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Abstract. Continuous Engineering (CE) investigates fundamentals and basic
principles of evolution in IT-engineering processes. Continuous Software Engi-
neering (CSE) applies these principles in the context of software engineering and
develops methodologies, concepts and techniques for evolvable software
systems. Continuous business engineering (CBE) is closely related to principles
of CE and the research field of CSE. The main purpose of this position paper is
to extend earlier work on CBE by integrating the concept of capabilities. The
paper describes the scope of CBE research, investigates connections to other
research fields and discusses approaches in the field of CBE for aligning software
architecture, capabilities and business strategy.
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1 Introduction

Most enterprises and public authorities nowadays are highly dependant on their IT-
infrastructure and IT-applications to preserve their competitiveness in a global market.
In particular in industry domains and service sectors, where the whole value chain has
to be supported by IT, it is crucial to have solutions which are flexible in case of changes
in business model or market environment. Examples are the utility sector and the
banking industry. In these application fields it is of economic and strategic importance
to be able to quickly adapt software systems to changes in customers’ requirements,
business goals or company processes. Evolution of software systems in alignment to
business strategy has become a core issue. This issue is even more emphasized, as most
domain-specific infrastructures are long-living. They incorporate process and product
knowledge of the individual owners and often were optimized over several decades. In
financial industries, for example, there are still software components in use developed
in the 1980s. These components cannot simply be redesigned and replaced by new
components in state-of-the-art technology, as this would require big investments, bear
high risks and questionable business benefits.

Furthermore, the topic of adaptability is not a new one but has been under discussion
since many years. According to a study by the META-Group in 2000, senior business
executives from US-based fortune 500 companies were not satisfied with the
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contribution of the information technology (IT) in their enterprises: only 12% of all IT-
projects contributed from their point of view significantly to reach strategic goals [5].
A survey of McKinsey from 2014 shows that priorities of enterprises shifted towards
service innovation and digitization, but the pressure on IT regarding adaptiveness and
contribution to business value still exists [11]. This confirms the need for aligning IT-
infrastructure with the business strategy to increase the business value of information
technology. This also underlines the high attention that most medium and large busi-
nesses pay to their internal IT. But what is the contribution of information technology
to the success of the enterprise? What is its business value? Does the infrastructure
support changes in the business strategy in an adequate way?

During the last twenty years, a number of research projects and activities have
investigated the issue of “business value of information technology”, including the fields
of IT-controlling [9], evaluation of software architectures [6], or strategic management
[7]. The field of Continuous Business Engineering (CBE) contributes to this research
area by addressing the joint evolution of business capabilities and IT-infrastructure in
an enterprise or organization. A capability is the ability and capacity that enable an
enterprise to achieve a business goal in a given context [1]. Business goals are means
for designing and expressing the business strategy of an enterprise.

CBE aims at integrating formulation and implementation processes on business
strategy level and engineering processes on IT-infrastructure level. We consider this
task as continuously ongoing process dedicated to ensure integrated evolution of busi-
ness model and IT-infrastructure. CBE has to integrate various research aspects, like
continuous transformation of business goals into capabilities, continuous transformation
of capabilities into IT-infrastructures, continuous development of software and systems
architectures, etc. CBE therefore investigates methods, concepts and technologies for
linking together business oriented models and technical models.

Continuous business engineering is closely related to the principles of Continuous
Engineering (CE) and the research field of Continuous Software Engineering (CSE). CE
investigates fundamentals and basic principles of evolution in IT-engineering processes.
CSE applies these principles in the context of software engineering and develops meth-
odologies, concepts and techniques for evolvable software systems (see Sect. 2). In a
simplified picture, CBE can be described as defining correspondences between a model
of the business strategy and a model of the IT-infrastructure. Section 4 of this paper
describes three approaches for linking these models based on different degrees of
coupling: (a) describing the business strategy based on a balanced scorecard and linking
the software architecture via indicators, (b) combining the balanced scorecard approach
with enterprise ontologies, and (c) integration of business strategy and software archi-
tecture in a joint enterprise model.

