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1 Introduction

The term Information Technology (IT) was coined in 1958 [LW58]. Since then disruptive
changes related to IT have occured at least once a decade: In the 1960s the Microprocessors
was invented, followed by Ethernet in the 1970s. The 1980s followed with PCs (IBM 5150: 1981
[01d13] [Int03]) and Microsoft Windows (1985). In the last decade of the 20th century the
internet - invented in 1989 - experienced rapid growth. Today, these pervasive technologies
weave so much into everyday life that they become indistinguishable from it (Mark Weiser) -
this trend was accelerated by another disruptive change - the invention of the smartphone in
the 2000s.

The smartphone is also a good example for the combination of two formerly separate tech-
nologies: IT and Communication Technology (CT) have converged to form Information and
Communication Technology (ICT). Today the terms IT and ICT are used interchangeably
[Hua12] and the pure communication technology has become outdated as a result of techno-
logical progress.

The progress outlined before leads to a necessity to update outdated elements of the business
infrastructure which is nothing new. In the past the IT in corporations was updated on a
regular basis, too.

However, these update lead to a problem: In some sectors, such as the banking sector, IT has
been used for more than five decades. [Sch12], others (such as engineering or production of
goods) have used IT for a shorter period, e.g. after the invention of the PC. Even then, some IT
components have been in use in these companies for more than thirty years nonstop.

New technology with improved capabilities has been added to the IT landscape which could
execute the tasks of old components, so these old components could retire. But the transition is
not yet complete. For this reason multiple technology generations fulfilling the same purpose
are often being used simultaneously. The problem of legacy technology is well-known and
documented in sectors where the use of IT started early (e.g. for the banking sector [Sch12]).
These examples for prolonged technology use are therefore well known in scientific context.
Furthermore, the extension and migration of IT infrastructure is often only planned on an

operational and not on a strategic level. This has led to most aged IT ecosystems being in a



1 Introduction

complex, fragmented and often in an undocumented or poorly documented state.[Lin05].

As the infrastructure ages, the problem of multiple technology generations, poor documen-

tation and planning affects corporations more severely. For this reason the architecture of

information systems, the convergence of technologies and the ICT infrastructure has been

discussed more intensively in recent years. Architecture in this context is the fundamental

concepts or properties of a system in its environment embodied in its elements, relationships,

and in the principles of its design and evolution.[ISO11]

A fragmented, undocumented enterprise is
not ideal and therefore Enterprise Architec-
ture Management (EAM) proposes a solu-
tion for realigning the Business- and the I'T-
Architecture, as illustrated in figure 1.1.
EAM methods include creating or improving
the existing IT documentation and restructur-
ing the architecture of IT ecosystems. In the
theoretical section of this thesis, an introduc-
tion into EAM will be given. On a technical
level, the techniques and challenges of inte-
gration of the various applications used in an
enterprise context are explained by giving an
introduction into Integration Frameworks.
The theory outlined is practically imple-
mented during development of an ICT
blueprint. This will be the practical result
of the thesis. This result will be used in the
context of the HAWAI (HAW Laboratory for
Application Integration) project. The HAWAI

implements
implements determines

Figure 1.1: The Relation between Business Ar-

chitecture, Enterprise Architecture
and IT Architecture

project is a project of the faculty “Engineering and Computer Science” of the Hamburg Univer-

sity of Applied Sciences (HAW).

The HAWALI project has been set up to provide realistic examples for students during teaching

and practice sessions and to allow research in the areas of software architecture, application

integration and EAM. One of the main project goals is the construction of several realistic

application landscapes and their interfaces [HAW] for a system integrations lab within the

department of computer science.[HRSS15]
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Once completed, the lab will provide students with realistic application landscapes. A realistic
structure in this context is an application landscape that contains all the design pitfalls that
exist in realistic ICT infrastructures such as pragmatic IT integrations (see 3.2.1). However,
to mitigate the risks associated with such a structure, one of the goals of HAWAI is to create
an architecture that can be reset to a safe (initial) state. This limits the risks associated with
experiments substantially: In worst case everything will be reset. This system property also is a
major difference to a typical corporate environment. HAWAICycle - the corporation behind the
ICT blueprint - as such is targeted to be a blueprint for such an IT environment and therefore
the results found in this thesis will be used during the implementation of the HAWAICycle
IT environment. The results are not only relevant for the HAWAI project as HAWAI partners
with MARS (Multi-Agent Research & Simulation Group) to simulate corporate environments
and their customers.

Of course, all the problems described before concerning aged infrastructure are currently non-
existent in the project context, since the fictional mid-size build-to-order company HAWAICycle
GmbH currently is neither aged nor has any infrastructure that could cause complications.
However, to give students an opportunity to develop solutions to these problems, it is important
to create an artificial environment which is affected by all those problems in an infrastructure
that (unlike a real infrastructure) can be reset to an initial state at any given time to prevent
lasting damage. For this reason the fictional enterprise is described and methods from EAM are
used to create an infrastructure, which is a special case for the use of EAM methods. The com-
mon approach to EAM would be to identify existing systems by observation and therefore this
approach to EAM is novel. However, EAM can be applied in this case as well - the reason for it is
explained in this thesis. Because systems can’t be identified by observation in an environment
with no pre-existent infrastructure, an informal blueprint for built-to-order-companies is used
as input for the a formal blueprint. The development of the formal ICT blueprint is divided
into three stages.

In the first stage all systems of the ICT blueprint are identified and described. The description
contains tasks, interfaces to related systems and data which is to be shared with each related
system. This systems and their descriptions will be entered into an EAM Tool and will be
documented in the appendix.

In the second stage the informal model will be cleaned and adapted to HAWAICycle.

In the last stage the model will be implemented using Iteraplan, an EA modeling tool. Addi-
tionally, a selection of business processes will be created to complement the ICT blueprint.

At last, a conclusion will be drawn and recommendations for further studies will be given.



2 HAWAICycle GmbH

HAWAICycle GmbH! is a virtual corporation
constituting the basis of this thesis and of spe-
cial value for the concrete example as shown
below. The Business Architecture that is de-
signed reflects the organization, its goals and
the processes. As shown in figure 2.1 and
explained in the theory chapter in section 3.1
the ICT blueprint reflects the Business Archi-
tecture. This description of the organization
and its goals is one of the cornerstones of this

architecture.

2.1 Description

HAWAICycle GmbH produces customized

implements

applies

implements determines

applies

bikes by applying mass customization?. The Figure 2.1: The Organization and its Goals: Part

bikes are delivered to foreign and domestic

of the Business Architecture

customers. For customers within the same geographic area, various additional services are

offered as well, such as on-site services. Customers from other geographic regions use service

providers. The company as a whole has one site, located in an industrial park in Hamburg, Ger-

many, where both production and management are located. Most employees work in Hamburg,

but the Key Account Managers are visiting important customers in the field. Furthermore, the

company works with sales representatives located within the targeted geographic areas.

! The GmbH is the selected corporate body for HAWAICycle - it is the type of incorporation most often selected
for a capital company in Germany.[Wel] It is a privately held limited liability company and as such a corporate
body governed by private law similar to a PLC (UK) or a LLC (USA). The regulation for a GmbH is available in

English at [Deu86]

%see section 3.3.1 for an in-depth classification of the production process
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2.2 Product

HAWAICycle sells custom bicycles. A bicycle is generally defined as any two-wheeled vehicle
in one line designed to be propelled solely by the rider(s).[US 95][p. II-3]. Bicycles are classified
first and foremost by wheel size (diameter), basic type, and number of speeds. [US 95][p. II-4].
Bicycles consist of components including:[US 95, p. II-4 - II-5]

« Frame

« Fork and handlebar

+ Saddle

« Wheels, tires and brakes

+ Chain, chain rings, pedals

« Lighting and wiring (depending on the bike type)

« Small parts (e.g. bell) and auxiliary materials such as lubricants

As for the HAWAICycle, most parts of the bikes are prefabricated and of high quality. As the
frame has to be built individually for each customer he or she has the free choice of a color.
Standard colors are ware-housed, but HAWAICycle is ready to order any other requested color.
Most of the components for bikes are produced in South-East Asia. This assumption has
been verified by researching the production locations of two large part suppliers, Shimano
and SRAM. Shimano has production facilities in China [Shi], SRAM has a production facility
in Taiwan [Evel5]. The World Bank also backs the assumption regarding the location with
a case study.[KM15, p.95ff.] This case study states that since 1995, Bangladesh exports of
Bicycles and Bicycle parts to the EU are growing gradually. All these findings support the
initial assumption that most bike parts are produced in South-East Asia. In result: Due to the

long and time-consuming distances, the logistics and warehousing is relevant to HAWAICycle.

2.2.1 Customers

HAWAICycle has two groups of customers:

The first target group are bicycle shops which order these bicycles for their customers, offering
an alternative to pre-existent off-the-shelf bicycles.

The second group of customers are private customers that use the HAWAICycle web shop to
order the bicycles directly from HAWAICycle.
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In both cases the typical size of the order is small (less than 5 bikes per order) and all bikes
produced differ as the frame of each bicycle is adjusted for each customer. For this reason
all customers are required to pay their purchases in advance. Consequently no returns are
accepted for products sent out to customers except for faulty products. In the case of individu-
ally manufactured products, the rules of the german long distance trade act concerning the

revocation of the purchase agreement are not applicable.[Brd14]

2.2.2 Organizational structure - Hierarchy

The corporation has several divisions which are further divided into subdivisions. The divisions

identified are:

HAWAICycles GmbH

allocated to
_— Division 1 Division 2
Head of Division f \
Employees
Subdivision 1-1 Subdivision 1-2
Employees Employees

Figure 2.2: Organizational Structure of HAWAICycle GmbH

« Production

This division is responsible for the production of the bikes
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« Marketing
This division is responsible for the Marketing activities, which is the activity, set of
institutions, and processes for creating, communicating, delivering, and exchanging
offerings that have value for customers, clients, partners, and society at large. [Ame]
For HAWAICycle, this includes the preparation of magazines for the bicycle shops, the

management of the website and mailing activities.

+ Distribution
is responsible for getting the produced bikes from the HAWAICycle production facility
to the customer in good order. Therefore, packaging prior to shipping is an essential part

of the distribution.

« Human Resources
is responsible for all tasks related to the human capital of HAWAICycle. This includes
the management of contracts, communication with social security authorities and the

payment of salaries

» Logistics
In-house logistic transports (from warehouse to production and vice versa) and the

handover to the carriers.

