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Abstract: Software development in systems integration projects is still reliant on 

craftsmanship of highly skilled workers. To make such projects more profitable, an 

industrialized production, characterized by high efficiency and quality, seems in-

evitable. While first milestones of software industrialization have recently been 

achieved, it is questionable if these can be applied to the field of systems integra-

tion as well. Besides specialization, standardization and systematic reuse is one of 

the key concepts of industrialization, represented by component-based develop-

ment (CBD). The present work analyses a CBD approach suitable for large scale, 

enterprise wide systems, while considering the particularities found in the field of 

systems integration. The outcome is an alignment of this slightly adapted approach 

with organizational requirements found in the industrial principle of specialization, 

as well as entities found in a typical enterprise application integration project. 

1 Introduction 

The key concepts of industrialization can be defined as specialization, standardization, 

systematic reuse, and automation, and are found in most industries at different levels of 

penetration [Enc91]. They usually evolve around a market, which has enough demand to 

satisfy the efforts required to industrialize production. The field of software development 

however is still reliant on craftsmanship and highly skilled workers [GSC04]. By apply-

ing industrial methods and thus enhancing an organization‟s productivity, we possibly 

can increase quality and product complexity, and at the same time reduce cost and pro-

duction time. For software engineering, Software Product Lines (SPL) represent the 

industrial principle of specialization. It seems to be very difficult or even impossible to 

determine how mechanisms for reuse or automation should be implemented in an arbi-

trary context. A Software Product Line (SPL) therefore spans a clearly delimited frame 

around a family of software products, sharing “[…] a common, managed set of features 

satisfying the specific needs of a particular segment or mission” [CN07]. Standardiza-

tion and systematic reuse are available within Component Based Development (CBD), 

an approach to exchange and systematically reuse software artifacts. Components can be 

independently utilized and composed to applications. The final aspect of industrializa-
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tion, automation, can be achieved with Model Driven Engineering (MDE). Using visual 

models as a description of software and utilizing domain specific languages, the degree 

of freedom and possible contexts is reduced. This allows using model transformation 

engines and code generators to automatically advance the development process. 

In today‟s business world, IT faces high demands in quickly adopting to new require-

ments. As legacy systems often do not offer the flexibility to do so, new systems are 

implemented which need to interact with the existing IT landscape. This situation inevi-

tably leads to systems integration efforts, joining the different subsystems into a cohe-

sive whole, in order to alleviate functionality or data access [Fis99; LN07]. Systems 

integration deals with the steps required to move an IT system from a given degree of 

integration to a higher one by merging distinct entities into a cohesive whole, or integrat-

ing them into already existing systems [Rie97; Fis99]. This process of integration can be 

further divided into data integration and enterprise application integration [CHK06; 

LN07]. Data integration concentrates on the integration of different data sources, for 

instance, consolidation of previously separate databases or building a data warehouse 

from many different enterprise wide data sources. Application integration in turn covers 

the combination of different software systems supporting business processes. The pre-

sent research focuses on enterprise application integration as an integration approach 

from a strategic, process and technology oriented perspective. 

2 Challenges of CBD in Systems Integration 

Systems Integration comes with certain particularities, distinguishing it from conven-

tional or single-system software development. It has to challenge a multiplicity of tech-

nologies, once only combinations thereof, and thus a very high complexity of to be inte-

grated systems. The present chapter will describe these particularities in further detail 

and their implications on Component Based Development. The present work thereby 

takes the position of a large systems integrator, who provides enterprise application 

integration (EAI) services and solutions to his customer. A typical project can for in-

stance be the implementation of a complex business process across several enterprise 

resource planning (ERP) systems. Taking into account that a large systems integrator is 

usually active in several industries and that for these industries a multiplicity of different 

solutions exist, a high heterogeneity must be assumed. Such heterogeneity may occur on 

a logical, physical, or technical layer. It anticipates the formation of standards as, for 

instance, companywide integration architectures. Furthermore, heterogeneity is rein-

forced by the fact that integrated systems are often connected on a peer-to-peer basis 

with each other, leading to n*(n-1) relationships. As of the high costs of these, they are 

also not replaced frequently: “[…] SI aims at building applications that are adaptable to 

business and technology changes while retaining legacy applications and legacy technol-

ogy as long as possible” [Has00]. As can be seen from the explanations before, a great 

