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Abstract
In the context of decision support systems, a model
management system (MMS) is analogous to a database
management system providing support for the various
phases of a modeling life-cycle while insulating user from
the physical aspects of model base storage and
processing. An underlying premise is the recognition of
models as a resource that need to be managed and
modeling as an activity that need to be supported within
organizations. The recent developments of the web and
distributed computing environments is creating ever
increasing demands for sharing and reusing
heterogeneous models over corporate intranets and the
Internet.
To this end, this paper presents a semantic web
services-based architecture for MMS. The architecture is
based on service-oriented principles and web services
standards to support model sharing and reuse in a
distributed environment. Integral to the architecture is the
use of ontologies and artificial intelligence (AI) planning
techniques to facilitate model composition. We
demonstrate the features and advantages of the proposed
architecture using representative examples. We conclude
with a discussion of the current state of implementation
and plans for future work.

1. Introduction
Modern organizations are faced with numerous
information management challenges in an increasingly
complex and dynamic environment. Vast amounts of data
and myriads of models of reality are routinely used to
predict key outcomes. Decision support systems (DSS)
play a key role in facilitating decision making through
management of data and models. The basic thrust of such
applications is to enable decision-makers to focus on
making decisions rather than being heavily involved in
gathering data, and conceiving and selecting analytical
decision models [1].
Internet technology has brought many new
opportunities to conduct business electronically, leading
to increased globalization. Managers and decision makers
are increasingly collaborating in distributed environments
in order to make efficient and effective use of

organizational resources [1]. Thus, the need for
distributed decision support in general and model
management in particular is more today than ever before.
This has attracted significant attention from researchers in
information systems related areas to develop a computing
infrastructure to assist such distributed model
management [2].
As noted above, models form a key component of
typical DSS. Models can be conceived as specific
formulations of decision situations amenable to certain
problem solving techniques, such as simple linear
regression, or an LP product mix formulation. Examples
of models include, a demand forecasting model for
predicting customer calls in a call center, a production
planning model to decide optimal product quantities to be
produced.
Supporting
the
modeling
life-cycle
encompasses variety of functionalities including
description, manipulation, integration, composition,
execution of models [2]. The plethora of models and the
recognition of models as a corporate resource are creating
ever increasing demands on model sharing and reuse with
particular emphasis on model composition, i.e.,
leveraging existing models by linking a sequence of
models to develop a composite model [3].
A number of model composition approaches have been
reported in the literature [2]. Nevertheless, model
composition remains a challenging and a resource
intensive endeavor in terms of generating an appropriate
sequence of models by searching available model
resources. Also, in many instances, partial solutions may
be available or models may fail during execution.
Adaptation and re-composition becomes an important
issue in such cases. Especially, providing automated
support for model composition and execution in
distributed settings is an ongoing area of research.
In this paper, we focus on supporting model sharing
and reuse by facilitating automated model composition
for distributed model management. Service-oriented
paradigm has evolved over the past few years as a prime
technology candidate to support distributed applications,
and interoperability across platforms and data sources.
We propose such a service-oriented architecture for
addressing model composition in distributed setting.
Moreover, we leverage advances in semantic web and
ontologies, as well as AI planning techniques for effective
model composition and execution.
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The remainder of the paper is organized as follows:
Section 2 briefly presents a set of motivational examples
for distributed decision support while Section 3 provides a
brief literature survey of research in the areas of model
management, distributed model management, and model
composition. Section 4 presents relevant concepts and
research pertaining to ontologies and the semantic web.
Section 5 discusses the potential synergy between models
and services. Next, section 6 proposes a service-oriented
architecture for distributed model management
emphasizing the mechanics of model composition using
relevant standards from the semantic web research as well
as application of Hierarchical Task Network (HTN)
technique for service planning. Further, section 7 provides
a case study illustration of the key concepts followed by a
discussion of the current state of implementation in
Section 8. Finally, the paper concludes with related
discussion and future work in Section 9.