+ Accounting
Responsible for issuing bills for customers and recording all financial transactions as

well as the preparation of finance-related statements

» Research & Development

Responsible for quality control and the improvement of the products

« Purchasing
In charge of ordering the parts required for production in time and negotiation of

purchasing terms

The description found above is only a stub. A more detailed definition can be found in the

chapter that describes the informal model in section 4.3.



3 Theoretical Background

In the previous chapter the corporation HAWAICycle has been introduced. In summary
HAWAICycle is a fictitious enterprise that is built for the HAWAI lab at HAW and is currently
in the planning stage. There are neither established business processes nor any software
selected to execute these processes. This thesis will model business processes and suggest an
IT infrastructure that is aligned with these business processes.

The alignment of business processes and IT infrastructure is the topic of Enterprise Architecture
Management (EAM). The practical implementation of HAWAICycle implements an Enterprise
Architecture Framework (EAF)the Iteratec Best Practice EA, which is described in more detail
in 3.1.1. Section 3.1 explains the theoretic fabric behind the framework.

In a typical IT environment - like the one planned for HAWAICycle - several IT systems
are used to execute processes. These systems are connected by means of integration. Two
approaches for the connection of these processes - EAI and SOA - have been selected (due to
their widespread use) and are going to be discussed. Lastly, all these integrated systems serve
one purpose - to aid HAWAICycle in producing custom bikes on a large scale. This type of
production (see 3.3.1) is typically referred to as mass customization and manifests itself in the
IT infrastructure. This is relevant both to the development of an ICT infrastructure and to the

present discussion of the theoretical background.



3 Theoretical Background

3.1 Enterprise Architecture and Enterprise Architecture

Management

The practical part of this thesis implements
an Enterprise Architecture Framework, the It-
eratec Best Practice EAM, which is described
in more detail in section 3.1.1. This section ex-
plains the terminology and the general char-
acteristics of frameworks. implements
The Architecture of a system is the funda-
mental organization of a system embodied in -

its components, their relationships to each

applies

other and to the environment. The Architec- implements determines

ture is the result of the principles guiding the
system design and evolution. [IEE00, p.3] In

the case of an EA, the principles the IT infras- applies

tructure reflects are the business processes ) )
Figure 3.1: EA and EAM in the Context of this
the IT system supports. A system is a collec- Thesis

tion of components organized to accomplish

a specific function or set of functions.[IEE00, p.3]

The Enterprise in this context is any collection of organizations that has a common set of
goals/principles and/ or single bottom line. In that sense, an enterprise can be a whole corpora-
tion, a division of a corporation, a government organization, a single department, or a network
of geographically distant organizations linked together by common objectives.[Sch, p.22]

An Enterprise Architecture (EA) provides a clear and comprehensive picture of the structure
of an entity.[HBT03] Enterprise Architecture therefore describes the interdependence between
the IT Architecture on the one side and the Business Architecture (The entity, its goals and pro-
cesses) on the other side. EA therefore includes much more than simply a description of the IT.
It covers business operations, finance, people and buildings in addition to technology[The13].
It provides a strategic, conceptual and organizational framework for the management and
design of the IT ecosystem [ABB™ 11, p.5] and the alignment of business processes and IT
operations.

Enterprise Architecture Management (EAM) is a Management discipline. The Goal of
EAM is the further alignment of the business and its relations to the IT by integrating and
enhancing the existing Enterprise Architecture.[ABB™ 11, p.15]. As IT is an essential backbone
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for the activities of an enterprise, the necessity to properly align the processes and the infras-
tructure to remain manageable is getting more important. EAM has methods for structuring
the integration of ICT components and improving the Enterprise Architecture.

The proper alignment of processes and IT structure is a well-established problem. In 1987,
Zachman ([Zac87]) described the need for a logical construction architecture for defining the
integration of systems.

As a result, he constructed the first Enterprise Architecture Framework (EAF), the Zach-
man Framework, to provide a practical guideline for the alignment. An EAF establishes a
common way for creating, interpreting, analyzing and using Architecture descriptions within
a particular domain of application or stakeholder community. [ISO11, p.9]

By way of example, the Zachman framework realizes this by providing six different views on:

« how an IT entity operates (a system)

« what resources it uses

» where it operates

« who uses the system

« when the system performs operations and

« why it operates

This framework, while discussed in literature, is regarded as either too complex for a complete
adoption (see the case study on [Ahl12, p.212-213]) and/or as too generic to provide any tangible
output (Bente in [BBL12, p.108]). Today, a great number of alternative frameworks exist for

this reason. Currently used well-known EA frameworks include [Han09, p.61-62]:

« TOGAF (The Open Group Architecture Framework)
This framework has been published by the Open Group, according to which TOGAF is
one of the most widely used frameworks [The11b] [The]

« FEAF (US Federal Architecture Framework)

Developed by the US Government for US Government Organizations

« DoDAF (Department of Defense Architecture Framework)

Used for projects and enterprise in the US military context

« E2AF (Extended Enterprise Architecture Framework)
The E2AF builds on FEAF and TOGAF and combines it with practical experiences from

the application of EA frameworks

10



3 Theoretical Background

The EA framework used in this thesis - Iteratec EA - is described in more detail in subsection
3.1.1 below.

EAM and the framework used in this thesis are normally applied to an existing IT infrastructure
to support the further development of the ICT infrastructure. In the case of HAWAICycle, no
infrastructure exists which at first glance rules out EAM. However, although it is not common,
the principles of EAM can be applied to new enterprises. The Enterprise Architecture simply
needs to implement the goals and processes of the Business Architecture. This implementation
is supported by using a suitable framework for guidance, in this thesis the Iteratec EA. Conse-
quently the IT architecture should implement the Enterprise Architecture.

Since the EA implements the Business Architecture (see 3.1) by applying an EAM, in a first
step the process of developing an ICT blueprint includes the modeling of processes - based on
the informal model described in chapter 4.

The IT architecture can be developed after creating an EA, depending on the following IT
structure (see the sections explaining EAI (3.2.1) and SOA 3.2.2 for further information).

This IT Architecture consists of the formal description of a system, a specific plan of this
system and its components, the structure of the components and its interdependencies as well
as the principles and design guidelines that have been used for the design, construction and
implementation of that system.[Mas07, p.21]

When completed, this IT structure will consist of several independent subsystems that need
to be integrated to form a functioning system that executes the business processes. The ap-
proaches most relevant for the integration of independent systems are SOA (see 3.2.2) and EAI
(see 3.2.1).

3.1.1 Iteratec Best-Practice EA

The previous section explained general characteristics of EA and EAM, but this thesis uses a
specific implementation, the Iteratec Best Practice Enterprise Architecture Framework
(Iteratec EA) for the modeling of both the Business and the Technical Landscape.

The framework is described in both a manual Iteratec provides and a book by one of the
co-designers of Iteraplan. This book criticizes other frameworks for their high abstract level
and their scientific approach. According to the author, Inge Hanschke, this prohibits an ad-hoc
use[Han09, p.65], which was - according to her - one of the reasons for the creation of the
EA framework. Instead of a scientific approach, the Iteratec EA uses a Best-Practice approach
and allows a practical use without knowledge of the theoretical background. In this EA, all IT
systems are added and the systems are connected through interfaces. The interfaces transport

business objects which need to be added, too. Additionally, the framework also allows the

11
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management of the underlying technical structure (in the technical landscape model). This
results in a mapping of the the current state of the Infrastructure and a complete application
landscape. Next, the business processes are added and used to align the applications to these
processes. By mapping the business landscape (processes) and the application landscape
model(applications) the previously invisible connections become apparent.

Apart from the mapping - which requires the existence of the elements - all these steps can be
completed independent from each other. Since the formal model created uses the framework it

is explained further in the following sections.

Framework Meta model

Business Architecture

IO E O

Business Business Business Products Business Business
Domain Processes Functions Units Objects

|
Application Architecture

Pl g

Applications Interfaces Information Objects

| |
Technical Architecture Infrastructure Architecture

|_<=
. -

Technical components Infrastructure elements

IT strategy

Figure 3.2: The Iteraplan EA Model
Based on [Han09, p.66]

12
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The meta model of the framework uses elements called Building Blocks on all Landscape
Models. Three Landscape Models exist - Business Landscape Model, Application Landscape
Model and Technical Landscape Model. This section is a summary of the two sources available,
[Han09, p.66-93] & [Itec].

Business Landscape Model The Business Landscape Model contains all relevant structures
for the business and allows the modeling of Business Processes, Products, Business Functions
and the organizationals structure and maps relationships between the individual Building
Blocks. [Han09, p.71]. The following Building Blocks are part of the Business Landscape Model:

+ Business Domain
The Business Domain is an optional grouping element to allow the combination of related
Building Blocks. The Grouping into individual Business Domains is possible by Business

Processes, Products, Business Functions, Business Units and Business Objects. [Han09,
p-91]

« Business Processes
A Business Process is a recurring sequence of logically connected activities or sub-
processes with a defined start and end point that contribute value to the enterprise
[Han09, p.71], e.g. Quote-To-Order. In the current version, it is not possible to implement

looped structures.

+ Business Function
A Business Function is a recurring task carried out by the enterprise. Business Functions
can be organized into sub-activities It has connections to other Building Blocks. Business

Functions can be used in multiple Business Processes. [Han09, p.71]

« Product

The result of a Business Process, e.g. a bike

+ Business Unit
A structural unit of the enterprise (e.g. department, locations, logical groups) [Han09,

p-71], e.g. Production or Sales

» Business Object
A Business Object represents a concrete or abstract real-world entity that encapsulates
some part of the Business Activity of an enterprise, e.g. customers or products. Business

objects can be composed of other Business Objects (e.g. an order consists of a customer
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address, a delivery address and the ordered articles). The objects are used by Business

Processes or Functions. Business Objects can be linked to each other. [Han09, p.72]

Application Landscape Model The Application Landscape Model is documented as part
of the IT Landscape and ties together the Business Landscape (with the business processes)
and the Technical & Infrastructure Landscape. The Application Landscape helps to weed out
the IT infrastructure by segregating important applications from unimportant ones and helps
identifying connections between applications. Additionally, the Landscape allows the planning
of future Application Landscape states [Han09, p.78]. The following Building Blocks are part
of this model:

+ Information System Domain

The Information System Domain can be used for grouping information systems [Itec]

« Information System / Application
An Information System (Iteraplan) / Application (Hanschke) is a cohesive entity which
users perceive as a technical and functional unit (Definition from Siedersleben cited
after [Han09, p.78]). In general it supports associated Business Functions distinct from
other areas of functionality, and which can be supported entirely or to a large extent by
IT.[Itec]

+ Interfaces
The interface connects two applications (information systems) and allows the unidirec-

tional or bidirectional exchange of information objects. [Han09, p.79]

« Information Objects
Information Objects are sent over Interfaces from one application to another application.
[Han09, p.79]

Technical Landscape Model The Technical Landscape Model defines standards (standard
applications, technical standards) specific to the enterprise for implementing applications,
interfaces and infrastructure. It gives information about in-house standards.[Han09, p.85] One
blueprint that can be retrieved from Iteraplan is the technical blueprint - a list of standardized

components.[Itec]

Infrastructure Landscape Model The Infrastructure Landscape Model coarsely describes

the infrastructure (e.g. the computers, cloud services,...) on which the applications run.
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[Han09, p.85] In this landscape, applications are linked with the infrastructure. Iteraplan
allows the integration of a CMDB (Configuration Management Database) to retrieve the actual

Infrastructure from the Database.