variety of combinations from different technologies, business processes, or regulatory 

implications are possible. Considering the fact that most system integrators are active in 

multiple industries with multiple customers, chances that one project is similar to an-

other are extremely small. However, as introduced in section 1.1, standardization and 

systematic reuse are considered as one of the key principles for industrialization. Fur-
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thermore, CBD suggests to encapsulate business and application logic into standardized 

and reusable units of composition. As current SI projects practically are one-off devel-

opments, CBD would only create additional overhead, as components could hardly be 

reused. Furthermore, implementation cost are associated with component-based devel-

opment. First, one has to define a component architecture on which the different applica-

tions will be based on. Subsequently, a suitable component framework as the technical 

basis has to be selected and adapted to the product line architecture. Once the required 

infrastructure is in place, component development may begin. In the context of systems 

integration with its high heterogeneity and one-off development projects, implementa-

tion cost seem contradictory to component-based development. With the given situation 

and existing CBD concepts, it must be assumed that such intent will never break even, as 

no considerable economies of scale or scope exist to justify expenses for component 

framework creation or deriving components from existing code for later reuse. To over-

come this challenge, either reusability or cost efficiency must significantly be increased. 

Considering the above, an efficient approach for component based systems integration 

must be developed. Based on the underlying research, the present paper suggests com-

bining already existing models for systems integration and component based develop-

ment. It thereby considers the industrial key concept of specialization, as well as the SI 

particularities heterogeneity, one-off development, and return on invest. 

3 The Organizational Model for Industrialized Systems Integration 

In our previous work [MHW10] we developed an organizational model for software 

product lines in systems integration. This was done as a first step towards industrialized 

SI and represents the industrial key concept of standardization. It assumes that integra-

tion of different IT systems mostly occurs within the boundaries of a particular industry. 

An automotive supplier for instance will hardly need to integrate any of his systems with 

an e-government solution from the public sector. Yet he may require integrating his SAP 

accounting system with a logistics application from one of his suppliers. Any integration 

architecture should therefore at least support the typical systems of the respective indus-

try. Implementing such architecture within a software product line however, would 

broaden its scope far beyond being efficient and thus feasible for industrialization. This 

especially applies to reusable core assets of a software product line, which would be too 

generic to provide any benefit. To overcome these shortcomings, a three-layered ap-

proach for software product lines in systems integration has been developed. The con-

tents of each layer are defined as follows: 

The business domain layer as a new super ordinate layer spans over a complete division 

or business segment within a system integrator‟s organizational structure. It identifies the 

major requirements of the business domain in scope and conceptually defines fundamen-

tal entities, core assets, technologies, and systems typically used therein. The develop-

ment of an abstract system landscape and integration architecture ensures the interopera-

bility of different systems and product lines within the business domain. It consists of the 

four core processes business domain analysis, portfolio definition, architecture & road-

map definition, and core asset development. The SPL engineering layer consists of 
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several software product lines identified in the portfolio definition process of the busi-

ness domain layer. The engineering processes of these software product lines differ only 

marginally from conventional ones, but lack business domain analysis, and have a re-

duced domain requirements engineering process. These functions are now incorporated 

in the business domain layer and provide their deliverables to the subsequent product 

lines. All other processes remain the same but must adhere to the specifications from the 

business domain layer. The product development layer contains the actual development 

of a product within a software product line. It does not differ from the conventional 

concept of software product lines. 

This organizational model is expected to have a positive effect on industrializing systems 

integration: Integrating products from different product lines is solved by an aligned 

product portfolio and common integration architectures. The multiplicity of technologies 

can be alleviated by a joint technology roadmap. Unfortunately, this does not reduce 

heterogeneity introduced by legacy systems. It may however be improved by joint inter-

face components across multiple product lines. The return of investment can also be 

attenuated: SPL engineering benefits from predefined architectures and infrastructure 

and has a greatly reduced effort in the processes business domain analysis, business 

domain architecture, architecture design & development, and core asset development. 

Due to reduced efforts, the breakeven point of an SPL can be reached earlier. For addi-

tional information please refer to [MHW10]. 

