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Abstract While the service economy is growing very fast, more organizations are
reorienting their processes, tools, and products towards service-oriented applica-
tions. This service-oriented paradigm is creating new challenges and opportunities
for organizations. In this article, we discuss service science and systems, and pro-
vide a conceptual view of the service ecosystem in the context of analytical,
computational and conceptual modeling. As service scientists, our ultimate goal
should be to develop and provide a science-based approach to the dynamic, scalable,
secure, and knowledge-driven design and development of service ecosystems, while
in the process fostering the development of academic researchers and industry
professionals to work in diverse, interdisciplinary teams for engineering adaptable
solutions to distributed computing problems.

Keywords Service science - Service systems - Cloud services - Service level
agreements - Service-oriented architecture - Software-as-a-service

1 Introduction

Service, defined as the application of competencies for the benefit of another, is a
kind of performance that is exchanged for value (Demirkan 2008; Spohrer et al.
2007). The value that accrues is derived from the interactions of entities that are
known as service systems (Vargo and Lusch 2004). Service systems involve people,
processes, technology, organizations and information complemented by models,
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metrics, measurements, business rules, and related artifacts (Demirkan et al. 2009,
Spohrer et al. 2007). The goal of the service science is to understand service systems
and to design, improve, and scale service systems for practical business and societal
purposes. Let’s start with what we mean by “service.”

All services—from knowledge-intensive professions (e.g. business consultant,
physician, software engineer, legal council, financial advisor, university professor)
to labor-intensive employment in hospitality, personal services, and transporta-
tion—have shared characteristics (Bitner and Brown 2006; IBM Research 2004):

e intangible primary products (health, business data, education, etc.) that cannot
be easily transported and stored,

e value creation with an external, customer-supplied production factor (brain to be
educated, body to be cured, etc.),

e non-standardized, and

e simultaneity of production and consumption (e.g. key airline service is produced
while customer is on board) in highly complex service ecosystems.

With information and business services now the fastest growing sectors of the
service economy, and with the rise of commoditized business processes, service
oriented architectures, service oriented infrastructures, on demand computing, cloud
computing and self-service systems, there is a strong, emerging relationship between
the study of service systems and the more established study of computational systems
(Singh and Huhns 2004). Decision and business processes play a very significant role
in these service systems. The application of Information and Communication
Technologies (ICT) has the potential to enable the digital transformation of service
activities into service models and computational service components, but these
technologies can be improved through novel intelligence techniques, models and
methodologies to compete in the emerging knowledge-based economy. Growing
knowledge of ICT design, execution, storage, transmission and reuse is creating
opportunities to configure these technologies into service relationships that create
new value (Chesbrough and Spohrer 2006). More specifically, ICT provides the
means to improve the efficiency, effectiveness, and innovativeness of service
systems through: 1) facilitation of new types of services (e.g. Google, online
banking, online travel agency); 2) separation of production and consumption of a
service, thus storability, transportability, and access to knowledge-based services
(e.g. tax software, online classes); 3) coordination of service systems (e.g. online
broker systems, information markets, open innovation platforms); 4) reduction of the
costs of service production (e.g. semi- and fully automated call centers); 5)
improvement of customer-perceived service quality (e.g. ability to standardize
elements of service as well as customize to the individual when appropriate); and 6)
integration of customers into service creation and delivery (e.g. online educational
services, health information systems, business-to-business solutions).

These service systems often encounter the challenges of a highly competitive,
global economy, with high customer expectations, dynamically changing markets
and technologies, and a fragmented regulatory environment (Table 1).

Many organizations attempt to overcome these challenges through improved
efficiency, quality and speed of their operations, through mergers and networks that
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Table 1 Transition from past to

now (Adapted from Demirkan Past Now

2008) Standardization Customization
Transactions Relationships
Focus on goods Focus on services
Cost reduction Revenue expansion
Mass marketing Individual marketing
Limited information sharing Expanded communication