Evaluation of the Iteratec EA

The Iteratec EA has a simple structure, but allows the combination of different methods
important for Enterprise Architecture. Most importantly it allows the modeling of business
processes and the mapping of business processes to the ICT infrastructure through links. The
Enterprise Architecture also allows to link IT systems through interfaces, which makes it
suitable for modeling both a service-oriented architecture and the Enterprise Architecture

Integration.
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3.2 Integration Frameworks

As explained in the introduction to the
Theory chapter the IT environment planed
for HAWAICycle integrates several IT sys-
tems to execute the business processes
that are created in the business architec-
ture.

These systems are connected by the means
of integration. While it is entirely pos-
sible to connect the systems organically,
the results of this approach that is called
P2P is often less than ideal. For this
reason, integration frameworks exist to
allow the systematic integration of sys-
tems.

Two approaches for the connection of these
processes - EAl and SOA - have been selected

and are discussed.

implements

implements

applies

determines

applies

Figure 3.3: EA and EAM in the Context of this
Thesis

3.2.1 Enterprise Application Integration (EAI)

EALI is the name of a structured integration
approach to information systems within an
organization. EAI includes building wrap-
pers, adapters, and using standardized mid-
dleware (see section 3.2.1) to connect and in-
tegrate the systems. [LC04] This combination
of processes, software, standards, and hard-
ware resulting in the seamless integration of
two or more enterprise systems allows the
systems to operate as if it were a single sys-
tem.

The systems - called applications in this con-

Presentation Tier

Logic Tier

Application

Data Tier

Storage

Figure 3.4: Monolithic Application Architec-
ture - Three Tiers
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text - itself have a monolithic structure which means they solve specific enterprise tasks and
include a data input / data output, some logic to cope with the data to solve a specific task.

This chapter focuses on integrating applications, which is known as Application-to-Application
(A2A). With this approach, the individual applications are still used for data input/output. It is
also possible to integrate the systems by supplying a common user interface - Person to System
(P2S), integrating several enterprises (Business to Business (B2B)) and to combine all these
integrations (Total Business Integration - TBI). These kinds of integrations are not planned and
therefore not further discussed in this thesis. The integration of applications (A2A) can occur
on different levels. These are known Data-Level, API-Level, a Application-Method-Level and
Ul-Level integration [Lin99] [Fen]. The different types use different tiers (see 3.4) to integrate

other applications. The integration results in synchronized and therefore consistent data.

Data Consistency / Synchronization

Data consistency in this context means that the data available is coherent and complete. [Lac]
In the case of connected IT systems, data can often be saved and updated in several systems.
Data consistency is relevant for this thesis because several applications are used that need
access to the same data. For instance, HAWAICycle includes a web shop where customers can
order bikes. All customers can login into the web shop for ordering bikes from HAWAICycle
and all details regarding customers and orders are stored in the web shop database. For different
reasons (e.g. for mailings and analysis purposes) the customer data is also stored in the CRM
(Customer Relationship Management) Tool. If the address of the customer is updated in either
one of the systems, consequently it needs to be updated in all systems concurrently to ensure

consistency.[SA12]

Integration Levels

Generally, an application can be connected with other applications outside of the application
itself or within the application. When integrating outside of the application by accessing the
data created by the application in a database or in a file the application itself is not modified.
When integrating within the application, the application is modified on different tiers (see
figure 3.4). Depending on the tier that is changed or accessed this approach is further classified
as either an Application-Interface-Level integration, a Method-Level integration or a Ul-Level
integration. [Lin99, Ch. 3 - Application Interface-Level EAI]
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Data-Level Integration With Data-

Level integration the applications bresentation Tier Presentation Tier
are integrated on their storage level. - ~
<
Information is converted on-the-fly -2 - 2
.g Logic Tier Logic Tier s
between the different databases and 3 N i 5
< Q.
thus represented correctly both by <
. . . Data Tier Data Tier
source and target application. This

task is further simplified by the fact

that accessing databases is simple

HEE S S S EEEEEEEEEER
Data-Level integration

and most current applications use Storage Storage

external databases for data storage, . )
Figure 3.5: Data-Level Integration

since decoupling data from appli-
An Adaption from [Lin99, Figure 2.1]

cation logic is a common practice.
However, application and data are often tightly coupled and thus, dealing with the data without
dealing with the application logic is impossible. When adding data into the database the
integrity checks that are done on an application level are not applied. The integrity constraints
on application level need to be dealt with to prevent the applications from crashing.

Application-Method level EAI (see section 3.2.1) is an approach that might be employed along-
side or instead of Data-Level integration. However, the Data-Level approach is simple and
fast to apply since the business logic does not need to be altered. Also, numerous middleware
products that allow migration on a data-level exist. [Lin99, Chapter 2 - Data-Level EAI] rec-
ommends against using a Big-Bang approach when doing a Data-Level integration due to the

complexity and difficulty of this approach and recommends a start with two or three-databases.

API-Level Application Interfaces
(APIs) are well-defined interfaces Presentation Tier Presentation Tier

that the developers of an applica-

tion publicly expose to allow ac- Logic Tier Logic Tier

;‘“ﬁ--------}“.é
API-Level

the application. Compared to data- integration _
Data Tier Data Tier

cess to various levels or services of

Application 1
Application 2

level-integration, where the appli-

cation and storage logic needs to
be understood, APIs provide access
to objects on a higher abstraction Storage Storage

level. APIs typically provide access Figure 3.6: Application-Interface-Level Integration
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to data stored in the application database, to business objects and/or to business services.
For instance, a CRM application might provide read access to the customer as a data object, the
customer as a business object (which could be an aggregation of various data objects connected
to the customer) by invoking an API call for the data or the business object. Additionally, the
application may provide a business service with write access. For instance such a business
service could create a new customer and thus provide an opportunity to add new data. [Lin99,
Ch. 3 - Application-Interface-Level Integration]

If an API-Level integration is possible, it ideally provides more information than a data-level-
integration. However, the functionality provided by the API is limited to the functions that the
original developers of the Software have provided. [Lin99, Ch. 3.4]

Application-Method-Level The

intention of Method-Level integra-

tion is sharing business processes. Presentation Tier Presentation Tier
Unlike the API-Level integration

discussed in the previous section,

<IIIIIIIIIIIIII>

Method-Level
Logic Tier ethod-Leve

i A Logic Tier
integration

Application 1

this approach changes the Applica-

Application 2

tion which needs to be integrated by DataTier DataTier

adding or replacing program code

in order to allow the integration to

take place. This is also indicated in

figure 3.7. integration in this form Storage Storage
results in tight coupling of different Figure 3.7: Application-Method-Level Integration
applications in the application land-

scape of the corporation. By adapting the application the software is no longer restricted to
the functionality intended by the original application developers. However, Method-Level
integration has several downsides. One of these is the cost for application changes - which is
significant. [Lin99, Ch. 4 - Method-Level integration]. Also, while the tight-coupling of the
applications may be a good choice for performance, maintainability suffers as a result from the
decision.[Man09] Additionally, a poor implementation may cause applications to malfunction.
[Lin99, Ch. 4 - Method-Level-Integration]
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User-Interface-Level Integration
Integrating on the user interface
(UI) level doesn’t change the pro-
gram code and is thus similar to
API level integration. However, it is
technically different because when
applying this approach, the Ul is
used by the integration mechanism
- a user is emulated for this purpose.
The method itself is crude and rela-
tively inefficient, however it doesn’t
change the target application and -
correctly implemented - gets the job

done. Key disadvantages include

Application 1

'

Presentation Tier

Logic Tier

Data Tier

Storage

Ul-Level integration

v

Presentation Tier

Logic Tier

Data Tier

Storage

Figure 3.8: Ul-Level Integration

Application 2

slow data retrieval due the Ul being an inappropriate data-serving interface, possible in-

stability due to poor implementation, and the necessity to implement error processing for the

integration. One last downside should also be mentioned: The flow of information depends on

the number of application instances that are running at the same time. As a result [Lin99, Ch.

5 - User Interface-Level EAI] as many as 1000 Instances of the target application need to be

running at the same time. The actual number of instances is irrelevant, but signifies that this

method may result in a very high system load and scales poorly.
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Integration Topologies

The previous sections focused on approaches on how to connect individual applications.

Setting up these connections is essential. However, the larger context that results out of these

connections has more consequences, since it influences concerns such as maintainability,

fault-tolerance and performance. The design of this integration context should specify the

locations, structure, and channels that is used to connect these elements together to form a

coherent whole. This context is called an integration topology.[TRH " 04]

P2P The Peer-to-Peer (P2P) integration is
considered as a traditional integration ap-
proach that is useful if there are only a limited
number of applications to integrate.[SA12]
A connector - called pipe - has to be imple-
mented for each communication between sys-
tems. The connector handles the transforma-
tion between the systems and is responsible
for the delivery of the messages between the
systems. As already mentioned, this integra-
tion method is useful for a small number of
communications and systems, as the com-
plexity and number of pipes increases with
each new link added. This correlation can be

seen in Figure 3.9, where twelve pipes exist

Pipe 1-3

Pipe 2-1
System 1 - 1 System 2
Pipe 1-2

Pipe 4-2

Pipe 4-3

System 3 }

{ System 4

Pipe 3-4

Figure 3.9: P2P Integration

for just four applications. Although the scenario shown is unlikely, it illustrates the problem

at hand. For this reason and because P2P has poor maintainability it is not wise to use this

integration topology.
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Middleware

tems directly (P2P), middleware can be used

Instead of connecting sys-
to mediate between systems. [Fen] Essen-
tially, middleware sits in the middle of the
systems (thus the name) and the systems are
connected to the middleware component. The
idea behind using the middleware is to decou-
ple the systems from each other and also to
allow some re-usability of the connectors.
Assuming systems 1-4 in figure 3.11 all syn-
chronize data objects regarding customers
to each other because each system is both
used to read and write informations regard-
ing customers. If data is exchanged using
P2P, twelve different transformations rou-
tines are necessary (1-2,1-3,1-4,2-1,2-3,2-4,3-
1,3-2,3-4,4-1,4-2,4-3), whereas the middle-
ware approach requires only eight transfor-
mations routines.