4 The Integration Metamodel 

The integration metamodel developed by Vogler [Vog06] shows the different objects of 

integration, their relationships to each other, and possible variants of integration. It cur-

rently is the only describing model available in literature, as most others focus on im-

plementation concepts or technologies. As our approach aims at being independent of 

any implementation technology, a metamodel provides the most suitable foundation 

therefore. It is based on the following four viewpoints: 

The fundamental one is the information system. It serves as the base for different appli-

cations, programs and data sources within a company. Applications provide interfaces 

for functionality and data, consisting of different programs, data structures, and data 

collections. Programs are responsible for data collection and provide specific business 

functionality via interfaces. Applications with their underlying programs and data collec-

tions are located on information systems. Process integration is responsible for the con-

ceptual design and realization of a process. A managing entity implements a business 

process in one or more workflows. Workflows are based on logical states to control their 

behaviour, are implemented on an information system, and consist of one or more activi-

ties. Activities are based on states and control data. We omit additional organizational 

entities of the model, as they are specific to a particular instance of a business process 

and thus not relevant for our generic model. Desktop integration combines required 

applications and programs from different enterprise systems and presents them to the 

user as sequence of tasks to be completed. Presentation usually occurs through graphical 

user interfaces, data entry masks, lists, reports, or similar. In this context, desktop inte-
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gration is also responsible for data flow between the underlying applications and pro-

grams, which is defined by its data structure and, in case of a non-desktop data ex-

change, realized as a data transfer between different systems. Tasks are embedded within 

executable activities, which may contain different tasks for different users. Systems 

integration represents the third viewpoint of the integration metamodel and represents 

technical aspects of a system, such as distinct applications or middlewares. This is im-

portant if a certain piece of software is to be removed, for instance. In this case, all de-

pending business processes must be adapted. An integration relationship can therefore be 

seen as the sum of all data transfers between two different applications. Interfaces of an 

application can be differentiated into program and data interfaces. Depending on techni-

cal and logical requirements, different integration variants are applied and supported by 

a middleware (e.g. frontend or data integration, method invocation, or a dedicated inte-

gration application). Programs, data collections, and middleware can be located on one 

or more information systems. 

Figure 3 shows the overall integration metamodel, representing the three integration 

viewpoints (due to limited space including later introduced distribution tiers). It allows 

us to describe any integration relationship independently from a specific architecture or 

technology. For further and more detailed information please refer to [Vog06]. 

5 The Business Component Model 

The Business Component Model is a methodology to model, analyse, design, construct, 

validate, deploy, customize, and maintain large scale distributed systems, developed by 

Herzum and Sims [HS00]. One of its principles is “that any software artefact in a system 

should be defined in one and only one place, and it should be reused as many times as 

necessary” [HS00]. This principle perfectly fits the concept of Software Product Lines, 

in which a distinctive unit or team is responsible for a particular set of core assets, such 

as reusable business components. It has five dimensions: 

The first dimension are five levels of component granularity, which are the language 

class (which is not considered a component itself as it is not independently deployable 

nor does it have run-time or network interfaces), the distributed component (a compo-

nent in its common sense, e.g. an EJB or CORBA component), the business component 

(still independently deployable, consisting of distributed components and glue code), and 

the system level component (a set of business components providing business function-

ality). The highest level of granularity is the federation of system-level components (i.e. 

system level components federated to provide multiple complex business services). 

The second dimension consists of four architectural viewpoints: The technical architec-

ture is concerned with the component execution environment and fundamental services 

such as activation, persistence, transaction services, and also describes an application 

independent integrated development environment. The application architecture defines 

the specific characteristics of the application to be built, such as design principles or 

application structures. A less obvious viewpoint is the project management architecture, 

which addresses principles, guidelines, policies, and tools required to build a scalable 
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and high performance system with a large team. The functional architecture describes 

the actual application to be built and defines business modelling, component design and 

development, as well as persistence management of component and business data. 

An aligned development process as the third dimension contains rapid component de-

velopment for designing, building, and testing an individual business component; system 

architecture and assembly for architecting, assembling, and testing a complete system; as 

well as federation architecture and assembly for architecting, assembling, and testing a 

federation of systems using system level components. The process is based on the well-

known V-Model, while all phases and activities are component centric, i.e. each func-

tionality or other aspect of the system belongs to one business component only. 

The anatomy of a component is separated into user, workspace, enterprise, and resource 

distribution tier as the fourth dimension. The user tier presents the component on the 

screen and communicates with the user. It may be stand-alone, plug in, or non-existent at 

all and has no business logic. The workspace tier implements local business logic and is 

responsible to interact with the enterprise tier, serving as a broker for the user tier. The 

enterprise tier implements enterprise-level business rules, validation, interaction between 

enterprise components, as well as data integrity. It typically forms the core functionality 

of business components. The resource tier manages access to shared resources, such as 

databases or files, and shields all higher layers from the technical implementation. 