adapt their resource base to changing needs, and through rapid services and product
innovation. In other words, they attempt to manipulate what are perceived of as the
controllable variables within their service system. However, they often discover that
these manipulations lack the necessary scope—mainly because their service
ecosystem is much more complex than they anticipated. Changes to the scale of
service delivery may impact service quality in unanticipated ways, the introduction
of a new service may create demand for different or even more services, and service
innovations may unintentionally shift the market from a product to a service quality
focus. Unanticipated consequences result in unnecessary costs, lack of responsive-
ness to customers, and missed opportunities for innovation. For example,
manipulating the computer information systems within a service system can result
in fragmented service delivery [e.g. see Table 2, adapted from (Rai and
Sambamurthy 2006)]. Reduced fragmentation and complexity, improved efficiency,
and higher levels of agility in service systems can only be achieved when multiple,
complex trade-offs are carefully balanced. The ability to assess these types of trade-
offs are among the key skills of next generation change agents, and an inter-
disciplinary perspective to nuances associated with such tradeoffs will be key
educational and research ingredients.

A services research agenda requires addressing service and technology manage-
ment strategy that can integrate the heuristic nature of designing, modeling,

Table 2 Challenges of fragmentation: business and ICT processes in selected service industries

Health Fragmented processes across payers, providers, and hospitals
care Poor quality of patient records

Accelerating costs and slow responsiveness

Financial Under-utilized data and silo structures

Banking Diminishing customer loyalty with deficient products and services

Electronics Challenges in transitioning from mass production to configure-to-order supply chains that
achieve productivity and customer responsiveness

Retail Fragmented systems and under-utilized information across the supply chain from track-and-
trace innovations (e.g. radio frequency identification)

Telecomm Incomplete view of customer because of fragmented systems for billing, customer care,
self-service, and activation of services

Overall Challenges with resource, capacity, risk, human, technology, communication, information,
customer, market etc. management challenges, issues and opportunities
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representing, and warehousing best practice business processes. This research
agenda also requires extending traditional services science semantic approaches,
development lifecycles, tools, and standards for the context of business process
execution, intra-ecosystem stability/self-organization, inter-enterprise collaboration,
and an ‘enterprise physics’ that remains to be elaborated. Designing and utilizing
manageable models of sophisticated service systems requires specific approaches
for modeling languages, techniques, tools and methodologies. Service modeling
techniques need to address the diverse aspects of service systems while also
embracing the wealth of existing modeling approaches from associated disciplines
and application domains (Demirkan and Spohrer 2010). Our aim is to facilitate an
exchange and evolution of ideas on the above topics across multiple disciplines and
to encourage participation of researchers and practitioners from academia and
industry by joint discussions on service modeling issues.

This special issue on the Analytical, Computational and Conceptual Modeling in
Service Science & Systems is the culmination of the Decision Technology, Mobile
Technologies and Service Science Track of the Hawaii International Conference on
System Sciences. The topic of the mini-track led to a wide variety of submissions
representing the growth of the modeling in service science and service systems. This
special issue focuses on this paradigm, reviews the modeling need for the science of
service, investigates its tenets and evaluates relevant modeling approaches to
architecture, infrastructure, business processes, workflows and strategy. The five
papers accepted for the special issue investigate these issues in different ways.

In the next section, we provide our view of service science, systems (that we
define as a service eco-system) and modeling. The papers that comprise this special
issue are introduced in section three. In the last section, we discuss some of the
major research questions and conclude the special issue.