Different implementations for middleware
exist - Hub&Spoke (see figure 3.10) and
Bus/Pipeline/Publish&Subscribe. The main
difference between Hub&Spoke and Bus is
that the Hub is a central instance while the
Bus is a distributed system. The Bus provides
a higher fault tolerance but requires more ef-
fort for the initial implementation. The Hub
on the other hand is a potential bottleneck
and a risk - a failure prohibits all attached

applications from exchanging data.

Figure 3.10: Middleware:

\ Data Data /
Hub
/ Data Data\

Integration with
Hub&Spoke

Figure 3.11: Middleware:
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Comparison of P2P and Middleware

From an architectural point of view, using middleware instead of connecting systems di-
rectly is clearly better. middleware allows re-usability of software and makes the replacement
of a component easier. In the long run, this should also result in lower costs for the enterprise.
The only valid reason for preferring P2P over middleware would be a one-off-integration (e.g.

a Prototype) with a limited number of applications.

3.2.2 Service-Oriented-Architecture (SOA)

In the mid-1990’s, the service-oriented architecture (SOA) integration framework emerged
as an advanced alternative to EAI for interweaving business processes.[Raj13] SOA focuses
on the strategic development of IT according to the business objectives [The09] and thus is
a versatile topic. This chapter focuses on informing about which improvements a SOA can

provide when using the approach in managing the Enterprise Architecture.

Definition of SOA

SOA can be defined as a software design and implementation methodology (architecture) of
loosely coupled, coarse-grained, reusable artifacts (services), which can be integrated with
each other through a wide variety of platform-independent service interfaces.[Ste05]

As explained earlier, EAI integrates monolithic applications with a specific set of functions as
Building Blocks. In SOA, services serve a similar purpose as applications serve in EAI. However,
services are not monolithic - they are composable units. Also, services - unlike monolithic
applications - are intended to be reused/integrated with each other, therefore services by
definition contain an API.[Mas07, p.18] Legacy applications can be integrated into a SOA by
creating a service wrapper (see figure 3.13) that contains the required API and maps the API
to the legacy application functions. The preferred way of realization of both the API and the
application is in the form of web applications that provide standardized web interfaces (see
section 3.2.2). Web interfaces in general result in the possibility that external providers (other
companies) can provide web services on demand, which is increasingly common today. This
means that a well-implemented SOA can be and probably will be an arbitrary mix between
external and internal services. Also, when comparing EAI and SOA, services are only a part
of SOA. While definitions of SOA exist that focus only on technical aspects, SOA should
be regarded as an Architectural Style for application landscapes that aims at an optimal IT

realization of IT processes. [AE08]
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SOA, EA and Service-Oriented EA

SOA aligns strategic business goals

and operative IT objectives with the

;

introduction of the Service Layer. ( Business Process Layer |
This Service Layer — as displayed -

in figure 3.12 — covers the GAP be-

tween Processes and IT.[Thella]

The service-oriented enterprise ar- L )

chitecture (SOEA), as introduced by
[AE08] is a way of aligning the busi- -

ness architecture (based on goals,

. N\
Composite ) Service Layer

Gap between EERIE

Processes Orchestration

and IT -
Basic
[ Services

organizational constraints and pro-

cesses) and the IT Architecture. In - — —
pplication Layer

this concept, an Orchestration En-
gine is used to model processes with - y,

services. The software based wiring

(soft-wiring) of Services allows to -

change processes without the need

Infrastructure Layer\

of special programming skills and
Figure 3.12: SOA and EA

furthermore it permits to change
Source: [AE08]

processes fairly simple.

This approach improves the alignment of business processes and the IT structure. However,
this approach is no solution for the structure of an organization, it only aligns the aligns the
business processes and the IT on a technical level. The organizational framework still needs to
be created before employing this approach.

Definition of a Service

Services in the context of service-oriented architecture... [Mas07, p.16]
. provide capabilities or functions such as customer look up or credit card validation
. are instantly usable.

. can be reused. Re-usability is a key element in this definition because it enables the

creation of new business processes and operational processes. Services expose their
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capabilities via well-defined standard service interfaces.[Lew10] These standard service

interfaces are usually based on web standard technologies. [SW04]
. have a well-defined behavior
. have defined inputs and outputs.
. are managed to fulfill non-functional requirements.
. are created and used to fulfill an organizational goal.
. can be modeled
. are composed to create new Services.

Legacy applications commonly

miss some or all of the above capa-

bilities. Most importantly, they are Service Directory

usually not composable. However,
if they are sufficiently modularized, Publish Publish

they can be wrapped into services. : : : :

[OSHS07] Service : Interface : Interface = Service
w . . . .

Both wrapped legacy applications rapper

vice interface definition that is pub-

. . . Legacy "~
lished in and available through a applicationl

and “natural” services have a ser- Transformatlonf I
lo'-- ~‘l
service registry. [Lew10]

The composition of services is pos- Figure 3.13: SOA - Encapsulation of legacy applications

sible by hard-wiring services (i.e. a and native services are published in a service

service uses other services directly) directory

or soft-wiring services (i.e. a soft-

ware is used for the composition of services). In the context of the application landscape,
software-based composition of services (soft-wiring) in an Orchestration Engine allows the
modeling of business processes with services and the subsequent execution improves the
alignment of business processes and IT Structure. To allow better alignment, services should

use an event-based communication style (publish-subscriber pattern).[AE08]
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Service Interfaces - REST and WS*

Service interfaces in SOA ideally use standardized interfaces to allow easy composition and
(re-)usability. The most common standards used for providing these standardized interfaces
are WS* Web-Services and REST-Interfaces. REST stands for Representational State Transfer.
Both interfaces types are still being developed and their use includes some pitfalls.

WS* Web Services define a method of transportation (HTTP), encoding (XML), a message
format (SOAP) and a description language for the web service (WSDL) as well as methods
for the discovery (UDDI) and the management of the services. However, there are currently
more than 100 competing implementations of Web Services. While WS* guarantees how the
language is composed - i.e. the syntax — the semantic is still wanting. This results in the need
for a transformation engine.[Lew10, p.4-5]. Often, Web Services are perceived as very complex
and inefficient due to the overhead imposed by XML/SOAP.

REST does not contain a definition of these elements. Instead, REST - typically used in
conjunction with HTTP - has the following four principles [PZL08]:

+ Resource identification through an URI

Each resource is identifiable through a unique URI - usually in the form of an HTTP link

+ Uniform Interface
The four CRUD-Operations' mapped to the HTTP commands PUT, GET, POST and
DELETE.

« Self-Descriptive messages

The messages are decoupled from the representation.

« Stateful interactions through hyperlinks

Every message is self-contained.

REST is simple to implement since the infrastructure required (HTTP Clients and Servers)
is very common and the REST services are therefore easy and inexpensive to implement. This
creates a much lower entry barrier for using REST-services compared to WS*. However, the
implementation of the Uniform Interfaces poses some problems because firewalls may block
HTTP out requests partially — typically only POST and GET are allowed to pass through
firewalls — which might require workarounds. Additionally, the payload data in GET requests
is limited in size and exceeding the size limits may result in the rejection of the request.

Choosing the right service interface for HAWAICycle is not a trivial question. An in-depth

ICRUD = Create, Read, Update and Delete
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view of this topic is provided by [PZL08]. It should be noted that most commercial services

offer both type of service interfaces.

Evaluation For HAWAICycle, the primary use of REST for the first implementation is of
advantage for the following reasons:

« The use of a web browser is sufficient to test assumptions and requires no coding.

« From a technical point, REST is easier to implement than WS*. This makes it more
suitable for implementation by students in lower classes - HAWAICycle is also intended

as a training environment for students.

Communication between Services with the Enterprise Service Bus

As explained in section 3.2.2, WSDL only

guarantees the syntax, not the semantic of the

messages and REST messages guarantee only Service Service Service

that resources can be accessed through an

: . Legacy- :
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URI, but does not give any guarantees about
the message content. To allow the coupling
of services, a transformation between the dif-
ferent models is still required. If integrated
directly, the problems that result out of a di-

rect integration are similar to the problems

in EAI with a P2P Integration Topology. In
result, there are a lot direct connections and Figure 3.14: Enterprise Service Bus
essentially a P2P communication style results

out of this. (see section 3.2.1 for further information).

A solution to solve this problem is the Enterprise Service Bus (ESB). The ESB is a Message-
Oriented middleware (MOM) that provides routing, invocation and mediation services to
facilitate the interactions of services.[Men] An ESB has to provide audit and logging facilities
for monitoring infrastructure and integration scenarios and possibly also for controlling the
business process execution. [Men] As a result, when using an ESB, Services are only registered

and available through the ESB that handles both communication and transformation.
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Monitoring

Business-Level-Monitoring is one of the capabilities that can be achieved through the use of an
ESB that controls the Business Process Execution. This allows the management to follow the
execution of processes and makes the identification of challenges (e.g. shortages, increasing
processing times) easier. In the case of HAWAICycle monitoring might give both students and
instructors valuable information about problems. Furthermore, monitoring is useful for the

real-time visualization of processes.

3.2.3 Comparison of SOA and EAI

Both EAI and SOA provide mechanisms that result in an integration that is superior to an
unplanned (organic) integration. Both approaches improve the re-usability of written code
and make the upgrade and replacement of components easier. The biggest advantage of SOA
over EAI is the alignment of the business and the IT architecture. In case that SOA has been
properly implemented, it allows the monitoring of all business processes. As this is of special
value, SOA has to be given priority as the most suitable implementation style for HAWAICycle.
Last but not least, all these systematically integrated systems serve a purpose - HAWAICycle
produces custom bikes on a large scale. This type of production (see 3.3.1) is typically referred
to as mass customization and manifests in the IT infrastructure. This makes it relevant when
developing an ICT infrastructure and therefore a relevant last section for discussion in the

theory chapter.
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3.3 Business Domain

The previous theory sections focused on technical aspects of developing an ICT infrastructure.
However, this infrastructure serves the purpose to enable the business operations. As has
been explained in the Introduction (see chapter 1), HAWAICycle produces bikes according
to customer specifications. This type of production has some special characteristics that also
manifests itself in the ICT infrastructure. Therefore, this last section of the theory chapter will

give some information about mass customization.

