable of collaborating with autonomous application leading to difficulty 

in integration and customization [3]. Enterprise Application Integration (EAI) 

is an alternate technology to ERP where the integration process is automated 

without much effort.  

This research work mainly focuses on designing an order processing system 

using the concepts of EAI for Intra Organization in any small and medium 

enterprises (SME’s). As a result of this research work, a five layered 

architecture has been designed which can be integrated in any enterprise 

without affecting the existing business workflow. This architecture is 

categorized into Data Layer, Middleware Layer, Event Generation Layer, 

Translation Layer and Interface layer.  

Further to actually test the extent and reliability of this architecture a prototype 

system implementation is built at Hyundai Mobis Parts- Sweden, using the 

concepts of EAI. In addition the evaluation of the prototype system is 

performed to check the above defined layers of the architecture. 
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Sammanfattning 

På grund av de snabba föränderliga miljö många organisationer strävar efter att 

uppnå smidighet och flexibilitet i inre och yttre miljöer. För att ett företag ska 

kunna svara på denna föränderliga miljö måste den integrera affärsfunktioner 

till ett distinkt system som är i stånd att utnyttja informationstekniken 

kompetent. Enterprise Resource Planning (ERP) främst inriktat på att integrera 

interna verksamhetsfunktioner och genomföra ett ERP kräver en betydande 

mängd tid och ekonomiska resurser. Dessutom ERP-system är komplexa, icke-

flexibla och inte kan samarbeta med autonoma ansökan leder till svårigheter att 

integration och kundanpassning [3]. Enterprise Application Integration (EAI) är 

en alternativ teknik till ERP där integrationsprocessen är automatiserad utan 

större ansträngning. 

Denna forskning är främst inriktad på att utforma ett system för orderhantering 

med begreppen EAI för Intra organisation på något små och medelstora företag 

(SMF). Som ett resultat av detta forskningsarbete har en arkitektur utformats 

som kan integreras i alla företag utan att påverka den befintliga verksamheten 

arbetsflödet. 
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1 Introduction  

It is essential for any organization to understand and adapt to the continuous 

change in business processes. There exist many benefits that an organization 

can take advantage of with incorporating Enterprise Application Integration 

(EAI), for e.g. reduction in the amount of data redundancy and function 

overlapping. Hence guaranteeing a greater extent of data integrity and 

consistency, further EAI also facilitates better functions and services compared 

to individual systems [5]. EAI to some extent can also integrate Enterprise 

Resource Planning (ERP) systems; therefore helps connect many ERP systems 

[1]. EAI provides a combined methodology to integrate the different IT 

modules such as people, platforms, databases and applications to facilitate 

secure inter and intra enterprise collaboration. EAI facilitates data sharing and 

business processes that span across a number of systems and departments thus 

focusing mainly on the issue of integration between various systems and 

applications. According to [5] “Enterprise Application Integration (EAI) can be 

defined as an activity that integrates and harmonizes an enterprise’s isolated 

business applications, processes and functions in order to provide common, 

sharable business applications, functions and services within the enterprise”. 

Much value for adopting EAI is found in the area of intra organizational 

Information Systems (IS). A customized legacy system has a lot of historical 

data and thus there exists a lot of scope to develop integrated links with 

disparate systems in a customized legacy system [4]. Quite often a single 

packaged system for e.g. Systems Applications and Products (SAP) will be 

adopted by several organizations without the need for any customization.   

Order Processing is an important part of many organizations and 

numerous organizations have developed packaged order processing systems 

with the help of ERP systems. However as mentioned in [4] packaged systems 

do not tolerate much customization and hence quite often many organizations 

have to change or modify their business strategies and business processes to 

accommodate the packaged systems. This is where EAI plays a vital role in 

integrating many disparate systems at intra organizational level. Any order 

processing system either customized or packaged must be able to properly 

communicate with various parallel systems and with the users of the system to 

provide timely notifications during crucial times. Timely notifications or events 

allow the system user to take protective steps to overcome problematic 

scenarios and at the same time this improves the performance of the 

organization. Event-driven applications are intelligent applications that are 

capable to respond to any significant occurrences of events. Event processing is 

not a new technology and recently there has been an increase in the usage of 
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event driven applications in many industrial areas. EDA has characteristics of 

being highly distributed and extremely loosely coupled and hence best suitable 

for asynchronous workflow and information [8].  
 

1.1 Research Focus 

The most important aspects to realize EAI consists of combination of 

organizational and organization expertise such as database technology, 

distributed and real time communication technology in IT, business process 

reengineering and workflow redesign to facilitate the complexity of the 

organizational processes. Furthermore, Information systems (IS) need more 

traditional technologies for integration such as middleware for databases, real-

time and distributed applications and standards for user interface [2]. EAI is a 

combination of a number of underlying approaches, terminologies and concepts 

which makes it difficult to select an appropriate approach. Hence selection of a 

suitable integration approach depends on the intra and inter organizational 

requirements [3][5]. The quality and performance of EAI packages differs from 

each other as EAI is a combination of more than 16 different integration 

technologies, that support in the development of a suitable EAI package and 

each package differs according to intra and inter organizational requirements 

[3]. According to [3] there is no particular EAI package or integration 

technologies that addresses all the problems of integration in intra and inter 

organizations. There exists a need for organizations to understand the nature of 

different approaches and technology according to the problem at hand and 

package EAI according to their requirements.  

EDA plays a vital role in enterprise application integration by making event 

services such as event channel transport, service invocation, business process 

invocation, publication and subscription, and enterprise information access 

available [14]. 

There exist a number of architectures based on EAI that have been 

implemented for e.g. Decision Support Systems based on the specific 

requirements. The main motive in this research work is to integrate the 

concepts of EAI and EDA with order processing in Small and Medium 

Enterprises (SME).This research work mainly focuses on the order processing 

for intra organization with flexible integration infrastructure using Event 

Driven Architecture for electronic order processing. This research mainly 

focuses on the following integration approaches such as data, object, user 

interface, application interface, process and internal process.  

According to [3] the authors Linthicum [5][6][7] , Pushmann et al [5][15], Ring 

et al[5][7], Samtani et al[17][18] and Themistoclious[3][7][9] have proposed 

approaches based on integration levels which are divided into technologies, 
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levels and layers. Object level integration is possible in the approach given by 

Pushmann et al [5][15] and Ring et al[5][7] but not in Linthicum [5][6][7] and 

Samtani et al [17][18] moreover Ring et al [5][7]  motivate that there is no 

single integration technology that solves all the integration problems. 

 

1.2 Purpose/Objectives  

The main focus of this research work is in providing an event driven 

architecture to implement electronic order processing using the concepts 

proposed by Linthicum [5][6][7][16
1
][17][18], Pushmann et al [5][15], 

Themistocleous and Duke et al [3][7][9] in Enterprise Application Integration 

(EAI). This research work mainly targets EAI, EDA, electronic order 

processing. 

 

The proposed work addresses the following research question: 

 How can an order processing system be built using the concepts of Enterprise 

Application Integration (EAI)? 

 An Architecture Design for electronic order processing using Enterprise 

Application Integration in intra organization. 

 Implement electronic order processing with Enterprise Application 

Integration. 

This research work, mainly focuses on designing architecture for electronic 

order processing that intends to integrate the various autonomous applications 

and legacy systems. The motivation for this architecture will be to build an 

architecture that can be customized according to the organizational problem. 

Further this customized system can also be integrated with the existing 

applications in SME’s at various levels such as the data level, application level, 

interface level etc. depending on the organizational requirements. 

 

                                                 
1 http://www.information-management.com/issues/19991101/1560-1.html, access date 27 

march, 2012. 
 

http://www.information-management.com/issues/19991101/1560-1.html
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1.3 Limitations 

There are a few limitations in this research work that are laid down before the 

start of this thesis project mainly due to the time constraints and vastness of the 

subject. Firstly we focus our entire research on intra organization 

communications in small and medium enterprises. As no previous research 

work has been done using EAI in order processing, the proposed architecture 

aims to solve the problems with application integration issues in electronic 

order processing. Also we mainly focus on a single organization for data 

collection using interviews and observation due to the vastness of this research 

work and the time constraints. 

1.4 Thesis outline 

This thesis report is mainly divided into four chapters. In the first chapter we 

give a brief introduction related to this research work followed by the 

description of the related concepts and the research focus. In the second chapter 

we describe in detail all the related theory pertaining to this research work, 

what research has been previously done by various authors and based on this 

we describe three integration technologies of EAI that will used in this research 

work.  

In the chapter three, we describe in detail the methods that are used in this 

research work. Details about how the tasks are achieved and the choices made 

have been motivated. Moreover details about the data collection techniques 

used to design the architecture have been provided. Further in chapter four we 

define the architecture design obtained from the data collection techniques and 

based on these results the architecture implementation is explained in section 5 

for electronic order processing in SME’s. Finally in section 6 the details of the 

evaluation of the implemented architecture at Hyundai Mobis Parts, Sweden 

has been described.  

In addition to these chapters three supplementary chapters have been included 

namely, discussion and conclusion, references and the appendix.  
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2 Theoretical Background 

In this section we will describe the general background of the concepts related 

to this research work and the previous research work that has already been 

done. In section 2.1 we describe the concepts of EAI, its advantages and why 

EAI is important in this research work. Further in section 2.2 we discuss in 

detail about the integration technologies proposed by Linthicum 

[5][6][7][16][17][18], Pushmann et al [5][15], Themistocleous and Duke et al 

[3][7][9]. In section 2.3 and 2.4 we describe general concepts in EDA and order 

processing respectively. 

2.1 Why EAI and Advantages 

In recent years, many software tools described as EAI solutions have been 

designed and developed to support the integration processes of enterprise 

applications and systems. These solutions help to develop the infrastructure as 

well as mechanisms for integrating and extending both legacy and new 

application systems. EAI consists of numerous approaches and use various 

terminologies and concepts which have made selection of a suitable approach 

difficult. It is difficult for an enterprise to select an appropriate integration 

solution as there exist numerous EAI integration approaches. This makes it 

harder for an enterprise to select a suitable solution [3][5]. According to [5] 

EAI approaches can be categorized into two general categories. In the first 

category, EAI approach helps to reduce the integration problem that belongs to 

a specific part of a system for e.g. data or processes. This approach mainly 

focuses on the concepts proposed by Linthicum [5][6][7][16][17][18], 

Pushmann et al [5][15] whereas in the second category, the main focus is on 

the architecture view that addresses the problems of integration from various 

aspects. This approach mainly focuses on the concepts proposed by Duke et al 

[3][7][9] and Brown’s [7][19]architectural layer. 