2. Motivating examples
Table 1. provides a representative list of examples of
distributed model management application domains.
According to Goul and Corral [4], enterprise modeling
refers to the activities, process representations and
conceptualizations of an enterprise. The objective is to
improve enterprise integration and support analysis of an
enterprise. Such models are more likely to exist as a
collection of models rather that one monolithic model [5].
As envisioned by Ba et al. [5], a critical element of an
enterprise modeling framework is the ability to automate
building and executing task-specific models (from
existing model fragments) as needed in response to user
generated requests. Recent work by Sen at al. [6] further
extends this notion by proposing an architecture for
dynamic and inter-organizational decision support. The
framework proposed in our paper complements Sen et al.
[6] proposed architecture at layer 2 “Unified Enterprise
Modeling Language (UEML) representation of models”
and layer 3 “Decision Support Environment (DSE)
middleware” with a particular focus on decision models
supporting enterprise decision making processes.
The proliferation of decision technologies in
organizations has been hampered by a number of
problems that are not normally encountered by software
where a “mass market” exists [7]. From a user’s
perspective, examples of these problems include:
awareness of the existence of relevant tools and models,
access to relevant technologies, compatibility with
existing infrastructure and tools, and interoperability with
diverse data sources, models, and tools.
While the concept environmental management is not
necessarily new, the emphasis on sustainable
development has been gaining significant momentum
since the Brundland Report [8]. Nevertheless,
environmental management is a complex endeavor and

provide rich application domain for decision support
systems. Specifically, environmental DSS are often used
to handle ill-structured problems where the structure of
the problem and its associated solutions is developed
progressively over time using a variety of data sources,
analysis models, and visualization techniques.
Implementation of such systems must be able to assemble
various decision support components to meet the
requirements of the problems at hand while catering for
the complexity of such tools [9]. With respects to analysis
models, a land zoning model may be augmented with a
hydrological model to be able to handle water quality
issues related to land zoning decisions, a tidal flow model
may be connected with a surface flow model as in the
HYDRA DSS, simulation models for smog analysis
(DYMOS) may be linked to a traffic flow (DYNEMO) to
assist with environmental planning, and a geographical
information system module may be with a transport
model for depicting transport phenomena. Moreover, in
environmental management the situation is further
compounded by variety, heterogeneity and multiplicity of
analysis models and tools [10]. Such models are often
developed independently with different data requirements
(both from a semantic and syntactic perspectives).
Table 1. Motivational examples of distributed model
management application domains.
Application area
Enterprise modeling and dynamic decision support
Electronic markets for decision technologies
Environmental management and sustainable development
Scientific workflows
Crisis management
Healthcare and distributed decision support
Supply chain management
The scientific community also encounter situations
similar to those encountered in environmental
management where there is a need to assemble a
collection of models to address a particular analysis
problem. Such models are often developed independently,
are distributed, and have their particular semantic and
syntactic requirements. [11]
Another promising application domain demonstrating
the need for the composition of distributed models is in
crisis management. For example, weather models may be
linked to various crop yield models, which in turn may be
linked to macro-economic models to analyze the effect of
various crises on the food supply sector as well as the
entire economy. Such models may be region specific and
may be different to accommodate the possible
heterogeneity in the available data across regions. Other
notable application areas are healthcare and clinical
decision support, and supply chain management.
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3. Model Management
Model management encompasses variety of
functionality including model description, model
manipulation, scheduling, execution, and information
display. Research in the area of model management has
been ongoing since the 1980s. The initial thrust of this
research was motivated by management science and
operations research applications (e.g., Geoffrion’s [12]
structure modeling approach). While a comprehensive
review of the model management (MM) literature can be
found elsewhere [2, 13, 14].
Distributed model management has, since the mid1990s, become critical with increased globalization
demands. Advances in distributed computing have been
leveraged by researchers to address this problem, some of
which are mentioned here. DecisionNet, described by
Bhargava et al. [7], is a prototype of a web-based
architecture for sharing decision models. It is based on the
idea that decision models can be shared by model
providers and model consumers through a centralized
registry mechanism, where models can be registered and
located. A data warehouse based approach for model
storage has been proposed by Dolk [15], utilizing [12]
structured modeling approach for representing models.
Huh and Kim [16, 17] proposed a framework for
distributed
collaborative
model
management,
emphasizing coordination and propagation of changes in a
model base on a real-time basis. Iyer et al. [18] recently
proposed a web services architecture for model sharing
and reuse of spread sheet models while Ezechukwu et
al. [19] proposes an architecture for supporting distributed
optimization over the Internet. Recently, Madhusudan
[20] presented a framework for distributed model
management based on web services. The framework
utilizes the integrated Service Planning and Execution
(ISP&E) [21] for composing web services.
In this research we extend the current literature along a
number of dimensions. Specifically, the architecture is
distributed in the true sense, in that, even the model
management functionalities are exposed as web services.
This is contrary to many distributed model management
approaches discussed earlier, where although model
resources are distributed, the model management
functionalities reside in a centralized manner. This
approach has a major advantage that a decision maker can
query, compose, or deploy models using only a thin
client, without bearing the burden of model management
computations.