3.3.1 Mass Customization

Mass customization is a way of production in which products are manufactured according to
specifications set by customers. The strategy has become more important in the last years
as producers seek to find new markets in more or less saturated markets by serving micro-
markets, as in the case of HAWAICycle. Serving micro-markets is of competitive advantage.
This shift from a sellers’ to a buyers’ market [KH12] has led to a point where the mass market
is proclaimed dead (Kotler: "The mass market is dead” [Kot89]). To balance this provocative
statement: The reports of the death of the mass market have been greatly exaggerated, however,
since many products are still produced on a mass scale. In reality, mass market producers and
mass-custom producers serve distinct market segments.[Kot96]

This is even clearer from an economic point of view, since customization results in a loss of
economies of scale. [PMS04, p.438]. However, in saturated markets it provides a possibility to
sell goods in micro-markets which mass-market manufacturers cannot realize since the market
is simply too small for the mass-production of goods.

Today, two different approaches for mass customization exist. The classical variant for mass
production is modularization - the custom combination of mass produced parts (an individual
bike with a standard fork, a standard frame,...) [FS11, p.35-36].

With Direct Digitized Manufacturing (DDM) and the Smart Factory, a second approach exists
today. This kind of mass customization relies on a high-level of IT integration and it includes
and at the same time requires tools such as automated milling machines or 3D printing to
produce custom parts automatically. These parts are finally combined and result in a truly
individual item which is nonetheless produced on a large scale. This approach, which is also

publicly discussed as Industry 4.0 is further described in [Kul15].
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Types of Mass Customization

Usually four different types of mass customization can be found in Literature. The differences
consist of the level of customization and by the amount of items produced.

Build-To-Stock (BTS) is the common name for mass production of goods. Items which have

Level of Customization

>
< >

Economy of Scale Economy of Scope

Figure 3.15: Levels of Customization

been produced on a large scale are warehoused (stocked) afterwards. This kind of production
is characterized by large quantities being produced. So generally customization is possible if
the customer buys on a large scale at once.

Configure-To-Order (CTO) allows customers to define the component make-up of a product
when ordering. [ZX11, p.1410] an item, selecting from a (limited) variety of stock items. The
product is then produced on a mass-scale in an assembly-line process.

With Build-To-Order (BTO), orders are only built after they have been ordered. BTO and
Make-To-Order (MTO) are often used interchangeably. However, the difference between Make-
To-Order and Built-To-Order is that BTO uses only parts that are already in stock. [GNO5, p.
424).

In a pure Make-To-Order (MTO) Scenario on the other hand, all parts are ordered or produced
only after a customer sends his order. This approach allows greater flexibility, but the other
side of the coin is the production - it takes more time. The mixture of both scenarios, the one
with orders on demand blended with the one on stock exists, but without a specific name.
The scenario could in this case be classified by comparing the ratio of on-stock-parts and
on-demand-parts to give an overall ratio-based classification for an individual company.
HAWAICycle uses a mixed BTO and MTO approach. While common prefabricated parts, such
as the chain or the fork are warehoused, the frame is made completely individual for each
customer. Since the most important parts are on stock and only the frame is made individually,
a ratio-based approach results in a classification that the production is predominantly built-to-
order. This result brings to focus that warehousing and considering lead times when ordering

parts are relevant factors.
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4 Description of the Informal Process
Model

The most important source used for the
development of the ICT infrastructure of
HAWAICycle is an informal structured mass
customization reference process model. This = '3
framework is included in the SoftwareAtlas
product that has been provided for this the-
sis by GPS Software AG (GPS). This chap-
ter contains informations about the model

— which can be found at the end of this

chapter as a full page reproduction — and - - n ‘EEe i
will show its general advantages and weak- L | ‘
nesses. Figure 4.1: Informal Process Model by GPS Soft-
The model aims to cover all production types ware AG

from uniquely designed, one-off productions

up to small-batch productions - in other words essentially the full range of productions possible
with mass customization (see chapter 3.3.1). For this reason GPS has covered an average range
of different production types, but as it is too general, the model cannot be simply and readily
used for HAWAICycle. Instead, some interpretation and adoption of the model is necessary
(see chapter 5) to use it as a base for the business processes featured in chapter 7.
Concerning the ICT blueprint to be developed for HAWAICycle, the model contains only a
few indications in regard to the information landscape. The elements included are discussed in
section 4.4, which covers IT Integration aspects.

Generally, the model includes processes and business units assumed by GPS to exist in such a
business. A business unit is a segment of the business that has its own plans, metrics, income
and costs. Each business unit has exclusive access to some assets and uses the assets to create
a value proposition for the customer in the form of goods and services. [ITI]. The business

units are structured into divisions, which are color-coded in the plan. A division in the context
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4 Description of the Informal Process Model

of this model is an aggregation of business units.
Additionally, the model contains external parties. The model includes flow elements for infor-
mation (continuous arrow) and for goods (dashed arrow), color-coded with the department the

arrow departs from (see section 4.2)

4.1 Model Intentions

GPS states that the purpose of the model is to showcase typical processes for mass customization
to provide a broad overview of the processes in the corporation and to display the typical op-
erations mapped into ERP tools. [GPSb] Furthermore, the model intends to provide exemplary

solutions which are supposed to be tailored and extended to fit the target corporation.[GPSa]

4.2 Model Elements

The model contains both abstract and

non-abstract elements. Non-abstract ele- Business Units
ments include elements that can be visu- (Color used for Grouping)
ally identified, e.g. trucks, ships and build-

ings. m Information Flow

Four repeated and abstract elements have (Color indicates Sender)
been identified in the model.

e "ﬂ Material Flow
(Color indicates Sender)
« Business Units (BU)
A colored square. The color depends Z

on the BU

System Interface

« Flow Element: Information Flow Figure 4.2: GPS Model Elements

A rounded, continuous arrow. The ar-

row indicates the direction.

« Flow Element: Material Flow
A rounded, dashed arrow. The arrow

indicates the direction.

« Interfaces

A colored square with an angular line
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4 Description of the Informal Process Model

with Information Flows directing to
and from the interface indicate process-

ing of information in an IT system.

4.3 Divisions

The model consists of the following divisions: Marketing (Blue), Sales (Light Green), Production
(Lilac), Accounting (Grey), Human Resources (Lavender), Purchasing (Yellow), Logistics (Light
Red) and R & D(Pigeon Blue). Most of the business units are modeled within the enterprise,
however the model also includes divisions of customer with the same color-coding. Within the
model of the enterprise, the production is located centrally and is modeled most thoroughly.

The other divisions appear more or less non-relevant.

4.3.1 Marketing

The marketing division consists of a generic business unit Marketing and of Contact Manage-
ment, which could either be a business unit, a function or a software system (the model is
both ambiguous). In the model, Marketing is responsible for providing product information to
customers. It is safe to assume that in a normal enterprise, the marketing department takes up

more resources than shown here.

4.3.2 Distribution

Sales is also documented quite scanty in the informal model. The model includes business
units for factoring invoices, creating quotes and a third unit for managing the orders. The main
focus of sales is on creating and editing quotations, managing orders and customer invoices.
Additionally, some artifacts are attributed to the sales department, such as a mail server and

an EDI-Interface ! used for transporting customer orders to Order Management.

4.3.3 Accounting

Accounting consists of business units for Financial Transaction Processing, Financial Account-
ing, Accounts Payable, Accounts Receivable and Cost Object Controlling. Two essential tasks
can be identified in the model. The first objective is the management of incoming and outgoing
monetary flows. The second objective is the processing of these cash flows for the operative and

strategic cooperation planning. For the first objective, interfaces to financial institutions (for

'EDI = Electronic Data Interchange
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4 Description of the Informal Process Model

monitoring cash flows and instruct out-payments) and human resources (for salary payment

instructions and sums) exist.

4.3.4 Human Resources

Human resources has two elements modeled. The first element, Payroll processing is a function
executed by the staff of the Human Resources division. Payroll processing uses employment
contracts to determine employee salaries. The second function, Human Resources Master Data

Management keeps Employee details current.

4.3.5 Research and Development

R&D consists essentially of two different business units - projects and quality control. The
project section has the business units Project Management, Engineering and Project Imple-
mentation and is responsible for creating new products. Quality Control (business units
Quality Management and Quality Control) on the other hand is responsible for ensuring

quality standards of production.

4.3.6 Production

The informal model allocates pre-production, production and assembly as well as production
and requirements planning in the production division. Some of the components are more
likely to be systems used by business units than business units by themselves and are therefore
modeled as systems in the formal model later on. These include the Production planning system
and production data acquisition, which are more likely to be implemented as software. For
some departments such as the service hotline, the allocation into production itself is doubtful,

while others such as quality control (allocated to R & D)may well be part of the production.

4.3.7 Purchasing

Purchasing is responsible for buying all goods required for the operation of the corporation.
Requirements reported by Production result in orders being made. After orders are submitted,
they are being monitored for (over-)due arrivals and reminders are sent out to suppliers where

applicable.
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4 Description of the Informal Process Model

4.3.8 Logistics

Logistics handles the physical transport of goods within the sphere of the corporation. It
controls inbound goods by sending samples to Quality Control in the R&D division. After
clearance, stocks goods in the warehouse, picks goods from the warehouse, prepares ship-
ments to customers and hands over these shipments to the shipper. Function-wise, inventory
management tracks changes in stock using a system interface. Finished products are being
stocked - the model assumes that all finished products are sent to stock. Outbound Goods are
being removed from stock. The model differs between products sold to domestic and foreign
customers. If the product is sent abroad, customs clearance is initiated and after clearance
the products are prepared for shipment. Accompanying export documents are attached to the
shipment. For domestic shipments, no documentation seems to be necessary. In both cases,

the shipment is being handed over to the shipper afterwards.

4.3.9 External elements

The model contains several external elements that are not part of the enterprise itself. These
elements include other enterprises such as foreign and domestic suppliers, subcontractors for
production, the corporations, foreign and domestic customers, financial institutions for both
the suppliers and the enterprise, insurance corporations and shippers. Besides other enterprises
the model includes state authorities, specifically taxation and customs. These external elements
are both connected through material and information flows with the enterprise itself. Some
of these information flows are direct, some are through interfaces, which is important with

regard to IT Integration Aspects.

