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Summary 

Deliverable D4.1b (Implementation of the Infrastructure for the Adaptive Delivery of Simulations) has been 
produced for the EU FP7 STREP project, GRAPPLE (Generic Responsive Adaptive Personalized Learning 
Environment). The GRAPPLE project aims at delivering to learners a technology-enhanced learning (TEL) 
environment that guides them through a learning experience, automatically adapting to personal 
preferences, prior knowledge, skills and competences, learning goals and the personal or social context in 
which the learning takes place. The same TEL environment can be used at home, school, and work or on 
the move (using mobile/handheld devices). The authoring and delivery of adaptive simulations are the focus 
of Deliverables D3.5a, D3.5b, D3.5c, D4.1a, and D4.1b. The scope of this deliverable is to detail the 
implementation of an infrastructure for the adaptive delivery of simulations, in particular, procedural 
simulations through dialogs and the adaptive combination of dialogs. 

The purpose of this deliverable is: 

• To update and revise the material from the previous deliverable (D4.1a) including the motivation for 
adaptive simulations, existing infrastructures and engines for delivering adaptive simulations, and the 
requirements and architecture for the delivery of adaptive simulations; 

• To describe the implementation of our infrastructure; and 

• To describe the interactions between our infrastructure, the GRAPPLE Event Bus (GEB), and the 
GRAPPLE User Modeling Framework (GUMF). 

The main contributions of this deliverable are: 

• A detailed description of the implementation of the infrastructure, it’s technologies and 
dependencies; and 

• A description of the interactions between our infrastructure, the GEB, and the GUMF. 

If you are familiar with D4.1a, you can quickly read through Sections 1-0. These sections revise and update 
the terminology and design first described in D4.1a. Section Error! Reference source not found. onwards 
is new to this deliverable. 
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1 Introduction 

Delivering static content and delivering dynamic content are very different tasks. Hypermedia and adaptive 
hypermedia are predominantly concerned with static content. The user reads or looks at material and 
resources and moves on. Interactivity is limited to simple forms or a choice of links. On the web, the first 
foray from static HTML pages into real interactivity involved Java applets. Similarly, adaptive hypermedia’s 
first experiments with activity involved ‘intelligent content’ [10][11][15]. However, embedding pockets of 
isolated intelligence in a sea of content is insufficient. The intelligence is not re-usable and interoperability is 
non-existent. We require the intelligence to be omnipresent and to extend across ‘pages’ and users. 

Within the GRAPPLE project, we aim to extend the scope of adaptive learning environments to cater for 
adaptive simulations. Simulations are inherently interactive and activity-based. The authoring of adaptive 
simulations is a difficult task and is dealt with in D3.5a-b. However, the delivery of adaptive simulations is 
equally difficult and requires functionality that is not present in current adaptive engines. In this deliverable 
we integrate three distinct technologies to provide an infrastructure for adaptive simulations: adaptive 
engines, workflow engines, and portals. We show how this combination can provide adaptive selection, 
adaptive sequencing and adaptive presentation of both content and services (elemental pieces of an activity) 
in a unified manner. This approach mirrors some existing non-adaptive systems [7]. 

There are many advantages in using simulations in an educational context. Most importantly, the learning 
content can be provided at the opportune time (i.e. mid-activity) and the ‘learning transfer’ phase is short. 
Many in the e-Learning community have recently heralded its advent: 

“Researchers will continue to make progress in discovering evidence-based principles for the 
design of e-learning, including new applications of the science of learning to educational games, 
simulations, and pedagogical agents.” – Richard E. Mayer, University of California, Santa 
Barbara, USA, in Predictions for 2009, eLearn Magazine (http://www.elearnmag.org), ACM, Inc. 

Furthermore, there are unique advantages in using adaptive simulations in an educational context: 

• Adaptive simulations are more interesting and engaging. Adaptation occurs at the individual level 
rather than simply ‘classing’ learners, as do many simulations, e.g. novice, intermediate, or expert. 

• They reduce the burden of composition. The author does not need to develop many similar 
simulations for variations of the same process or for slightly different audiences. 

• There is a clean separation of concerns: the simulation procedural model, the adaptation model and 
the content model. Most procedural simulations tend to combine the procedural simulation model 
and the content model, thereby making it difficult to introduce adaptivity. 

Delivering adaptive content is a subset of delivering adaptive simulations. Our infrastructure can subsume 
the more traditional “adaptive engine only” solutions. At its simplest level, an adaptive simulation can provide 
learning content in a predefined sequence in much the same way as an adaptive hypermedia system does. 
However, the real benefit only becomes apparent when the sequence or process itself is of interest. This can 
be categorized more specifically as a procedural simulation and it is this type of simulation that we are 
focusing on. 

Our decision to deliver adaptive simulations through a portal (see Section 4.4) provides a standardized 
approach when integrating this work with Learning Management Systems (LMSs) – a goal of the GRAPPLE 
project (see Work Package 7). A portal aggregates portlets many different sources into a single coherent 
interface or point of access. A portlet is a software component with a user interface that is contained in a 
portlet container and displayed by a portal. There is much overlap between the functionality of an LMS and a 
portal. LMSs provide portal-type functionality and many, for example uPortal [23], can natively host portlets 
that conform to JSR-168 [3] and JSR-286 [4]. Combining an adaptive engine, a workflow engine, and a 
portal so that they can work in unison to deliver adaptive simulations is the main focus of this deliverable. 

Within Work Packages 3 and 4, Trinity College Dublin (TCD) is the sole partner responsible for both the 
authoring tool for adaptive simulations and the infrastructure for the delivery of adaptive simulations. To 
ensure that we could reach our goals within the resources allocated to both Work Packages, it was decided 
to develop the authoring tool from scratch but base the delivery infrastructure on existing work at TCD and 
extend it where necessary. This was agreed upon in the project’s initial description of work. Therefore, much 
of the technology described in this deliverable is based on the work of O'Keeffe et al. [34] for Adaptive Web 
Service Composition. 

This deliverable is organized as follows. In Section 0 we review some related work from the fields of adaptive 
hypermedia and adaptive web service composition. We extend the requirements of the GRAPPLE 
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infrastructure for adaptive non-simulated learning environments to cater for adaptive simulations in Section 
0. In Section 0 we describe in detail the architecture of our solution. In particular we present the roles of the 
data models, the workflow engine, the adaptive engine, and the portal. We also describe how the GRAPPLE 
Adaptation Language (GAL) will cater for adaptive simulations. In Section 0 we describe the implementation 
of our infrastructure using off-the-shelf and custom components. In Section 5.4 we study the interactions 
between our infrastructure, the GEB, and the GUMF. Finally, we conclude in Section 0. 

2 Related Work 

Developing an infrastructure for the delivery of adaptive simulations is a novel task. However, there are 
existing systems that in some way approach this idea. 

O'Keeffe et al. [34] use Adaptive Web Service Composition (AWSC) to adaptively sequence activities for the 
Adaptive Personalized eLearning Service (APeLS). They promote a service-oriented approach to 
personalized learning activities. They point out the similarities and differences between AWSC and adaptive 
hypermedia (summarized in Section 0) and show how the former can be used to compose adaptive service-
oriented applications. The adaptive engine from this work was used in the EU FP6 IST project iClass to 
provide rich personalized learning experiences to K12 school children. 

Ardissono et al. [6] present a framework based on a hierarchical workflow representation supporting an 
extensible specification of context-sensitive workflows, which can be executed by standard workflow engines 
(see Figure 1). In their approach, the entire workflow definition is expanded at the beginning to cover all 
possible adaptations and then left to the workflow engine for execution. In contrast, our architecture will 
adopt a fragmentary approach when controlling the workflow engine, sending the workflow definition in parts 
as they become needed. 

 

 

Figure 1: An abstract workflow for a medical application. 

 

De Jong et al. [18] consider the integration of simulation and learning support when studying classical 
mechanics, in particular, collisions between moving bodies. They experiment with models of varying fidelity 
and differing levels of intrusiveness by the learning support system. 

Adaptive Web-Based Educational Systems (AWESs) are a recognized class of adaptive Web systems [13]. 
Adaptive textbooks [16][19][48], adaptive quizzes [42], intelligent solution analyzers [47], adaptive class 
monitoring systems [33] and adaptive collaboration support systems [43] all show considerable benefits over 
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their non-adaptive counterparts. Adaptive Learning Systems (ALSs) that incorporate activity should be no 
different. However, due mainly to their architecture, they have not been widely adopted. They integrate 
poorly, and do not support re-use. KnowledgeTree [10][11][15] aims to fix this. KnowledgeTree provides for 
component-based ALSs using distributed reusable intelligent learning activities. It is a bridge between 
popular Web-based Learning Management Systems (LMSs) [14], Intelligent Tutoring Systems (ITSs), and 
adaptive hypermedia. 

KnowledgeTree assumes the presence of at least four kinds of servers or services. Firstly, activity servers 
host re-usable learning content. The content can be ‘active’, possibly intelligent and adaptive by 
communicating with the student model servers. Secondly, value-adding servers, which are located between 
a portal and an activity server, add adaptive sequencing, annotation, visualization, and content integration. 
Thirdly, learning portals provide a single login-point for students and structures access to various distributed 
fragments. Fourthly, student model servers store the needs and accomplishments of students. These servers 
or services represent the interests of the three main stakeholders in the e-Learning process: the content and 
service providers, the course providers, and the students. 