The main purpose of this position paper is to extend earlier work in the field [18] by
describing the scope of CBE research, identifying connections to other research fields
and investigating approaches in the field of CBE for aligning software architecture and
business strategy. These aspects are reflected in the structure of the following sections:
Sect. 2 summarizes current activities in CE and CSE. Section 3 introduces the notion
and scope of CBE, and related research subjects. Section 4 introduces approaches for
aligning business strategy and software architecture.
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2 Continuous Software Engineering

Continuous Engineering investigates fundamentals and core principles of evolution in
IT-engineering processes. Continuous Software Engineering (CSE) [14] applies these
principles in the field of software engineering by researching, developing and applying
methodologies, concepts and techniques for evolvable software systems.

One of the core goals of CSE are long-living, evolvable software systems of high
quality that can be forward developed continuously [8]. An essential part of CSE is to
achieve consistency and transparency between (a) all artifacts of a software development
process within a development cycle (e.g. requirements, specification, architecture
design, and implementation) and (b) the various forward development cycles of a soft-
ware system and their modifications. This requires the identification of variations, invar-
iants and dependencies in order to predict the potential impact of initial and induced
modifications. CSE is based on a series of integrated methods and concepts. The most
important among them are:

Model-driven Development: CSE is based on a defined and highly mature engi-
neering process defining all development activities with tasks and expected results.
Results of all activities are represented as formalized models and transformation from
activity to activity is defined.

Components as the Basis of Software Systems: Components encapsulate clearly
defined functionality made available via interfaces. Components can be newly designed
or refactored from a legacy system. CSE provides approaches how components together
with their interfaces, invariants and contexts should be identified, modeled and
described.

Reference Architectures for Application Areas: Software reference architecture
defines the general structure of the applications of an application area. It also determines
which components should be available, as well as required aids for the software devel-
oper, such as architectural templates for designing a system.

Support for the Software Development Process: CSE aims to integrate specification,
design and documentation methods, as well as the use of reference architectures or
architectural templates into the software construction process. In order to do so, special
guidelines and aids for different processes are developed in the framework of continuous
software engineering.

Evolution Strategies: A variety of reasons can be the cause for forward development
or changes in software systems. These reasons include, for example, changes in business
models, new requirements from regulators or modifications to the service or technical
infrastructure. Reasons for and situations of change can be categorized and derived from
evolution scenarios. CSE defines process models for these scenarios and procedures for
designing software systems.

Management and Organizational Techniques: In addition to the continuous evolu-
tion of software systems and communication infrastructures, even the development and
evolution processes require monitoring, control and continuous redesigned. Thus, their
management and organizational techniques are observed in the context of CSE.
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3 Continuous Business Engineering

3.1 Notion and Scope

Continuous business engineering can be defined as engineering process integrating
forward-development and management processes on business level (i.e. for business
strategy and capabilities required for implementing business strategies) and engineering
processes on IT-infrastructure level. CBE investigates continuous transformation of
business goals into capabilities, continuous development of IT-infrastructures in support
of capabilities, continuous evaluation of IT-infrastructure with respect to business needs,
continuous improvement of software and infrastructure engineering process, continuous
development of software and systems architectures, etc. CBE therefore develops
methods, concepts and technologies for linking together business oriented models and
technical models.

In a simplified picture, continuous business engineering can be described as defined
correspondence between business strategy and model of IT-infrastructure:

e On business strategy level, a model exits expressing the business strategy of the
organisation in question. Capability models have proven to be suitable for this
purpose [12]. Capabilities are the ability and capacity that enable an enterprise to
achieve a business goal in a given context. Development and evolution of this model
is performed and controlled by a management process.

e On IT-infrastructure level, a model exists representing the existing IT-infrastructure
and/or the software architecture of the organization in question. Forward-develop-
ment and evolution of this model is performed and controlled by an engineering
process.