It is essential for any organization to make the information available to be 

shared within the organization. This ensures better planning, development, 

control and evaluation of the numerous work processes that exist internally or 

externally in an organization [2]. Many organizations are facing immense 

pressure from their customers, suppliers, internal employees to move towards a 

single integrated architecture instead of disparate systems that run in parallel 

[4]. In order to achieve this integrated architecture, that aims to integrate all the 

applications existing in the organization a new technology called as EAI is the 

best suitable solution [2]. EAI solutions address the numerous integration 

problems in an effective manner which leads to a centralized integration 

infrastructure. With the help of EAI solutions organizations can extend and 
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integrate the legacy systems as well as the new applications [5] [7]. There are 

many Information Systems (IS) that support the various EAI processes. 

However they are considered as “islands of automation” as they do not 

communicate efficiently with the various systems within the organizations and 

external systems that belong to their clients and suppliers [2].EAI solutions is 

an emerging technology and the solutions differ from package to package. 

Hence the selection of an appropriate EAI solution is a challenging task as EAI 

is a diverse area. Integration of various applications is an important factor that 

will eventually influence the success or failure of the many ebusiness 

applications that are part of an organization. Traditional approaches such as 

Electronic Data Interchange (EDI) have often proved to be complex and 

insignificant to achieve inter organizational integration. EAI on the other hand 

is a more maintainable and flexible solution for enterprise and cross enterprise 

integration [11]. The necessity for integration has not arrived in recent times 

but has rather existed since the time when applications transformed from 

centralized architecture to distributed systems. Many organizations previously 

used EDI and Value Added Networks (VAN) in an integrated manner to 

exchange their business credentials. Although with the help of EDI, data 

integration can be achieved it is not the ultimate solution for enterprise and 

cross enterprise integration as it has a number of drawbacks. EDI is a 

technology that can be very complex and invasive further it does not solve the 

problem of process integration nor does it provide the demanded flexibility and 

maintainability. This complexity in addition with high costs has forced many 

organizations to adopt more open standards for e.g. Extensible Mark-up 

Language (XML) to support the various transactions and accomplish the 

process of integration [11]. XML is capable of addressing integration of 

internet based communication however there exist many applications and 

transactions that are running on the back office systems and not over the 

internet [12]. Many organizations are composed of complex incompatible IS 

that are made up of heterogeneous computing platforms and diverse 

information formats that need EAI technologies to integrate the various 

systems. Hence organizations are shifting towards more advanced technologies 

offered by EAI to improve their business processes. EAI accomplishes 

application integration in a very effective manner by integrating both inter and 

intra organizational systems thereby incorporating the functionality in a secure 

manner form disparate systems. To support integration of information systems, 

EAI combines traditional integration technologies such as database-oriented 

middleware with new EAI technologies such as adapters, message brokers etc. 

[11]. 
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2.2 EAI Integration Technology 

According to [7] there are different approaches proposed by various analysts 

(Duke et al [3][7][9], Ring et al[5][7], Linthicum [5][6][7], Pushmann et al 

[5][15], Themistoclious[3][7][9] etc.) to explain the area of application 

integration which may be described in the form of architectures, models, 

approaches, services, levels and layers. According to [5] [7], these approaches 

may be categorized into two different categories; integration approach, 

architecture approach. Integration based approaches mainly focus on the level 

of integration which helps to decrease the integration problems such as data or 

process level integration e.g. Linthicum [5][6][7][16][17][18] and Pushmann et 

al [5][15] proposed a four and three level integration approaches respectively. 

Whereas architectural based approach [5][7] focus on the integration problems 

in architectural views e.g. Duke et al [3][7][9] and Brown[7][19] separate the 

architecture  into different layers for solving the integration problem. The 

integration approach consists of EAI for integration of particular area such as 

data, user interface, object etc., often EAI solutions combine more than one 

integration approach and the different integration approaches are defined below 

[5].  

Table 1: EAI based on Integration Approach [5] [7] 

Integration Approach 

 

Proposed Model 

Data Data Level EAI  

Data Level Integration 

Data Integration Model  

Data Integration  

Object Object Integration 

Object Level Integration  

Function/Method Method Level EAI  

Functional Integration Model  

Function or Method Integration  

User interface User Interface Level EAI 

User Interface Integration  

Application interface Application Interface Level EAI  

Presentation Presentation Integration Model  

Process Process Integration  

Business Method Integration  

Internal process Internal Process Level  

Cross-enterprise process Cross-enterprise Process Level  
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Table.1 shows the different integration approaches with respect to proposed 

model and Table. 2 show the different categories of integration approaches 

with respect to various authors. 

Table 2: Integration Approaches [5] [7] 

 

 

Integration 

Approaches 

Authors 

Linthicum 
[5] [7] 

Ring and 

Ward-

Dutton 
[5] [7] 

Ruh et 

al.  
[5] [7] 

Pushmann 

et al. [5] 

[7] 

Samtani 

et al.  
[5] [7] 

Data      

Object ×  ×  × 

Function/Method  ×  ×  

User interface  × × ×  

Application 

interface 

 × × × × 

Presentation × ×  × × 

Process × × ×   

Internal process ×  × × × 

Cross-enterprise 

process 

×  × × × 

Data Integration: - This is a common integration approach that helps multiple 

data sources for migration of data. Exchange and sharing data between many 

organization, application and resources are possible.  

Object Integration: - This approach is used for object-oriented technology 

system that allows the different business objects to share as well as combine the 

functionality across multiple applications by creating reusable interfaces.  

Function or Method Integration: - For solving the integration problems at 

the method or function level, this approach shares the business logic that is 

often found in the enterprises. 

User Interface Integration: - A primitive form of integration approach that 

helps to develop the user interface, which is responsible for imitating the end 

user actions with the help of screen scraping or advanced terminal emulation. 

Application Interface Integration: - For solving the application 

interoperability, application interface integration is used which solves through 

sharing of common business logic, exposed using a predefined programming 

interface. Packaged or custom based applications are used for invoking the 

business services.   

Presentation Integration: - It is a simple integration approach that allows the 

new user to create the interface by re-mapping the old interface/presentation. 
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Presentation integration is considered as a corresponding approach to user 

interface integration. 

Process Integration: - This approach is considered as a superior integration 

technique compared to object and method level integration. Process is common 

concepts of the system that involves the information flows as well as the 

business process automation which is built upon business rules of various 

business systems. 

Internal Process Integration: - This approach helps to manage the internal 

processes of organization such as tracking the status of internal activities and 

business processes. 

 

The architecture based approach [5] is responsible to structure the integration 

issues into various architecture layers, which are defined below. Table.3 

defines the different layers with respect to integration approaches and authors. 

Table 3: EAI based on Architecture Approach [5][7] 

Integration 

Approaches 

Proposed  Layer Model Author 

Duke et 

al. 

Hasselb

ring 

Brown 

Business Business Architecture Layer   × 

Business 

process 

Information 

Business Process 

Architecture Layer 

× ×  

Information Architecture 

Layer 

Inter-

organizational 

Inter organizational Process 

Layer 

×  × 

Application Application Architecture 

Layer 

   

Enterprise 

application 

Enterprise Application 

Integration Layer 

×  × 

Technology Technology Architecture 

Layer 

 

   

Middleware 

integration 

Middleware Integration 

Layer 

×  × 

Business Architecture layer: - This layer defines the structure of enterprise 

and workflow for business concepts, processes and rules. 

Business Process layer: - Business process layer consists of business process 

architecture layer and information architecture layer. Business process 

architecture layer is responsible for core processes to carry out the business. 

Whereas the information architecture layer defines the subject area of business 
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and types of data that helps to assemble the information in selected subject 

area. 

Inter-organizational:- Inter-organizational process layer is responsible to 

organize business process. This can be possible by cutting the business process 

in horizontal way through traditional structure of organization. 

Application: - The application architecture layer defines the different strategies 

for implementation of business architecture layer.  

Enterprise Application: - Enterprise application integration layer is 

responsible for integrating the independent enterprise resource planning 

system. 

Technology: - Technology architecture layer defines the infrastructure for 

business information and communication flows. 

Middleware Integration: - Middleware layer adds for horizontal integration 

that is responsible for addressing the techniques of integrating componentized 

information systems such as database, COBRA etc. 

EAI integration may consist of more than one integration approach because 

data integration implementation is considered simple as well as inexpensive 

and object integration and process integration are complex and difficult. User 

interface approach is considered to be the easiest and fastest integration 

approach, however it has a lot of limitations such as tightly coupled, 

synchronous communication, scaling and handling interface screens etc. The 

Existing application services can be accessed without any modification by 

external applications with the help of application interface integration with 

some limitations such as synchronous nature, availability of both application 

that make it tightly coupled system as well as same API’s for both applications. 

With the help of Table.1 and Table.2, we have selected the approaches 

proposed by Linthicum [5][6][7] , Pushmann et al [5][15], Duke et al 

[3][7][9] for EAI integration because all these models support data, object, 

process, user interface and application integration.  

 

2.2.1 Linthicum Integration Approach:- 

Linthicum and Ruh et al. [5] categorize the integration technologies into: 

 Database oriented middleware (e.g. ODBC, JDBC). 

 Message oriented technologies (e.g. message brokers, MOM, RPC, and 

XML). 

 Object oriented technologies (e.g. CORBA, COM, DCOM, EJB, etc.). 

 Transaction based technologies (e.g. transaction process monitors 

applications servers). 

 Interface oriented technologies (e.g. adapters, application programming 

interfaces [APIs], screen wrappers), which are shown in Figure.1. 
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Figure 1: Linthicum Integration Technologies 

 

Database oriented middleware: - Database is an important element in EAI, 

especially data level integration. Nowadays, a lot of different solutions are 

available for accessing, placing and retrieving information in database. 

According to Figure.2, Database-oriented middleware is used for creating a 

communication between application and database. It is no longer considered to 

be just a mechanism to access the data, but a layer that places data within the 

context of a particular common database model or format, known as virtual 

database e.g. if data in relational database presents an objects view, then 

database-oriented middleware is responsible to map the relational database 

information which seems as objects to target/source application as shown in 

Figure.2 below [16]. 