KnowledgeTree includes two types of portals – the KnowledgeTree portal which provides primary and 
secondary learning material and the KnowledgeSea portal which provides a matrix-based knowledge map. 
The KnowledgeSea portal also provides a form of adaptive navigation support known as social navigation 
[20]. Additionally, value-adding activity services [9][36] include NavEx and AnnotatED. NavEx adaptively 
restricts access to programming examples that the student is ready to learn through visual cues like green 
and red bullet points (domain dependent). AnnotatED provides the ability to annotate static and interactive 
content (domain independent). There is some separation between the adaptation and the interface through 
which the activities are presented to the learner. However, in our architecture this separation will be much 
more explicit, i.e. the adaptive engine and the portal. 

The common protocols include a transparent login protocol or single sign-on (KnowledgeTree uses a simple 
session ID), a student modelling protocol, and a resource discovery and delivery protocol [30]. 
KnowledgeTree uses the CUMULATE student-modelling server. It is an event-based centralized student 
modelling architecture [11]. External and internal inference agents process the flow of events in different 
ways and update the values in the inference model in the form of pairs (property-value) (e.g. motivation 
level) and triples (property-object-value). These pairs and triples form the upper level of the model, which can 
then be queried by activity servers and portals using a standard querying protocol. Properties can be student 
or group-wise properties. Queries can be value queries or evidence queries, e.g. what events did the agent 
use to calculate a given value? 

 

 

Figure 2: A portal with integrated workflow displaying a list of pending workflow tasks. 
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The integration of portals in an educational environment with workflow engines has been explored previously 
(see Figure 2) in the aptly named article “Combating Stovepipes: Implementing Workflow in uPortal” [7]. 
However, this solution does not explicitly cater for adaptivity. Developing distributed adaptive and intelligent 
educational systems based on shared educational resources have also been explored in the field of ITS [15]. 

3 Requirements 

An important requirement for our system, over and above the requirements for an adaptive non-simulated 
learning environment, is the provision of both content and services [34][49]. Simply embedding a service into 
a piece of content and treating it like all other content is a very simplistic approach that ignores the inherent 
differences between content and services. For example, when services are treated as content, the 
parameters of each service must be either ignored or set manually and there is no way to provide for the flow 
of information between services. For our purposes, we consider a service to have inputs, outputs, 
preconditions and effects. However, a more precise definition, based on portlet technology, can be found in 
D3.5a-b and in Section 4.4. 

By utilizing web service technology and the associated service composition approaches, it is possible to 
adaptively select and aggregate services using manual design, situation calculus, planning graphs or 
hierarchical task networks [38] in a manner that complements the goals of adaptive hypermedia. Adaptive 
hypermedia is primarily concerned with the adaptive selection, sequencing and presentation of content to the 
user [9][12]. The goal is to provide the user with appropriate material from a large hyperspace while keeping 
the associated benefits of hypermedia. We need to extend these concerns to the adaptive selection, 
sequencing and presentation of services to the user. Our approach is based on Adaptive Web Service 
Composition (AWSC). This can be divided into two strands: 

1) Workflow-Based: This involves the manual composition of web services using specialized 
languages, e.g. WSBPEL [31]; and 

2) Artificial Intelligence (AI) Planning Techniques: This involves the automatic composition of services 
based on their meta-descriptions and functional properties as well as the initial state of the ‘world’ 
and the desired goal state [26][27]. 

We will focus on the first of these two strands. It will be up to the author to completely specify the workflow 
when designing an adaptive simulation. 

Adaptive Hypermedia (AH) and AWSC have many similarities. They both combine content or services into a 
plan to achieve some goal or state. The adaptive axes (what we can adapt to) of AH are similar to the 
functional and non-functional properties of services. They both use semantic models to describe the 
‘elemental’ resources that are available for composition. They both use sequencing logic that is ‘informed’ by 
external information (e.g. user or context models) to compose or choreograph the elements. 

However, there are also some important differences. In general, services are parameterized, content is not
2
. 

Through parameterization, it is possible to adapt the behaviour and functionality of a service. In order to take 
advantage of this added flexibility, it is important that the mechanism used to select services is aware of the 
parameterization of the available services and is capable of automatically configuring some of these 
parameters so as to modify the behaviour of the service to better suit the needs of the user. Complex 
services can be composed using many individual services. It is necessary to capture the flow of information 
between these services. Additionally, services can throw errors or exceptions. 

Our infrastructure will need to support all of the above properties of services and the orchestration of the 
services themselves. In particular, it will need to provide: 

• Models: The infrastructure will need to provide a common method of access to the various models 
that an adaptive simulation relies on. For example, all resources (pieces of content or service 
instances) are delivered to the learners through this infrastructure. Whether a resource originates on 
the Web or from some other, say institutional, repository is irrelevant to the learner. It may also be 
the case that authors would like to include their own resources, to which only they and their adaptive 
simulations can access. The infrastructure will hide this distinction by providing a common interface. 

                                                      

2
 Some authors differentiate between content and ‘intelligent content’. For our purposes, anything with 

intelligence or interactivity is a service. However, we aim to provide for dataflow and workflow between 
services; something that ‘intelligent content’ does not adequately cater for. 
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• A workflow engine: We need a workflow engine that can enact the workflow within an adaptive 
simulation. However, we must be able to change this workflow as the adaptive simulation proceeds. 
The adaptation is performed ‘on the fly’ so there is no way of knowing at the beginning, what the 
entire workflow definition will be. While this approach is more resource-intensive than one that 
produces the entire workflow a priori, it is far more flexible. The workflow engine will also need to 
handle the flow of information between services and be able to persist sessions if the user chooses 
to pause an adaptive simulation and continue its execution at a later time. To some extent, 
functionality will be shared between the workflow engine and the adaptive engine (see below), as 
both will have different data that needs to be saved. 

• A portal: We need a unified interface through which we can deliver an adaptive simulation. This will 
need to be able to aggregate together a variety of content and services (in the form of portlets) so 
that they appear to be part of ‘one’ application. In order to allow the learner to interact with multiple 
services simultaneously, the portal must also support a range of actions more diverse than simply 
clicking on a link. The user may choose to minimize or maximize a service, close a service, or wait 
for a time-out. 

• An adaptive engine: A critical component of our infrastructure is a GAL-compliant (see Section 4.6) 
adaptive engine. It will require the ability to express and enact the adaptive selection of both content 
and services, the adaptive sequencing of those services and adaptive presentation. The adaptive 
engine will communicate with both the workflow engine and the portal. It will take an adaptive 
simulation, specified in GAL, provide a fragmentary workflow definition to the workflow engine and 
access the necessary models on behalf of the portal. We are extending the adaptive engine 
described in O'Keeffe et al. [34] in order to make it GAL-compliant. 

We can also enumerate what is required in order to adequately express adaptive simulations and their 
behaviour. GAL (and its extensions) will need to provide for simulation-specific adaptive features (what we 
can adapt) and simulation-specific adaptive dimensions (what we can adapt to) [9][12]. A list of the former 
includes: 

• Adaptive Content (including Services) 

o Service Instance Selection: This is the analog of adaptive content selection in traditional AH. 
Many service instances, modelled in the Resource Model (RM), can fulfil the requirements of 
a service in the Service Domain Model (SDM)

3
. The final choice may depend on attributes 

and preferences of the learner. Service selection also includes the appropriate 
parameterization of a service to make it more intuitive to the learner. 

o Fidelity: This describes the rigorousness of the process models and the level of complexity 
of the simulation. It is the accuracy of the representation when compared to the real world. A 
simulation is often categorized as having low, medium, or high fidelity. A common mistake is 
to assume that it is always better to use high fidelity. Low fidelity can be more appropriate at 
the beginning of a training or learning session. It can be increased as the learner becomes 
more familiar with the simulation. This is also known as model progression [18][46]. Fidelity 
can be further divided into constituent factors, for example, accuracy, capacity, error, fitness, 
precision, resolution, sensitivity, tolerance, validity, etc. These can be considered ‘sub-
features’ of the fidelity feature. 

o Modality: A modality is either a sense through which a human can receive output from a 
computer or a device through which a computer can receive input from a human. In other 
words, it is a path of communication between a human and a computer. Examples of the 
former include sight, hearing, touch, balance, temperature, etc. and examples of the latter 
include display, microphone, speaker, accelerometer, etc. The range of devices attached to 
a computer limit the modalities that can be offered by a simulation. For example, if the user 
wishes to use a chat room service they can speak aloud if the computer has a microphone 
and speaker and the service supports audio transmission, otherwise they may have to type 
what they wish to say. To improve the educational prospects of a simulation and engage the 
learners, it is necessary to offer multiple modalities at low, medium and high fidelity levels. 
Within GRAPPLE, we are not considering multi-model adaptation. However, we include it 
here for the sake of completeness. 

o Feedback: This can be categorized along two dimensions. Firstly, feedback can be either 
natural or artificial. Natural feedback blends in with the simulation. It mirrors the feedback 

                                                      

3
 This is the ‘service analog’ to the Concept Domain Model (CDM) and is explained in detail in Annex A. 
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provided by the real world process. For example, suppose the learner is presented with a 
service that offers the functionality of a programming language interpreter. This enables the 
learner to experiment with code for himself. If the interpreter reports a syntax error in the 
same way as a real world interpreter, then this is a form of natural feedback. On the other 
hand, suppose the service provides advice for coding style and indentation while the learner 
is typing in their code, then this is a form of artificial feedback. A real world interpreter does 
not normally provide this. Secondly, feedback can be either immediate or delayed. It can be 
provided at the opportune time or delayed until the learner has completed some task. 

o Motivators: In the context of educational simulations, motivation is a desire to learn. 
Simulations can include artifacts that explicitly try to increase motivation, e.g. motivational 
quotes, questions that instil curiosity, competitions between learners, scoreboards, etc. 
These can be included or omitted depending on the perceived motivation of the learner. 

