Modeling Business Capabilities and Context Dependent
Delivery by Cloud Services

Jelena Zdravkovicl, Janis Stirnal, Martin Henkel', and Janis Grabis®

! Department of Computer and Systems Sciences, Stockholm University, Forum 100,
SE-16440, Kista, Sweden
{jelenaz, js,martinh}@dsv.su.se
? Information Technology Institute, Riga Technical University, Kalku 1, Riga, Latvia
grabis@rtu.lv

Abstract. Contemporary business environments are changing rapidly,
organizations are global, and cloud-based services have become a norm.
Enterprises operating in these conditions need to have the capability to deliver
their business in a variety of business contexts. Capability delivery thus has to
be monitored and adjusted. Current Enterprise Modeling approaches do not
address context-dependent capability design and do not explicitly support
runtime adjustments. To address this challenge, a capability-driven approach is
proposed to model business capabilities by using EM techniques, and to use
model-based patterns to describe how software applications can adhere to
changes in the execution context. A meta-model for capability design and
delivery is presented with the consideration to delivering solutions as cloud
services. The proposal is illustrated with an example case from an energy
efficiency project. A supporting architecture for the capability development and
the delivery in the cloud is also presented.

Keywords: Model-Driven Development, Capability, Context, Cloud Computing,
Enterprise Modeling.

1 Introduction

Together with resources, company’s capabilities have long been recognized as the
primary sources of business profitability and competitive advantage [1]. In Enterprise
Modeling (EM), business capability is the notion commonly used to describe the
essential functions of an enterprise [2], [3]. Capabilities are then mapped to IT
solutions, such as software services [4], [5] to deliver them to final customers. There
is however an emerging challenge — in modern business environments that are global
and Internet based, business capability delivery needs to be based on the application
context. The goal of capability modeling is thus to classify functional abilities, to
identify relevant contexts, and to align technology with business.

Furthermore, the dominance and volatility of the Internet shifts the problem
solving focus to capturing instantaneous business opportunities, which increases the
importance of non-functional aspects such as availability and scalability. The fact that
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the context of use for modern systems is not always predictable at the time of design
is a further challenge resulting in the need for modern IS should have the capability to
support different contexts. For example, airport operations use different patterns to
cope with different levels of passenger flow at times of different events. Currently
these patterns do not fully extend to customizing airport’s IT services depending on a
context. As a result, if many passengers are stranded at once due to bad weather,
strike or accident, the IT services cannot cope with the surge in demand, which leads
to webpages being unavailable, servers overloaded, networks congested, and long
waiting times in telephone services.

In such situations, not even new scalable service delivery platforms, such as cloud
computing, are adequately supportive. This is because cloud computing is a
technology driven phenomenon, and there is little guidance for the development of
cloud-based business applications [6]. To manage changing amounts of work, scaling
of servers and data storages is not sufficient under conditions when the cloud service
is to cope with changed business needs requiring new business processes and services
to be engaged.

A capability-driven approach to business and IT development should be able to
elevate such issues and to produce solutions that are fit for changing business
contexts, while taking the advantage of emerging technology solutions. The objective
of this paper is to present a proposal to model business capabilities by using EM
techniques as a starting point for the development process, and to use model-based
contextualized patterns to enable cloud services to adhere to changes in the execution
context. Our vision is to apply enterprise models emphasizing business capabilities to
create executable software with built-in contextualization patterns.

The research approach taken in this paper is conceptual and argumentative.
Concepts used in EM, context representation and service specification are combined
together to establish the design aspect of the capability meta-model, where its delivery
aspect relies on the cloud computing components. Preliminary validation and
demonstration of the capability modeling approach is performed using an example of
designing a decision support system for optimizing energy flows in buildings.

The paper is organized as follows: Section 2 gives brief overviews of the prevalent
research done on modeling business capabilities, context modeling, and cloud
computing. Section 3 presents the capability meta-model, including design and
delivery aspects. In Section 4, the meta-model is exemplified, using a business case.
A brief guide to the methodology for development and implementation of the
capability-based model is given in Section 5. Section 6 concludes the paper with a
reflection on the results and future research directions.