3.1. Model composition
Model composition is the problem of generating a
sequence of models from a library of available models in
response to a particular decision-making situation. Model
composition is an important component of model
management in the decision support context, where

decision models are desired to be composed together from
individual model units. It is often used interchangeably
with the term model integration in the literature.
However, we try to distinguish between the two terms
based on the approach taken for synthesizing models
together. Model integration focuses on synthesizing
models at the structural or definitional level [15, 22-27].
At this level, different model schemas are integrated in a
cohesive manner. Model composition, on the other hand,
focuses on assembling models together at a functional
level [3, 20, 28-33]. In this paper, we are concerned with
the model composition aspect, especially providing
automated support for it. It can also be noted that only
few research proposals attempt to address model
composition in distributed settings [5, 7, 34-36].
This research extends earlier work by emphasizing the
use of ontologies and Artificial Intelligence (AI) planning
techniques to compose distributed models in an
automated fashion. Specifically, ontologies provide the
necessary context and semantics for leveraging existing
models, while AI planning techniques provide the means
for selecting and assembling models in a manner
consistent with the problem at hand.

4. Ontologies and semantic web services
Ontologies are explicit conceptualizations (i.e., metainformation) that describe the semantics of information
resources [37]. Significant advances have recently been
made along the lines of using ontologies for reasoning
about resources available on the Web [38, 39]. Model
resources such as models, solvers, or executable models
that are distributed over the Web can lend themselves to
these advances to provide better model management
capabilities, particularly in distributed settings. In this
section, we review some of the relevant advances and
standards that are instrumental in realizing the semantic
web infrastructure and are applicable for model
management as well.
The Resource Description Framework (RDF) is a
W3C standard that builds on top of XML to provide a
data model for describing resources on the Web in terms
of named properties and values, and encoded in a formal,
machine-processable format [40]. An RDF description of
a resource consists of a set of RDF statements (or triples).
Each RDF triple consists of three parts: an object (a
resource), an attribute (a property), and a value (another
resource or plain literal).
RDF Schema (RDF-S) extends RDF by providing a
type system for RDF or an ontological vocabulary for
describing properties and classes of RDF resources [41].
RDF-S, thus provides a way to build an object model with
a semantics for generalization-hierarchies of such
properties and classes.
The Web Ontology Language (OWL) [42] goes a step
further by adding more vocabulary for describing
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properties and classes. Some examples include property
type restrictions, equality, property characteristics, class
intersection, and restricted cardinality.
Web services are a class of resources that are
distributed, similar to models. In fact, in Section 4, we
draw analogy between models and services. Essentially,
web services are self-describing, self-contained software
applications that are accessible over the Internet [43].
Web services form a corner stone of our proposed
architecture for model management systems (refer Section
6) and its relation to semantic web technologies is
discussed next.
Currently, web services are described procedurally
using the Web Services Description Language (WSDL)
[44], which lack semantic descriptions of web services.
Several research approaches have been proposed to
adding semantics to web service descriptions. Four
submissions to the W3C consortium exemplify these
approaches: OWL Web Ontology Language for Services
(OWL-S) [45], Web Services Modeling Ontology
(WSMO) [46], Semantic Web Services Framework
(SWSF) [47], and Web Service Semantics (WSDL-S)
[48].
We use OWL-S for providing semantics to models,
encapsulated as web services in our architecture, and is
briefly discussed here. OWL-S is an OWL-based Web
Service Ontology language, whose objective is to provide
a vocabulary for encoding rich semantic web service
descriptions, in a way that builds upon OWL. Service
descriptions may be provided using OWL-S that mainly
consists of three interrelated sub-ontologies for the toplevel concept Service, namely service profile, service
model, and service grounding. The service profile is used
to express ‘what a service does’, which may be used for
service advertising, constructing service requests, and
matchmaking. The service model provides essentially a
process model to describe ‘how the service works’, in the
form of inputs, outputs, preconditions, and effects
(typically called IOPE), which may be used for service
seeking, composing service descriptions, coordinating and
monitoring of service executions. However, it can be
noted that OWL-S takes the view that a process is not
necessary a program to be executed, but a specification of
the ways in which a client may interact with the service.
There can be three types of processes: atomic, composite,
and simple. Atomic processes correspond to the actions a
service can perform by engaging it in a single interaction;
composite processes correspond to actions that require
multi-step protocols and/or multiple server actions; and
simple processes provide an abstraction mechanism to
provide multiple views of the same process. Finally, the
service grounding provides information on ‘how the