4.4 IT-Integration Aspects

As explained in Section 4.2, the model contains flow elements for Information Flows. Further-
more, the model contains some System Interfaces - mostly for connections to external partners
/ state authorities. The reason for this scant documentation is clear since the model has a clear
focus on business operations, not IT operation and infrastructure (see Section 4.1). Therefore
the model contains the required information only partially and with a focus on functionality
of typical processes mapped into some ERP software.

Nonetheless, five internal systems (see 4.5 and three external systems (see 4.6) are included
in the model. The most interesting findings are those concerning external parties. The model

explicitly assumes an interface to ATLAS (see section 4.6.1) for customs handling.
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4 Description of the Informal Process Model

4.5 IT - Identified Internal Systems

These systems have been identified in the informal process model as internal systems. Internal

systems are under the control of the enterprise itself.

4.5.1 CAD System

Computer-aided design (CAD) can be defined as the use of computer systems to assist in the

creation, modification, analysis or optimization of a design. [LMNO08]

4.5.2 CRM System

A System for managing customer contacts is explicitly mentioned - which indicates a Customer

Relationship Management System (CRM).

4.5.3 DMS

A Document Management System (DMS) is a database-driven Management System used for

archiving and managing electronic documents. [Sof]

4.5.4 Mail Server

A mail server is explicitly mentioned in the model. The mail server in the model is used only

used to send invitations for visits to customers.

4.5.5 MRP System

The Material Requirements Planning (MRP) is a computer-based production planning and
inventory control system. [Gall5, p.1]
4.6 IT - Identified external systems

These systems have been identified in the Informal Process Model as external systems. External

systems are not under the control of the enterprise.

4.6.1 ATLAS

ATLAS (Automatisiertes Tarif- und Lokales Zollabwicklungssystem) is a system provided by the

German customs administration. The system allows the submission of electronic declaration
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4 Description of the Informal Process Model

to the German Customs Administration. [Deul5]. Declarations that can be processed include
Import and Export declarations as well as declarations for inward processing and the customs

warehouse procedure.

4.6.2 Bank Interface - Wire Transfer System

The IT landscape must contain some sort of communication mechanism to the bank to receive

bank statements digital and to send wire transfer orders.

4.6.3 Customer portal

The model mentions a customer portal which customers can use for accessing product informa-
tion. The portal is modeled outside of the enterprise, which indicates that it is either a portal
used by several enterprises or it is hosted outside of the enterprises premises (for instance,

with a cloud provider).

4.7 Process Model Evaluation

Starting with positive aspects of the presented model, this model has a focus on mass customiza-
tion production. It also includes some of the external stakeholders, e.g. customers, suppliers
and state authorities. As an overview model, it allows insights into mass-customization pro-
duction in general. For companies in this field of work, it is a basic model with basic processes,
which can be modified, extended and specialized in a more specific diagram depending on
the concrete business objectives. Concerning the negative aspects of the model, the processes
described are rather informally structured. There is no clear distinction between processes and
resources. While the model aims to be a general model for mass-customization production,
some assumptions are made depending the structure of the corporation described that are
contradictory to processes in the setting of HAWAICycle. For instance, the model assumes
that deliveries to foreign customers are made using intermediary traders and goods produced
for foreign customers are built-to-stock, while deliveries for domestic customers are delivered
directly and without intermediary stocking processes. However, in the case of HAWAICycle,
all customers order their bikes themselves since the payments and orders come from the
same customer. Of course HAWAICycle is aware of the business customers, but they are only
relevant for Marketing and not for the modeling of the Order.

Continuing with the negative aspects - as stated before the model is not highly structured.

While there is some notational elements (see Section 4.2), the primary purpose of the model
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4 Description of the Informal Process Model

seems to be a generalized guideline upon which a corporate-specific model can be built.

Furthermore, no clear distinction between business units, roles and business objects is made,
so the model is ambiguous. Secondly, shared technical resources such as mail servers are
attributed to a specific business unit, since there is no possibility in the model to denote shared
resources. To create a new, more concise model, objects in the primary model need to be
mapped to either business units, roles or business objects. This new information is necessary
for creating a non-ambiguous model. Furthermore, since the question of the thesis is a concrete
ICT blueprint, neither concrete software products nor software specifications are given in the
model. Therefore, to create an ICT blueprint, a specification of requirements is necessary. This
specification can be used to select suitable software for HAWAICycle GmbH and its business
purpose - custom bicycles. To summarize the evaluation: With regard to HAWAICycle, the
model contains interesting aspects but is not readily usable. Some adaption of the model is

necessary.
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5 Informal Process Model Conversion and

Adaption

The conversion of the informal process model and its transformation is an incremental process.
The reason for this approach is that the model first needs some careful analysis in order to
identify false assumptions - which will be done in this chapter. The translation process is not
described since it consists only of looking up words in dictionaries or help libraries (mainly
the SAP Help Library). After this analysis, basic Building Blocks are inserted in Iteraplan and
the processes are designed using both Iteraplan for the EA model and Bizagi BPM Modeler for
creating BPMN models - Iteraplan does not contain the required capabilities for exhaustive

process models. This results in the following steps:

1. Analysis and Description of the model (in chapter 4)

2. Correction of false assumptions in the base model (in this chapter)

3. Translation of Items (with both dictionaries and the SAP Help library)
4. Insertion of Basic Building Blocks (in Iteraplan, described in chapter 6)

5. Process design for selected processes (combination of Building Blocks - in chapter 7)

5.1 False Assumptions in the Base Model

5.1.1 Delivery of Components

In the model, the assumption is being made that domestic deliveries from suppliers are being
sent to Contract manufacturers for further assembling. Shipments from foreign suppliers are

shipped to the company directly. This assumption is not fully correct.

5.1.2 Finished Goods Handling

The base model assumes that finished Built-To-Order goods are being stored in the warehouse.

This is a useful scenario in a small-batch production, but in our specific production environment
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5 Informal Process Model Conversion and Adaption

(custom bicycles) finished products are delivered directly to the customer instead of being

warehoused.

5.1.3 Customers

The model assumes that a customer consists of several business units. The model further
assumes that domestic customers have machines and foreign customers have a dedicated
warehouse. While the differentiation between foreign and domestic customers makes sense
the assumptions are not necessarily useful in the given case. First, private customers are
not represented in the model but are a major share of all customers. Secondly, in the case
of HAWAICycle, foreign customers are similar to domestic customers (apart from taxation

differences).

5.1.4 Customer Service

The model assumes that domestic customers give service orders which result in on-site opera-
tions for the corporation, which is not the case for HAWAICycle.

The only employees visiting the customers are part of the sales force. The sales forces vis-
its corporate customers and presents them with new and attractive products developed by
HAWAICycle and the Sales Force isn’t part of Customer Service but is part of the Marketing
department.

The Customer Service of HAWAICycle is restricted to providing Information about the cor-
porations products and configuration options and handling dead-on-arrival-case or giving
financial compensation for delayed or damaged orders. Repairs are done by local bike stores or
— if the customer has sufficient knowledge — by the customer itself.

If the bike is dead on arrival (e.g. the bike was broken during transport), a return to the plant
or a controlled disposal of the bike is a more realistic scenario. If the bike is fully functional on
arrival, there are sufficient locations for customers to get a repair. Even if the repair is covered
by warranty, a financial compensation for parts and labor is probably the more economic

alternative. In any case, HAWAICycle does not have a on-site repair team.

5.2 Aspects not modelled in this Thesis

5.2.1 Trade Fairs

The formal model will not include any reference to trade fairs at this time. While trade fairs

certainly are relevant, they can be added later on. The focus at this time is on key elements.
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6 Converted Formal Model

As a result of the analysis of the informal process model and the removal of false assumptions,
a formal Enterprise Architecture Model has been created for HAWAICycle with Iteraplan. This
section describes the model created and the software that has been used for the creation of the
EAM model.

6.1 Iteraplan

Iteraplan is a EAM tool developed by the Iteratec, a German software development and
consulting company. The tool implements the “Iteratec Best-Practice EA” described in the
theory chapter in section 3.1.1. This section briefly describes the system installed, explains
the implementation process, highlights problems found for the implementation of business

processes and includes an evaluation of the tool.

6.1.1 Tool Information

Iteraplan is available in three different versions.

A Community Edition (available via Sourceforge [Sou]) is published with sources under an
AGPL license. The community edition was last released in version 3.3 in October 2004.
Starting with October 2014 and Version 3.4, the new additions to the Iteraplan source code are
no longer available in an Open Source (AGPL) license. Development continues under a non
Open-Source license and Iteratec provides a Lite Edition instead of the Community Edition
as well as an enterprise edition.[Itea] The Lite Edition and Community Edition are available
free of charge, the Enterprise Edition is usually available in combination with consulting
services.[Mat, p.57]

The Lite Edition unsurprisingly offers less features than the enterprise edition. The most
limiting restrictions of the Lite edition is the predetermined database (only an integrated HSQL
database) which limits the backup possibilities and the disabled import and export functions.
A detailed overview can be found in [Itea]. Particularly because of the disabled import and

export functions an Enterprise Edition was used for this thesis. Iteraplan provided both an
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6 Converted Formal Model

unlimited enterprise license for version 3.4.1 as well as a time-restricted enterprise license for
version 5 upon request free of charge. Due the restrictions (and to allow later use within the

HAWALI project) only the license for version 3.4.1 has been actively used for modeling

6.1.2 Installation

Iteraplan has been installed on a virtual machine provided by MARS (Multi Agent Research
and Simulation) Group® of the Hamburg University of Applied Sciences. The machine runs on
a cluster and has Linux (Ubuntu) installed on its 5 GB partition. Prior to installation a user
account with root rights was created on the machine and the files have been copied via SSH
and compiled (with Java) using custom settings

The Installation Guide for Iteraplan 3.4.1[Iteb] was used for installation. The following compo-

nents were installed onto base system:

Database
MariaDB Version 10

 Java Version 7

+ Web server
Apache Tomcat Version 7 with custom SSL certificates for access of the web interface.

Additionally, the standard ports have been changed to disable non-SSL access

Iteraplan 3.4.1
Iteraplan was copied after its compilation to the Tomcat Web Apps Folder

After the installation and start of Tomecat, Iteraplan is available for use with a standard account

already created during installation.

6.1.3 Stability of the Environment

Iteraplan has had some stability issues in the environment chosen. The instability can probably
be attributed to the small partition. Regrettably, this also caused some data loss and required
the repeated input of elements. After unnecessary files were removed (resulting in more free

space on the partition) from the hard drive the system stability improved.

'http://mars-group.mars.haw-hamburg.de/
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6 Converted Formal Model

6.2 Description of the Formal Model

As a result of the modeling a formal model has been created that is based on a cleaned version
of the informal model (see chapter 4).