2 Service science, service systems and modeling

Service science, service systems, service-oriented technology and service-oriented
computing have evolved as a new paradigm for enterprise systems development,
supporting intra-enterprise and inter-enterprise collaboration through access to
autonomous, implementation-independent interfaces to software and data services
(Singh and Huhns 2004). Figure 1 provides an architectural view of the layers that
typically exist in the Service-Oriented Ecosystem, ranging from low-level
technology layers to infrastructure layers to application services layers to top-level
business processes. These top-level processes represent the strategy and knowledge-
intensive business processes that drive the ultimate purpose of the enterprise system,
adding value to the organizations involved in the collaborative activity. This
architecture contains components that are called service-oriented architecture
(SOA), service-oriented infrastructure (SOI), and so forth. OASIS defines service-
orientation as, “A paradigm for organizing and utilizing distributed capabilities that
may be under the control of different ownership domains. It provides a uniform
means to offer, discover, interact with and use capabilities to produce desired effects
consistent with measurable preconditions and expectations” (OASIS 2006).
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Currently, production of majority of the information systems researchers and
industry professionals is aligned with the horizontal layers in Fig. 1. Service-
orientation and the prevailing global shift to a services-based economy, however,
have together altered the delicate equilibrium between computing infrastructures
and the support they provide for business processes. In the emerging services model,
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the infrastructure for provisioning services in the ecosystem is characterized by
market-driven volatility—business services. This volatility has major implications
for dynamic sourcing, and resource and capacity management strategies, requiring a
deeper knowledge of how volatility affects interoperability within the horizontal
layers and through vertical cross-sections of the layers—a concept that IBM refers
to as component business modeling (Demirkan et al. 2009). These dynamic sourcing
strategies also imply a need for intelligent and autonomic behavior with respect to
participation in collaborative activities (Martin-Flatin 2006), and the support of self-
monitoring, self-healing, and self-management of the service environment in
response to the dynamics of the business-to-business (B2B) context as well as the
business-to-customer (B2C) concept of self-service (Kephart and Chess 2003). We
call this environment a service ecosystem. The term ecosystem was originally used
in a computing context by Huberman and Hogg from the Xerox Parc Palo Alto
Research Center (Huberman and Hogg 1993), referring to the oscillatory and
chaotic behavior that can exist in distributed computational environments.
Understanding the complex switching costs for acquiring and interconnecting
new services while un-connecting others—and simultaneously provisioning the live
services necessary for enterprise continuity—must capture the essence of collabo-
ration with others as an ill-understood ecosystem that is constantly balancing
conflicts, such as open versus secure, dynamic versus stable, standardized versus
differentiated, innovation versus process (Huberman and Hogg 1993). The
concomitant consumption, co-production, and delivery of services require new
scientific foundations, research methodologies and trained scholars to investigate
emerging equilibrium issues and to realize self-alignment principles.

Service science is at a stage in evolution where it needs to move from conceptual
frameworks to the development of analytical and computational models which are
integral instruments in the process of scientific inquiry. Models are representations
of complex real-world processes and come in many different forms. Analytical
models from the fields of operations research and management science (OR/MS)
include optimization, dynamic programming, network flows, Markov chains, and
econometrics. Computational models draw from the various fields of simulation
including discrete event simulation, Monte Carlo simulation, system dynamics, and
increasingly, agent-based simulation. Conceptual models such as entity-relationship
(E-R), structured modeling (SM), uniform modeling language (UML), and ontology
workflow language (OWL) are used in the design of database, operations research/
management science (OR/MS), information and knowledge flow systems
respectively.

3 Papers in this special issue and research agenda

This special issue focuses on the advancement of service science research and
theory by application of analytical, computational and conceptual modeling
paradigms to service science management and engineering domains. All five
articles herein deal with decision models in one form or another: risk management
for service level agreements (SLAs), service provider selection in loosely coupled
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electronic markets, security SLA specification for inter-organizational value
networks, a semantically interoperable architecture for linking decision models,
predictive analytics models as a service and large-scale agent-based simulation as a
service.

The first two papers in this special issue both leverage predictive probabilistic
models for resource management allocation in service environments. “Probabilistic
Versus Possibilistic Risk Assessment Models For Optimal Service Level Agree-
ments in Grid Computing” by Christer Carlsson and Robert Fuller, is an excellent
example of applying analytical modeling to the very complex problem of designing
service level agreements in grid computing environments. They apply predictive
probabilistic and fuzzy nonparametric regression techniques respectively to develop
two risk assessment profiles, the probabilistic and the possibilistic, for assessing the
risk of a service level agreement (SLA) for a computing task in a cluster/grid
environment. The predictive probabilistic model approximates the probability that a
particular computing task can be executed whereas the possibilistic model estimates
the degree of possibility of success for this same task. These estimates serve as
decision bookends for a resource manager who may choose the more risk-averse
probabilistic model, the less risk-averse possibilistic model or some hybrid
combination of the two.