The fifth dimension defines four broad functional categories, which are utility business 

components, entity business components, process business components, and auxiliary 

business components. Utility components can most generally be reused and represent 

simple autonomous concepts, such as a number generator or currency converter. Entity 

business components represent the logical entities on which a business process operates 

and is rather specific to a particular business domain. Examples are item, invoice, ad-

dress, or customer. The actual business process is implemented within a process business 

component and is usually unique and hardly reusable. Based on business process de-

scriptions or use cases, they implement an actual process by utilizing utility, entity, and 

auxiliary business components. The last category, auxiliary business components, pro-

vides services usually not found within a business process description. Such services 

may be performance monitoring, messaging, or middleware services. 

6 Component Based Systems Integration 

While each of the previous concepts describe the process of systems integration and 

component based development individually, we currently do not know how they can be 

combined to achieve component based systems integration. The present work contributes 

to this question by organizationally and conceptually aligning their different viewpoints, 

resulting in a new approach to component based systems integration. We do so by taking 

our previously developed organizational model for industrialized systems integration 

[MHW10], as well as Vogler‟s metamodel for systems integration [Vog06] as a founda-

tion. Depending on their nature, the five dimensions of the business component approach 

will be aligned to either one of the two models. 
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6.1 Architectural Viewpoint Alignment 

Herzum and Sims suggest four architectural viewpoints in their approach, defining the 

execution environment, development patterns and standards, functional design and 

scope, as well as organizational decisions, including tools and guidelines. In the context 

of systematic reuse, these viewpoints are defined once and are then applied to different 

products. It is therefore most feasible to align them with the different layers of our or-

ganizational model for industrialized systems integration. This also allows us to distin-

guish architectures based on business domains, SPLs, and customer specific products. 

The project management architecture (PMA) is concerned with architectural and organ-

izational decisions, and associated tools and guidelines to implement a CBD project. 

Such processes, tools and guidelines are also part of software product lines and consid-

ered core assets in SPL development [CN07]. As suggested in our previous work, these 

joint core assets should be implemented within the business domain layer, which “en-

sures the interoperability of different systems and product lines within the business do-

main” [MHW10]. With respect to systems integration, it furthermore allows to consoli-

date efforts from different product lines of a certain business domain, ensuring ROI also 

in a heterogeneous environment. The PMA is therefore aligned with the business domain 

layer. Within the PMA, the business domain layer defines mandatory development tools, 

processes, and guidelines for all underlying software product lines. 

The technical architecture (TA), defines the execution environment, tools, the user-

interface framework, and other technical facilities required to develop and run a system 

[HS00]. With reference to software product line engineering, we can find very similar 

activities that can be summarized under the term architecture design & development 

[PBL05; CN07; Lin07]. Although an SPL architecture is more comprehensive than what 

can be found within a TA, the TA‟s reduced scope perfectly fits into our organizational 

model: The business domain layer defines mandatory technologies, architectures, and 

systems. These will be further refined within the actual SPL [MHW10]. Having a joint 

technical architecture ensures the interoperability of different systems and SPLs, reduces 

technical heterogeneity, and helps to achieve a positive ROI by consolidating architec-

tural efforts. Such architecture would support different technologies as needed; however, 

it still ensures interoperability from a technical point of view. We therefore align the TA 

of the component-based approach with the business domain and SPL engineering layer 

of our organizational model. The business domain layer defines cross product line re-

quirements and standards, whereas the SPL layer defines more detailed technical con-

cepts, aligned with the requirements of the products to be developed therein. 

The third viewpoint is the application architecture (AA) and is concerned with “the set of 

architectural decisions, patterns, guidelines, and standards required to build a compo-

nent-based system” [HS00]. Such can be architectural principles (e.g. noncircularity) and 

styles (e.g. type-based vs. instance-based), collaboration patterns for transactions, or a 

system wide error handling mechanism [HS00]. With regard to the organizational model 

for industrialized SI, an application architecture is too specific for a whole business 

domain due to the variety of many different product lines and products. There may be, 

for instance, shop floor systems in a factory, which require almost real-time perform-
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ance, whereas an order management system within the same business domain may be 

focussed on high scalability. An AA only makes sense for a clearly delimited scope, 

which can be found in a software product line. We therefore align the application archi-

tecture with the SPL Engineering layer of our organizational model. Breaking it further 

down to the production layer of a single family member would undermine the principles 

of standardization and systematic reuse and reduce economies of scope. 