2 Related Work

In this section brief overviews of the topics and the results related to the research of
this paper are presented.
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2.1  Capability Modeling

In a business context, capability refers to the resources and expertise that an enterprise
needs to offer its functions. The notion of capability emerged in the beginning of the
nineties in the context of developing firm’s competitive advantage [7], [8], [9]. It was
later adopted for Business-IT alignment [10]. The capability notion is also used in Al and
in particular in Agent Oriented Programming (AOP) in order to describe an aspect of
agent’s state, i.e. what activities is the agent able to do at certain time [11].

Lately the notion of business capability has gained a growing attention, due to a
number of factors: the notion directs business investment focus, it can be used as a
baseline for business planning, and it leads directly to service specification and design
[4]. More specifically, capability is used to describe what a business can do, but not
how; technical terms are not used — instead, capabilities are mapped to IT
deployments through IT architectures.

Following these briefly explained relations of capability to business and IT, the
argument in [4] that the notion gets the most value when incorporated into a larger view
of an enterprise’s ecosystem becomes comprehensible. Thus, the notion has been over
time captured by Enterprise Architecture to present the core of the business architecture.
In TOGAF [2], for instance, the “architectural vision” describes high-level capabilities as
meeting the business goals and the stakeholder concerns. Capability is defined and
assessed on different levels, e.g. for the enterprise as a whole or individual segments such
as architectural functions. In ArchiMate [3], capability is modeled through the “business
function” entity of the business layer, grouping required skills and resources, and being
used by one or more business processes. In SOA [5], capability has been described as a
business functionality that, through a service, delivers a well-defined user need.
However, in the specification, not much attention is given to the modeling of capability,
nor it is linked to software services.

Our understanding of capability coincides with the above described proposals;
however, we go beyond them by proposing a meta-model showing how capability is
related to the business design (i.e. goals and processes), its dependence on situational
context, as well as mechanisms for the delivery through IT, which are not, or at least
not explicitly, addressed in the discussed proposals.

2.2 Context Modeling

The notion of context refers to situational cognition; as such, it is used to fully describe
the conditions of a situation. Schilt et al. [13] scope context with “where you are”, “who
you are with”, and “what resources are nearby”, whereas Pascoe [14] defines it as the
subset of physical and conceptual states of interest to a particular entity. Subsequently
arguing that the former definitions are too specific, Dey [15] defines context as “any
information that can be used to characterize the situation of an entity”. In computational
frameworks, one of the first considerations of context-sensitivity is found in AOP, where
the modalities of agent’s state such as obligations or capabilities, are affected by a
context, such as network being up [11], [12].

Many categorizations of context have been proposed for purposes such as a generic
understanding and enumeration, as well as for its application in computing. In [16],
Dey and Abowd distinguishes context types, such as, location, identity, activity and
time, while Gross and Specht [17] defines the four dimensions of the context, namely,
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location, identity, time, and environment. Arguing that context is a broad, inaccurate,
and non-delimited concept, in [18] Hervas proposes a more refined classification. The
proposal facilitates elicitation of a context by identifying users, environment, services
and devices, further refined by what, who, where, when and why. E.g., a user
determines a context, by eliciting not only the user itself, but, in addition, what he/she
is doing, when he/she is doing, etc.

All above discussed context categorizations set the focus to an entity, or more
specifically, to a user. In contrast, in our research, there is a need to model the context
surrounding the delivery of a business. Thus, the presented categorizations have not
been applicable. However, the two-dimensional context framework of Hervas has
been considered as an inspiration when creating our meta-model.

2.3  Cloud Modeling

Relying on service-based sharing of resources such as storage, hardware and applications,
cloud computing has facilitated coherence of the resources and economies of scale
through its pay-per-use business model. From the customer’s perspective the cloud
technology offers a means to increase capacity or add capabilities on the fly, without
investing in new infrastructure, training new personnel, or licensing new software.