The original terms of the informal model are included in the description of the formal model.
This formal model is included in the appendix (see 9.1) and includes the 186 Building Blocks
that have been constructed.

The Building Blocks created bear the names from the elements on the informal model but have
been translated for this thesis. Where a name was given in the informal model, this name
is included in the column ’Description’ at the beginning of the description of the individual
Building Block. Since this model is supposed to be used later on, references to external sources
such as the SAP Library - that has been used to identify the correct terms - that may provides
further insight is also included in the description.

As a result, this model contains all the divisions of the Informal Model (see section 4.3) - these
sections have been grouped into Business Domains (for increasing the coherence of the model)
and structured into business units (see paragraph Business Landscape Model in section 3.1.1).
Not all 186 Building Blocks are described in detail in this section since the description already
covers 30 pages in the appendix. Instead, this section provide an insight into the landscapes

that have been implemented.
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6 Converted Formal Model

6.2.1 Business Landscape Model

The Business Landscape Model contains the bike that is created by HAWAICycle as Product as
well as ten business domains and 26 business units as well as 25 business processes have been
created. These Business Processes use 53 Business Elements. The business domains (green)
and business units (violet) are shown as a diagram on the next page.

Representative business processes (especially the Quote-To-Order process) included in the
model are modeled in greater detail in the Business Processes section due to the fact that the
Iteratec EA allows only a sequential progression of the processes and in reality these processes
contain iterative parts.

The Quote-To-Order process shown in Figure 6.1 illustrates this problem.

> Receive Quotation Request >Create Quotati0n>Picking Parts > Pre-Production > Production >Assemb|y

Ié Pre-Shipping-Inspection >Packaging>Customs Clearance> Delivery _

Figure 6.1: Quote-To-Order Process in Iteraplan

Unlike the process shown in Figure 6.1, a quote can and often will be improved after the
initial creation because of changes which results in a loop.
The processes modeled contain no defined exit points that allow the termination of the pro-
cesses. In reality, processes can terminate after the creation of the quote (e.g. because the
purchase is not completed by the customer or because the product cannot be produced as
requested).
Although this coarse-granular structure is intended by the EA, the focus is on workflows and
highlighting risks. [Han09, p.92] states that the process management commonly involves docu-
menting business processes and their interactions with organizational structures, applications
and business objects as EPCs (Event Driven Process Chains) using tools such as ARIS?. In the
case of HAWAICycle, BPMN is used.

2ARIS is a concept to enterprise modeling developed by August-Wilhelm Scheer in the 1990’s that implements
the EPC
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6 Converted Formal Model

6.2.2 Application Landscape Model and Technical Landscape Model

The Application Landscape Model is divided into six Information System Domains and 31
Information Systems. The systems are connected with 23 Interfaces. They transport the business
objects that are created in the Business Landscape Level. The diagram on the next page that
has been generated with Iteraplan shows this transportation of business objects. The Interfaces
are usually - since no name was shown in the informal model — named after the systems that
are joined with the Interface.

The division into different domains was necessary in order to split up the systems into internal
systems - that are under the control of HAWAICycle - and external systems under the control
of both state authorities (tax authority, customs) or customers.

The specific representation of external systems proved to be necessary as all information flows
are directional (from one system to another system) and the modeling therefore required at

least a hull element for the external systems.

For instance, the HRMS
& SSRS Interface trans- <~ CRM-> E-Mail
ports Social Security re- CRM ——> E-Mail
ports (that include the Description of a CRM Description of the Mail System
salary and Social Security Transports the following Business Objects
taxes) from the internal ——> Invitation Description of an Invitation
Human Resources Man- Is Implemented by the following Technical Components
Mail Server Description of a Mail Server

agement System to the ex-
ternal Social Security Sys- Figure 6.3: Interface in Iteraplan: The Interface between the CRM
tem under the control of System and the Mail System

the Social Security author-

ities.

The communication between internal systems also transports business objects. So from a
modeling point of view the only difference between internal and external interfaces is that
HAWAICycle has only one port under its control. This results in the need to adapt the systems
to meet the external needs rather than changing the interface.

The Technical Landscape Model is rather small as there exist no systems at the time being.
Only two technical components have been modeled for this reason. The only systems that
have are included in the informal model are the Mail Server’ and the "Web Server’.

The "Mail Server’ is responsible for the technical transportation of E-Mails while the "Web

Server’ is responsible for the Hosting of the Customer Portal.
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7 Business Processes

As explained earlier (see the formal model description in chapter 6), Iteraplan is not suitable
for fine-granular process modeling. Therefore, representative processes have been modeled
for this thesis with the Business Process Model Notation (BPMN). For readers unfamiliar with
BPMN, the elements and the notation itself are roughly described and a brief overview of the
essential visual symbols is given, largely based on the authoritative current standard presented
by the Object Management Group (OMG).!

7.1 Business Process Model and Notation (BPMN)

The processes in this section are modeled using the Business Process Model and Notation
(BPMN).

BPMN is a graphical notation for drawing business processes proposed by the OMG. BPMN
has been published first as Version 1.1 in January 2008. This introduction is based on the latest
version published, BPMN 2.0.1, which has been standardized as ISO/IEC 19510:2013[Obj13]
in July 2013. BPMN aims to bridge the communication gap that frequently occurs between
business process design and implementation. The language is similar to other informal notations
such as UML activity diagrams and extended event-driven process chains.[LO09, p.294]. A
model expressed in terms of BPMN is called a Business Process Diagram (BPD).[LO09, p.295].
Since Version 2, a Business Process Diagram consists of five basic categories of elements:
[Obj11]

1. Flow Objects
2. Data
3. Connecting Objects

4. Swimlanes and

'Founded in 1989, The Object Management Group is an international, open membership, not-for-profit technology
standards consortium. See http://www.omg.org for further information.
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5. Artifacts.

In the publication of the original specification [Obj08], data was considered an artifact and not
a main part of the process flow. While the data flows are still separated from the Sequence
flows, data is upgraded to a first class element in BPMN 2.[SWB™ 12, p.25] Therefore, literature
referring to older BPMN standards often omit data as an element [LO09, p.295].

7.1.1 Flow Objects

Flow Objects are the main graphical elements to define the behavior of a Business Process.[Obj11,
p-25] All the graphical representations for all elements discussed are included on an extra page

later in this section. The three flow objects are

1. Events
An Event is something that “happens” during the course of a Process [...]. [Obj11, p.31]

Three event types exist, Start Event, Intermediate Event and End Event.

a) Start Event
As the name implies, the Start Event indicates that where a particular process will
start. [Obj11, p.31]

b) Intermediate Event
An Intermediate Event occurs between a Start Event and an End Event. This type
of Event will affect the flow of the process. [Obj11, p.31]

c) End Event
End Events terminate the process.[Obj11, p.31]

2. Activity
A generic term for work that the company performs [Obj11, p.32]

3. Gateway
They are used to control divergence and convergence of the flow (Split and Merge) [Biza]
and will determine branching, forking, merging and joining of paths. [Obj11, p.34]

Gateways are represented by a diamond-shaped tag.

a) An Exclusive Gateway
is used for Decisions and Merging. [Obj11, p.34] Logically, it represents an XOR-
Decision.[FR14, p.30] Both Exclusive and Event-Based Gateways perform exclusive
decisions. [Obj11, p.34]. An Exclusive Gateway is represented by either a diamond-
shaped tag or by a diamond shaped tags with an X inside the diamond.
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b)

Event-Based Gateway
Event-Based and Parallel Event-Based Gateways can start a new instance of the
Process. [Obj11, p.34]

An Inclusive Gateway

can be used to create alternative but also parallel paths within a Process flow.
Unlike the Exclusive Gateway. all condition expressions are evaluated. The true
evaluation of one condition Expression does not exclude the evaluation of other
condition Expressions.[Obj11, p. 294] All paths are considered independent, so
all paths may be taken. By design, at least one path should be taken. Logically, it
represents an OR-Switch.[FR14, p.36]

A Parallel Gateway

is used to synchronize parallel flows and to create parallel flows.[Obj11, p.293].
A parallel Gateway creates parallel paths without checking any conditions. For
incoming flows, the Parallel Gateway waits for all incoming flows. BPMN uses a
token-based synchronization mechanism to ensure that all flows have been received
in the in the incoming gateway.[Obj11, p.293] The Parallel Gateway MUST use
a marker that is in the shape of a plus sign and is placed within the Gateway
diamond. to distinguish it from other Gateways. [Obj11, p.293]. Logically, this
gateway represents an AND-Switch.

Complex Gateway

The Complex Gateway can be used to synchronize complex synchronization be-
havior, such as N-out-of-M-decisions. The Complex Gateway MUST use a marker
that is in the shape of an asterisk and is placed within the Gateway diamond to

distinguish it from other gateways. [Obj11, p.295]

7.1.2 Data Objects

Data is represented with four elements[Obj11, p.26] The four Data elements are:

1. Data Object

A Data Object provides information about what Activities require to be performed and/or

what they produce (see page 205), Data Objects can represent a singular object or a

collection of objects. Data Input and Data Output provide the same information for
Processes. [Obj11, p.36]
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2. Data Inputs
Data Input is the data that is required to execute an activity or a process. [Obj11, p.211]

3. Data Outputs
Data Output is the data that is produced by an Activity or a Process. [Obj11, p.211]

4. Data Stores
A Data Store provides a mechanism for Activities to retrieve or update stored information

that will persist beyond the scope of the process. [Obj11, p.208]

7.1.3 Connecting Objects

There are four ways of connecting the flow elements to each other or to other information.
Data elements[Obj11, p.26] [SAW04] These four Connecting Objects are:

1. Sequence Flows
A Sequence Flow is used to show the order that activities will be performed in a Process
[Obj11, p.29]

2. Message Flows

A Message Flow is used to show the flow of messages between two participants [Obj11,
p-29]

3. Associations
An Association is used to link information and artifacts with BPMN graphical elements
[Obj11, p.29]

4. Data Associations
Data Associations are used to move data between Data Objects, Properties, and inputs

and outputs of Activities, Processes, and Global Tasks [Bro]

7.1.4 Artifacts

Artifacts are used to provide additional information about the Process. There are two stan-
dardized Artifacts, but modelers or modeling tools are free to add as many Artifacts as
necessary.[Obj11, p.26]. This functionality is implemented in a number of modeling tools, e.g.

in Bizagi Process Modeler [Bizb] or in Oracle JDeveloper [Obj]. Standardized Artifacts include:

1. Text Annotation
Text Annotations are a mechanism for a modeler to provide additional text information
for the reader of a BPMN Diagram [Obj11, p.40]
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2. Group
A Group is a grouping of graphical elements that are within the same Category [...]. This
type of grouping does not affect the Sequence Flows within the Group. The Category
name appears on the diagram as the group label. [...] Groups are one way in which

Categories of objects can be visually displayed on the diagram. [Obj11, p.41]
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7 Business Processes

7.2 BPMN Processes

The modeling of processes using BPMN is possible with a number of tools. This thesis uses
Bizagi Modeler, a software published and provided free-of-charge by Bizagi. Compared to
other BPMN modeling tools, Bizagi Modeler includes a model checker that allows to check the
syntax of the models and allows to simulate the workflow [Bizc] - this simulation has been
performed for the models in the following sections. The processes modeled in this section are
representative and are modeled as a starting point to give input for the actual implementation.
The processes do not represent the range of all possible processes but have been selected due

to their importance.