 

Figure 1: Architectural Viewpoint Alignment 

The functional architecture (FA) is the most detailed architectural viewpoint and is “con-

cerned with the functional aspects of the system, including the actual specification and 

implementation of a system” [HS00]. It consists of component-based business modelling 

and component-based design. The former can be further broken down into business 

modelling and functional modelling: “The business modeller‟s objective is to produce a 

model of the problem space that can help identifying business challenges and business 

opportunities.” [HS00]. “The functional architect, on the other hand, when modelling the 

business, aims to support the production of a software application” [HS00]. Comparing 

this separation of concerns with the organizational model for industrialized SI, business 

modelling represents the „business domain analysis & portfolio definition‟ process 

within the business domain layer [MHW10]. Functional modelling in turn, fits into the 

„architecture design & development‟ process with the SPL engineering layer, as does the 

second core process of the FA, i.e. component-based design [MHW10]. We therefore 
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suggest to separate business modelling from the rest of the functional architecture and 

align it with the business domain layer of our organizational model. Functional model-

ling and component-based design should be aligned with the SPL engineering layer to 

define the functional architecture of the software product line, based on the business 

model developed in the business domain layer. The alignment is shown in Figure 1. 

6.2 Component Granularity Alignment 

As introduced before, the business component approach is based on five levels of com-

ponent granularity. In our approach, we omit the smallest and largest one, i.e. the lan-

guage class and the federation of system level components as they are too small to pro-

vide an actual benefit, or too large to be treated as a distinct component for its mere size, 

respectively. 

 

Figure 2: Component Granularity Alignment 

Differentiating the three granularity levels based on the entity types of the integration 

metamodel does not make sense. A distributed or business component may be used in 

any of these entity types, such as middleware, applications, or workflows. We therefore 

chose to align the granularity levels with our organisational model for industrialised SI. 

This allows us to have clear responsibilities for each component, as demanded by the 
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business component approach [HS00], as well as for core assets in software product lines 

[PBL05]. Additionally, we can depict definition and refinement of reusable components 

throughout the hierarchical structure of software product lines, one of the key benefits 

presented in our previous work [MHW10]. To do so, we enhance Herzum and Sims‟ 

approach by differentiating between global distributed components and global business 

components (GDC and GBC), and local distributed components and local business com-

ponents (LDC and LBC). 

Global components are developed and maintained on the Business Domain Layer and 

provide reusable functionality for all or some of the underlying SPL. An example would 

be entities of a certain business domain, such as invoice, order, or bill of materials. In 

addition, GDCs may provide standardized interfaces to other systems outside of the 

product line, such as a financial SAP installation or a resource-planning tool. Based on 

the technical or application architecture introduced in 5, some of these GDCs or GBCs 

can be made mandatory in underlying SPLs to ensure compatibility between products 

from different product lines of a given business domain. Local distributed components 

and local business components are developed and maintained on the SPL level. As 

shown in Figure 2, they are either developed individually, or partially inherited from the 

business domain. In both cases, they represent a business concept (for LBCs) or func-

tionality (for LDCs) which is unique for the respective product line. Among other non 

tangible assets, an appropriate choice of local and global distributed and business com-

ponents represent the reusable core assets of a software product line. 

These core assets can then be used in the product development layer to actually produce 

an application within an SPL. With reference to CBD, this application represents a busi-

ness component system (BCS) and therefore the third level of component granularity. As 

every other component, a BCS must also provide run-time interfaces, be independently 

deployable, and network addressable. 

6.3 Development Process Alignment 

The development process dimension of the business component approach defines the 

chronological sequence in which the activities of the other four dimensions are carried 

out. It consists of three basic manufacturing processes, which will be aligned with our 

organisational model for industrialized systems integration as follows. 