service can be accessed’ by mapping the constructs of the
process model onto detailed specifications of message
formats, protocols, and so forth (typically expressed in
WSDL).

5. Models as services
Conceptually, a model as a loosely coupled
component delivering a specific functionality can be
conceived a service. Likewise, a service as an entity
abstracting underlying logic can be considered as a
model. In reference to the aforementioned principles
underlying service orientation [43], and in the context of
model management, the following is noted:
• Reuse: Much of the work underlying model selection,
composition, and integration focuses on finding ways
to leverage existing models through reuse.
• Abstraction: Models is an abstraction of reality. To
facilitate model selection and composition, models
commonly expose only the models’ description and
interface. Note that model integration with its
underlying ‘white box’ assumption is inconsistent
with service oriented principles.
• Autonomy: Similar to services, within its boundary
(execution environment), models has complete
autonomy independent of other models.
• Loose coupling: related to abstraction and autonomy,
and in the context of model selection and
composition, models are loosely coupled with other
models.
• Statelessness: models are statelessness thereby
supporting
loose
coupling
and
autonomy
characteristics.
• Composability: supporting reusability, models may
compose other models.
• Discoverability: models should facilitate their
description and discovery for consumption by other
models.
In effect, with the exception of model integration and
model interpretation, a significant synergy exists between
model management, and service-oriented technologies
and management. The next section highlights
opportunities for synergy between these two research
areas.

6. An architecture for model management
systems
A proposed service-oriented architecture for model
management systems is illustrated in Figure 1.
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Figure 1. A semantic web services-based architecture for model management systems
A number of relevant design characteristics have been
considered in this architecture. They are primarily driven
by the issues and requirements for supporting model
management during decision support in distributed
settings: (1) a single model representation format [12], (2)
representational independence of model structure and the
detailed data [12, 49], (3) representational independence
of model structure and the model solution [12, 49], (4)
meta-modeling capability to support reasoning about
models [49], (5) extensible for different modeling
paradigms [12], and (6) accessibility of decision support
resources [19].
This architecture builds on earlier work on distributed
decision systems, with a particular emphasis on model
management. The architecture is distributed in the true
sense, in that, even the model management functionalities
are exposed as web services. This is contrary to many
distributed model management approaches discussed in
Section 2.1, where although model resources are
distributed, the model management functionalities reside
in a centralized manner (see, e.g. [20]). This approach has
a major advantage that a decision maker can query,
compose, or deploy models using only a thin client,
without bearing the burden of model management
computations.
Two main aspects of the architecture are evident for
model sharing and reuse. First, semantic description of
models using OWL, provides a mechanism to reason
about their properties. Second, the semantics associated
with OWL-based ontologies of models is extensible for

describing corresponding web services using OWL-S.
These semantic web services can then be used either as
atomic model units or composed together into composite
model units to derive a solution for a particular decision
making problem. Since both atomic as well as composite
services are described using OWL-S, they can be
discovered more effectively through logic-based search
techniques, rather than just keyword based search. These
two novel aspects of model management are discussed
below.