7.2.1 Built-To-Order

The Built-To-Order process is modeled after both the informal model and information published
in [SAP].

This process is initiated by a customer of HAWAICycle sending a quotation request. This
process has already been mentioned in the formal model and covers the complete process from
the moment a customer sends a request to the moment the order is delivered and these orders
create value. Therefore, it is the central process for HAWAICycle.

After the request has been received, a binding quotation is being sent to the customer. The
customer can afterwards request a change of the quotation. When the customer accepts the
quotation and pays the invoice , the bike is produced and shipped to the customer. The first
version of the model includes a decision point based on the location of the customer - only
shipments to foreign customers require export documents.

This is also the central difference between this process and the process that has been created
in Iteraplan itself, since this process contains loops and decision points and is a more realistic
representation of the actual process. It is also the first process that will be implemented in
the actual HAWAICycle infrastructure. The initial process to be implemented differs from the
model process - it is simpler and includes a new aspect (payment) and is therefore also included

in this thesis.

7.2.2 Goods Required

In this process, the Requirements Planning department (compare to the formal model in section
6.2.1) determines that goods need to ordered. This process is central since the production at

HAWAICycle relies heavily on the import of goods, as it has been explained in chapter 2. To
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allow prompt fulfillment of orders in the Built-To-Order Process, all relevant parts must be
available. Due to long shipping times from South-East-Asia — as explained in chapter 2, bike
parts mostly originate there — substantial lead times need to be considered for ordering bike
parts.

Example: The transit time (without production and order factored in) from Shenzhen, China to
Hamburg, Germany is between 49 and 57 days in November 2015 according to Searates.com[Sea].
These long lead times require careful planning in advance to ensure the business success of

HAWAICycle, which is supported by this process.
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8 Findings, Conclusions and

Recommendations

This thesis has successfully implemented an ICT blueprint for HAWAICycle GmbH, a fictional
mid-size Built-To-Order corporation that currently got no infrastructure.

HAWAICycle has been described in greater detail during this thesis. This analysis results
in finding that HAWAICycle uses a mass customization approach to produce bikes. Mass
customization production has been inspected further which has resulted in a ratio-based
classification approach for HAWAICycle, since HAWAICycle has used a mix between two
different types of mass customization - Built-To-Order and Made-To-Order. As a result of the
classification, the production of bikes in HAWAICycle is classified to be mostly Built-To-Order
mass customization. For this type of mass customization, the inbound logistic processes are
highly relevant.

For the creation of the ICT blueprint, an informal model provided for the thesis was used as a
template for the implementation of the ICT infrastructure. This model was a good source of
inspiration although the analysis of the informal model resulted in the finding that it claimed
to be a very general model. However, this claim was contradicted as the thesis shows that the
informal model makes several assumptions without clearly stating them in the model. This
makes the model less general that it claims to be. Furthermore, the model is ambiguous and
not precise enough for a direct implementation and requires a lot of interpretation.

For all this reasons it was necessary to interpret the model. For the interpretation, it would
have been useful if the model had been documented properly. Regrettably, the model lacks
documentation. This made the interpretation more difficult.

The interpretation showed that the model was also incorrect in some aspects which resulted
in the need for a clean up prior to the conversion to a more formal model adapted to the
HAWAICycle corporation.

After the clean up, all the systems found in the informal model were converted into an EA
model. Since the EA model used does not allow the implementation of realistic business
processes, relevant business processes were modeled as well using a BPMN tool to complement
the ICT blueprint.
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8 Findings, Conclusions and Recommendations

Since the informal model is not tailored to a bike factory, the formal model that was created
might not accurately reflect a realistic bike factory - so one result of this thesis is that using an
actual bike factory would probably yield more realistic results and thus a better blueprint.
The tool used for the implementation of the Enterprise Architecture - Iteraplan - has proven
valuable. The instrument has a good web based user interface and allows a quick start of the
EA implementation. The software is likely to be very useful in actual enterprise context.

The usefulness of Iteraplan was impaired by some stability problems and some of the data
inserted in the model was lost due to crashes. This is likely to be correlated to the small hard
drive but is still a chilling factor that needs to be fixed.

Concerning the HAWALI project, it is regrettable that Iteraplan is no longer open source. If it
still were open source, this would allow to change some aspects in the modeling tool, which
would create in a more powerful tool with regard to a scientific context. Also, it is always
possible that Iteratec - the company behind Iteraplan - ceases operation which - if Iteraplan
were used — would impair the HAWAI project due to a dependency to an aging tool. Therefore
the use of Iteraplan needs to be evaluated further prior to a final decision.

It has also been shown that Iteraplan is not an adequate tool for advanced process modeling.
Although the tool was never intended for this task by the developers this function would have
increased the value of the software significantly. Regrettably, it is also not possible to import
the basic process models exported from Iteraplan into any other software than Iteraplan itself
since the file does not adhere to the standards proclaimed.

It is possible that a different EA model — such as TOGAF - results in a more efficient solution
since the EA model used ultimately influenced the findings of this thesis. However, using
Iteraplan resulted in swift initial results and thus it was a good choice for this thesis.

This thesis has also proved that the choice of an Enterprise Architecture Framework is not
enough for the implementation of an ICT blueprint. Additionally, the integration of systems
needs to be planned and a selection of an integration framework has become necessary.

Two different integration frameworks that are currently used in the enterprise context have
been reviewed. The comparison between SOA and EAI showed that SOA is the better integration
framework for HAWAICycle. It allows better maintainability and is also better suited for
monitoring business processes.

SOA allows different implementation styles for the service interfaces. Two different service
interfaces — WS* and REST - have been reviewed. The comparison of REST and WS* revealed
that REST requires less formal knowledge and less tools to dive into the implementation and
change it. In effect, REST is the better service interface for HAWAICycle because it requires less

technical skills and is therefore easier to implement and change. This is relevant since one of
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the target groups of the HAWAI project are undergraduate students. When the implementation
is completed, they are supposed to change the environment. Especially for them, REST is the
better choice. However, it is likely that other users won’t object to technology that doesn’t
require a very steep learning curve. This makes SOA with REST interfaces the best choice for
the HAWAI project.
For both SOA and EAI a middleware should be used, for SOA the Enterprise Service Bus has
been reviewed and found suitable.
This results in an ICT blueprint using a service-oriented architecture with the Enterprise
Service Bus for the communication of the individual services.

To sum up, an informal model has been provided, adapted and refined to create a formal
model that has been implemented in Iteraplan. This model will be implemented and adapted
further to be used in the context of the HAWAI project. The design of the model is reflecting

the future use of the model.

8.1 Recommendations for Further Studies

The conclusion and findings section already indicated that the model might not reproduce
a realistic scenario. For this reason, it would be interesting to check this model with a real
corporation and re-adapt it afterwards.

However, to find a large corporation that allows a deep inspection and public documentation
of its IT infrastructure is probably difficult. A feasible strategy might therefore be to offer a
full-fledged analysis of the business operations to small local bike production store. Normally
such small firms cannot afford expensive consulting services and thus this opportunity holds
significant value to them. Assuming that the results can be transformed from a small enterprise
to HAWAICycle this can be a mutually beneficial arrangement.

Since large corporations might object to a deep inspection and the transformation from a small
company might be difficult and could result in deviations due to the projection it might be
easier to create a corporation that implements the processes and change the company based
on the findings. This strategy is already successfully used by a wine store created and owned
by McKinsey for training purposes (see [Sch13]).

Apart from a somewhat vague scenario, in this thesis no applications have actually been
selected. The selection of actual applications most likely results in a change of the relatively
theoretical model. The selection of real applications also bears the need to implement interfaces
and thus would allow to research the interface definition further.

Some aspects have not been modeled on purpose due to focus. Trade Fairs is one aspect that
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could be modeled based upon this thesis, since it was left out intentionally. Alternatively and
additionally, using a different reference model such as €TOM (for the telecommunications
sector) would permit to create a different blueprint and therefore would allow to choose from
a variety of different blueprints in the lab.

Also, it is possible to re-implement the ICT blueprint with a different EA tool, such as ABA-
CUS or the Rational Software Architect since the implementation with a different tool — sebis
(Software Engineering for Business Information Systems) Institute at TU Miinchen compiled a
list of different tools [seb] — might yield new findings.

One aspect especially interesting for realistic business processes and for IT processes is the
modeling of capacity restrictions. In reality, corporations have capacity restrictions that cannot
be removed immediately. These capacity restrictions apply both to the business processes (e.g.
the corporation can only handle a limited number of orders in a given time frame) and to
the IT (e.g. a computer has a maximum output) These capacity restrictions can be modeled
both statically and dynamically using a variety of approaches, mapped to business processes
and visualized. This would allow the management to follow the execution of processes and
would make the identification of challenges (e.g. shortages or increasing processing times in
the plant) easier. The model presented in this thesis had been successfully developed under
the given premises. Nonetheless there are further processes possible for future developments

which might give other valuable insights and show further possibilities.
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9 Appendix

9.1 Formal Model

9.1.1 Business Landscape Model in Iteraplan

The following pages contain the Building Blocks created in Iteraplan that belong to the Business
Landscape Model.
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9 Appendix

9.1.2 Application Landscape Model in Iteraplan

The following pages contain the Building Blocks created in Iteraplan that belong to the Appli-

cation Landscape Model.
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9 Appendix

9.1.3 Technical and Infrastructure Landscape Models in Iteraplan

The following pages contain the Building Blocks created in Iteraplan that belong to the Technical

and Infrastructure Landscape Models.
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9 Appendix

9.1.4 Generated Iteraplan Diagrams

The following pages contain a selection of diagrams generated by Iteraplan.
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