The first process, rapid component development (RCD), covers definition, building, and 

testing of individual business components [HS00]. As shown in 6.2, such components 

may be developed on the business domain, as well as the SPL engineering layer of our 

organizational model. Rapid component development is therefore aligned with both, the 

business domain layer, as well as the SPL engineering layer. System architecture and 

assembly (SAA) represents the second manufacturing process. It covers “architecting, 

assembling, and testing a system using business components” [HS00]. Compared to the 

organizational model, these activities occur within the product development layer proc-

esses, which are product requirements engineering, product design, product realisation, 

and product testing [MHW10]. It is important to notice that the SAA is not related to the 

architectural viewpoints discussed in 6.1. SAA rather selects, adapts, and deploys al-
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ready existing distributed and business components according to customer specific re-

quirements. It is the actual manufacturing process in its original sense. We therefore 

align system architecture and assembly with the product development layer of the organ-

izational model. The third development process, federation architecture and assembly 

(FAA), is the most advanced activity in business component based development. It de-

signs, assembles, and tests a federation of system level components, i.e. complete busi-

ness component systems (BCS). As a BCS represents a business component itself, FAA 

selects, adapts, and deploys already existing business component systems according to 

customer specific requirements. We therefore also align federation architecture and as-

sembly with the product development layer of the organizational model, although it is far 

from being trivial and depends on extensive experience and supporting architectures. 

6.4 Distribution Domain Alignment 

Herzum and Sims differentiate four different distribution domains, which are the user, 

workspace, enterprise, and resource tier. “Each tier corresponds to a different logical 

area of responsibility […], and each addresses a separate area of concern” [HS00]. They 

are furthermore grouped into the user workspace, and the enterprise resource distribution 

domain. This is because local and enterprise wide functionality is usually separated from 

each other and treated differently in large-scale systems. 

The user workspace domain is responsible to “support a single human being‟s view of 

system facilities through some user interaction/interface technology” [HS00]. It repre-

sents a typical client application that may also contain locally delimited business func-

tionality, such as interaction with other local tasks. The enterprise-resource domain in 

turn, implements “a set of computing facilities within which state changes to important 

(probably concurrently shared) resources can reliably be made” [HS00]. It represents a 

typical server based application and data source which is used by multiple client applica-

tions and users (the user workspace domain), but also other business components from 

the enterprise resource domain. As this architectural viewpoint is more focussed on the 

logical structure of a component based system and how to scope and distribute function-

ality, aligning it with the organizational model would not make sense. We therefore refer 

to Vogler‟s integration metamodel, which can be taken as a foundation when planning 

and designing an integrated system [Vog06]. This alignment will thus help to decide 

how certain entities of the integration metamodel may be implemented within a business 

component approach and vice versa. The integration metamodel defines similar layers or 

tiers, which are desktop, process, and systems integration. Desktop integration takes 

distinct tasks as its reference point. It is responsible to present them to the user, interact 

with him, exchange data with other tasks, and provide an interface to enterprise applica-

tions and resources where required [Vog06]. This exactly describes, in other words, the 

responsibilities of the user workspace domain, which is also responsible to interact with 

the user and provide local business functionality. However, there may be circumstances 

in which the metamodel entities workflow, activity, control data, and state also find their 

way into the user workspace domain. This is the case if an end user application inde-

pendently represents a complete business process or workflow, including local process 

integration activities. 
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The process integration layer of the integration metamodel is concerned with process 

control by defining one or more workflows, which are hierarchically structurable and 

consist of different activities and transactions [Vog06]. Such processes usually involve 

multiple other enterprise resources and end users. The system integration tier is con-

cerned with interfaces and data transfers between different applications and resources. It 

may also use a middleware, for instance, to support such activities [Vog06]. With refer-

ence to the business component model, the enterprise tier implements “enterprise-level 

business rules, validation and interaction between enterprise components, and it also 

manages the business aspects of data integrity” [HS00]. These activities reflect those of 

the process integration tier of the integration metamodel. The resource tier “manages the 

physical access to shared resources” [HS00] and shields the business logic from techni-

cal aspects. They represent the activities of the system integration tier. We therefore 

suggest aligning enterprise resource domain of the business component model with the 

process and systems integration layer of the integration metamodel. 

 

Figure 3: Distribution Domain Alignment 

6.5 Functional Category Alignment 

As with distribution domains, functional categories describe a concept realized sepa-

rately for each product line and product. They are “concerned with the functional aspects 

of the system, including the actual specification and implementation of a system that 
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satisfies the functional requirements” [HS00]. In the following, they will therefore also 

be aligned with Vogler‟s integration metamodel. 