• Adaptive Navigation / Workflow 

o Sequencing: The actual sequencing or workflow of an adaptive simulation can be adapted to 
the learner. This adaptation can depend on, for example, the role of the user, the number of 
times they have iterated through a section of the simulation, or the amount of time they can 
devote to the learning activity. This can be specified through workflow constructs that are 
augmented with adaptive behaviour. 

o Control: Both the system and the learner determine, to a certain extent, the path taken 
through an adaptive simulation. Control refers to the degree to which either the system or 
the learner decides this path. At an early stage in the training or learning session, it may be 
desirable to allow the system to make most of the decisions guiding the learner through the 
process. Eventually, it may be entirely the learner’s choice as to which path he wishes to 
follow. 

o Mapping: In traditional AH, a map provides a global overview of the user’s position in the 
hyperspace. It helps prevent the ‘lost-in-hyperspace’ problem. This is equally important in 
adaptive simulations. A map can provide the user’s position in the overall workflow. It helps 
show what services the user has finished with, what services are pending, and whether the 
user is in two or more parallel branches of a workflow at the same time. At its simplest level, 
it can provide a list of services or tasks that the user currently needs to complete (see Figure 
2). 

• Adaptive Presentation 

o Arrangement: Considering services to be portlets that are delivered to the learner through a 
portal affords new possibilities in adaptive presentation that are not present in traditional AH. 
The portlets can be arranged within the portal to suit the user. For example, if two services 
are required to advance to the next stage of the workflow, then the two corresponding 
portlets can be displayed side-by-side in the portal. This arrangement can be performed 
automatically by the system when needed. In traditional AH, the content is ultimately 
displayed through a browser. If a learner wishes to open two pieces of content 
simultaneously he or she needs to open two browsers (or two tabs within the same 
browser). When presenting adaptive simulations, we need the possibility of having more 
than one service opened at a time without resorting to browser-based functionality. 

A list of the latter, simulation-specific adaptive dimensions, is no more extensive than the list of adaptive 
dimensions in traditional AH, e.g. learner goals, competence, language, etc. D9.1 and D10.1 have compiled 
a comprehensive list of these adaptive dimensions and gauged their relative importance as perceived by 
learners and teachers. 

4 Architecture 

The main components of our infrastructure are the models (see Section 4.1), a workflow engine (see Section 
4.2), an adaptive engine (see Section 4.3), and a portal (see Section 4.4). This provides a separation 
between execution (a workflow engine), adaptation (an adaptive engine) and presentation or delivery (a 
portal). These components are described in detail in the following sections. 

The architecture, at a very high-level, is presented in Figure 3. It is based on the work of O'Keeffe et al. [34] 
for Adaptive Web Service Composition. The actor in this case is a user or learner, not an author. The tool set 
and architecture for the authoring task is presented in D3.5a-b. The user interacts only with a portal, which 
can be integrated with a LMS. This portal contains a special container portlet or outer portlet for each 
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adaptive simulation. The outer portlet is mapped to an instance of a workflow in the workflow engine. The 
outer portlet aggregates the inner portlets or services into one ‘unified’ simulation. An adaptive simulation 
comprises a collection of inner portlets under the orchestration of a workflow language. These inner portlets 
could be, for example, chat portlets, discussion portlets, or interpreters for snippets of a programming 
language. In the context of the GRAPPLE project, the portal will be integrated with existing LMSs that have 
portlet support and the adaptive engine will be GALE (see D1.3a-b). 

A complete description of an adaptive simulation is provided to the adaptive engine (see the left-hand side of 
Figure 3). This is the output of the authoring task. The adaptive engine enacts this output. Portions of GAL 
code are mapped to an appropriate workflow definition language, e.g. WSBPEL. All access to the models, 
e.g. the RM, DM, UM, etc.

4
, happens through the adaptive engine. User actions in the portal can fire events, 

specified in GAL code, that are handled by the adaptive engine. For example, when the user closes a 
service the adaptive engine becomes aware of this, and can update the UM in response. 

 

 

Figure 3: Our architecture for delivering adaptive simulations. 

 

Services are implemented through portlets using the Web Services for Remote Portlets (WSRP) 
Specification [32]. This allows portlets to be provided through Web Services, and, more importantly, it allows 
us to broker all interaction with them. The workflow engine is also accessed through a WSRP interface, in 
the same way as the services that it orchestrates (see Figure 4). This is the interface to the outer portlet 
described above. 

 

                                                      

4
 See Annex A for a brief description of each of these models. 
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Figure 4: Our architecture for delivering adaptive simulations is based on Portal technology. The grey inset 
rectangles are brokers for the individual WSRP interfaces. 

 

When accessed through the portal, all portlets have a uniform look and feel – we can ‘skin’ the portlets. The 
portal also provides seamless transitions from content to content, from services to services, and between 
content and services. Where possible, our services will be described using the Web Services Description 
Language (WSDL)

 5
, orchestrated using the Web Services Business Process Execution Language 

(WSBPEL)
 6
, and brokered through the Web Services for Remote Portlets (WSRP)

 7
. 

4.1 The Models 

When authoring an adaptive simulation using the authoring tool (see D3.5a-b and the definitions in Annex A), 
there are a variety of models, e.g. the RM, the DM, a model of ARTs, the AM, etc. Annexes B, C, D, and E 
provide formal XML Schema for the three main models: the DM, the ART and the AM. Annexes F, G, and H 
provide example XML files that are valid with respect to these schemas. They illustrate the structure and 
typical contents of these models. 

These models constitute the pertinent artifacts used to compose an adaptive course or adaptive simulation. 
However, an adaptive engine can be more versatile than this; it can access any number of models. 
Furthermore, the purpose and theory behind some newer models might have been unknown at the time the 
engine was developed. For example, AHA! [17] is capable of delivering adaptive courses composed using a 
variety of authoring tools. 

Our infrastructure is independent of the actual choice of models and authoring tool used when authoring an 
adaptive course or adaptive simulation. Naturally, it is being developed side-by-side with the authoring tool 
(see D3.5a-b), but it is not strictly bound to it. To this end, the heterogeneous set of models appear 
homogeneous to the adaptive engine. They all provide a uniform interface to query and access their content. 
Some are read-only, for example, the RM and the DM, whereas others are read-write, for example, the UM. 
To illustrate this more clearly, suppose an author, when creating an adaptive course, develops a new type of 
ART. He publishes the course, thereby translating the AM into GAL code that can be executed by an 
adaptive engine. The translation process also retrieves and embeds this definition of the new ART. The GAL 
code has no primitive construct for the ART itself. It operates at a lower semantic level. It describes the ART 
and its adaptive behaviour using more primitive constructs. It accesses models, for example, the UM, in the 
same way it accesses any other model. 

An obvious interface to employ when accessing and modifying these models is a graph-based structure, 
much like the Document Object Model (DOM) API for valid HTML and well-formed XHTML documents or the 
Resource Description Framework (RDF) for conceptual modelling of information that is provided through web 

                                                      

5
 http://www.w3.org/TR/wsdl  

6
 http://www.oasis-open.org/specs/#wsbpelv2.0  

7
 http://www.oasis-open.org/specs/#wsrpv1.0 and http://www.oasis-open.org/specs/#wsrpv2.0  
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resources. We can traverse the models, query their ancestors, descendants and siblings, and modify values 
that we have access to. It also provides an intuitive mental map of a model. 

The models are quite separate from the ‘intelligence’ of an adaptive simulation. The intelligent or dynamic 
component is specified in GAL whereas the static content is held in the models. This separation enables 
reuse and interoperability between adaptive simulations. 

4.2 The Workflow Engine 

The workflow engine orchestrates the delivery of an adaptive simulation. It provides an answer to “what 
happens next”. In adaptive non-simulated learning environments, there is no need for workflow. If the 
application is based on adaptive hypermedia, the user clicks on a link and the system simply forwards them 
to the next page. The actual page that the user is forwarded to may be adapted in some way, but the act of 
forwarding remains unchanged. In an adaptive simulated learning environment, the user can do much more 
than simply click on a link. He might close a service, maximize a service, complete some task, allow some 
time interval to elapse, etc. In some senses, adaptive simulations provide an alternative way to approach 
adaptive navigation. Instead of content-driven navigation, adaptive simulations allow learners and authors to 
think in terms of tasks that need to be completed. This may prove to be a more suitable and natural 
abstraction for authors when designing a course. Also, since the user is learning not just the content and 
functionality available in each service, but also the way in which the services are combined and sequenced, 
there is a need for a workflow engine. To make this aspect of the learning process more transparent, a 
workflow outline is made available through the workflow engine. This is a ‘map’ of the simulation, as being 
performed by the user and is ultimately derived from the author’s description of the adaptive simulation. It is 
equivalent to the interpretation of the concepts in an adaptive non-simulated course to provide a structured 
navigational interface. An aggregated list provides learners with a convenient list of pending tasks across all 
their adaptive simulations. 

Of course, the workflow itself can be adapted. The sequencing of the services may change depending on the 
user’s role, level of experience, etc. Notable approaches to integrating adaptation with workflow include: 

• Event-oriented workflow adaptation [20]: Due of unforeseen circumstances, workflow instances may 

become inappropriate. For example, a workflow definition may specify the execution of serviceA. 
However, after a workflow instance based on this definition has been started, it may be detected that 

serviceA is no longer available or the user no longer has access to it. This requires that all 

invocations of serviceA be dropped from or replaced in the workflow instance. 