Daniel Soper’s paper, “One Step Ahead: Using Predictive Inference to Select
Service Providers in Loosely-Coupled Electronic Markets,” also employs predictive
inference models, but in a more general market-based context and with quite a
different objective. Using simulation technology, he examines the hypothesis that
“customer organizations in a loosely coupled service provider electronic market can
achieve superior outcomes by using predictive inference to select service providers
when compared to competing customer organizations who behave opportunistically
in the selection of such providers”. His simulation results suggest that organizations
using simple linear regression to select service providers significantly outperform
“opportunistic” organizations independent of the latter’s optimization criteria. This
is a rather striking display of the value of even simple modeling in decision support
as echoed by the Kridel and Dolk paper below. Soper’s simulation uses a very
generic and high level market model that is not tethered to any specific application
domain. It would be interesting to see whether his simulation could be adapted to
the grid computing environment described by Carlsson and Fuller in order to
investigate what impact his predictive inference models may have on risk
management and mitigation.

“Taking Value-Networks to the Cloud Services: Security Services, Semantics
and Service Level Agreements” by Haluk Demirkan and Michael Goul addresses
the very complex problem of how to design the security dimension of cloud based
value networks comprised of multiple, loosely federated organizations. This
scenario is much more complicated than the single service provider-single customer
situation because a value network will have multiple security-based objective
functions deriving from its constituent organizations, all of which must be
coordinated into a security services bundle in such a way that each organization is
satisfied with the outcome. By following design science approach, they propose a
cloud service broker model—using semantics and SLA based middleware—to serve
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as a trusted interface between the enterprise, cloud service providers and other
organizations collaborating in a value-network. The authors develop a process-
driven and semantics-driven conceptual model of dynamic negotiation that first
identifies fundamental patterns of collaborative relationships that typically arise in
value networks, and then decomposes the security services bundle decision into a
set of distinct categories where each category is associated with a specific pattern.
Each organization in the value network can then select from the mix of collaborative
patterns that are most closely associated with its own strategy, goals and risk profile.
The conceptual model consists of six fundamental patterns based upon a
contingency table with Centralized vs. Distributed Authority as the rows and
Person—Person, System—System and Person-System partner exchanges as the
columns. The authors focus upon the most dynamic and complex of these patterns,
Person-System exchange with Distributed (Decentralized) Authority, and discuss
design requirements for the Online Dynamic Negotiations Approach necessary to
implement the security services relevant to this pattern. Specifically, they present a
business process-driven Trust Repository design to express trust rankings within a
value-network based upon common semantics which can be directly translated into
SLA clauses. This flexible approach contributes scope and theory-based perspec-
tives to the security services bundling decision, and enables IT governance for
value-network cloud services. The architectural requirements adapt design princi-
ples for infrastructure management tailored from approaches to how business cartels
historically conducted secure business dealings.

The three articles described above deal with how decision models can be used to
implement domain-specific service system applications. The remaining articles in
this special issue turn this perspective on its head and explore how models can
themselves constitute service systems. Specifically, they all concerned with
software as a service (SaaS), a model of software deployment where an application
is hosted as a service provided to customers across the Internet with the following
characteristics:

e There is network-based access to, and management of, commercially available
software;

e Activities are managed from central locations rather than at each customer’s site,
enabling customers to access applications remotely via the Web;

e Application delivery is typically closer to a one-to-many model (single instance,
multitenant architecture) than to a one-to-one model, including architecture,
pricing, partnering, and management characteristics;

e There is centralized feature updating, which obviates the need for end-users to
download patches and upgrades;

e The software as a service is frequently integrated into a larger network of
communicating software - either as part of a mashup or as a plug-into a platform
as a service (Demirkan and Goul 2010).

Of particular interest to our special issue is the application of SaaS to decision
models in what we call {decision} models as a service (MaaS) (Bhargava et al.
1997). MaaS can be thought of as the application of Semantic Web philosophy and
technology to the dynamic integration of decision models and their associated data,
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a distributed network-centric view of modeling. The objective of MaaS is to make
modeling resources more readily available and reusable to the community of
decision-making users.

A classic example of MaasS is presented in “On Semantic Annotation of Decision
Models” by Amit Deokar and Omar El-Gayar, which deals with the management of
distributed models and data that form the “back stage” of service systems. One of
the biggest challenges in interoperability is how to capture application-specific
semantics in a sufficiently general way to link with other semantic models. This is
particularly acute when thinking about how to reuse and integrate decision models.
Given the global nature of service value chains, there is even more demand for
managing, sharing, and reusing heterogeneous and distributed resources, both
within and across organizational boundaries. Model management systems, which
focus on the management of decision models, need to deal with representation,
storage, and retrieval of models in such distributed settings. However, existing
model representation formats do not adequately support interoperability, accessi-
bility, and contextual information vital for distributed settings. The authors propose
a remedy to this shortcoming in the form of a model representation scheme, the
Semantically Annotated Structure Modeling Markup Language (SASMML), which
incorporates mechanisms for linking semantic models that represent problem
domain knowledge concepts. The SASMML model representation technique
leverages recent advances in the areas of semantic web and semantic web services
which are amenable to a scalable service-oriented architecture for managing models
in distributed environments. New service systems will have to be able to use
representation techniques such as SASMML in order to integrate existing resources
in innovative applications.