 

Figure 4: Functional Category Alignment 

Herzum and Sims define three broad functional categories for business components, 

which are utility business components, entity business components, and process business 

components. The first category defines supporting concepts that are generally available 

to other components and may be used in a variety of systems and product lines. Exam-

ples for utility business components are a middleware system, print services, or a cur-

rency converter, for instance. As such, we align the utility functional category with parts 

of the systems integration layer of the integration metamodel. As the model does not 

differentiate between technical and functional aspects, we suggest mapping this func-

tional category with the system, middleware, and data transfer entities, although a wide 

variety of other utility business components is conceivable (but not represented in the 

integration metamodel). Entity business components represent logical concepts and 

entities within a system. They often contain persistent information, which may be altered 

by tasks. Such concepts are usually specific to a business domain (e.g. the automotive 

industry) or a product line (e.g. a product line for shop floor solutions). They are most 

likely to be reused in “software systems and component frameworks aimed at supporting 

a particular collection of business activities” [HS00]. Examples for entity business com-

ponents are a work order, a bill of materials, or a customer. Concerning the integration 

metamodel, a precise point of demarcation cannot be found. We therefore assume that 

applications and programs (together with their data collections and interfaces) can be 
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seen as system level components as described in 6.2. For new systems, however, these 

would be replaced by according entity business components, which rely on utility com-

ponents for data transfer and are being utilized by process business components. “Proc-

ess business components represent business processes and business activities” [HS00]. 

They define a business process as a workflow with different activities and tasks to be 

performed, and also control these to ensure process completion. Such processes are very 

customer specific and can hardly be reused. Examples for process business components 

are order management or payment processing. We align process business components 

with the metamodel entities of the process and desktop integration layer. Both together 

exactly represent the responsibilities of the process business component category by 

defining workflows, activities, and tasks together with their respective control data and 

data flows. 

7 Conclusion and Further Research 

The present paper introduced into the requirements of industrialized software develop-

ment in the field of systems integration. It thereby took the position of a typical systems 

integrator who develops large-scale EAI solutions for a broad variety of customers from 

different industries. While implementing the three industrial key principles, specializa-

tion, standardization, and automation, they encounter certain particularities typical for 

their field. For SI these are a high heterogeneity due to different technologies, vendors, 

and legacy systems; one-off developments due to requirements based on a specific sys-

tems landscape of a single customer; and an unsure return on investment due to imple-

mentation efforts for industrialized development without sufficient throughput to break 

even. 

During the course of research, we identified the business component approach developed 

by Herzum and Sims as a feasible concept for component based development of EAI 

solutions on an industrial scale. In its original form, however, it is still affected by the 

particularities of systems integration. To overcome these particularities, we aligned their 

approach with one of our previous works regarding the implementation of software 

product lines, as well as a generic metamodel for integration developed by Vogler. The 

former allowed us to consolidate recurring tasks of CBD into the business domain layer 

of the organizational model for industrialized systems integration. We could furthermore 

show how the different viewpoints of the business component model can be aligned with 

the organizational units of a software product line in systems integration. In turn, Vo-

gler‟s model allowed us to define how different entities of the integration metamodel can 

be represented by business components (e.g. utility, process, or entity) and how different 

entities can be distributed in a large-scale system (i.e. user workspace domain, and the 

enterprise resource domain). 

The present work has shown that, with slight adaptations, the business component ap-

proach can be applied to the field of software development in systems integration. It 

furthermore has shown that the approach also is in line with the first industrial principle, 

specialization. 
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To further advance industrialized systems integration, further research is needed. First, 

the approach presented in this paper must be implemented and validated in practice. For 

the time being, we can only rely on logical derivation of concepts and discussions with 

subject matter experts from the industry. Due to high implementation cost and the risk of 

failure, we suggest implementing a small-scale pilot project to test the concept from an 

organizational and technological point of view. Based on the resulting experiences, a 

business case can be calculated as the basis for a launch decision. 

Besides specialization and standardization, automation as the third key principle of in-

dustrialized software development must be researched. Although it generally exists in 

the form of model driven engineering (MDE), we do not know if it can be applied in all 

areas of software development. As with CBD, we need to find out if MDE is suitable for 

systems integration and, if not, how MDE can be adapted to overcome the particularities 

of systems integration. 
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