• Context-oriented workflow adaptation [6]: Different services may be required in different contexts. 
However, specifying all possible contexts in a workflow can result in complicated and unwieldy 
definitions that are difficult to understand and maintain. A simple abstraction based on a hierarchy of 
different services can address both problems. Basically, the more specific the context, the further 
down the hierarchy system must traverse in order to find an appropriate service. 

We are, in some ways, following the latter approach. The adaptive engine maps portions of the GAL code to 
an appropriate workflow definition language, e.g. WSBPEL (see Figure 3). However, the adaptive engine can 
interject and change the workflow as the simulation proceeds. This is markedly different to the approach 
above, in which the entire workflow definition is expanded at the beginning to cover all possible adaptations 
and then left to the workflow engine for execution [6]. The problem with this approach is that the workflow 
outline, as presented to the user, becomes too complicated. They only need to see the workflow that applies 
to their role and situation. The ‘map’ must reflect the adaptation. 

Introducing a workflow engine into the fray brings with it some other important considerations. In AH, it is 
assumed that the user is navigating along one path at a time. They can jump to other parts of the 
hyperspace but they always have a unique single position, i.e. the page they are currently looking at. 
Although, it is possible that the user could open multiple browsers at the same time and navigate multiple 
parts of the hyperspace simultaneously, this can be modelled as a user who is jumping back and forth 
between locations. On the other hand, in adaptive simulations and workflows in general, there may be many 
parallel executions of workflow. To deliver adaptive simulations we need to handle the concurrent execution 
of workflow. We need the following components: 

• A split construct that allows thread-based or process-based execution of workflow; 

• A join construct that allows synchronization of concurrent executions; and 

• Time handling. 
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Synchronizers allow tasks executing in parallel threads to merge at a synchronization point or to exchange 
data at a point of time and have critical sections that must be made thread-safe when parallel threads try to 
execute them simultaneously. 

The workflow engine manages the workflow through its lifecycle. At run-time, the workflow engine needs to 
take care of such things as execution of workflow involving parallel paths, their merging, preservation of state 
with context, asynchronous and synchronous execution of sub-workflows, and inbound calls to services in 
the workflow from outside and from other services. 

Each workflow instance represents a unique run-time occurrence of the workflow based on a specific 
workflow invocation (instantiation) request. The state and context of each workflow instance is stored in the 
workflow database at logical points during the workflow execution. An executable workflow definition is 
typically in a standard format such as the Business Process Modeling Language (BPML), WSBPEL [31], 
XPlan [24], or WSPlan [37]. 

A workflow can contain any mix of services. When the workflow is executed, its services are executed in the 
order specified in the workflow definition. The execution proceeds until a service that requires interaction with 
the user is encountered, at which point the workflow engine waits for the user to provide some input. Once 
the user completes the action, the workflow resumes. Such a workflow would pause at all points where user 

interaction is involved in the workflow. Also, the BPML constructs such as All (Flow in WSBPEL) result in a 

split (fork) and join (merge) having to be supported by the workflow engine. 

4.2.1 Starting a Workflow 

Each workflow instance is an instance of a thread or process that represents the run-time version of the 
workflow. The workflow engine creates this object once a request for the execution of the workflow arrives. It 
contains a list of services in a tree structure that mimics the service order and nesting in the workflow 
definition and it executes the services by moving through this list. 

4.2.2 Parallel Branching 

The All service in BPML is a complex service; it is composed of one or more other services. An All service 

executes all the services that it is composed of in parallel. The equivalent construct in WSBPEL is Flow. We 

can see All in terms of a split and join, i.e. the main workflow execution path splits into parallel paths – 

as many paths as there are services in All – executes them in parallel, and once the parallel paths 
complete execution, they join together with the main workflow path. 

The join is a synchronization point that the parallel path threads converge on. The threads reaching this 
point first wait until others join them and they all synchronize at this point with the main workflow thread. 
Then their executions end, and the main path will continue thereafter with the workflow execution moving to 

the next service after the All. 

4.2.3 Workflow State 

The state (including context) of the executing workflow is persisted in the workflow database by the workflow 
engine at regular logical intervals such as at the start of the workflow, before the execution of services, and 
after execution of services. The workflow variables and service states are captured along with relevant 
timestamps. The workflow engine uses the state information to faithfully restore or revive a workflow 
instance. 

Since a workflow can involve parallel paths (split and join) and given that services executing in parallel 
can update the same variables, whenever the workflow state is stored it has to be done in such a way that 
the context is logically consistent across services. This functionality will need to be provided by the workflow 
engine. 

4.2.4 Interruptible Services 

There may be services in the workflow that are expected to receive invocations into them from outside or 
from services in other paths of the workflow; these are called interruptible services (see, for example, the 

invocation from the service finishForDay of cancel() in the Scrum software methodology scenario in 
D3.5a-b). The incoming invocation contains the input parameters for the service from the caller. Any outputs 
from the interruptible service are sent back to the caller directly during the time of exchange. Once this is 
done, the execution of the workflow then proceeds separately in its own thread and the caller’s execution 
workflow separately in the caller thread. 
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In BPML, a service that is defined with a child element <input> followed by an optional <output> is 
considered an interruptible service. Input and output elements define the input and output parameters for the 
service. This means that this type of service receives invocations, i.e. the service responds to an input 
message. When workflow execution control reaches this service, the workflow has to wait for an external 
party to invoke this action. Once the invocation is received, the service execution proceeds and reaches the 

next service in the workflow. The equivalent for this in WSBPEL is receive. In the case of the other type of 

service, i.e. where we have <output> followed by <input>, the workflow engine invokes the action 
corresponding to the service and so no waiting is involved. Once the workflow instance pauses for the 
message to arrive, it waits for a configured amount of time. 

An important concept in interruptible services is correlation. This refers to the method of mapping the 
incoming message to the interruptible service of the right workflow instance among a set of running workflow 
instances. For this, we need a unique identifier in the incoming message. 

4.3 The Adaptive Engine 

A cornerstone of our infrastructure is the adaptive engine, or GALE (see D1.3a-b). This is responsible for 
interpreting and enacting the description of an adaptive simulation, reconciling the various models, and 
controlling the workflow engine. It can interpret GAL code and execute the appropriate behaviour. It can 
access, query, and modify the models to retrieve the current resource instances, update the UM, etc. It can 
produce a workflow definition for the workflow engine and interject when it needs to be adapted. The 
adaptive engine is surrounded by the other components (see Figure 3) and is accessed directly by neither 
the author nor the learner. 

For the purposes of an adaptive simulation, we use a more general adaptive engine than that for delivering 
adaptive hypermedia. It accesses new models (e.g. the SDM) and provides for services and adaptive 
workflow between services. KnowledgeTree [10] provides for the development of component-based adaptive 
e-Learning using distributed reusable intelligent learning activities. However, it focuses on intelligent content, 
that is, content that can be invoked as a service, but it does not support any form of information flow between 
those services. On the other hand, workflow engines and workflow authoring tools are entirely service-centric 
and do not provide for content. We need a combination of the two. The adaptive engine, in combination with 
the workflow engine and portal, provides this. 
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Figure 5:GALE's architecture for the GRAPPLE project. (Reproduced from deliverable D1.3a.) 

 

Presently, AHA! [17] focuses on content adaptation and does not support services. However, Work Package 
1 is extending it within the GRAPPLE project. GALE (the adaptive engine that will supersede AHA!) will be 
able to support GAL (see Section 4.6). This will include any simulation-specific functionality added to GAL. 
We can communicate with GALE through the event bus (see Figure 5). Components send requests to the 
event bus, and other components listen to these events and handle them if they wish to. In particular, the 
workflow engine and portal will communicate with the adaptive engine through this interface (see D1.3a-b for 
more details). 

4.4 The Portal 

Portals enable system integration and consistency, single sign-on and security, personalization, 
collaboration, task management and workflow, and internationalization. Portal software abounds, including 
open-source projects, e.g. Apache Jetspeed, Apache Orchestration Director Engine (ODE) [5], the 
GridSphere Portal Framework [2], and uPortal [23]; commercial products with open-source editions, e.g. eXo 
Portal [1], and Liferay Portal [25]; and entirely commercial products, e.g. Oracle’s Application Server Portal 
[35], IBM’s WebSphere Portal [22], Microsoft SharePoint Portal Server [28], and Sybase’s Enterprise Portal 
[45]. 
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Figure 6: An aggregation of gadgets for inspecting financial data (©2009 Google: The iGoogle interface). 
Portlets are aggregated within a portal similarly. 

The provision of adaptive simulations is certainly a demanding portal application. Several portlets need to 
work together to present learning content and services, adapt the presentation to the learner’s knowledge, 
and monitor the learner’s progress. We also need to incorporate workflow into portlets so that we can assign 
tasks to learners and groups of learners, constrain when a service can be performed and by whom, etc. We 
integrate a third-party workflow engine within the portal to deliver adaptive simulations. 

The portal provides the user interface when delivering adaptive simulations. Any portlet can be minimized, 
maximized, customized, or closed by the user. Each adaptive simulation is realized through a single portlet. 
The container or outer portlet can instantiate inner portlets. These instantiations are determined by the 
workflow of the adaptive simulation. The inner portlets realize the individual services. Of course, it is entirely 
possible that the inner portlets can be instantiated outside of the outer portlet by some other application, in 
which case they are not under the control of the workflow of any adaptive simulation. This is analogous to a 
user opening a piece of content that is displayed through an AH application by accessing the resource 
directly. For our purposes, we require the portlets, portlet containers and portals to adhere to the portlet 
specifications [3][4] and the WSRP specification [32]. 