6.1. Semantic descriptions of models
Associating semantic metadata to models and other
model resources is essential in order to reason about their
capabilities. Recent advances in ontologies and semantic
web standards, discussed in Section 3, facilitate providing
semantics to model resources through descriptions
encoded in the form of their respective domain
ontologies. Similarly, their corresponding web services as
well as other supporting web services, such as model
schema translator services, may be described in the form
of higher level ontologies, particularly designed for web
services.
Semantic descriptions of models can facilitate multiple
uses. They can provide metadata for intelligent searching,
browsing, and composing of models by decision makers.
Moreover, implicit assumptions, model uses, constraints,
and such can be explicitly captured through creation of
domain ontologies of models. In fact, certain models may
be elaborated in detail to provide, what can be termed as a
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‘white box’ representation of models. Models (or model
schemas) described using paradigms such as structured
modeling, e.g. using SMML, may be semantically
expressed to the finest level of detail with domain
ontologies. Last, but not the least, these OWL-based
domain ontologies can be extended to create higher level
ontologies with OWL-S, in order to describe models
wrapped as web services. The composer and execution
monitoring services can make use of these higher level
service ontologies to facilitate model composition
functionalities.
Shown below is a snippet of domain ontology for a
revenue computation model, described with OWL.
...
<owl:Class rdf:ID=”FinancialModel”>
<rdfs:comment>Used to compute revenues and
Income
</rdfs:comment>
<rdfs:subClassOf rdf:resource=”#Model”/>
</owl:Class>
<owl:DatatypeProperty rdf:ID=”hasOutput”>
<rdfs:domain rdf:resource=”#Model”>
<rdfs:range
rdf:resource=”&xsd;positiveInteger”>
</owl:DatatypeProperty>
...

Similarly, shown below is a snippet of the OWL-S
service ontology for the revenue computation model.
...
<Description rdf:about=”#FinancialModel”>
<hasPreCondition>
<expr:HTN-expression>
<expr: expressionBody>
((computed-price ?product_price)
(forecasted-demand
?product_demand)
(production-cost ?pcost)
(distribution-cost ?dcost))
</expr: expressionBody>
</expr:HTN-expression>
</hasPreCondition>
</Description rdf:about=”#FinancialModel”>

In essence, different models may use different model
representation techniques or languages such as SML,
DAM SQL, MDL, and LINDO. A model represented
using any such technique is described using an OWLbased domain ontology. In this regard, OWL-based
domain ontologies utilizing any such model
representation
technique
may
be
generated
computationally. Certain additional elements such as the
application domain, model purpose, and so forth, are
standardized across every model described with an OWLbased domain ontology.

6.2. Model composition approach

The overall proposed approach for model composition
is as follows. Model composition is proposed as a web
service which encodes the model composition algorithm.
The model composition algorithm itself is based on
Hierarchical Task Network (HTN) planning, which is a