Between business strategy and model of IT-infrastructure correspondences exist.
These correspondences enable control, assessment and supervision of the IT-infrastruc-
ture with respect to the business needs expressed in a business strategy. The link between
business model and model of IT-infrastructure will cause a number of benefits for the
enterprise and open various possibilities of triggering activities in the IT-infrastructure
when changes in the business model occur. We expect advantages in

e Identifying work processes, organisational structures and software components faster
that will be affected by changes in business strategy. This will lead to shorter inno-
vation cycles in the IT-infrastructure,

e Identifying the potential for innovation in the business strategy and business model
easily implementable due to existing capabilities,

e Assessing and evaluating the business value of the IT-infrastructure. If correspond-
ences between business model and IT-model are defined, this implicitly will include
criteria for evaluation of the infrastructure. Continuous assessment of IT-infrastruc-
ture will be possible.
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3.2 Related Research Subjects

Besides the connection to CE, CBE is related to a number of research subjects contri-
buting concepts, methods or technologies for linking business and engineering.

Knowledge Modelling: We see methods for describing semantics of IT-components
and services as well as for describing intentions of business strategies and objectives as
one of the key technologies for CBE. This includes approaches in the field of ontologies
and topic maps as well as related standards and services. Relevant issues in this area are
knowledge representation techniques, semantic match-making, competence modeling,
evolution scenarios for information models with technologies like topic maps, semantic
nets or semantic web technologies.

Capability Management: Recent progress in the area of capability management
showed the importance of explicating the deployment context of business services,
which implement capabilities, and to use the context for adjustments during business
service delivery [2]. This way of abstracting from deployment contexts and adding
flexibility and adaptability to operations is an important contribution to achieve CBE.

System-Integration and dis-Integration: one specific research subject connected to
CBE is the area of system-integration and dis-integration. System integration issues arise
whenever inter-enterprise solutions and software systems have to be implemented, e.g.
in networks of suppliers, project-based joint venture between companies or electronic
business scenarios. In the field of system-integration, CBE aims at providing mecha-
nisms for dynamic integration between a set of IT-infrastructures. As interoperability
on communication and service level is widely available due to standards, the focus
should be on business model level. Dynamic integration on this level includes the detec-
tion of suitable capabilities and there implementation according to the business needs,
selection of the best implementation and integration of the selected service into the
infrastructure. For this task a service description only including specifications of the
interface (syntax, semantics) and communication protocols is not sufficient
(WSDL, .NET). We are aiming at using additional conceptual descriptions and match-
making based on these description.

Relevant issues in this area are component model including semantic component
description for IT-infrastructures, definition of invariants and interdependencies
(constraints), reference architectures and architecture patterns for evolvable it infra-
structure, evolution scenarios based on component model with technologies like systems
management platforms, light-weight integration protocols.

IT-Assessment: The field of IT-assessment aims at evaluating the quality of IT-
infrastructures with respect to the business strategy. Changes in business strategy cause
evolution requirements for technical infrastructure. CBE aims at predicting where
changes are necessary, define parameters for construction for longevity.

Relevant issues in this area are definition of target systems for IT strategy; mapping
from business models to capabilities to IT infrastructures; evaluation of process, product,
and organizational quality; competence modelling as basis for assessments; evolution
scenarios for IT strategies and business models with technologies like balanced score-
card approaches, technical due diligence methods and benchmarking approaches.
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4 Business Strategy, Capability and Software Alignment

Starting from the concepts of CSE, this section proposes three approaches for linking
software architecture and business strategy: (a) describing the business strategy based
on a balanced scorecard and linking capabilities and software architecture via indicators,
(b) combining the balanced scorecard approach with enterprise ontologies, and (c) inte-
gration of business strategy, capability and software & service architecture in a joint
enterprise model. These approaches are an extension of earlier work in this field [18].
As they approaches incorporate different degrees of coupling, we will start with discus-
sing this aspect.