4.5 Author-Time, Publish-Time, and Run-Time 

There are three distinct stages that an adaptive simulation passes through. Firstly, an author creates an 
adaptive simulation at author-time using the authoring tools (see D3.5a-b). The adaptive simulation is then 
published at publish-time. This involves the translation of the adaptive simulation into a form that can be 
executed by an adaptive engine. The output of this stage is GAL code (see Section 4.6). Finally, the adaptive 
simulation is executed at run-time by an adaptive engine. An author can maintain or modify an adaptive 
simulation by re-entering the authoring tools; changes are propagated through publish-time to the form that 
is executed at run-time to update the adaptive simulation on the fly. 

4.6 The GRAPPLE Adaptation Language 

GAL expresses adaptive navigation that can be performed by an adaptive engine. GAL is based on 
Semantic Web specifications and languages. It uses a Turtle-like syntax to construct an RDF graph for each 
model. GAL's primitives include variables, a set data structure, and a representation of ‘links’, conditionals, 
and events. Brusilovsky’s adaptation techniques [9][12] can be expressed using these primitives. A CRT or 

ART is a relationship between domain model and user model ‘classes’ (e.g. gal:Concept, 

gal:Relationship, gal:Resource, gal:User, gal:HasKnowledge, gal:isSuitable, etc.) that 
concerns adaptive navigation. There is also an application model defining a global adaptive navigation 
structure. ‘Active’ content is provided through forms with buttons, text inputs, and choice inputs. GAL 
comprises an adaptation language, query language (using a quasi-SPARQL syntax), and update language. 

The simulation component of GRAPPLE requires simulation-specific functionality: 

• Basic control flow constructs; 

• Basic looping constructs; and 
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• Event-handling (events are fired by the ‘system’, GAL code is executed by the adaptive engine in 
response to these events, then control is returned to the system). 

We are extending GAL as follows. Adaptive features (what we can adapt) can be included: 

 

<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"> 

<rdf:Description title="gal.features.hypermedia.content.text.fragments" /> 

<rdf:Description title="gal.features.hypermedia.content.text.conditionalText" /> 

<rdf:Description title="gal.features.hypermedia.content.text.frames" /> 

<rdf:Description title="gal.features.hypermedia.content.text.stretchText" /> 

<rdf:Description title="gal.features.hypermedia.content.text.dimText" /> 

<rdf:Description title="gal.features.hypermedia.content.multimedia" /> 

  

<rdf:Description title="gal.features.hypermedia.navigation.linkHiding" /> 

<rdf:Description title="gal.features.hypermedia.navigation.linkSorting" /> 

<rdf:Description title="gal.features.hypermedia.navigation.linkGeneration" /> 

<rdf:Description title="gal.features.hypermedia.navigation.linkAnnotation" /> 

<rdf:Description title="gal.features.hypermedia.navigation.directGuidance" /> 

<rdf:Description title="gal.features.hypermedia.navigation.mapping" /> 

  

<rdf:Description title="gal.features.simulation.procedural.content.serviceSelection" /> 

<rdf:Description title="gal.features.simulation.procedural.content.fidelity" /> 

<rdf:Description title="gal.features.simulation.procedural.content.augmentation" /> 

<rdf:Description title="gal.features.simulation.procedural.content.modality" /> 

<rdf:Description title="gal.features.simulation.procedural.content.feedback" /> 

<rdf:Description title="gal.features.simulation.procedural.content.motivators" /> 

<rdf:Description title="gal.features.simulation.procedural.navigation.sequencing" /> 

<rdf:Description title="gal.features.simulation.procedural.navigation.control" /> 

<rdf:Description title="gal.features.simulation.procedural.navigation.mapping" /> 

<rdf:Description title="gal.features.simulation.procedural.presentation.arrangement" /> 

</rdf:RDF> 

gal.features.simulation.procedural.content.modality specifies the mode of interaction (e.g. 
command line, point-and-click, etc.) and is unique to simulations; providing several modes within a lesson 
enhances interest and stimulates learning [41]. The same principle applies when providing types of actions, 
e.g. making a choice, manipulating an object, reacting to an event, and collecting information. 

Adaptive dimensions (what we can adapt to) can also be included: 

 

<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"> 

<rdf:Description title="gal.dimensions.individual.goals" /> 

<rdf:Description title="gal.dimensions.individual.competence" /> 

 

<rdf:Description title="gal.dimensions.individual.usage" /> 

<rdf:Description title="gal.dimensions.individual.traits" /> 

<rdf:Description title="gal.dimensions.individual.language" /> 

<rdf:Description title="gal.dimensions.individual.background" /> 

<rdf:Description title="gal.dimensions.individual.interests" /> 

<rdf:Description title="gal.dimensions.individual.milestones" /> 

<rdf:Description title="gal.dimensions.individual.role" /> 
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<rdf:Description title="gal.dimensions.individual.motivation" /> 

 

<rdf:Description title="gal.dimensions.group.*" /> 

 

<rdf:Description title="gal.dimensions.system.usage" /> 

 

<rdf:Description title="gal.dimensions.environment.latency" /> 

<rdf:Description title="gal.dimensions.environment.context" /> 

<rdf:Description title="gal.dimensions.environment.location" /> 

<rdf:Description title="gal.dimensions.environment.platform" /> 

</rdf:RDF> 

We also need support for events. Events are fired by the system that delivers the content and services, e.g. 
a hypermedia system (web server), simulation or workflow engine, VR engine, game engine, etc. The 
adaptive engine in response to these events executes event-handlers, specified in GAL. Typical events 

include userLogin(user), userLogout(user), followLink(user, link), openService(user, 

service), and closeService(user, service). These events can be included: 

<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"> 

<rdf:Description title="gal.events.hypermedia.userLogin" /> 

<rdf:Description title="gal.events.hypermedia.userLogout" /> 

<rdf:Description title="gal.events.hypermedia.followLink" /> 

 

<rdf:Description title="gal.events.hypermedia.http.get" /> 

<rdf:Description title="gal.events.hypermedia.http.post" /> 

<rdf:Description title="gal.events.hypermedia.http.put" /> 

<rdf:Description title="gal.events.hypermedia.http.delete" /> 

 

<rdf:Description title="gal.events.simulation.procedural.openService" /> 

<rdf:Description title="gal.events.simulation.procedural.closeService" /> 

<rdf:Description title="gal.events.simulation.procedural.interruptService" /> 

<rdf:Description title="gal.events.simulation.procedural.stateChange" /> 

</rdf:RDF> 

5 Implementation 

The implementation of the infrastructure for the delivery of adaptive simulations involves two distinct types of 
components: off-the-shelf components (see Section 5.1) and custom components (see Section 5.2). Where 
possible, we try to use off-the-shelf components and configure them to our needs. However, there are some 
tasks that our infrastructure needs to perform that require custom development. In particular, we need a 
component that can convert or translate portions of the GAL code description of the adaptive simulation to 
an appropriate workflow language. We are extending the adaptive engine described in O'Keeffe et al. [34] in 
order to make it GAL-compliant. We have also deployed the components across several virtual machines to 
emphasize the separation of concerns within the infrastructure (see Section 5.3). 

5.1 Off-The-Shelf Components 

We have installed and configured the following off-the-shelf components as part of our infrastructure. 
Sometimes we have more than one component that can fulfil the same need, e.g. Apache Tomcat and 
Glassfish. In some cases, this is to illustrate the interchangeability of components. However, in others, there 
are technical reasons for their inclusion. 

• Apache Tomcat: Apache Tomcat is a HTTP web server and application/servlet container. It 
implements the Java Servlet and the JavaServer Pages (JSP) specifications. 
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• Glassfish: Glassfish is an application container for the Java EE platform. It uses a derivative of 
Apache Tomcat as the servlet container for serving Web content. 

• Apache Pluto: Apache Pluto is a portlet container that provides a runtime environment for portlets 
implemented according to the portlet API. In this environment portlets can be instantiated, used and 
destroyed. The portlet container is not a stand-alone container like the servlet container; instead it is 
implemented as a thin layer on top of the servlet container and reuses the functionality provided by 
the servlet container. 

• OpenPortal: OpenPortal is a portlet container supporting Enterprise JavaBeans, Java ServerPages 
and Servlets. 

• Apache WSRP4J: Apache WSRP4J aggregates remote portlets and content. It provides a platform 
for developing and hosting WSRP compliant web services. 

• Apache Axis2: Apache Axis2 is an XML based Web service framework. It comprises a SOAP server 
and various utilities and APIs for generating and deploying Web service applications. 

• ActiveBPEL: ActiveBPEL provides an implementation of BPEL 1.1. It runs in any standard servlet 
container such as Apache Tomcat. 

5.2 Custom Components 

Our infrastructure employs the following custom components, which are deployed along side the off-the-shelf 
components. For testing purposes, we are currently using our own adaptive engine, to which we are adding 
GAL support. However, this will be substituted with GALE (see D1.3a-b) once its support for GAL is 
complete. 

• A GAL-compliant adaptive engine 

• Composition2BPELService (a web service that converts GAL to BPEL and deploys the 
appropriate files to the workflow engine and portlet container) 

o BPELGenerator 

� The BPELGenerator converts GAL to BPEL. It produces BPEL like the snippet 
shown below which is then enacted by the workflow engine, ActiveBPEL. 