class of AI planning algorithms, and is discussed later.
The semantic descriptions of models, provided in the
form of higher level service ontologies using OWL-S,
serve as a building block in how the model composer
service may function.
The user request is formulated to capture the
application context as well as to characterize the desired
state. First, upon receiving a model composition request,
the application context is used in conjunction with the
OWL and OWL-S domain ontologies to semantically
extract candidate models that may satisfy the user request
upon composition. The parameterized state representation
provided with the user request serves as an input to the
model composition algorithm. Also, the composer service
extracts the key elements of the model resources, now
packaged as web services, including the input, output,
precondition, and effects (IOPEs) from the ontologies.
Finally, the model composition algorithm is then
deployed to search the state space for potential
composition of available model resources to respond
favorably to the model composition request.
6.2.1. AI planning for model composition. Given
ontological descriptions of models as well as auxiliary
services, the problem of model composition can be
formulated as a service planning problem [20]. AI
planning techniques are particularly amenable for such
problems, where the decision-making situation can be
modeled as a desired goal state that needs to be attained
from the current state. Simply stated, a solution to such a
planning problem is possibly a sequence of operators (an
operator is a parameterized function providing applicable
state transformations), also called a plan, to achieve the
desired transformation to the goal state. Extensive
literature exists on a variety of AI planning techniques,
comprehensively discussed in [50]. Hierarchical Task
network (HTN) planning is observed to be most fitted to
the task of model composition based on some of its
distinct features, discussed next.
HTN planning is a hand-tailorable planner. In other
words, it can encode domain-specific problem solving
knowledge, along with domain-independent planning,
which makes it significantly more efficient compared to
other classical AI planning techniques. Also, HTN
planning creates plans using ordered task decomposition.
Thus, it plans for tasks in the same order that the tasks (in
this case, services) will later be performed. The details of
HTN planning and the Simple Hierarchical Ordered
Planner (SHOP2) that is used for this research can be
found in [51, 52].
In an HTN planner, the objective is not to achieve a
set of goals but instead perform some set of tasks
(symbolic representations of models to be executed in this
case), also called an initial task network. The input to the
planning system includes a set of operators (with
preconditions and effects), similar to those of classical
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planning and also a set of methods, each of which is a
prescription for how to decompose some task into some
set of subtasks (smaller tasks). Planning proceeds by
using methods to decompose nonprimitive tasks
recursively into smaller and smaller subtasks, until
primitive tasks are reached that the plan executor can
perform directly using the planning operators. Essentially,
the HTN planning technique performs recursive search of
the state space using ordered task decomposition and
constraint satisfaction as its search-control strategy.
We have demonstrated the HTN planning technique
for model composition for the example discussed by
Kottemann and Dolk [33]. The problem of model
composition is specified to the HTN planner as an initial
task network, which forms the objective to be achieved. A
sample snippet of a financial revenue model, represented
declaratively as operators, is shown below. It can be noted
that the IOPE is represented in the semantic description of
OWL-S ontologies (snippet shown earlier).
(:operator (!compute-financial-model
?production_cost ?distribution_cost
?product_demand ?product_price)
;; preconditions
((computed-price ?product_price)
(forecasted-demand ?product_demand)
(production-cost ?production_cost)
(distribution-cost ?distribution_cost))
;; delete list
()
;; add list
((computed-financial model ?revenue ?income)))

Multiple model compositions may be possibly
generated using the HTN planning technique. In the
particular example given in [33], two possible plans are
generated, differing in their ordering sequence, based on
the constraints, such as the preconditions. They are shown
below (the parameters are not shown for simplicity).
Plan 1:
(((!forecast-demand)
(!compute-production-cost)
(!compute-distribution-cost)
(!compute-price)
(!check-convergence)
(!compute-financial-model))
Plan 2:
(((!forecast-demand)
(!compute-distribution-cost)
(!compute-production-cost)
(!compute-price)
(!check-convergence)
(!compute-financial-model))

During model composition, models may be selected
from a plethora of alternative models, some of which may
even provide similar functionality as other peer models in
the library. Additionally, the planner may generate
multiple composite models that satisfactorily meet the
model composition request, but consist of different
component models. Thus, model selection is important for
both, selecting individual models for performing model