Theoretical Background 

12 

Application

Database-Oriented Middleware

Multi-

Dimensional
Relational

Object 

Database

 

Figure 2: Database-Oriented Middleware 

The above figure shows a Database-oriented middleware which allows the data 

view to be represented in the store format. Database-oriented middleware plays 

a vital role in EAI because database is considered as a primary point to access 

and move information/data in and out. It also helps to solve the complexities 

and has the ability to process multiple simultaneous requests in EAI 

integration. Other benefits of database-oriented middleware are identified as 

[16] 

 An interface to an application; 

 The ability to convert the application language into something 

understandable by the target database (e.g., SQL); 

 The ability to send a query to a database over a network; 

 The ability to process a query on the target database; 

 The ability to move a response set (the results of the query) back over 

the network to the requesting application; and 

 The ability to convert a response set into a format understandable by the 

requesting application. 
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Database-oriented middleware also allows access to the multiple databases 

(Adabas, DB2, Oracle or Sybase databases) at a time which is only possible 

through the single and common interface such as Java database connectivity 

(JDBC) or open database connectivity (ODBC) [16].   

Message oriented technologies: - Message oriented technologies are used for 

communication between two entities by sending and receiving messages such 

as message brokers, Message oriented middleware (MOM), Remote procedure 

calls (RPC) and Extensible mark-up Language (XML). MOM is responsible for 

passing the message between different applications. This can be possible by 

using point to point and multipoint topology. Modern MOM technologies 

consists of different features such as message multicasting, subject based 

addressing for network implementation, message reliability and real time data 

transferring and supporting multiple communications models. IBM and TIBCO 

are considered experts in providing solutions for MOM. Both companies use 

proprietary components to achieve similar tasks. However RPC, provide the 

ability to invoke a function from within one application and have that function 

execute within another application on a remote machine. RPC is a synchronous 

approach and needs a large amount of processing power as well as network 

resources. However the simplicity of RPC reduces the effects of its limitations 

and overhead costs. 

Message brokers, also known as Integration brokers, shown in Figure.3 acts 

like a combination of a postal service and a translation service within 

application communication channels. In message brokers, every participating 

application needs to create an interface once for broker. After which, the broker 

is responsible for translating the message into an appropriate format that can be 

understood by the recipient application. This technique helps to minimize the 

effects of changing the source and target system that can be measured in the 

cost reduction and providing maximum flexibility. 

Message brokers consists of  important features such as  distributed 

architectures, intelligent message routing, capturing schema, graphically 

mapping input, graphical tools for transformation and processing, supporting 

object request brokers, MOM standards and application component models etc. 

[17]. 
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Figure 3: Message Broker for Applications Integration based on [17] 

Linthicum [5][7] also proposed four different approaches on integration levels; 

likewise Samtani et al[17][18] also used the same concepts as defined by 

Linthicum [5][6][7]. The identified four different levels are Data level 

integration approach; Application level integration approach; Method level 

integration approach; User Interface level integration approach, shown in 

Figure.4. 

 

Data Level: - Data level integration approach is used for moving data between 

data stores. It helps to extract and update information between different table 

of databases in organization [7][5]. Data level integration in EAI is reflecting 

the logical integration and not the physical integration. It can be possible by 

defining the global data schema, which maps the data from multiple sources 

and provides a consistent data view to users. Global schema can also be used 

for different message formats in different applications in EAI platforms. 

Physical data is maintained as private data which is physically hidden in 

applications and share only logical data for other applications [6]. 

 

Application Level: - Application level integration “is for leveraging of 

interfaces exposed by custom or packaged applications to gain access to 

application services” [7]. This approach of integration is used for sharing 

common business logic; expose an interface for custom and package 
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Figure 4: Linthicum Integration Approach 

 

applications [5]. In EAI, message broker is vital for providing the information 

transmission services in applications, which can be achieved by different 

methods such as publish subscribe, request response method, 1 to 1, 1 to n and 

n to n communication. The link is established by application adapters between 

the broker and applications which is a reusable functional component that 

familiarizes the communication protocols of special applications as well as 

broker. It is easy to develop application adapter in distributed computing 

environments by application program interfaces (API) [6] [18].  

 

Method Level: - Method level integration approach helps to solve the 

problems at the method level which is based on sharing existing business logic 

within the enterprise [5]. This level is achieved by defining methods, by 

rebuilding every application which uses the same method mechanism 

(distributed object technologies) or sharing and hosting the methods on a 

central server [7]. In enterprise applications, establishing common methods 
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helps to encourage the reusability which decreases the need of redundant 

applications as well as development efforts [18]. 

 

User Interface Level:-  This approach uses the user interfaces for integrating 

the applications which is considered more suitable for custom based application 

integration [7][5]. This approach is also known for integrating ERP suites and 

enterprise applications. Interface-oriented integration can be used as data 

consistency solution [18]. 

 

2.2.2 Pushmann Integration Approach:- 

Pushmann [5] proposed three different approaches for integration which are 

shown in Figure.5, namely data, object and process integration. 

 

Data Integration: - According to [15], data integration can be divided into two 

parts namely connectivity services and interface services. Connectivity services 

are responsible for data integration by mining information from one application 

to other application. Whereas interface services normalize the way that 

communication, transformation and process management services access and 

interact with all applications to be integrated with the EAI system [15]. EAI 

supplier mentions this functionality as adapters, connectors, integrators and 

building blocks because it is integrated with the custom and packaged 

application interface by intermediate resources. It provides the interface 

translation services and metadata representation services [15]. 

 

Object Integration: - Object integration approach applies on those systems 

which are developed by object-oriented technologies. This helps to create 

reusable interfaces across multiple applications with the cooperation and 

sharing of business objects [5]. Transformation services are essential for EAI 

systems because it encourages object integration. Connectivity services send 

information to transformation services and convert the message into destination 

acceptable formats. This conversion process depends on two types of data; 

Metadata that describes the related elements of the source as well as target 

applications object model and developer-defined library for transformation 

between source along with target data structures. Transformations services 

provide identification services, routing services and synchronization services 

[15]. 
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Figure 5: Pushmann Integration Approach 

Process Integration: - Process integration approach also known as business 

method involves the automation and flow of information of business processes 

which is based on business rules [5]. Intra and inter integration take advantage 

by using process management services. Process management services control 

the execution of a sequence of transformations as specified by a pre-defined 

process model [15]. In the development of new adapters, process models and 

transformations, a variety of functionality are support by EAI such as interface 

development services, transformation specification services and process 

modeling services.  

Figure.6 shows these levels of integration and their corresponding functionality 

[15] and Table.4 shows the strengths and weaknesses of Pushmann integration 

approaches [5]. 
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Figure 6: Levels of Integration and corresponding functionality of EAI systems based 

on [15] 

Table 4: Strengths and weaknesses of Pushmann Integration Approach based on [5] 

 Integration Approach 

Data Object Process 

Definition Shares data 

between multiple 

data sources 

Integrates objects 

distributed 

throughout the 

enterprise 

Business process 

modeling and 

integration 

Strength Simple to 

implement 

 

 

 

Integrate business 

logic Reusable 

Real time tracking 

and analysis of 

business process 

Inexpensive to 

implement 

Dynamic process 

Consistent data Optimization and 

adjustment 

Minimum changes 

to the source or 

target applications 

Process evaluation 

Provides access to 

wide range of data 

 

Weakness Does not invoke 

business logic 

Complex Complex to architect 

Difficult approach Expensive to 

implement 
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2.2.3 Themistocleous Integration Approach:-  

EAI technology consists of various intra and inter-organizational applications 

with the help of flexible and sustainable integration infrastructure. All 

integration tasks are performed by co-ordination of infrastructure. Different 

approaches are proposed in [3][7] by various authors to describe the EAI 

technologies which are mainly based on Duke et al [3][7][9]. (1999) such as 

Klasell and Dudgeon [3][7] (1998), Edwards and Newing [7][9] (2000), 

Pushmann et al [5][15] (2001), Themistocleous and Irani [3][7][9] (2003), 

Erasala et al.[7][9] (2003). 

According to the approach proposed by Duke [3], 

 “A solution based on EAI involves the transportation and 

transformation of information between one or more applications using 

an integrated infrastructure. 

 EAI support the timing and sequencing rules that govern when the 

transportation and transformation takes place.  

 The integrity constrains that determine the success or failure of the 

integration”. 

PROCESS 
AUTOMATION

TRANSLATION TRANSPORTATION CONNECTIVITY

THEMISTOCLEOUS MODEL

 

Figure 7: Themistocleous four layers Application Integration 

 

Themistocleous [3] [7][9] further investigated this approach and proposed a 

four layer application integration approach namely: 
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Connectivity layer: - This layer is responsible for creating connection or 

linking applications such as linking between EAI architecture and applications. 

In a typical EAI situation, source system uses the connectivity layer for 

extraction of applications elements such as objects and data. 

Transportation layer: - This layer is used for transferring the applications 

elements such as data and objects, between source applications, integration 

infrastructure and target applications. 

Transformation layer: - This layer is used by integration infrastructure for 

translating and then reformatting the elements into recognizable format which 

is used for target applications. 

Process Automation layer: - This layer is responsible for integrating the 

business processes automation and controls the mechanism for integration. It 

triggers the new events, depending on the request/receive information for 

integrating a business process. 

 

2.3 Event Driven Architecture  

Event-driven applications are intelligent applications that are capable to 

respond to any significant occurrence of events. Event processing is not a new 

technology and recently there has been an increase in the usage of event driven 

applications in many industrial areas [8].  

In an Event Driven Architecture (EDA), each time a distinguished event occurs 

that is either external or internal to your business, an event is published  

instantly to all the concerned entities either human or automated systems. Once 

the concerned parties receive this event notification they can evaluate the event 

and choose the necessary action to be taken which can be triggering a business 

rule, invocation of a service etc. EDA has characteristics of being highly 

distributed and extremely loosely coupled and hence best suitable for 

asynchronous workflow and information. Event processing generally has three 

main styles: simple, stream and complex and a mature EDA is one that has all 

the three styles put together. 

Simple event processing is generally used in situations when a distinguished 

event occurs which further initiates downstream actions. Simple event 

processing is generally used when you need initiative with the flow of work 

that is real time — taking the cost and lag time of a business. 

Stream event processing is generally used in situations when both an ordinary 

event and a notable event happen. Stream event processing is generally used 

when you need initiative with the flow of information that is real time. This 
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flow of information can be internal or external to the enterprise thus enabling 

timely decision making. 