� It includes the functions addSequence() to generate BPEL code for a sequence, 

addConditionalBranch() to generate BPEL code for a conditional control 

structure, addParallelSplit() to generate BPEL code for a parallel split, 

addService() to make the invocation of a service possible, and 

serviceDescriptionDeploymentDescriptorToString() to produce a 
service descriptor like the snippet also shown below. 

A Snippet of BPEL Code generated by the BPELGenerator 

<bpel:if> 

<bpel:condition>$performBlockingInteractionRequest.performBlockingInteraction/ns6:interactionParams/

ns6:formParameters/@name = "portletIdentifier"</bpel:condition> 

   <bpel:sequence> 

      <bpel:assign> 

         <bpel:copy> 

            

<bpel:from>$performBlockingInteractionRequest.performBlockingInteraction/ns6:interactionParams/ns6:f

ormParameters[@name='portletIdentifier']/ns6:value</bpel:from> 

            <bpel:to variable="parallelSplitState"/> 

         </bpel:copy> 

      </bpel:assign> 

      <bpel:assign> 

         <bpel:copy> 

            <bpel:from> 

               <bpel:literal>""</bpel:literal> 

            </bpel:from> 

            <bpel:to part="performBlockingInteractionResponse" 

variable="performBlockingInteractionResponse"> 

   <bpel:query>ns6:updateResponse/ns6:navigationalState</bpel:query> 
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            </bpel:to> 

         </bpel:copy> 

      </bpel:assign> 

      <bpel:reply operation="performBlockingInteraction" partnerLink="BaseServicePartnerLink" 

portType="ns2:WSRP_v1_Markup_PortType" variable="performBlockingInteractionResponse"/> 

   </bpel:sequence> 

   ... 

</bpel:if> 

 

A Snippet of a Service Descriptor 

<process xmlns="http://schemas.active-endpoints.com/pdd/2006/08/pdd.xsd" 

xmlns:bpelns="ServiceDescriptionProcess" 

xmlns:wsa="http://schemas.xmlsoap.org/ws/2003/03/addressing" 

location="bpel/processName/ServiceDescriptionProcess.bpel" 

name="processName\ServiceDescriptionProcess"> 

 <partnerLinks> 

  <partnerLink name="ServiceDescriptionServicePartnerLink"> 

   <myRole allowedRoles="" binding="MSG" 

service="processName\ServiceDescriptionServicePartnerLinkService"/> 

  </partnerLink> 

 </partnerLinks> 

 <references> 

  <wsdl 

location="project:/processName/wsdl/ServiceDescriptionServicePartnerLink.wsdl" 

namespace="ServiceDescriptionServicePartnerLink"/> 

  <wsdl location="project:/processName/wsdl/WSRPServiceDescriptionService.wsdl" 

namespace="urn:oasis:names:tc:wsrp:v1:wsdl"/>    

 </references> 

</process> 

o ActiveBPELDeployer 

� This is a supporting tool that automatically deploys a BPEL workflow and the 
necessary files to ActiveBPEL and registers it with the workflow engine.  

o PlutoWSRPPortletRegistrar 

� This is also a supporting tool that informs Apache Pluto of new portlets available 
through the WSRP4J interface. 

5.3 Virtual Machines 

It is possible to distribute the infrastructure across several machines. We are using four virtual machines 
(labelled A, B, C, and D). This emphasizes the separation of concerns within the infrastructure.  

5.3.1 Machine A8 

On this machine we install Apache Tomcat, Apache Axis2, and the Composition2BPELService. The 

Composition2BPELService is a web service that converts GAL to BPEL. It comprises a 

BPELGenerator, an ActiveBPELDeployer that automatically deploys the resulting file to Machine C, and 

a PlutoWSRPPortletRegistrar that informs Apache Pluto on Machine B of the resulting file’s existence. 

5.3.2 Machine B9 

On this machine we install Apache Tomcat, Apache Pluto, Apache WSRP4J, and the adaptive engine. 
Sample portlets or services are deployed to this machine (Figure 7, Figure 8, and Figure 9 show sample 
portlets deployed to Machine B for a simple burn down chart, a complex burn down chart, and a Scrum 
meeting respectively). The adaptive engine is also deployed to Pluto to allow for adaptive portlets. 

                                                      

8
 This maps internally to http://kdeg-vm-4.cs.tcd.ie:8080. 

9
 This maps internally to http://kdeg-vm-4.cs.tcd.ie:8080. 
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Figure 7: A sample portlet for a simple burn down chart. 

 

 

Figure 8: A sample portlet for a complex burn down chart. 

 

 

Figure 9: A sample portlet for the first stage of a Scrum meeting. 



D4.1b - Implementation of the Infrastructure for the Adaptive Delivery of Simulations  (v1.0), 22-12-09 

Implementation of the Infrastructure for the Adaptive Delivery of Simulations Page 24 (46) 

5.3.3 Machine C10 

On this machine we install Apache Tomcat and ActiveBPEL (see Figure 10). This is the workflow engine that 
delivers the adaptive simulations. 

 

Figure 10: Machine C. 

5.3.4 Machine D11 

On this machine we install Glassfish, Apache WSRP4J, OpenPortal, and the adaptive engine. Sample 
portlets or services are also deployed to this machine (see Figure 11). The adaptive engine is also deployed 
to OpenPortal to allow for adaptive portlets. 

 

Figure 11: Machine D. 

 

                                                      

10
 This maps internally to http://kdeg-vm-12.cs.tcd.ie:8080/active-bpel/. 

11
 This maps internally to http://kdeg-vm-13.cs.tcd.ie:8080/portletdriver/dt. 



D4.1b - Implementation of the Infrastructure for the Adaptive Delivery of Simulations  (v1.0), 22-12-09 

Implementation of the Infrastructure for the Adaptive Delivery of Simulations Page 25 (46) 

5.4 Interactions with the GEB and the GUMF 

Our infrastructure is one component within the GRAPPLE system. It communicates with other components 
through the GRAPPLE Event Bus (GEB). One such component that it communicates with heavily is the 
GRAPPLE User Modeling Framework (GUMF). 

5.4.1 Interactions with the GEB 

The GEB is a messaging bus that distributes messages between the various components of the GRAPPLE 
system (see D7.1a-b). All pertinent events raised within our infrastructure are dispatched, received by GEB, 
and distributed to other registered GRAPPLE components. Similarly, our infrastructure provides an 

eventHandler that is registered (register()) with the GEB to receive all events that are of interest to 
our infrastructure. The following events are dispatched to the GEB: 

• HTTP_GET / HTTP_POST / HTTP_PUT / HTTP_DELETE 

o This indicates that a user has requested a resource and attempted to perform some desired 
action on it. 

• FOLLOW_LINK 

o This is an alias for HTTP_GET. It indicates that the user has retrieved a resource. 

• OPEN_SERVICE 

o This indicates that a user has opened a service. 

• CLOSE_SERVICE 

o This indicates that a user has closed service. 

• INTERRUPT_SERVICE 

o This indicates that a service has been interrupted by another service (see Section 4.2.4). 

• STATE_CHANGE 

o This indicates that a user’s state with respected to an adaptive simulation has changed. 

We can off-load all user authentication effort to the Shibboleth system and simply retrieve user identity 
information through the GEB. GRAPPLE Identifiers uniquely identify the users (see D7.1a-b). 

5.4.2 Interactions with the GUMF 

The adaptive engine is a registered client of the GUMF and uses the GUMF Client API to store and query 
user model attributes in a dataspace. The dataspace is created by the client application administrator and is 
no different from the dataspaces created for other clients within the GRAPPLE project, e.g. the non-
simulated adaptive engine. The client application administrator also registers the adaptive engine as a new 
client application. 

When delivering an adaptive simulation, GRAPPLE Statements (see D2.1) are sent to the GUMF (through 
the GEB) to store and query

12
 UM attributes, e.g. 

<?xml version="1.0"?>  
   <rdf:RDF 
      xmlns="http://www.example.org/um/#" 
      xmlns:gc="http://www.grapple-project.org/grapple-core/#" 
      xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#" 
      xmlns:xsd="http://www.w3.org/2001/XMLSchema#" 
      xml:base="http://www.example.org/um/"> 
   <gc:Statement rdf:ID="???"> 
      <gc:user rdf:resource="???"/> 
      <gc:predicate rdf:resource="???"/> 
      <gc:object rdf:datatype="???">???</gc:object> 
      <gc:level rdf:datatype="???">???</gc:level> 
      <gc:origin>???</gc:origin> 

                                                      

12
 The exact syntax of a query is not known at the time of writing (see the document “Grapple User Modeling 

Framework - Use Cases”). 
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   </gc:Statement> 
</rdf:RDF> 

 

Suppose that a hypothetical student with a given ID is participating in the DRM Peer Review process 
described in D3.5a-b. The user visits http://…/DRMCourse on the 01/01/2009 just after midday. He views 
the introductory page and, since he has no legal background, he is directed to a comprehensive list of DRM 
technologies. He chooses to study the technologies related to film and books. He spends an equal amount of 
time on both before returning to the course page. Since the student is enrolled in the course and has not yet 
submitted a report, the system launches the “review resources”, “discussion” and “write report” services. The 
student enters three new resources he discovers on the Web and takes part in two discussion threads 
relating to DRM. At the same time he writes a report on DRM that he submits some time later, thereby 
completing the course. 