4.1 Degrees of Coupling

Today’s enterprises have to be capable to handle changes in various dimensions,
including a number of external factors like changes in their markets (e.g. new compet-
itor), in framework conditions (e.g. modified laws enforcing product features), in
customers’ demands (e.g. new functionality), or in their delivery processes (e.g. new
technology increasing productivity). Similar to the system-oriented technical meaning
of evolution, we can consider the enterprises process’ of “purposeful stepwise advance-
ment due to changes of the environment” adapting to changing environmental conditions
in order to survive” as evolution.

Joint evolution of business strategy and IT-infrastructure has to be driven by the
business perspective and requires a coupling between business strategy and software
architecture. This opens possibilities for various integration levels between both. One
extreme would be to automatically cause the necessary changes in the IT-infrastructure
whenever changes in the business strategy occur. The other extreme of course is to do
no integration at all and use the correspondences only for evaluation and assessment
purposes. Between these two poles, various levels of integration can be achieved
depending on formalization level of both models.

In our investigations, we distinguish different degrees of coupling (loose vs. tight)
characterised by possible actions to manage and control evolution:

e Supervision: monitoring performance or assessing compatibility to strategic objec-
tives

e Initiate change process: definition of requirements and change requests and initiation
of change processes, accordingly

e Configuration changes: change parameters or declarations for generic components
or change configuration of overall system (no changes in the implementation)

e Architecture and design changes: introduce new software components or substitute
existing components, e.g. based on architecture patterns or a component library

e System changes: modify design and implementation of the software system auto-
matically.
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4.2 Balanced Scorecard Approach

Contemporary management literature has discussed extensively the field of formation,
description, and implementation of business strategies [13]. Although different
approaches for modelling a business strategy exist, which are tailored to different sizes
and natures of enterprises [16], the following elements are commonly seen as essential
parts of a business strategy:

Goals and targets to reach including time frames

Actions dedicated to achieve goals and implement the targets

Organizational units of the enterprise responsible for implementing the actions
Indicators, policies, assessments and other means to evaluate the progress of imple-
menting the business strategy

Processes implementing measurement of indicator

Management systems with roles and processes coordinating actions and forward
development of the business strategy

It has been observed by a number of researchers that strategy formulation is a non-
trivial task involving a number of strategic business units. Furthermore, strategy formu-
lation and strategy implementation are difficult to integrate.

For our investigations, we will use the Balanced Scorecard approach from Kaplan
and Norton [10] to capture and model business strategy. Although this approach does
not provide an own modelling language, it has from our perspective a number of advan-
tages, e.g. being adaptable to specific organizations and having achieved a broad usage
within industry and public authorities, much research work and experience published,
IT tools available to support modelling a scorecard and making it operational, and own
experience in using this approach for modelling IT-Strategy [17].

The Balanced Scorecard approach was developed in order to complement the tradi-
tional financial accounting model, which is very much focused on past performance,
with measures for drivers of organizational future performance. Thus, the Balanced
Scorecard is seen as a means to establish the balance between financial and non-financial
aspects when developing and implementing vision and strategy of the company. A
typical balanced scorecard captures the business strategy of an enterprise in four
perspectives:

Financial perspective: which goals have to be reached to succeed financially?
Customer perspective: what should be the image of the enterprise from a customer’s
perspective?

Internal business perspective: what business processes must be excelled at?
Learning and growth: how to sustain the ability to change and improve?

For each of these four perspectives, strategic objectives have to be defined clarifying
the vision, and measurements have to be developed and linked to the objectives. The
measurements typically are implemented based on performance indicators and processes
for obtaining these indicators. In the context of complex organisations, Kaplan & Norton
recommend to develop not only one corporate scorecard, but also a separate scorecard
for each strategic business unit conducting activities in an entire value chain.
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The balanced scorecard can be used as strategic management system, i.e. to develop
the strategy over the long run. This requires implementation of a management cycle
including setting targets and planning strategic initiatives how to reach them, estab-
lishing strategic feedback and learning, and reviewing business strategy and modifying
the vision and objectives accordingly.