The final paper deals with the topic of Software as a Service (SaaS), in the form
of advanced modeling and simulation capabilities for clients who do not have the
resources or expertise to develop complex modeling applications. “Automated
Self-Service Modeling Predictive Analytics as a Service” by Donald Kridel and
Daniel Dolk describes a knowledge-base driven automated modeling system for
customer targeting applications. The automated modeling approach that they
proposed is designed to cost-effectively assist businesses in their targeting
activities—independent of the firm’s size and targeting needs. This system
constructs predictive logistic models dynamically created from clients’ data in
conjunction with national demographic databases. This effectively provides
advanced data mining capabilities for small-to-medium businesses for whom
customer targeting is a critical success factor, but who cannot afford the required
software and/or analytical model development resources. MaaS application shows
one way in which decision technology can be used to leverage the substantive
benefits of higher level analytical modeling for clients with lower level modeling
sophistication.

Taken together, the five exemplar papers selected in this special issue highlight
the increasing need for research on analytical, computational and conceptual
modeling in service science and systems, and seek answers to some of the important
questions for the service orientation and transformation.
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4 Conclusions

Today, the service economy, service orientation and service transformation are
growing exponentially. For example, as part of being ICT transformation, the
Internet has significantly affected the manner in which most organizations conduct
business. Within a single organization, information, data and software services can
be highly distributed and deployed among multiple computing platforms. Most
organizations must also compete on a global scale, participating in collaborative
service systems with their service oriented computational capabilities by conducting
electronic business through contact with distributed service providers. Another
example can be, more and more product companies are in a process of transforming
their product oriented structure to more service oriented.

The articles in this special issue clearly only scratch the surface of the
possibilities for research in the analytical, computational and conceptual modeling
domains of service science. What we hope they have demonstrated, however, is the
fertile ground available for further research and the value of applying increasingly
quantitative approaches to analyzing and developing service systems.

This new approach to service-oriented computing will “pose daunting challenges
to every user,” and will cause an upheaval that has never before been witnessed in
the history of information technology (Carr 2005). Advancements for conducting
commerce in a service-oriented model will only occur by coupling a hard sciences
foundation with a cultural change in the education and research process—one that
brings computing, engineering, and business researchers together to study integrated
solutions to the difficult challenges of autonomic service computing. This
interdisciplinary approach to research and education is essential to the success of
the service sector of businesses that drive our economy and quality of life.

This special issue of the Information Systems and e-Business Management
attracted state-of-the-art research submissions that investigate new model design
and management ideas related to service-science and service-oriented paradigm. A
key criterion in the review process was a recognizable contribution to analytical,
computational and conceptual modeling in service science & systems. We also
stressed the importance of managerial relevance and the implications of the
research. So to bring this scholarly discourse into the IS discipline more fully, we
needed to ensure that the selected papers meet the recognized standards for
scholarly research and make contributions to management practice.

The guest editors would like to extend our thanks to the anonymous reviewers of
these articles. They contributed vital time and effort to help us shape the research for
publication, and their ideas, suggestions and critiques are central to the success of
the final products. We also would like to thank the Editor-in-Chief, M.J. Shaw for
his encouragement and guidance on this special issue project. We further would like
to acknowledge the commitment that the authors of the articles in this special issue
made to produce high quality work on an expedited schedule for development. Their
cooperation and willingness to cheerfully accept and implement the review teams’
suggestions were warmly welcomed by us, and made it possible for our work
together to be successful. Finally, we hope that the published contents of the special
issue will encourage the authors whose papers didn’t make it into the special issue to
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continue their research, and to find even greater impetus for making new
contributions to knowledge in service science through some of the examples of
the research that they find here.
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