Being conceptualized in such a way, the cloud technology endeavors provide two
main features: virtualization and scalability on demand [6], [19]. Virtualization is
achieved by offering various resources through a unified abstract interface to a
number of users. This further requires for scalability - addition, or withdrawal of
resources, according to demands, where the interface to users is constant. The
scalability of resources further requires a smooth integration with offered applications
to enable their transparent elasticity, i.e. the power according to the needs of users.
Cloud services are offered as three basic models: Infrastructure as a Service (IaaS),
Platform as a Service (PaaS), and Software as a Service (SaaS). Lately, delivering of
business processes as cloud services has been also proposed [20].

According to [6], the main challenges to adoption and the growth of cloud
computing are the obstacles to availability of services, security, and performance,
lack of customizability, lack of integration with in-house resources, etc. So far, such
challenges have been mainly addressed by providing targeted technical solutions,
when possible. Our approach starts by setting up business requirements for the cloud
using capabilities thus facilitating developers to structure their systems for delivering
cloud services capable of adhering to changes in the business environment.

3 Capability Modeling

Capability driven development of business has two perspectives - design and delivery,
sometimes refereed to as design-time and runtime. Design is addressed by enterprise
modeling, i.e. by eliciting business goals, Key Performance Indicators (KPI),
designing generic business processes and resources, as well as by specifying
capabilities, relevant context sets and patterns. Capability delivery is addressed in the
meta-model by specifying actual context situations, as well as the services for pattern
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delivery. In [22], we have proposed a design for capability. In what follows, we have
further elaborated that proposal, and also added the perspective of capability delivery.

31

Enterprise Modeling. This part starts with the representation of Goals, and the
Processes realizing these goals using required Resources (Figure 1). These are
essential components of business planning, and their relationships as presented in the
figure are common to many EM approaches, for instance EKD [23], [24].
Furthermore, Key Performance Indicators (KPI) should be set up to measure the
achievements of goals [25]. The main components in the meta-model needed for
planning business variability are Capability and Context.

Capability Design

Goal KPI 1*

related to 0.1 Context KPI
requires
requires
1.* 1. au
easurable Context * 1 Context KPI
Property Type definas Category
1
1.* measured i *
by ) ) /
01 * defines . |defines « /influences 1.*
Context Context Set | 01| Capability || . 1 Goal
raquiras raquires
1 ut 0.1 aut .
I B 1
- has 1 requires 1 supported by 1% requires 1.+ motivates
Context Pattern Process Process 1+ Resource
Situation Variant 0.1
. 1
Design t
Deﬁvery deliverad by 1.* | supported by
Cloud 1 I Service 1 1+ Implementation Cloud
Service . Component (BPEL, WSDL) Resource
realized
1.
IaaS PaaS Saas Business Operational
SC SC

Fig. 1. Meta-model for capability design and deployment in cloud

In essence, Capability formulates the requirements for the ability of accomplishing a
Goal, realized by applying a solution described by a capability delivery Pattern. This
realization requires certain business Processes, Process Variants and Resources, such as
infrastructure or IT components. The distinguishing characteristic of Capability is that it
is designed to deliver a business solution for specific Context Sets that are represented by
Context Situations at runtime. It essentially links together business Goals, related
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business Processes and Resources, with delivery solutions by distinguishing the business
contexts in which certain Patterns capturing business Process Variants should be applied.

Context Modeling. Following the related research results outlined in Section 2.2, the
context encompasses the information characterizing the situation in which a business
capability should be provided. Thus, it may include those who provide the business,
or are its customers; the resources used in the business exchanges, as well as
surrounding conditions. For example, the provisioning of mobile services is related to
consumers, infrastructure, and regulations having certain conditions in times and
locations. We have elaborated a framework for capturing this in Table 1.

Table 1. Context framework - Context categories and measurable properties

Context Relevance Availability |Feature Time Location
Category

Subjects What is Is subject Characteristic | When does | Where is
Organization | subject available? or quantity of | subject subject
Customers doing? subject perform located?
Partners process?

Competitors

Objects How is Is object Characteristic | When is Where is
Infrastructure | object used? |available? or quantity of | object used? |object
Artefact object located?
Service

Environment |Whatisthe [Is Characteristic | When is Where is
Regulations influence of |environment |or quantity of |environment |environment
Standards environment? | concept environment | concept concept
Weather available? applicable? |located?