Our approach for linking the business strategy — explicated in a balanced scorecard
— and the software architecture is to operationalize the actions required to achieve the
business strategy in capabilities, which are made explicit in a capability model. Further-
more, the approach includes to develop a separate scorecard for the business unit
responsible for software and service management and to integrate this software score-
card closely with the corporate scorecard. Close integration means that the software
scorecard has to have the same perspectives as the corporate scorecard and that each
objective of the software scorecard has to contribute to reach at least one objective of
the corporate scorecard.

Measurements and performance indicators of the software scorecard can then be
used for assessing and evaluating the software architectures contribution to implement
the business strategy. This balanced scorecard approach has been applied successfully
in a number of enterprises [17]. Capability models form an important contribution to
this approach as they also explicate deployment contexts and dependencies between IT-
based business service and the (software) services implementing them. Figure 1 visu-
alizes the overall approach:

Balanced Scorecard

Internal Process Financial

Customer Learning

¢ “defines”

Indicators

Software
Management Process

“operationalizes”

& Capability

Model

“informs”

Software Development Process

Fig. 1. Balanced Scorecard-based Approach to Alignment
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4.3 Combing Enterprise Ontology and Balanced Scorecard

Linking business strategy and software architecture via a balanced scorecard provides
only basic possibilities for aligned evolution. The indicators can be used to discover a
tendency whether the IT-infrastructure supports the business strategy adequately; the
capability models add how well different deployment contexts are supported. This is
primarily a view on the past performance with only limited possibility to create a future
projection. Aligning strategy and I'T from our point of view also should include to predict
the impact of a change in business strategy, e.g. to identify the software components
involved and cause-effect-relationships between strategic targets and software archi-
tecture parts.

Our approach is to use concept paths in enterprise ontologies as meta-data for linking
strategy, capability and software architecture (see Fig. 2). Enterprise ontologies [20]
capture the concepts and terms of an enterprise or a strategic business unit and their
relationships. In our approach, we cover three different perspectives of an enterprise in
the ontology:

e work processes and tasks within the enterprise
e organizational structure in the enterprise including established roles
e product or service structure of an enterprise related to the business area

Balanced Scorecard

“linking
targets”
Internal Process Financial RAIN
= O
e, o % Enterprise
Customer Learning * * Ontology
,
°
“defines” .
.| o &
" || || “operationalizes” K]
e Capability
Indicators o

“informs”

Software vans®’
Management Process, r* “linking

capabilities”

' e = Capability

Software Development Process

Fig. 2. BSC and EO Approach to Alignment

These perspectives can be represented by using semantic nets [15] or semantic tech-
nologies. The enterprise ontology provides possibility to define a mapping between
capability, software component and business strategy via concept paths: For each capa-
bility required for implementing a business strategy and every software component
being part of the architecture, the work processes, roles, and organization structures
supported by this capability and component are identified by defining concept paths in
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the ontology. A concept path is a sequence of concepts being connected by associations
in the ontology [3].

At the same time, roles, processes and services/products with high importance for
strategic objectives are identified and linked to these objectives via concept paths. Thus,
an intentional model and more formalized representation corresponding to the business
strategy is created. Linking of business strategy and software architecture, e.g. in order
to identify which components will be affected in case of strategy changes, requires a
mapping between concept paths representing the strategic objectives and concepts paths
representing the software components. This matching based on concept paths already
has been applied in a number of projects in the context of Web-Portals [4].

4.4 Enterprise Knowledge Modeling

The combination of Balanced Scorecard and Enterprise Ontology extends the possibil-
ities for alignment from indicator-based performance evaluation to further formalization
of business strategy and contributes to prediction of impact of changes. But it does not
allow to automatically initiate and perform changes in components or a systems config-
uration of system. This goal requires from our point of view a tighter coupling with
sound formalization, e.g. by integration of both, business strategy, capability and soft-
ware architecture, within a joint model. This model, represented in a suitable modeling
language, either must provide possibility to express elements and relationships for both
areas or it has to integrate existing modeling approaches, e.g. Balanced Scorecard and
CSE, in a single meta-model.