The following stores/queries are sent to the GUMF: 

 

Type Predicate 
Resource 

Object Data 
Type 

Object Value Level Data 
Type 

Level Value 

STORE location xsd:anyURI http://…/DRMCourse xsd:dateTime 2009-01-
01T12:30:00 

QUERY knowledge xsd:anyURI http://…/DRMCourse null null 

STORE knowledge xsd:anyURI http://…/DRMCourse xsd:double 0.25 

QUERY legalBackground xsd:anyURI http://…/Legal null null 

STORE location xsd:anyURI http://…/DRMTech xsd:dateTime 2009-01-
01T12:35:00 

QUERY knowledge xsd:anyURI http://…/DRMTech null null 

STORE knowledge xsd:anyURI http://…/DRMTech xsd:double 0.25 

STORE location xsd:anyURI http://…/DRMTechFilm xsd:dateTime 2009-01-
01T12:35:00 

QUERY knowledge xsd:anyURI http://…/DRMTechFilm null null 

STORE knowledge xsd:anyURI http://…/DRMTechFilm xsd:double 0.25 

QUERY knowledge xsd:anyURI http://…/DRMTech null null 

STORE knowledge xsd:anyURI http://…/DRMTech xsd:double 0.5 

QUERY knowledge xsd:anyURI http://…/DRMCourse null null 

STORE knowledge xsd:anyURI http://…/DRMCourse xsd:double 0.5 

STORE location xsd:anyURI http://…/DRMTechBooks xsd:dateTime 2009-01-
01T12:40:00 

QUERY knowledge xsd:anyURI http://…/DRMTechBooks null null 

STORE knowledge xsd:anyURI http://…/DRMTechBooks xsd:double 0.25 

QUERY knowledge xsd:anyURI http://…/DRMTech null null 

STORE knowledge xsd:anyURI http://…/DRMTech xsd:double 0.75 

QUERY enrollment xsd:anyURI http://…/DRMCourse null null 

QUERY courseComplete xsd:anyURI http://…/DRMCourse null null 

STORE location xsd:anyURI http://…/DRMResources xsd:dateTime 2009-01-
01T12:45:00 

STORE location xsd:anyURI http://…/DRMDiscussion xsd:dateTime 2009-01-
01T12:45:00 

STORE location xsd:anyURI http://…/DRMReport xsd:dateTime 2009-01-
01T12:45:00 

STORE resources xsd:anyURI http://…/DRMResources xsd:anyURI resource1 



D4.1b - Implementation of the Infrastructure for the Adaptive Delivery of Simulations  (v1.0), 22-12-09 

Implementation of the Infrastructure for the Adaptive Delivery of Simulations Page 27 (46) 

STORE resources xsd:anyURI http://…/DRMResources xsd:anyURI resource2 

STORE resources xsd:anyURI http://…/DRMResources xsd:anyURI resource3 

STORE discussion xsd:anyURI http://…/DRMDiscussion xsd:integer 1 

STORE discussion xsd:anyURI http://…/DRMDiscussion xsd:integer 2 

STORE location xsd:anyURI http://…/DRMDiscussion xsd:dateTime 2009-01-
01T15:05:00 

STORE report xsd:anyURI http://…/DRMSubmitReport xsd:anyURI report 

STORE knowledge xsd:anyURI http://…/DRMCourse xsd:double 0.75 

STORE courseComplete xsd:anyURI http://…/DRMCourse xsd:boolean true 

 

Each row in the above table constitutes a GRAPPLE Statement sent to the GUMF relating to the 
hypothetical user. All of these statements will be sent through the GEB. The first row populates 
<gc:Statement rdf:ID="???"> with a unique id, <gc:user rdf:resource="???"/> with the id of 
the user, <gc:predicate rdf:resource="???"/> with location, <gc:object 

rdf:datatype="???">???</gc:object> with xsd:anyURI and http://…/DRMCourse, and 
<gc:level rdf:datatype="???">???</gc:level> with xsd:dateTime and 2009-01-

01T12:30:00. The contents of <gc:origin>???</gc:origin> can be easily derived from these 
values: 
 
<?xml version="1.0"?>  
   <rdf:RDF 
      xmlns="http://www.example.org/um/#" 
      xmlns:gc="http://www.grapple-project.org/grapple-core/#" 
      xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#" 
      xmlns:xsd="http://www.w3.org/2001/XMLSchema#" 
      xml:base="http://www.example.org/um/"> 
   <gc:Statement rdf:ID="1"> 
      <gc:user rdf:resource="1"/> 
      <gc:predicate rdf:resource="location"/> 
      <gc:object rdf:datatype="xsd:anyURI">http://…/DRMCourse</gc:object> 
      <gc:level rdf:datatype="xsd:dateTime">2009-01-01T12:30:00</gc:level> 
 </gc:Statement> 
</rdf:RDF> 

 
In a running system, these statements will be interspersed with statements involving other users and other 
courses. 
 

6 Conclusions 

In this deliverable we have outlined the design of the infrastructure for the delivery of adaptive simulations. 
Whereas traditional AH systems are content-centric and business process management or workflow systems 
are service-centric, our infrastructure is a combination of the two. It can cater for both content and service-
based learning applications. An adaptive simulation, or more specifically, an adaptive procedural simulation 
is considered to be an assembly of concepts and services, with links between them and a workflow 
specification guiding the execution of the services. The content, the services, and the workflow itself can be 
adapted to the users. 

To accomplish this feat, our infrastructure is centred on three main components: a workflow engine, a portal, 
and an adaptive engine. The workflow engine enacts the adaptive simulation. It interprets the sequence in 
which the services should be presented to the user. It can also handle notions that are very different from the 
simple sequencing of pages in an AH application, for example, parallel branches of control where the user 
may have to complete two or more services simultaneously in order to progress in the simulation. The portal 
is the point of interaction with the user. It provides a uniform interface to the constituent content and services 
of an adaptive simulation. For example, it allows a user to open, close, minimize, and maximize a service or 
to rearrange their appearance on the screen. It also enables integration with LMSs that support portlets: 
portlets operate under well-defined specifications [3][4]. Indeed, we utilize the WSRP Specification [32] to 
broker all interaction with the portlets so that we can examine and record the user’s actions. The adaptive 
engine is the crux of the infrastructure. It can modify, at run-time, the choice of content and services, the 
sequencing of the services, the presentation of the portlets to the learner, etc. Whereas the combination of a 
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workflow engine and a portal is fairly straightforward [7], the combination of a workflow engine, a portal, and 
an adaptive engine has only recently been investigated [34] and is much more challenging. In Figure 3 we 
show these three components mutually communicating in order to deliver adaptive simulations. 

We also reviewed some related work from the fields of AH and AWSC. We extended the set of requirements 
for adaptive non-simulated learning environments to cater for adaptive simulations. Our infrastructure 
involves a broad range of off-the-shelf components, including application containers, portlet containers, 
workflow engines, web service frameworks, etc., and custom components including a GAL-compliant 
adaptive engine. This combination of technologies provides a flexible, reusable architecture for delivering the 
content and services that make up an adaptive simulation. 
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A Definitions 

In this annex we present an abbreviated list of definitions that are used in this and related deliverables 
(D3.5a, D3.5b, D3.5c, and D4.1a) with respect to adaptive simulations. The complete set of definitions can 
be found in deliverable D3.5b. 

Resource Model 

A Resource Model (RM) models all assets (concept instances and service instances) that are available for 
use in an adaptive course or adaptive simulation. These assets comprise text, images, sound, video, chat 
services, email services, forum services, exercises, references, datasets, etc. The actual assets can be 
contained in a closed-corpus repository or retrieved from an open-corpus repository, such as the Web. 
However, every modelled asset must provide meta-data in the form of a required set of controlled attributes. 
These attributes must specify, for instance, the difficulty of the content (e.g. introductory, intermediate, 
expert), the language, the media format, etc. Service instances also need to expose their inputs and outputs. 

Domain Model 

A Domain Model (DM) comprises a Concept Domain Model (CDM) and a Service Domain Model (SDM). A 
SDM can also be considered a Service Workflow Model (SWM). The reason for this alternative name is 
explained below. A CDM models abstract concepts. The actual concept instances are modelled in a RM. 
D3.1a (Design Specification of a DM Definition Tool) and D3.1b (Initial Implementation of the DM Definition 
Tool) describe this model in more detail. A SDM is an analogous model for services. It models abstract 
services. The actual service instances are modelled in a RM. Services can be domain specific in nature, e.g. 

scrumMeeting is only meaningful when learners are studying the Scrum software methodology, whereas 
other services can be domain-independent but can be parameterized so that they appear domain-specific, 

e.g. classDiscussion can apply to any domain, but when the discussion is parameterized with a 
particular topic, it becomes domain-specific. 

A CDM will use the IMS Vocabulary Definition Exchange (IMS VDEX) specification (see D3.1a-b). This 
specification provides a grammar for the exchange of a common vocabulary. Specifically, VDEX defines a 
grammar for the exchange of simple machine-readable lists of terms, along with some simple semantics to 
help a human understand the meaning or applicability of the various terms. VDEX may be used to express 
terms in instances of IEEE LOM, IMS Metadata, IMS LIP, ADL SCORM, etc. VDEX can also express 
hierarchical and loose networks of relationships if required. 

To enable reuse of the DM tool for a SDM, we will also use IMS VDEX to express our ‘service space’ and 
some simple descriptive (non-pedagogical) relationships between those services. It will be possible to mix 
concepts and services together in the one space, blurring the distinction between a CDM and a SDM. The 
author will simply see a collection of entities and relationships in a unified DM. 