Complex event processing (CEP) is generally used to detect and react to 

business opportunities, threats and irregularities. It is commonly used in 

situations when there is a union of events and then action is to be taken 

accordingly. Over a long period of time there is a possibility that both an 

ordinary event and a notable event can cross event types and this event 

relationship can be casual, temporal or spatial. CEP calls for the employment of 

refined event pattern definition, event interpreters and correlation techniques 

[14]. 

 

Table 5: Key EDA Characteristics based on [13] 

EDA KEY CHARACTERISTICS 

Broadcast Communications Participating systems broadcast events to 

any interested party. More than one party 

can listen to the event and process it. 

Timeliness 

 

Systems publish events as they occur 

instead of storing them locally and 

waiting for the processing cycle, such as a 

nightly batch cycle. 

Asynchrony 

 

The publishing system does not wait for 

the receiving system(s) to process the 

event(s). 

Fine Grained Events 

 

Applications tend to publish individual 

events as opposed to a single aggregated 

event. (The further apart the 

communicating parties are, the more may 

physical limitations limit how fine grained 

the events can afford to be) 

Ontology 

 

The overall system defines a 

nomenclature to classify events, typically 

in some form of hierarchy. Receiving 

systems can often express interest in 

individual events or categories of events. 

Complex Events Processing 

 

The system understands and monitors the 

relationships between events, for example 

event aggregation (a pattern of events 

implies a higher level event) or causality 

(one event is caused by another). 
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EDA plays a vital role in enterprise application integration by making event 

services such as event channel transport, service invocation, business process 

invocation, publication and subscription, and enterprise information access 

available [14]. The Table.5 describes the key EDA characteristics. 

 
2.4 Order Processing 

An example of an event driven applications currently being used is; when the 

gas is low the warning light in a car is switched on; this is triggered by the 

engine control computer located inside the car. An event is received by the 

engine control computer each time the crankshaft hits the zero spot and timer is 

started for the next round of ignition. This style of operation where functions 

are based on external events is quite common between numerous systems. An 

event driven order management system that receives orders either from an 

order entry application or from a website must be able to notify other systems 

of this new order. Systems that are involved with this new order can be the 

warehouse system to verify the arrival of the inventory, the sales system that 

should respond to this new order and many more. Each of these systems must 

then be able to respond with another event to all the involved personnel or 

systems. These event based systems are in contrast to the traditional command 

and control style systems that would rather require manual intervention by 

system personnel [13]. The Figure.8 depicts a simple working example for 

order processing in small and medium enterprises (SME’s). 

 

 

 

Figure 8: Order Processing in SME’s based on [13] 

 
2.4.1 Intra Organization  

According to [19] the adoption of EAI in various organizations is driven by 

numerous forces, the most important being the shift to process orientation. 

Conventionally many organizations are functionally divided, i.e. there exists 

various departments such as sales, purchase, marketing, service etc. An 

organization that is functionally divided has often shown to have a number of 

weaknesses for e.g. in order to resolve issues concerning cross functional 

borders it requires a huge administration. In order to tackle this problem that 
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exists in a functional organization, many organizations are focusing on business 

processes that cross the internal boundaries of the organization and further the 

external boundaries to other organizations which further support the  customer - 

supplier relationship management, extended supply chain management, and 

virtual enterprises .  

Traditionally all the applications that exist in an organization have 

been built around the various departments or functions and the result is a 

“stovepipe like” relation between the applications and functions and every 

function is supported by its own applications or systems. The problem that 

exists here is that every application functions as “islands of automation” with 

limited or no communication with each other. This type of architecture is not 

suitable to support the various business processes and the applications need to 

be integrated and in order to support this intra organizational and cross 

functional processes a new demand exists that should be placed on the existing 

applications and IS. There exist many packages for e.g. ERP packages and 

oracle packages that manage the back office requirements and many other 

packages support front end capabilities. EAI is needed to connect front office 

systems with back office system and for migrating to more innovative 

environments [19]. 

 

Differentiate custom EAI package and packaged EAI. 

According to [4] Information Systems (IS) has become the foundation for intra 

and inter organization collaboration of various business processes. Additionally 

there has been mounting pressure from business partners to migrate from 

disparate systems to a more common integrated architecture. EAI in part has 

accomplished this by integrating a number of technologies with existing 

applications and creating a portfolio of new integrated technologies. There has 

been a lot of confusion regarding the integration of IS, leading to a discussion 

about the types of IS that can be integrated with EAI [4]. Grimson et al.[4][5] 

suggests that “EAI is limited to the integration of ERP systems (e.g. ERP to 

ERP)”, while Duke et al. suggests that “EAI supports the incorporation of all 

packaged applications”, in contrast to the previous suggestions made in [4] by 

Duke et al [3][7][9], Ruh et al.[7][19] and Zahavi[17] each suggest the 

following “EAI does not only piece together packaged systems but also intra-

organizational IS” and “EAI supports both enterprise and cross-enterprise 

application integration”.  

To clarify all the confusion that previously existed with the types of IS that can 

be integrated a taxonomy has been presented in the Figure.9 that will enable the 

various people in the organization to identify the different technologies that 

will be used for enterprise and cross-enterprise applications, which further 
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leads to the development and implantation of an integrated architecture which 

supports intra and inter organizational processes [4]. 

 

 

 

 

Figure 9: Taxonomy for EAI based on [4] 

Intra organizational application integration is made up of packaged and custom 

systems. A customized system or application is usually developed to address a 

specific problem at hand and hence another organization will not be able to 

adopt it. As mentioned in [4] a customized system or often called as legacy 

system is designed to restrict any new modification or evolution to meet the 

growing business needs. In a customized system, the data, logic and interfaces 

are often not separated and are built together hence these systems follow a 

monolithic model. Packaged systems in contrast to custom systems follow a 

three tier architecture model, here the data is separated from the interfaces and 

business logic and hence can be easily modified or updated [4]. Also packaged 

systems for e.g. ERP solutions are built on common business processes and 

requirements and did not focus on any specific organization. Quite often a 

single packaged system for e.g. SAP will be adopted by several organizations 

without the need for any customization. However as mentioned in [4] packaged 

systems do not tolerate much customization and hence quite often many 

organizations have to change or modify their business strategies and business 

processes to accommodate the packaged systems. Much value for adopting EAI 

is thus found in the area of intra organizational IS. A customized legacy system 

has a lot of historical data and thus there exists a lot of scope to develop 

integrated links with disparate systems in a customized legacy system [4].  
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3 Research Methods 

This section describes about the research design, the data collection techniques 

and the research methodology used in this research work. 

3.1 Research Methods in Information Systems  

In order to improve the efficiency and effectiveness of any organization, 

Information Systems (IS) need to be implemented. IS helps to increase the 

capabilities and characteristics of the organization, its people and work 

systems. In IS literature, design plays an important role. Many researcher argue 

that design is directly related to the significance of IS research and it should be 

implementable and combine the existing body of research. The domain of IS 

research is at the union of people, organizations, technology, structure and 

work systems.  

3.1.1 Behavioral Science 

Behavioral science paradigm “seeks to develop and verify theories that explain 

or predict human or organizational behavior”[25]. It mainly explains or 

predicts the organizational and human phenomena related with the design, 

implementation, analysis, management and use of IS. With the help of these 

theories it is possible to achieve the purpose, improve the efficiency and 

effectiveness of an organization. According to [25], “An IT artifact, 

implemented in an organizational context, is often the object of study in IS 

behavioral-science research. Theories seek to predict or explain phenomena 

that occur with respect to the artifacts use and impact on individuals and 

organizations depending on system, service, and information quality”. 

Behavioral science mainly focusses on evaluating models in the field of 

management science literature. This research addresses the development and 

justification of theories in order to explain the various related phenomena to the 

business needs. Various methodologies in behavioral science usually focus on 

data collection and empirical analysis.  Much of the behavioral science research 

paradigm is passive with respect to the technology; its main focus is in 

justifying existing theories and developing new theories.  

The implications of behavioral-science research can be the overemphasis it sets 

on contextual theories and the inability to identify and anticipate technological 

capabilities. This results in potential theories that address outdated and 

ineffective technologies [25].   
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3.1.2 Action Research 

Many researchers have encouraged the use of Action research (AR) in IS as an 

appropriate research approach among the many existing methodologies. As AR 

has many distinguished features, which motivates researchers to choose AR as 

a candidate to study IS. According to [26], “Action research simultaneously 

assists in practical problem-solving and expands scientific knowledge, as well 

as enhances the competencies of the respective actors, being performed 

collaboratively in an immediate situation using data feedback in a cyclical 

process aiming at an increased understanding of a given social situation, 

primarily applicable for the understanding of change processes in social 

systems and undertaken within a mutually acceptable ethical framework.”  

According to [27], there are five different approaches to AR, namely: 

 Experimental AR covers traditions of AR with realistic ontology and 

positivistic epistemology 

 Inductive AR is an approach in which theory is generated from the 

existing data. Grounded theory is an example of the inductive approach. 

 Participatory action research refers to an AR approach in an 

organizational or corporate setting in which the researcher usually 

works in a consultancy role serving the corporate elite. 

 Participatory is an AR approach in an organizational or corporate 

setting in which the researcher usually works in a consultancy role. 

 Deconstructive is an emerging approach that is based on 

postmodernism. 

AR consists of many helpful characteristics, hence making it a useful tool for 

researchers who are mainly interested in investigating facts about technology, 

information, interplay between humans and socio-cultural contexts. However 

while practicing AR; concerns in the literature have emerged in recent times. 

This can be motivated by stating that theories are essential to guide the 

researchers which help them to focus on their learning. AR is considered to be 

highly dependent on the context because it involves a high degree of client 

involvement to address a specific research domain. However it is not the main 

purpose of AR in the construction of novel and innovative techniques of 

problem solving in new reality or artifacts. If AR is to be considered as a 

serious candidate for IS research, then steps should be taken to improve the 

common AR practices [26][27].   
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3.1.3 Design Science Research 

The design science paradigm aims to increase human and organizational 

capabilities by extending their boundaries by creating new and innovative 

artifacts.  There exists no widely accepted definition of Design Science 

Research (DSR), it can be characterized as another “lens or set of analytical 

techniques and perspectives for performing research in IS” [27]. 