In the meta-model, Subjects, Objects and Environment from Table 1 are modeled as
Context Category (Figure 1). For each category, its relevance to a business capability is to
be assessed. If found relevant, then it is important to capture the measurable information of
a category — if it is available, which features it has, when (time), and where (location) it is
used. A Context Category is concretized by eliciting a number of the relevant Context
Types, such as “weather information supplier” for Category “Partners”. A Capability is
designed to be adequate for certain context situations represented by a Context Set, i.e. a
range of Context Types (such as “weather information supplier”, “pricing information
supplier”, “EU customers”, etc.) Each Context Set can be materialized with a number of
Context Situations according to the specification of the set by observing or measuring
different individual Contexts. The Context KPI component defines desired KPIs that can
be related to Contexts and measured using the Measured Property component, which is of
a vital importance for monitoring capability delivery. In this regard, we envision that in
real application cases a collection of Measurable Properties might have to be established to
measure a specific Context (Table 1).

Capability Delivery Pattern Modeling. The Pattern component describes an actual
solution for realizing a Capability (Figure 1). Each pattern describes how a certain
Capability is to be delivered within a certain Context Situation and what resources,
process, and IS components are needed. Patterns typically describe which Process
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Variants should be used in accordance to a Context Set. At runtime patterns are
applied according to the Context Situations representing a set of actual Context values
with their Measurable Properties. The Context KPIs are used to monitor at runtime
whether the pattern applied for capability realization is still valid for the current
context situation. If the pattern is not valid, then capability realization should be
dynamically adjusted by applying a different pattern, by reconfiguring the existing
pattern (i.e., changing a utilized process, reassigning resources etc.), or by aggregating
several patterns into a new pattern. Technically, the context information is captured
using a context platform in a standardized format.

3.2  Capability Delivery

The design of the capability meta-model as described in the previous section can be
implemented in different ways, where the delivery using the cloud-based services is
the objective of this work.

A consideration in regard to the delivery of business capabilities in the cloud may
start when the Goals are modeled. In addition to those of the core business, certain
goals will set up the objectives in regard to the access to the offered business
capabilities; in case of the access through cloud, they will concern the functionality
and the quality of cloud’s implementation. Thus, aside from setting the basic goals for
facilitating the delivery of capabilities through the cloud, recalling Section 2.3,
availability of services, performance, security, and integration with in-house ICT
resources, can also be of high importance to enable constant and smooth delivery of
cloud services. Once these objectives are modeled as goals in a capability model and
prioritized appropriately, they are linked with concrete Goal KPIs, which will set
further requirements for certain Capabilities.

Once a capability Pattern requiring a delivery in the cloud is designed, it will be
realized through a Cloud Service, which will offer a IaaS, PaaS, SaaS, or a combination
of those models (see Figure 1). Following further common proposals for the cloud
architecture [20], [21], the implementation of a chosen cloud model will be supported by
Service Components, where one or more are used to realize a required Process Variant.
Here, Business Service Components represent the set of business-related services, such
as Order Management, Pricing, etc. Operational Support Services represent the set of
management and technical-related services, such as Service Delivery Catalog, Service
Automation Management, Virtualization Management, etc. [20]. Both the design and the
reusability of those service components is enabled through the capability model, i.e.
through Patterns with their related Process Variants and Resources.

Concerning the management of resources in the capability delivery in the cloud,
the meta-model enables the selection of the needed resources for a delivery through
Cloud Resources. At runtime, the resources are monitored through context-related
KPIs to facilitate the change in their use, as the context changes.

4 Case Study

To exemplify the proposed approach for capability modeling and aligning with cloud
services, we present a case from the EU FP7 project EnRiMa — “Energy Efficiency
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and Risk Management in Public Buildings” (proj. no. 260041). The objective of the

EnRiMa project is to develop a Decision Support System (DSS) for optimizing

energy flows in a building. Both, long term strategic investments in building energy

technologies, as well as short term operational planning are considered. The EnRiMa

DSS should perform the following core functionality:

(1) Importing data from various sources, such as, pricing data, weather data from
sensors and forecasts, as well as operational data from Building Energy
Management Systems (BEMS),

(2) Setting up parameters for decision making,

(3) Setting target temperature for optimization,

(4) Optimizing energy flows in a building, as well as

(5) Viewing optimization results and feeding temperature set points into BEMS.