Numerous enterprise modeling approaches have been developed that integrate busi-
ness and IT-viewpoints in a single model. Examples are Zachman’s framework, TOGAF
or the GERAM activities (see [19] for an overview to approaches). The Zachman frame-
work for enterprise architecture structures representation of enterprise and system knowl-
edge in two dimensions. The first dimension includes various viewpoints: data, function,
network, people, time and motivation. The second dimension consists of abstraction
levels: scope, business model, system model, technology model, detailed representations
and functioning enterprise. From a theoretical point of view, i.e. looking at the complete-
ness of the modeling approach, these concepts have the potential to implement the required
tight coupling and support joint evolution. Furthermore, work con capability manage-
ment and capability design and delivery (CDD) contributed an approach which supports
co-evolution of business strategy and IT-based business services [2].

Based on our experience from earlier alignment projects, we see at least two aspects
to be investigated in future research: Business strategy includes a lot more than
processes, objectives and indicators. A holistic approach would have to take into account
business culture, innovation processes, or organizational competences, which are to a
large extent creative and hard to capture in a technical model. These aspects clearly
would have to be simplified or excluded, when developing an enterprise model based
on the above-mentioned approaches, the effect being a loss of context information and
semantics, and of cause-effect-relationships. Medium-sized and even large enterprises
have problems to provide a fairly complete software architecture model or a well-defined
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business strategy. Development of an enterprise model integrating both aspects will be
in many cases not feasible due to missing information.

4.5 Conclusion

Based on the component-based and model-driven concepts from CSE for modeling the
software architecture, we have presented three approaches to define correspondences
providing different levels of support for joint evolution. Using our classification from
Sect. 4.1, we can put these approaches into relationship with respect to their degree of
coupling:

The balanced scorecard approach only facilitates a loose coupling between business
strategy and software architecture based on indicators. This coupling supports supervi-
sion of the software architecture but no stronger integration. Balanced scorecard in
combination with enterprise ontology enables us to identify software components that
are affected by changes. Based on this, initiation of changes is possible, being a higher
degree of coupling. Enterprise modelling supports the highest degree of coupling by
promising — at least from a model point of view — to initiate and perform system changes
in case of changes in the business strategy.

5 Summary

The business models of many enterprises nowadays are highly dependent on their IT-
infrastructure. In order to preserve the competitiveness in a global market, it is crucial
for them from a business perspective to quickly implement new business services, to
react to new market demands or to implement new regulations. In this context, it is of
decisive economic and strategic importance from a technical perspective to be able to
quickly adapt software systems to changes. Alignment of IT-infrastructure with business
strategy has become a core issue. The approach of Continuous Business Engineering
(CBE) contributes to this challenge by addressing the joint evolution of business
strategy, capabilities and software architecture. CBE aims at integrating forward-devel-
opment on business strategy level and engineering processes on capability and software
architecture level. We consider this task as a continuously ongoing process dedicated to
ensure integrated evolution. In a simplified picture, CBE can be described as defining
correspondences between a model of the business strategy and a model of capabilities
and the software architecture.

This paper describes the scope of CBE research, identifies connections to other
research fields and to investigates three approaches in the field of CBE based on different
degrees of coupling: (a) describing the business strategy based on a balanced scorecard
and linking the architecture model via indicators, (b) combining the balanced scorecard
approach with enterprise ontologies, and (c) integration of business strategy, capabilities
and software architecture in a joint enterprise model. Future work in the context of these
approaches will be dedicated to (a) elaborating the advantages and limitations of the
three different approaches, (b) a more detailed comparison to enterprise architecture
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management and capability management, and (c) applications in real-world projects in
order to verify the potential.
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