According to [25], “The design-science paradigm has its roots in engineering 

and the sciences of the artificial. It is fundamentally a problem solving 

paradigm. It seeks to create innovations that define the ideas, practices, 

technical capabilities, and products through which the analysis, design, 

implementation, management, and use of  information systems can be 

effectively and efficiently accomplished”. 

Researchers who choose to follow DSR start by first understanding the problem 

domain and gathering knowledge pertaining to this domain. The solution to this 

problem is later achieved by building an artifact and checking the applicability 

of the designed artifact. In IS research, design science is  beneficial to solve 

identified organizational problems by creating and evaluating IT artifacts. 

These artifacts are further represented in a structured form and vary according 

to the organizational requirements such as software, formal logic, and rigorous 

mathematics to informal natural language descriptions[25]. 

In contrast to research in behavioral science, design science research involves 

the process of  developing and  exercising new IT artifacts which enables the 

researchers to understand the research problem and the feasibility of this 

approach. With the help of evaluation in DSR the artifacts provides a  better 

understanding and feedback about the problem. This understanding and 

feedback further assist the researcher in improving the design process  and 

product quality. The researcher has to build-and-evaluate iteratively a number 

of times in order to reach the final design of the artifact. During the creative 

process, the researcher must always keep in mind to evolve both the design 

process and the design artifact simultaneously [25][27].  

The researcher must be able to understand the difference between the nature of 

problems and its solutions such as identifying the difference between routine 

design and system building from design research. Routine design use the 

existing knowledge of organization to solve the problem such as building a 

marketing information system. However DSR is mainly used to address 

essential unsolved problems in an innovative and unique manner [26].  
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Design science is a fundamental process for problem solving and its essential 

design is based on seven guidelines which helps to solve the design problem 

and build the application artifact [25][27]. Research  

After studying IS in detail we select DSR, as an appropriate technique for this 

research work. The choice of selecting DSR as a research technique is mainly 

because this research work focuses on designing an architecture for order 

processing in any organization using the concepts of Enterprise Application 

Integration.  DSR plays a very important role in this research work with respect 

to different IS activities such as  creation, deployment, evaluation, and 

improvement of IT artifacts which will enable organizations to solve the 

identified problems.  

3.2 Steps in Design Science Research Method  

According to [29], the design science research methodology (DSRM) has three 

objectives in mind:  

(1) provide a nominal process for the conduct of DS research, 

(2) build upon prior literature about DS in IS and reference disciplines 

(3) provide researchers with a mental model or template for a structure for 

research outputs. 

In order to achieve the objective as mentioned above we have selected six 

different activities that are shown in Table.6 which support DSRM to become a 

nominal sequence, namely:  

 Problem Identification and motivation 

 Definition of the objectives of a solution 

 Design and Development 

 Demonstration 

 Evaluation 

 Communication 

3.2.1 Problem Identification and motivation 

In this research work the problem identification and motivation arises from the 

field of Enterprise Application Integration in order processing. The detailed 

description of the problem can be found in Research Focus and in theoretical 

background under section 1.1and 2 respectively. 

 

 



Research Methods  

29 

Table 6: Design Science Research Methodology based on [29] 

DSRM Activities Activity Description Knowledge Base 

Problem 

identification 

and motivation 

What is the problem?  

Define the research problem 

and justify the 

of a solution. 

Understand the 

problem’s relevance and 

its current solutions and 

their weaknesses. 

Define the objectives 

of a solution  

How should the problem be 

solved? 

In addition to general 

objectives such as 

feasibility 

and performance, what are 

the specific criteria that a 

solution for the problem 

defined in step one should 

meet? 

Kowledge of what is 

possible and what is 

feasible. Knowledge of 

methods, technologies, 

and theories that can help 

with defining the 

objectives. 

Design and 

development 

Create an artifact that 

solves the problem. 

Create constructs, models, 

methods, or instantiations 

in which a research 

contribution is embedded. 

Application of methods, 

technologies, and 

theories to create an 

artifact that solves the 

problem. 

Demonstration Demonstrate the use of the 

artifact.  

Prove that the artifact works 

by solving one or more 

instances of the problem. 

Knowledge of how to use 

the artifact to solve the 

problem. 

Evaluation How well does the artifact 

work? 

Observe and measure how 

well the artifact supports 

a solution to the problem by 

comparing the objectives 

with observed results. 

Knowledge of relevant 

metrics and evaluation 

techniques.  

Communication Communicate the problem, 

its solution, and the 

utility, novelty,and 

effectiveness of the solution 

to 

researchers and other 

relevant audiences. 

Knowledge of the 

disciplinary culture. 
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3.2.2 Definition of the Objectives of a Solution 

The next step after identifying the problem is defining the objectives to reach 

the desired solution. This step is a very essential stage where new functionality 

is planned on a novel approach using either existing or new knowledge [28]. In 

the suggestion phase we intend to use the different approaches of application 

integration proposed by Linthicum [5][6][7][16][17][18], Pushmann and 

Alt[5][15], Themistocleous and Duke et al [3][7][9] using EDA in order 

processing for designing a conceptual architecture. 

3.2.3 Design and Development  

In the design and development phase, we have designed a five layered 

architecture for order processing using the concepts of EAI which can be found 

in architecture design under section 4.4.3. Development of the architecture is 

performed by building a prototype application for Hyundai Mobis Parts, 

Sweden. Section 5 also gives a detailed description about the implementation 

of different layers being used and their significance.  

3.2.4 Demonstration  

Demonstration of  the prototype is performed in the same organization in order 

to  prove that the IT artifact works as intended by solving one or more instances 

of the research problem in the organization. 

3.2.5 Evaluation 

This next step in DSRM is evaluation, that is mainly used to check how well 

the IT artifact functions with respect to the problem domain. Evaluation of the 

IT artifact, provides confirmation that it is functioning according to the 

requirements initially gathered in definition of the objectives of a solution 

under section 3.2.1. 

3.2.6 Communication 

This is the final step of the research process in DSR which confirms that the 

initial problem under inspection has been thoroughly investigated and the 

results of this research work are directed towards the problem domain. The 

detailed results are described in conclusion and discussion under section 7. 

3.3 Research Design 

According to [10] “The research design is the overall plan for relating the 

conceptual research problem to relevant and practicable empirical research”. 

The Figure 10 shows the research design that has been followed to reach the 

final objective of this research work.  
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RESEARCH PROBLEM

RESEARCH DESIGN & METHODS

DATA COLLECTION

DATA REDUCTION

ARCHITECTURE

ANALYSIS

VALIDATION 

 

Figure 10: Research Design 

 

Step 1: Start by identifying the research problem. 

Step 2: Choose appropriate research methods and design. 

Step 3: Collect Secondary and primary data to solve the research problem. 

Step 4: Analyze and evaluate the data collected.  

Step 5: Design an architecture using the data collected. 

Step 6: Compare the architecture with the research problem in order to check if 

the research objectives are achieved. 

Step 7: Implement and validate the architecture in organization. 
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3.4 Data Collection Techniques 

In this research work apart from literature review we have used two prevailing 

forms of primary data collection techniques namely interviews and observation. 

3.4.1 Secondary Data 

In this research, secondary data from literature review, books and articles, 

journal and research papers has been used. This research work mainly focuses 

on the order processing for intra organization with flexible integration 

infrastructure using Event Driven Architecture for electronic order processing. 

All the information relevant to secondary data are described in Theoretical 

Background under section 2. 

3.4.2 Primary Data 

In this research work two forms of primary data collection techniques has been 

used which are described below. 

3.4.2.1 Interviews 

According to [10], “Interviews are a systematic way of talking and listening to 

people and are another way to collect data from individuals through 

conversations”. There are different types of performing interviews and this 

research work interviews is performed using the semi structured, personal 

interview format. 

3.4.2.2 Observations 

According to [20
2
], “Observational data are used for the purpose of 

description-of settings, activities, people, and the meanings of what is observed 

from the perspective of the participants”. Observation can lead to deeper 

understandings than interviews alone, because it provides a knowledge of the 

context in which events occur, and may enable the researcher to see things that 

participants themselves are not aware of, or that they are unwilling to discuss, 

Observations can provide the deeper understanding which leads the 

researcher”. 

 

 

 

 

                                                 
2
 http://scholar.lib.vt.edu/ejournals/JTE/v9n1/hoepfl.html 

http://scholar.lib.vt.edu/ejournals/JTE/v9n1/hoepfl.html
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4 Architecture 

 In this section we will discuss about the architecture design that is developed 

to best answers this research question by using the relevant methodologies and 

techniques as discussed in Research Methods under section 3.  

4.1 Significance of Primary and Secondary data 

collection 

4.1.1 Secondary Data 

Using the knowledge from the theoretical background we selected Linthicum 

[5][6][7][16][17][18], Pushmann and Alt[5][15], Themistocleous and Duke et 

al [3][7][9] integration approaches in EAI because all these models support 

data, object, process, user interface and application integration. 

All the information pertaining to the selected integration approaches are 

explained in theoretical background under section 2.2.  In this research work 

we mainly concentrate on data integration and function/method integration as 

shown in Table.7. 

  

Table 7: Comparison between the selected Integration Approaches. 

Integration 

Approaches 

Linthicum 

[5][6][7][16][17][18] 

 

Themistocleous 

and Duke et al 

[3][7][9] 

Pushmann and 

Alt [5][15] 

Data    

Object ×   

Function/Method   × 

User interface  × × 

Application 

interface 

 × × 

Presentation × × × 

Process ×   

Internal process ×  × 
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4.1.2 Primary Data 

In this research work we required primary data along with the existing 

secondary data as described in theoretical background under section 2 to design 

the architecture for SME’s, and in this case we evaluate this architecture at 

Hyundai Mobis Parts, Sweden. We started by conducting personal interviews 

with 11 representatives at the organization from various departments. We also 

observed the work flow of their current system and their general work flow in 

the organization.  

4.1.2.1 Interviews 

According to [20] “The two prevailing forms of data collection are interviews 

and observation”. For the purpose of interviews we used standardized open 

ended interview questions.  

We selected 11 distinct people in the organization from various departments 

ranging from inventory, warehouse, marketing, sales and customer service and 

these departments directly or indirectly interact with the system on a daily 

basis. Before designing the interview questions we gained architecture 

knowledge about the various EAI integration layers and how they communicate 

with each other. The interview questions are designed in a simple language and 

in a manner that most of the interviewees could understand. The list of the 

interview questions can be found in the appendix. The interview questions are 

designed keeping in mind about the knowledge that we initially gained from 

the theoretical background.  