Goal 1: To offer energy flow
optimization services

’—>

Goal 2: To offer decision
support for strategic
investment planning

‘ ». T <
» <
or

Goal 3: To offer operational
energy flow optimization

requires

Goal 5: To offer template based Goal 6: To offer energy flow

operational energy flow optimization optimization with full energy audit
with manual data integration and integration with BEMS
\ \
requires requires
. . Capability: Capability:
Capability: _Strateglc Operational planning Operational planning
planning . . ) .
in passive mode in active mode

Fig. 2. Business goals and capabilities for key variants of the EnRiMa DSS

In this paper we analyze the delivery aspects of the DSS with respect to using
cloud services. The DSS needs to exchange data with the BEMS, where a key
challenge is the use of ICT in the building. Older buildings have older ICT
infrastructure and may not have real BEMS; newer building most often have BEMS
with a possibility to integrate with the installed energy technologies. As a result, in
older building the data exchange may require manual interventions. Figure 2 shows a
Goal Model fragment addressing the two alternatives of offering operational energy
flow optimization.
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Goal 5 and 6 define the alternatives depending on the presence of, and of the
integration possibilities with the BEMS. By analyzing the goals and application
contexts we can elicit three capabilities:

e  Strategic planning providing the building operator and other stakeholders with
decision support for investment planning based on historical data and
scenarios for prices and weather.

e Operational planning in passive mode providing operational planning based
on template based energy audit and human assisted or manual input of data
into DSS and manual input of temperature set points for the next 24 hours into
the system used for controlling.

e Operational planning in active mode providing operational planning based on
full energy audit, and daily update of sensor data and automatic transfer of set-
points into the BEMS using the BACnet/IP protocol.

Tables 2 to 4 present different context sets for the capabilities shown in Figure 2, as
obtained using the context categories from Table 1 as guidelines.

Table 2. Context Set for Capability: Strategic Planning

Context Type | Relevance Availability | Feature Time Location
Subjects
Weather data | Provides Yes, as cloud | Date of last | Every day Not relevant
provider weather data | service update
Pricing data Provides Yes, as cloud | Date of last | Every day Not relevant
provider pricing data | service update
Objects
BEMS For data input | No Not relevant | Not relevant | At the
and output building site
Sensors For building | No Sensor Every 15 min | At the
environment, readings building site
weather

Table 3. Context Set for Capability: Operational planning in passive mode

Context Type |Relevance Availability | Feature Time Location

Subjects

Weather data | Provides Yes, as cloud | Date of last | Every day Not relevant

provider weather data | service update

Pricing data Provides Yes, as cloud |Date of last | Every day Not relevant

provider pricing data | service update

Building Update Yes Not relevant | Every 24 At the

operator energy usage hours building or
and weather remotely
data

Objects

BEMS For data input | No Not relevant | Not relevant | At the
and output building site

Sensors For building | No Sensor Every 15 min | At the
environment readings building site
and weather

377
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For the sake of brevity we have addressed only a subset of contexts that influence
the decisions to deploy the DSS as cloud service or locally. The capabilities and
contexts were elicited collaboratively and iteratively by analyzing the goals and
generic processes of deploying the DSS (not shown here).

Table 4. Context Set for Capability: Operational planning in active mode

Context Type | Relevance Availability | Feature Time Location

Subjects

Weather data | Provides Yes, as cloud |Date of last | Every day Not relevant

provider weather data | service update

Pricing data Provides Yes, as cloud | Date of last | Every day Not relevant

provider pricing data | service update

Building Enters Yes Not relevant | Every 24 At the

operator optimization hours building or
targets, e.g remotely
desired temp.

Objects

BEMS For data input | Yes Not relevant | Not relevant | At the
and output building site

Sensors For building | Yes Sensor Every 15 min | At the
environment readings building site
and weather

Environment

Communicatio |To integrate | Yes Not relevant | Not relevant |Local ICT

n protocol with the systems

BACnet/IP BEMS

In the reminder of this section we will discuss capability delivery options.