composition, as well as selecting the appropriate
composite model from a number composed alternatives.
We note that this issue is closely related to Quality of
Service (QoS) for web services composition. Criteria such
as availability, reliability, execution price, execution
duration, reputation are discussed in the related literature
[53-55]. Multi-criteria decision making techniques may
be then employed, as mentioned in [56]. Other model
management related criteria such as algorithmic solver
performance of models, computing capacity, model
representations may also need to be taken into account, as
discussed in [57].
6.2.2. Execution monitoring and adaptation. Once a
composite model is constructed by the model composer
service, the client may choose to deploy this composite
model to obtain the computational results. This is done by
invoking an execution monitoring and adaptation service
and fetching the composite model to this service. This
service then retrieves the OWL-S ontologies for selected
model resources, and uses the service model and service
grounding descriptions therein, to invoke different model
resource services in the appropriate sequence. The actual
execution of these web services takes place on the host
machines where these services reside.
Runtime exceptions such as a service failure may
occur, which need to be managed by the execution
monitoring and adaptation service. This service maintains
a state monitor which allows it to compare the current and
expected execution states and trigger any adaptation
needed. Typical adaptation strategies include re-execution
of services or re-planning. Optimization of these
strategies is a related area of research.

7. Case study scenarios
To demonstrate interaction of the various services
comprising the proposed architecture, we have developed
a series of Unified Modeling Language (UML) sequence
diagrams. Two representative scenarios are discussed
below. The first scenario (Figure 2) demonstrates a
typical interaction among model management services for
composing a model from existing models and executing
them in the appropriate order. In this scenario, the
decision support client uses the discovery service to first
try and locate the desired model. Due to unavailability of
such a model, the decision support client then invokes a
model composer service with the model request. The
model composer service, in turn retrieves the semantic
descriptions (OWL-S ontologies) of model resources
(bundled as web services). Based on the service profile,
and service model descriptions in these ontologies, the
composer service extracts the IOPE for each model
resource.
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Figure 2. Scenario#1 - Model composition and execution monitoring services

Figure 3. Scenario#2 - Model composition and execution monitoring services with re-planning
Next, it uses the embedded HTN planner to search for
a feasible composite model. Since such a composite
model is viable (in this scenario), the composer returns it
to the decision support client. The client then uses the
execution monitoring services to monitor the execution of
the composite service generated. Again, semantic
descriptions of selected model resources are retrieved by
the execution monitoring service, since it uses the service
model and service grounding descriptions in OWL-S
ontologies to coordinate and monitor the ordered
deployment of each model resource.
In the second scenario (Figure 3), a run time exception
is shown to occur during the execution of the first model
proxy service. The monitoring service then relays this

message back to the client to seek further decision. Reexecution or re-planning of the composite model may be
performed in this situation. In case of a re-execution
decision, the monitoring service may be invoked again
with the same composite service. However, in this case,
the client chooses to re-plan to find an alternative way to
compose the desired model, purposefully not considering
the failed model resource. After finding the alternative
plan, the monitoring service is triggered to coordinate the
execution of this new composite model.
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8. Implementation
A prototype of the proposed architecture is currently
under development using J2EE platform and lisp-based
HTN planner SHOP2. SHOP2 is open-source planning
tool, developed at the University of Maryland [52]. The
current emphasis is on developing model composer and
execution monitoring services. Other model management
services depicted in Figure 1 have been prototyped as part
of our prior research effort [53, 54]. We are also
populating a model library with associated ontologies in
OWL and OWL-S using the Protégé editor. One of the
important developments underway is the ability to
provide computational translation of models described
using different representation techniques into OWL and
OWL-S model ontologies.

9. Discussion and concluding remarks
The proposed semantic web services-based
architecture is based on the confluence of service-oriented
principles and semantic web techniques. Design
principles supported by SOA emphasize reuse,
statelessness, autonomy, abstraction, discoverability,
loose coupling, and composability. The proposed
architecture for model management systems is novel in
the following aspects. First, it is completed distributed
through the provision for not only distributed model
resources, but also distributed model management
services. Second, it proposes a semantic layer for model
representation that can facilitate automation and reasoning
mechanisms, such as model composition. Third, model
composition is illustrated using semantic web services
and AI planning techniques.
There are several research directions that are relevant.
Model representation may leverage semantic web
techniques for providing rich model ontologies. There is
also potential for extending the work on variety of model
schema wrappers. Overall, the model management
research can be extended in a number of ways by
benefiting from the synergy between models and services.
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