The interview questionnaire highlights the following areas of interest: 

 Intra organization: This research work mainly focusses on intra 

organization communication. We designed these questions in such a 

way that different personnel’s from various departments for e.g. 

inventory, warehouse, marketing, sales and customer service could be 

interviewed.   

 Organizational Workflow: Before designing the architecture it is 

essential to understand the basic workflow of an organization. As the 

main objective of this research work is to integrate this architecture in 

the organization without affecting their current workflow.  

 Current System Behavior: Currently these departments are using 

Advanced Mobis Operating System (AMOS), ERP system. Our purpose 

to include these questions is to gain knowledge about the current system 

and the existing problems that can be improved with this architecture . 

 Order Processing: As this research work mainly focusses on order 

processing for SME’s, we included few questions that will help us gain 
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insight about current order processing work flow in various 

departments. 

 Interface:  Questions about the interface is designed to understand the 

importance of a user friendly interface and ease of use.  

4.1.2.2 Observations 

The second technique that we used for data collection is observations.  

While conducting the interviews we recognized that there is a knowledge gap 

between personnel from different departments. In a common architecture that 

will be used in an organization, this existing knowledge gap has to be filled.  

Observation can lead to a deeper understanding than interviews alone, as it 

provides insight on the context in which different events occur.  Observations 

further enable the researcher to see things that participants themselves are not 

aware of. Observations are done keeping in  mind the knowledge that we 

initially gained from the theoretical background and areas of interest that are 

highlighted in the interviews section 4.1.2.1.     

4.2 Primary Data Collection Results 

4.2.1 Interviews 

At Hyundai Mobis Parts, we started by selecting the Sales, Marketing, 

Operations, Customer Support and Inventory departments which mainly focus 

on the customers from Sweden, Denmark, Norway and Finland/ Baltics 

countries. All the departments are facing problems such as too much 

information, non-tailored information etc.  

Operations, marketing and inventory departments need to look only at specific 

information and are facing difficulty to find the specific information from the 

system. Sales people only need information about their customer order and 

Customer Support personnel are responsible for placing and purchasing orders 

with the suppliers. Due to multiple and confusing screens and lack of a proper 

GUI, various departments do not know exactly where to find the relevant 

information. Interface problem is identified by each department which further 

leads to another problem of changing priorities and updating the information. 

Customer support personnel are responsible for communication with suppliers. 

In case of any delay in delivery, the existing system is not equipped with the 

facility to inform the other departments automatically thus increasing the 

difficulty to handle backorders. Among the many mentioned problems that is 

identified is lack of knowledge about ETA (Exact Time Approximation), 

reserve stock information, notification about shipped orders and arrival time of 

orders etc.  
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After conducting the interviews we evaluated the response from different 

interviewees, subsequently we have summarized in this section the interview 

results. 

 Existing System: The information flow between various departments in the 

existing system lacks reliability, timely updates and non-tailored 

information. The interview questions are designed in a manner that helped 

us identify the various problems, issues, future requirements etc. which 

helped us in designing a preliminary architecture.  

 Too Much Information: - Every department has a lot of information that is 

sometimes not relevant for other departments. For e.g. the Customer 

services department needs continuous access to tailored information in 

order to keep track of incoming orders, outgoing orders etc. and the 

marketing department needs only information relevant to the total sales in 

order to increase their sales in marketing campaigns. 

 Back Order: - This problem mainly concerns the inventory and 

customer/supplier based system. Here the customer is unable to receive 

orders in the agreed time because the team in customer service lacks the 

required information such as the date of delivery, quantity of delivered 

items and remaining orders etc. This is considered as an important issue 

while designing the system. 

 Interface Design: - Graphical User Interface (GUI) design is considered as 

an important entity especially while designing a system. In an organization 

that consists of multiple departments, every department has their own 

requirements according to their needs and their computer knowledge. At 

Hyundai Mobis Parts, some users of the system complained that there are 

multiple screens just to perform a single operation and in order to find the 

relevant information about certain orders multiple screens had to be 

traversed.  

 Changing Priorities and Update: - In a customer interaction system, it is 

important for the system to change the priorities and continuously update 

the latest information to all departments. This kind of continuous updating 

which is required by the personnel in various departments may be done by 

triggers, notifications etc. for e.g. delivery time. 

 

4.2.2 Observations 

After studying and observing the organization behavior, we identified various 

issues that have to be considered to improve the overall working of the system 
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and the proposed architecture focuses on reducing them and or solving most of 

them. 

 Manual to Automatic System: - After the conduction of interviews and 

studying the existing system, we observed that the current ERP system does 

not have any particular automated system to fulfill the requirements of the 

wheels forecast that consists of various issues. Without focusing our 

attention on the current ERP system we aim to integrate a parallel EAI 

system for wheels forecast that intends to solve most or all of the existing 

problems. 

 Notifications: - In every business system, notifications is an important 

feature which improves the overall system performance as well as making 

the system easy to use for the user.  This architecture aims at providing 

timely notifications that will enable any user of the department in SME’s to 

get relevant information. 

 No Live updates: - In every business system, information from the live 

database system helps in observing the current status of various entities. 

Current ERP system at the organization does not provide any live 

information to the user. In this architecture we aim at providing a function 

that fulfills the requirement of live updates with the help of notifications. 

 Data Redundancy and Manual Entry: - Currently at the organization, 

Google Docs are used to maintain and update the wheels forecast. This 

sometimes leads to multiple entries of the same information which creates 

data redundancy and confusion among the various users accessing these 

documents from different departments. This architecture aims at solving the 

issues pertaining to data replication and manual entry with the help of a 

well-structured database and an intuitive GUI. 

4.3 Architecture Design 

The data obtained from the primary and secondary data best answers the 

research problem through the proposed architecture; an Event Driven 

Architecture in Electronic Order Processing for SME’s using the concepts of 

EAI. We designed a five layered architecture using the architecture design 

framework we developed as shown in Figure 11.  



Architecture 

38 

Architecture

Secondary DataPrimary Data

Interviews Observations
Linthicum-> 

Technologies
Pushmann-> Levels Themistoclious-> Layers

Architecture Design Framework

Figure 11: Architecture Design Framework 

This framework uses both the primary and secondary data. In primary data we 

use both interviews and observations that is explained in section 4.3.2. 

Combined with interviews and observations we also use secondary data that 

mainly consists of previous research work by Linthicum [5][6][7][16][17][18], 

Pushmann et al [5][15], Themistocleous [3][7][9]. 

4.3.1 Use of Secondary Data in Architecture Design 

Using the information from secondary data or literature review, we have 

combined in this architecture the concepts of integration technologies,  

integration levels and layered integration as proposed by Linthicum 

[5][6][7][16][17][18], Pushmann [5][15]  and Themistocleous [3][7][9] 

respectively.  These three models are explained in the Theoretical Background 

under section 2.2.   
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As explained by Linthicum [5][6][7][16][17][18], there exists numerous 

integration technologies for e.g. database, object, interface, message oriented 

technologies etc. However technology selection depends on numerous factors 

such as cost, feasibility, existing system migration and the current requirements 

of the organization. We also combined the concepts of integration proposed by 

Pushmann [5][15]  at data level, object level and process level. Further 

Themistocleous [3][7][9], proposed integration by different layers.  

In this architecture we intend to combine the concepts of technologies, levels 

and layers. After thoroughly examining the technology, level and layer 

integration approaches we initially designed a four layer architecture consisting 

of the data layer, middleware layer, translation layer and the interface layer. 

This four layer architecture combines the concepts of levels, layers and 

technologies; moreover it does not depend on any particular technologies. 

 

Key feature of any order processing system is to be able to capture order data 

information from customers and store them in a central database. Further an 

order processing system should be able to process order information and filter 

the information accordingly to the department’s requirements.  Hence data 

layer is essential to store and retrieve information between multiple databases 

and the middleware layer acts as a bridge between the data layer and various 

applications. Further the translation layer helps to manipulate and process the 

information according to the user requirements by communicating with the data 

layer. Finally the interface layer acts as a link between the user and data.  

4.3.2 Use of Primary Data in Architecture Design 

With the help of observations and interviews, we gathered information 

concerning Intra organization, Organizational Workflow, Current System 

Behavior, Order Processing and Interface. We also identified various problems 

that exist in their current system which is mentioned in section 4.3. We initially 

checked with the four layer architecture to verify if it is sufficient in reducing 

the identified problems at the organization. However we noticed that another 

additional layer namely, Event Generation layer must be integrated with the 

initial four layer architecture. The Event Generation layer is integrated between 

the middleware and translation layer. 

Event Generation layer is an important feature that must exist in any order 

processing system to provide timely notification about important events. As 

discussed in section 4.2.1 and 4.2.2 about the interviews and observations 

results, this architecture covers most of the problems that is identified. 
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4.3.3 Proposed Architecture 

The five layer architecture as shown in Figure.12 is designed after carefully 

analyzing the results obtained from the interviews, observations and studying in 

detail previous EAI integration models such as Linthicum integration model 

[5][6][7][17], Pushmann integration model [5][15] and Themistocleous 

integration layer model [3][7][9]. 

This figure is a five layered architecture that is categorized into Data Layer, 

Middleware Layer, Event Generation Layer, Translation Layer and Interface 

layer.  

 
 

 

Figure 12: Architecture Design 

 The data layer is the main source of data access technology and it 

depends on the organizational choice of the type of data they handle and how 

they intend to manipulate this data with various departments. This layer is 

responsible to handle the connections between multiple databases. Users of the 

system interact with the data layer with the help of the interface layer and the 

details of the access to various data sources and inter communication between 

various databases must be well hidden from the user by the data layer [23
3
]. 

 The middleware layer acts as a bridge between the applications 

and the data layer. This layer is the primary point to access and is responsible 

for moving information/data in and out. It also helps to solve the complexities 

                                                 
3
 http://msdn.microsoft.com/en-us/library/ee658127.aspx 

http://msdn.microsoft.com/en-us/library/ee658127.aspx
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and also has the ability to process multiple simultaneous requests in EAI 

integration [16]. 

 The Event Generation layer has characteristics of being highly 

distributed and extremely loosely coupled and hence is best suitable for 

asynchronous workflow and information. This layer plays an important role in 

the generation of events and providing vital notifications to the user when an 

important event occurs by making event services such as event channel 

transport, service invocation, business process invocation, publication and 

subscription, and enterprise information access available to the user [14]. 