The delivery of the capabilities in Figure 2 and their contexts shown in Tables 2-4,
requires the activation of different process variants for the base processes such as
Payment, Data Isolation, etc. For example, the delivery of the capability “Operational
planning in active mode” requires integrating DSS with the local BEMS to feed back
the temperature set-points, while the capability “Operational planning in passive
mode” makes use of a manual process variant for adjusting the system.

As indicated in the meta-model (Figure 1), the selection of delivery for the service
components also partially determines the process variants that need to be used. To
exemplify how the notions of process variants and patterns can be used to determine
the consequences of the delivery options, and hence the needed process variants, we
here discuss the options of having the EnRiMa DSS service components deployed
locally or as cloud services. To start with, delivery via a local installation or via the
cloud can be considered as two separate delivery patterns. Each of these patterns has
their own sub-patterns with associated process variants (see the meta-model, Figure
1). To exemplify how the choice of a delivery pattern (cloud or local) affects the
choice of sub-patterns, we use three base processes. For each of the three processes
we describe the process variants to be used in the cloud delivery case and in the case
of a local installation, as well as their implications for the EnRiMa case:
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Payment process. Variants: pay-per-use, one-time fee. For cloud delivery it is rational
to let the users of the DSS to pay a monthly or yearly fee, since the use of a cloud
platform will incur cost for the provider. For a local installation it can be assumed the
organization buying the service will provide own hardware, thus allowing a one-time
fee. In the EnRiMa case it is likely that other services (e.g. energy audits) will be
performed by the organization providing the DSS, thus this points toward using a
flexible pay-per-use fee.

Data isolation process. Variants: single-tenancy, multi-tenancy. While using a local
installation there is no need to separate data belonging to different organizations —
each organization will have their own data storage. However when using the cloud
delivery, it is efficient to use the same data storage, according to a multi-tenancy
model. For the cloud delivery pattern it thus makes sense to have a separate service
component that ensures that all data stored are tagged with the correct organizational
origin. In the case of the EnRiMa DSS, the system will not handle sensitive data.
However other applications might consider an operational service component that
performs encryption when running in a multi-tenancy environment.

Deployment and update process. Variants: Local installation scripts, cloud upload.
The deployment of software to the cloud and locally can differ, thus to support both
cloud delivery and local installations there is a need to have separate process variants
for each. Some cloud platform, such as Amazon EC2 IaaS service, support the upload
of pre-configured virtual machines, while others, such as Google App Engine PaaS
service requires the service components to have specific format compliant with the
platform. In the EnRiMa DSS case the DSS user interface services component is
developed in a format that is easily transferrable to Google App Engine PaaS,
however the optimization algorithms will need specific software, thus requiring a
more flexible IaaS deployment.

The above process variants are examples of how an enterprise wishing to consider
the cloud capability delivery needs to find variants of their processes, and eventually
package them as patterns for efficient reuse and development of new capabilities.
Further areas to consider is how the run-time performance is monitored, that is, how it
is ensured that the capability are delivered within the context it was designed for. For
this purpose the defined context-KPIs can be used.

5 Overview of Capability Driven Development

The capability driven approach based on the capability meta-model proposed in
Section 3 is supported by a development methodology and a development
environment. The development methodology, as initially outlined in [22], consists of
three cycles, namely, Design, Delivery and Updating. The design cycle covers the
design perspective of the capability development, the delivery cycle covers the
delivery perspective of the capability development, and the updating cycle uses
capability delivery experiences to create new and update existing capability delivery
patterns. The three cycles are supported by the capability driven development
environment (Figure 3). The main components of the environment are the capability
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design tool for the capability design, cloud services for the capability delivery, and the
context platform for capturing context data.

The capability design cycle starts with capability modeling as defined by the meta-
model. Existing enterprise models and/or architecture models will be used at this stage,
and the capability designs integrated with those models. The modeling is supported by the
capability Modeling Module, which is integrated with the overall enterprise architecture
proving information about available assets and resources as well as enterprise goals and
processes. The capability modeling purpose is to capture business goals, KPIs and
business processes on a generic level. The capability modeling is followed by
identification of appropriate patterns for capability delivery. The patterns are stored in the
Repository of Patterns, and the Composition Module provides means for combing
individual patterns. The capability delivery is composed in a way to allow for multiple
process execution variants [26]. At the design stage, the context platform provides
specifications of available context data and these are mapped with the capability context
set. The Integration Module binds patterns with the corresponding executable components.