 Depending on the type of data that an organization chooses to 

handle, the Translation layer performs the operation of transforming the user 

input data into standard data layer format. This layer is also responsible to 

communicate with the data layer to retrieve meaningful information and deliver 

this information according to the user needs [23].  

 The Interface layer is an important layer in any business system 

because the user of the system does not need to know the working of the 

underlying layers or technologies being used. The user selects, enters or 

retrieves the required information in this layer. This layer can vary from 

different departments such as marketing, customer services, inventory etc. All 

the departments directly interact only with this layer as shown in Figure.11. 

The technologies can vary in each layer according to the organization needs 

[23]. 

This architecture can be easily customised at various levels and with existing 

legacy applications or systems in many organizations. In the prototype 

implementation we mainly perform integration at the data level and 

function/method level.  

Table 8: List of Example Technologies  

LAYERS TECHNOLOGIES 

Interface Layer .NET, HTML, MS Access etc. 

Translation Layer SQL translation, XML translation etc. 

Event Generation Layer VBA code, Triggers, Macros, 

Dataflow programming, Signal 

programming etc. 

Middleware Layer Database middleware, Message 

oriented middleware, Object 

Middleware, Remote Procedure Call 

Middleware etc.  

Data Layer ORACLE, Data warehouse, MS 

Access etc. 
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Although the developed architecture is fairly simple the users are at their 

liberty to choose the different technologies as shown in Table.8 to build a 

system based on the proposed architecture.  In this architecture we mainly 

focus on intra organization communications in small and medium enterprises.  

The proposed architecture aims to solve the problems with application 

integration issues in electronic order processing concerning different 

departments. 
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5 Implementation  

In this section we will discuss about the organizational background, realization 

of the architecture and how we achieved the customized integration.  

 

5.1 Organization Background 

Hyundai Mobis Parts is a large organization mainly responsible with providing 

genuine accessories of Hyundai and KIA to various distributors and customers 

globally. The data warehouse is distributed across many locations such as 

Sweden, UK, Belgium, Korea etc. and in the prototype implementation we are 

mainly dealing with Sweden.  

Hyundai Mobis Parts currently use Advanced MOBIS Operating System 

(AMOS), a tool developed for requirements gathering and Hyperion 

Intelligence Explorer, a product owned by Oracle Corporation for reporting and 

analytics, although these tools are exceptionally good and is being used across 

the entire organization, and here in Sweden they do not adequately facilitate 

one important issue, namely the “wheel list”.  

The current system of wheel list works in the following manner: 

 Hyundai Mobis – Sweden, Receive a sales order  

 Then a purchase order is placed.  

 Wheels are shipped from: Korea, India and Slovakia.  

 The Lead time is approximately 1-5 months. 

 Parts arrive at Hyundai Mobis Parts- Sweden and are put a side so that 

normal procedures are overridden meaning that they do not get allocated 

to sales order until it is manually done. 

 On arrival of wheels the person responsible decides the priority to ship 

to the customers and informs the operations foreman.  

 Foreman manually allocates the requested quantities to different sales 

orders.  

 

Currently Google docs is being  used to handle the orders and forecast and 

when a sales order is received all related information is entered in the orders 

and forecast sheet such as Part number, order number, order date, quantity etc. 

The current business system, AMOS does not support locking a sales order to a 

purchase order and it is normal that the priority has changed between the orders 

when the wheel arrives. Which is why AMOS and Hyperion Intelligence 

Explorer are not used and instead they use the Wheel list Google Docs. All 

updates in the Google Docs document are done manually even though 

information is available in the data warehouse and in the AMOS database. 
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Further no email reminders are sent out for placing a purchase order to time 

requested deliver date or when a wheel reserved for customer in the wheel list 

arrives.  

The prototype implementation at Hyundai Mobis Parts- Sweden solves most of 

the above discussed existing problems. Generally to use the AMOS system or 

the Hyperion Intelligence Explorer, the user must know exactly the table 

information in order to query about certain fields. Sometimes it is possible that 

the user might not know exactly what he is looking for. In this system for 

instance it is sufficient if the user only knows the order number to retrieve all 

the relevant information pertaining to that particular order number. This system 

solves the problem of integration complexity by integrating with the data 

warehouse to retrieve information similar to Hyperion Intelligence Explorer 

and AMOS but in an efficient and simple manner. 

5.2 Realization of the Architecture 

In this section we will describe, how we implemented this layered architecture 

at Hyundai Mobis Parts- Sweden. 

The prototype application is built in parallel with the existing applications such 

as Hyperion Intelligence Explorer and AMOS. All the layers in the proposed 

architecture worked as expected, the middleware layer communicated with the 

data warehouse at the data level over an ODBC connection and this connection 

is used to access, view and modify data in a heterogeneous setting of RDBMS 

(Relational Database Management Systems).  

Further at the Event Generation layer, events are generated for certain 

situations and they responded accordingly, to name a few when the user tries to 

lock a sale order to a previously locked sale order, he/she is displayed with 

details about this sale order. Moreover when a respective order arrives at 

Hyundai Mobis Parts, Sweden the concerned person is notified. All these event 

generation are constructed in MS Access using VBA code, Triggers and 

Macros. As this prototype application is only a proof of concept, we tested the 

functionality of this system with the most minimum attributes. The event 

generation varies from every organization and their requirements.  

The translation layer is constructed and tested with the help of SQL query 

language which converted the user query into relational database queries and it 

is able to filter information related to Sweden only. All user requests are 

fetched from the data warehouse. Finally the interface layer is built using 

access forms, here the user is able to select, enter or retrieve the required 

information. Command buttons are used for executing the user requests. 
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Now we will describe how each of the layers are constructed in the prototype 

system. 

Data layer: The data warehouse at this organization is highly distributed and 

they use IBM DB2 iSeries. We are using this data warehouse in the prototype 

system at the data level. All the information about various departments is 

updated here every day and the prototype system aims to retrieve live data from 

this data warehouse. This data warehouse consists of a lot of information and 

this can be filtered according to the different regions e.g. Korea, UK, Sweden 

etc. The prototype system mainly focuses on retrieving information related to 

Sweden only.  

Middleware layer:  The main data warehouse is not locally available in 

Sweden and for retrieving the information from the database an ODBC (Open 

Database Connectivity) connection is established with the data layer. This 

connection is used to access, view and modify data in a heterogeneous setting 

of RDBMS (Relational Database Management Systems). 

Event Generation layer: This layer is mainly responsible for dealing with 

certain situations that requires attention by the user. In the prototype 

implementation we generated simple events for the purpose of analysis of 

Event Generation layer. Example scenarios where events are generated are in 

case of back orders, i.e. a particular order number has been added to the back 

order and the concerned person is informed by a notification, further when a  

respective order arrives at  Hyundai Mobis Parts the concerned person is 

notified. This is accomplished by using ODBC connection between MS Access 

and DB2.  

Translation layer: In the prototype system implementation, the translation 

layer is used for the purpose of translating the user query into a relational 

database query. This is accomplished by using SQL query language, which 

extracts all the information from DB2 according to the user specifications. The 

user has no knowledge about the location of these databases and it is here that 

the task of locking a sales order to a purchase order is accomplished.  Further 

the translation layer is used to extract only the relevant user information and in 

this case it is pertaining to information intended for Sweden.   

Interface layer: In the prototype system implementation the user in this layer 

selects, enters or retrieves the required information. This is achieved by 

creating forms for displaying the relevant information, command buttons for 

executing queries etc. and display the information in different views which 

helps in reporting. The user here can also search on specific fields for e.g. 

Order Number, Purchase Number etc.   



Implementation 

46 

Below are a few Screen shots of the prototype application, 

 

Figure 13: Home Screen 

 

 

Figure 14: Locking a Sale Order to a Purchase Order 
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Figure 15: Locking a Sale Order to a Purchase Order detailed view 

 

Figure 16: Search for an Order 
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Figure 17: Purchase and Shipment Details 

 

 

Figure 18: A detailed view of Purchase and Shipment   
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5.3 Customized Integration 

In order to ensure that this architecture can be integrated in any SME´s without 

changing the existing workflow in an organization, we studied in detail the 

current workflow and order processing at Hyundai Mobis Parts. We also 

identified different problems using the primary data collected. This architecture 

will help this organization solve most of their existing problems.  

The Figure.19 is the proposed Data Flow Diagram that will be used in this 

organization after the implementation of this architecture. The data flow starts 

when the customer places an order and the responsible person checks the 

credentials of the order placed, availability, delivery time etc. If the stock is 

available at the warehouse then the item is shipped to the customer else if the 

supplier and customer agree with the new delivery date then the order is placed 

and shipped to the customer after receiving the shipment from the supplier, else 

the order will be cancelled. This workflow uses the proposed architecture as 

described in Figure.12.   

 
We will now describe how this system is integrated without changing the 
current work flow in this organization. 

The detailed description of the new system flow is described below:  

 The customer places an order to the sales department. 

 The customer states requested delivery date.  

 The inventory team fills in the sales order in the wheel list.  

 The inventory team places a purchase order to meet the requested 

delivery date.  

 The inventory team locks the sales order to a purchase order(s).  

 The inventory team monitors the purchase order to do status updates 

such as:  

o In transit  

o Container number  

 The inventory team responds to Exact time approximation (ETA) 

questions from the sales department.  

 Then the Inventory team requests Exact Time Delivery (ETD) from the 

supplier.  

 When the on order quantity goes into stock the inventory team makes a 

shipping schedule based on case numbers to the customer.  

 This is made possible by changing the mapping of sales order and 

purchase order.  
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Figure 19: Data Flow Diagram 

 

 The operation team processes the order (pick/pack/load/invoice/ship). 

 The customer receives the order. 
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6 Evaluation 

In this section we will discuss the evaluation process of the prototype system 

that is implemented according to the architecture at Hyundai Mobis Parts, 

Sweden. 

6.1 Purpose 

The main purpose of evaluation is to investigate the prototype system with 

respect to the architecture, according to the organization requirements, to 

ensure the system is clear, easy to use and meets user expectations. Evaluation 

of the system provides confirmation that the system is functioning according to 

the requirements and to identify the changes required in the prototype. The 

importance of prototype evaluation is to: 

 Determine: how effective the new prototype system is compared to the 

previous system. 