. Enterprise architecture
( Cloud Service \ P

SaaS [~ / \
>
2_F Capability design tool
f o 2 \
PaaS | > S Modeling module
= Q
KPI S N S
8 z 2
\/ — Composition module .g o
o ®
Adjustment WV g a
algorithms &«
\ J f Integration module

J

N

J] Context platform

laaS

.

Fig. 3. Capability driven development environment

The result of the capability design cycle is a business capability developed and
software implementing this capability, called Capability Delivery Application (CDA),
which is delivered as a cloud service. Technical requirements towards the cloud
service can be represented using a service provisioning blueprint [27]. Based on the
models and available platforms the best option for deployment can be selected. As
discussed in the EnRiMa case description in the previous section, the deployment
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could be made to different cloud platforms. The selection of platform is supported by
the use of patterns. Given that each pattern is associated with a set of measurable
properties, it is possible to match a defined deployment environment (such as Google
App Engine) to the given context.

The context is provided by the context platform [28] in a standardized format (e.g.
XCoA). CDA is deployed in the cloud platform, and some parts of capability delivery
can be provided as cloud based software services. During the delivery cycle, CDA
uses KPI indicators for monitoring capability delivery and run-time adjustment
algorithms (AA) to change capability delivery with regards to the changing context.

In response to the changes in the context, the adjustment algorithms can switch
from one capability delivery process variant to another or provision additional
computational resources from the cloud services. If the context changes cannot be
accommodated in the run-time and the patterns used are no longer applicable for the
given context, the capability design cycle is repeated and capability delivery patterns
are updated in the repository of patterns.

6 Conclusion and Future Work

We have proposed to support the design of business capabilities by using enterprise
modeling techniques as a starting point, and to employ model-based patterns to
describe how the software application can adhere to changes in the execution context.

Concerning the delivery of business capabilities, we have considered the cloud
architecture, with the following motivations — the rationale for cloud computing lies in
the significant scalability and resource virtualizations, but economic viability forces
cloud providers to manage suppliers’ contracts based on actual demands. Our meta-
model for capability design and deployment resolves this by enabling the delivery of
varying business capabilities according to different business contexts. Furthermore, cloud
offerings need business level assessments and the optimization of the usability in
different business contexts. With the proposed approach business modelers will be able
to motivate the business requirements for the cloud using goals and KPIs in accordance
to changing contexts. The solution will also facilitate developers to structure their
systems for delivering cloud platforms to meet required business contexts.

Development of enterprise business capabilities will be achieved by modeling them
according to the capability meta-model (Section 3) and supported by the capability
development environment (Section 5). The modeling process will be based on the EM
process (see e.g. [23]), but more specific modeling guidelines for designing
capabilities, modeling context, and creating patterns will be elaborated as future work.
The modeling is based on EM components understandable to business stakeholders,
such as goals, KPIs, processes, and resources and in principle is independent of any
specific EM language. The linkage of the available enterprise components with
different business contexts is done relying on the principle of reuse and execution of
software patterns with the principle of sharing best practices of organizational
patterns. In our meta-model, patterns represent reusable solutions in terms of business
process, resources, and supporting I'T components (e.g. cloud services) for delivering
a specific type of capability in a given context.
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The aim of this research is to contribute to the business-driven application
development and the emergence of new kinds of interoperable cloud-based services
thus stimulating innovation and performance in businesses.

Regarding future work, our main interest is set to the tool support for capability
driven development, which will at the run-time facilitate dynamic adjustments of
capabilities according to changing contexts, by reconfiguring the use of processes and
service components in accordance to available patterns. Among the key challenges to
be addressed are (1) the process of capturing, creating, collecting feedback about, and
managing patterns, (2) the implementation of algorithms for their dynamic
adjustment, as well as (3) the deployment for different cloud platforms.
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