 Reveal: how different users navigate and use the prototype system. 

Further reveal any flaws while using the system. 

 Identify: important changes that must be integrated in the prototype 

system. 

 Understand: the changes that must be applied in the prototype system 

to achieve the best results. 

6.2 Description 

Evaluation of the prototype system is performed keeping in mind the following 

key questions: 

 Are the users of the prototype system successful in completing key tasks?  

One of the many user requirements is to allow the system to bind a sale 

order to a purchase order. All the information pertaining to a particular 

order number should be shown. Further the goal is to eliminate the use 

of Google docs. 

 Is the new interface easy to use and user friendly? 

The users of the system are able to perform various operation with ease 

and the information is shown in an appropriate layout. Moreover the 

user is able to extract key information without knowledge about 

different tables in the data warehouse. 
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 Does the system retrieve precise information  according to the user 

inputs? 

Are relevant and correct information retrieved from the data warehouse 

when a particular query is specified. 

 What design elements needs to be improved? 

Based on the feedback given by the users of the system, which design 

elements needs to be added or improved.  

 Is the system performing accordingly and economically feasible ? 

Does the system perform in a robust manner all the desired activities and 

is it economically feasible to the organization. 

6.3 Result 

The prototype system is tested along with the IT coordinator at this 

organization. Evaluation is performed by comparing the retrieved results from 

the prototype system and manually checking these results with AMOS and 

Hyperion Intelligence Explorer. In order to test the prototype system, we 

performed a number of activities according to the description mentioned in 

section 6.2. 

 Are the users of the prototype system successful in completing key tasks?  

In order to test if a sale order is actually bind to a particular purchase 

order, we randomly selected different sale order numbers and purchase 

order numbers and retrieved relevant information from the data 

warehouse. The user is also able to view specific sale order information 

corresponding to a particular purchase order number in the system. For 

e.g. the user can look up information pertaining to specific order number 

and extract all the relevant information such as when a particular order 

is shipped and when it will arrive at Hyundai Mobis Parts, Sweden. 

After which the foreman can either allocate or change the priority 

accordingly.  

It is also necessary to test if Google docs can be eliminated and if the 

prototype system accomplishes the required activities. The prototype 

system eliminated the need of multiple Google docs sheets by retrieving 

real time information which helps to eliminate the need for manual entry 

and look up. 
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 Is the new interface easy to use and user friendly? 

The users of the system are able to perform various operations with ease. 

All the information is now shown in a structured layout for e.g. with the 

prototype system the user can choose to view in which manner he/she 

wants to look at the data i.e. either a datasheet view or in a form view. 

Moreover the user must be able to extract key information without prior 

knowledge about the data warehouse. The user interface in the prototype 

system is simple and easy to understand by making multiple information 

available on a single screen. Moreover if the user wanted to dig down to 

specific details, this could be achieved by a single click of the command 

button. 

 Does the system retrieve precise information according to the user 

inputs? 

The prototype system is able to retrieve specific information according 

to the user query, for e.g. if the user is only interested in details about 

orders w.r.t shipment numbers, he/she can now extract information 

without prior knowledge about the purchase order number. This is 

accomplished by testing with different combinations of order numbers 

such as order-shipment number, order-dealer number, order-date etc. 

 What design elements need to be improved? 

With respect to the prototype system we received feedback from the IT 

Coordinator about the interface design, layout of data, missing fields, 

filtered information which is resolved in the final version of the system. 

 Is the system performing accordingly is it economically feasible and is 

there any reusable components? 

While testing any system, performance is an important factor that must 

be considered before the final delivery to the user. In the prototype 

system when the user queries for information, the system is able to 

retrieve all the queries in a precise and concise manner. The system is 

very economical as most of the information is retrieved from the already 

existing data warehouse which is in DB2 format. The GUI is designed in 

MS access which is economically reasonable for SME’s and is 

compatible with DB2.    



Evaluation 

54 

6.4 Comparison with the Existing system 

Table.9 shows the comparison between the existing system and the prototype 

system.  

Table 9: Existing System vs. Prototype System 

Existing System Prototype System 

Currently Google docs is being  used 

to handle the orders and forecast. 

No use of Google docs, prototype 

system provides all the information 

about orders and forecast. 

Use of forecast sheet to enter Part 

number, order number, order date, 

quantity etc. 

Only needs to enter order number and 

purchase number in the prototype 

system, remaining information is 

automatically extracted and matched 

from the data warehouse. 

AMOS does not support locking a 

sales order to a purchase order. 

Prototype system binds sale order to a 

purchase order. It also allows 

mapping multiple purchase order to a 

single sale order. 

AMOS and Hyperion Intelligence 

Explorer are not used and instead they 

use the Wheel list Google Docs. 

AMOS and Hyperion Intelligence 

Explorer can be used along with the 

prototype system in parallel using the 

same data warehouse. 

All updates in the Google Docs 

document are done manually. 

No use of Google docs anymore. 

All information is available in the 

data warehouse and in the AMOS 

database, but cannot be used to bind 

sale order information with purchase 

order. 

In the prototype system sale order 

and/or purchase order information can 

be extracted from the data warehouse. 

This is not possible previously with 

AMOS and Hyperion Intelligence 

Explorer together. 

Foreman manually allocates the 

requested quantities to different sales 

orders. 

By retrieving the real time 

information, Foreman can now update 

the priorities and the quantity to be 

shipped.  

Difficult to extract precise 

information about order details and 

purchase details for different 

departments. 

In the prototype system filtered 

information is available reducing the 

data redundancy. 
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The final version of the prototype system is finally analyzed by comparing it 

with the initial requirements and the missing requirements identified in the 

evaluation stage. This was verified over a meeting with the IT coordinator.  
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7 Conclusion and Discussion 

The main purpose of this research work is to investigate the various techniques 

of EAI and develop architecture specifically for order processing using the 

concepts of EAI. Although many ERP systems are available for this purpose 

our intention is to develop an event driven architecture that could easily 

integrate with the existing applications and work in parallel or as a standalone 

application in an organization. This five layered architecture is categorized into 

Data Layer, Middleware Layer, Event Generation Layer, Translation Layer and 

Interface layer.  

This architecture can be easily customised by performing integration at various 

layers depending on the organizational requirements and has been presented in 

section 4.3.3 in detail. Customized integration can be performed at the data 

level, object level, function/method level, interface level, process etc. Although 

the developed architecture is fairly simple it can be a starting point for many 

organizations in order to improve their current business solutions; as this 

architecture can easily wrap around the existing legacy applications or systems 

in many organizations. This can be easily achieved by performing integration 

for e.g. at data layer and interface level.   

The authors also believe that the architecture does not depend on any particular 

technologies to be implemented; because each layer can function with different 

technologies depending on the requirement of the organization. For e.g. any 

database technology such as ORACLE, DB2 etc. can be used at data layer, 

middleware layer may comprise of Database oriented  middleware, Message 

oriented middleware, Object Middleware and many more.  

In this research work the authors were at liberty to choose the different 

technologies to build a system based on the proposed architecture. Since this 

organization already had existing applications; we decided to integrate the 

many disparate autonomous applications at data and function/method level. 

Further one might also doubt if this architecture that is designed for order 

processing in SME’s can be used in different domains of an organization. This 

can be a very interesting subject for further discussions, however due to the 

limitations of this research work and the time constraints the authors are unable 

to verify about implementing this architecture in other domains of an 

organization.  
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Further the prototype implementation of this architecture is carried out at 

Hyundai Mobis Parts, Sweden and has been discussed in detail in Evaluation 

under section 6. To discuss in brief the conclusion of the research question with 

respect to the architecture; 

 How can an order processing system be built using the concepts of Enterprise 

Application Integration (EAI)? 

Our main motive in this research work is to integrate the concepts of EAI and 

EDA with order processing in SME’s. For this purpose we have designed a five 

layer architecture that can be used and represented as a complete package 

application or work in parallel with existing applications for the purpose of 

order processing. Each layer in the architecture is a combination of previous 

EAI concepts proposed by the authors Linthicum [5][6][7][16][17][18], 

Pushmann et al [5][15], Themistocleous and Duke et al [3][7][9]. The Interface 

layer, Translation layer, Middleware layer and the Data layer are designed 

using the concepts of EAI in this architecture. The Event Generation layer has 

been integrated in between these layers which assist in order processing and 

finally the research objective.  

7.1 Limitations and future work 

This research work mainly focuses on intra organization communications in 

small and medium enterprises. The proposed architecture aims to solve the 

problems with application integration issues in electronic order processing. Due 

to the vastness of this research work and the time constraints we mainly 

focused on a single organization for data collection using interviews and 

observation techniques.  With regards to future work, it can be very interesting 

to try and implement this architecture in different domains of an organization. 

EAI with event driven applications can be used in a variety of circumstances 

and not only for order processing. Also another interesting topic of discussion 

can be to implement this architecture with different technologies in any other 

SME’s. 
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9 Appendix 

9.1 Interview Questionnaire 

 

1. What are the primary responsibilities connected with your job?  Could 

you describe your job routine for a typical day or week? 

2. How would the users of the system (Sales, Inventory, Operations and 

Marketing Department) like the system to behave and what do they 

expect to get out of a system (e.g. Sales Department, Inventory 

Department)? 

3. What is your knowledge about the work flow of the AMOS system and 

what according to you is a good system design? 

4. How does the Sales department place an order / how do you 

communicate with other departments? 

5. What information do you send while communicating with other 

departments? (Sales, Inventory, Marketing and operations) 

6. How does the sales department notify the procurement of goods with 

other departments? For e.g. what data is sent to Inventory, Operations 

and Marketing Department by email? 

7. How does Hyundai MOBIS Parts keep track of the orders placed? 

8. How does Hyundai MOBIS Parts want to keep track of the orders in 

future? 

9. How frequently do you place a wheel order and handle forecast? 

10. What are the user’s demands on the views of the AMOS system and 

what views are you missing in AMOS (current ERP system)? 

11. What according to you is a simple and easy to use interface in a system? 

12. Do you have any specific requirements for the type of technologies 

(ORACLE, MS Access etc.) to build a system? 

13. What information is the Hyundai MOBIS customer missing with the 

current system?  

14. What could help you improve the process of operations /sales/customer 

support? 

15. If you could rank the following attributes in order of their importance 

when using the system which would you choose?  

 Performance 

 Maintainability 

 Correctness 

 Ease of use 

 Ease of learning  