The simple descriptive (non-pedagogical) relationships between services may in some cases be workflow 

constructs, e.g. XOR-split, XOR-join, etc. These are not describing a workflow or process per se. A SDM 
is a static representation of services. However, if two services are dragged from a SDM into an Adaptation 
Model (AM) (see below), then the relationship can induce an actual workflow construct if the author so 
wishes. The relationship in a SDM can be considered a ‘default’ or ‘suggested’ workflow construct between 
two related services. The relationship it induces in an AM is a SRT (again, see below), onto which adaptive 
behaviour can be specified. 

Many concept instances in a RM can potentially fulfil the needs of an abstract concept in a CDM. Similarly, 
many service instances in a RM can potentially fulfil the needs of an abstract service in a SDM. However, for 
service instances and abstract services, ‘fulfilling the needs’ is not simply a matter of having appropriate 
values for certain meta-data attributes. The service instances must also be, to some degree, IOPE-matched, 
i.e. they must share a similar set of inputs, outputs, preconditions, and effects. 

In our authoring tools and delivery infrastructure for adaptive simulations, services are implemented using 
portlets and the Web Services for Remote Portlets (WSRP) Specification. This specification allows portlets to 
be accessed using Web Services. Portlets have a well-defined interface and communication protocol so all 
interaction with them can be brokered. We will require this ability when orchestrating the services through a 
workflow engine. 

Unalike concept instances, service instances can terminate in a variety of ways. These are: 



D4.1b - Implementation of the Infrastructure for the Adaptive Delivery of Simulations  (v1.0), 22-12-09 

Implementation of the Infrastructure for the Adaptive Delivery of Simulations Page 33 (46) 

• Through a user action (close service – this is similar to browsing away from a concept instance in a 
hypertext); 

• Through an interrupt from another service instance; or 

• Following the expiration of a specified duration (timeout). 

Abstract Relationship Types 

An Abstract Relationship Type (ART) is a Concept Relationship Type (CRT), a Service Relationship Type 
(SRT), or a Concept-Service Relationship Type (CSRT). CRTs are described in detail in D3.2a (Definition of 
a Concept Relationship Type Tool) and D3.2b (Initial Implementation of the Concept Relationship Type 
Tool). A CRT is a pedagogical relationship between concepts and can be instantiated in an AM (see below), 

e.g. prerequisite, analogousTo, etc. It may have associated adaptive behaviour, e.g. only make the 
target endpoints of a prerequisite CRT visible if its source endpoints have already been visited. Similarly, a 
SRT is a pedagogical relationship between services and can also be instantiated in an AM. In our 

implementation, we employ the following seven basic workflow constructs as SRTs: sequence, XOR-

split, AND-split, OR-split, XOR-join, AND-join, and OR-join. Each of these may also have 
associated adaptive behaviour. Finally, a CSRT is a pedagogical relationship between concepts and 

services and can also be instantiated in an AM. Examples include isExemplifiedBy (the details of a 

concept may be explicitly demonstrated by a service), adheresToThePrinciplesOf (a service may abide 
by the rules or laws of a concept), etc. 

To the author, all three types of ART can be mixed together seamlessly in the AM, thereby blurring any 
distinction between them. However, for us, their functionality will be quite different and so we differentiate 
between them as such. The authoring tool provides a repository of commonly used ARTs. D3.2a and D3.2b 
describe a CRT tool for creating new CRTs from the ground up. Our tool provides for the creation of more 
general ARTs. An ART is represented in XML. This XML specifies, among other things, an ART’s name or 
identifier, description of purpose, arity, parameters, conditions (when and where it can and can’t be applied), 
and its adaptive behaviour (specified in the GRAPPLE Adaptation Language (GAL)). 

Adaptation Model 

An Adaptation Model (AM) is a workspace into which everything else is combined to produce an adaptive 
course or adaptive simulation. Within the GRAPPLE project, D3.3a (Design of a CAM Definition Tool) and 
D3.3b (Initial Implementation of the CAM), it is referred to as the Conceptual Adaptation Model (CAM). 
However, this overly emphasizes the role of concepts, especially when the aim is to author adaptive 
simulations. For this reason we drop the ‘conceptual’ qualifier in this and related deliverables (D3.5a, D3.5b, 
D3.5c, and D4.1a) to show that it can also be a service-based AM. The CAM Tool (as described in D3.3a 
and D3.3b) is extended within our tool to handle services, SRTS, and CSRTs. 

ARTs (CRTs, SRTs, and CSRTs) are instantiated in an AM. They are ‘dragged’ into the workspace by the 
author and bound to specific concepts and services. In other words, arguments are mapped or bound to the 
parameters of the ARTs. An ART can only be instantiated if the concepts and services that the author is 
trying to map or bind to it match the parameters and the ART’s conditions are satisfied. An AM is the author’s 
complete description of an adaptive course or adaptive simulation before it is translated into GAL and 
enacted by an adaptive engine. An AM is represented in XML. This XML will specify, among other things, the 
AM’s name or identifier, author, and a graph-based model of its contents (concepts, services, and ARTs). 

Activities 

Activities or Learning Activities are simply reusable groupings of concepts, services and ARTs. Examples 

include scrumMeetingLearningActivity, sprintPlanningMeetingLearningActivity, 

sprintLearningActivity, and sprintRetrospectiveMeetingLearningActivity. Within the AM 
tool, they can be contracted or expanded to make the visual representation of an adaptive course or 
adaptive simulation easier to navigate and understand. It is also possible to nest and reuse activities. 
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B Common XML Schema 

<?xml version="1.0" encoding="UTF-8"?> 

<xs:schema targetNamespace="http://www.grapple-project.org/xmlns/common/1.0" 

   xmlns="http://www.grapple-project.org/xmlns/common/1.0" 

xmlns:xs="http://www.w3.org/2001/XMLSchema" 

   elementFormDefault="qualified" attributeFormDefault="unqualified"> 

 

   <xs:simpleType name="UUIDType"> 

      <xs:restriction base="xs:string"> 

         <xs:pattern 

            value="[a-z0-9]{8}\-[a-z0-9]{4}\-[a-z0-9]{4}\-[a-z0-9]{4}\-[a-z0-9]{12}" /> 

      </xs:restriction> 

   </xs:simpleType> 

 

   <xs:simpleType name="nameType"> 

      <xs:restriction base="xs:string"> 

         <xs:maxLength value="32" /> 

      </xs:restriction> 

   </xs:simpleType> 

 

   <xs:simpleType name="descriptionType"> 

      <xs:restriction base="xs:string"> 

         <xs:maxLength value="256" /> 

      </xs:restriction> 

   </xs:simpleType> 

 

   <xs:complexType name="keywordsType"> 

      <xs:sequence> 

         <xs:element name="keyword" minOccurs="0" maxOccurs="unbounded"> 

            <xs:simpleType> 

               <xs:restriction base="xs:string"> 

                  <xs:maxLength value="32" /> 

               </xs:restriction> 

            </xs:simpleType> 

         </xs:element> 

      </xs:sequence> 

   </xs:complexType> 

 

   <xs:complexType name="versionType"> 

      <xs:sequence> 

         <xs:element name="major" type="xs:positiveInteger" /> 

         <xs:element name="minor" type="xs:nonNegativeInteger" /> 

      </xs:sequence> 

   </xs:complexType> 

 

   <xs:complexType name="permissionsType"> 

      <xs:sequence> 

         <xs:element name="user"> 

            <xs:complexType> 

               <xs:sequence> 

                  <xs:element name="read" type="xs:boolean" /> 

                  <xs:element name="write" type="xs:boolean" /> 

                  <xs:element name="publish" type="xs:boolean" /> 

               </xs:sequence> 

            </xs:complexType> 

         </xs:element> 

         <xs:element name="group"> 

            <xs:complexType> 

               <xs:sequence> 

                  <xs:element name="read" type="xs:boolean" /> 

                  <xs:element name="write" type="xs:boolean" /> 

                  <xs:element name="publish" type="xs:boolean" /> 

               </xs:sequence> 

            </xs:complexType> 

         </xs:element> 

         <xs:element name="world"> 

            <xs:complexType> 

               <xs:sequence> 

                  <xs:element name="read" type="xs:boolean" /> 

                  <xs:element name="write" type="xs:boolean" /> 

                  <xs:element name="publish" type="xs:boolean" /> 

               </xs:sequence> 

            </xs:complexType> 

         </xs:element> 

      </xs:sequence> 

   </xs:complexType> 



D4.1b - Implementation of the Infrastructure for the Adaptive Delivery of Simulations  (v1.0), 22-12-09 

Implementation of the Infrastructure for the Adaptive Delivery of Simulations Page 35 (46) 

 

   <xs:complexType name="headerType"> 

      <xs:sequence> 

         <xs:element name="identifier" type="UUIDType" /> 

         <xs:element name="author" type="UUIDType" /> 

         <xs:element name="name" type="nameType" /> 

         <xs:element name="description" type="descriptionType" /> 

         <xs:element name="keywords" type="keywordsType" /> 

         <xs:element name="version" type="versionType" /> 

         <xs:element name="created" type="xs:dateTime" /> 

         <xs:element name="lastUpdated" type="xs:dateTime" /> 

         <xs:element name="permissions" type="permissionsType" /> 

      </xs:sequence> 

   </xs:complexType> 

 

   <xs:complexType name="controlledAttributesType"> 

      <xs:sequence> 

         <xs:element name="difficulty"> 

            <xs:simpleType> 

               <xs:restriction base="xs:string"> 

                  <xs:pattern value="beginner|intermediate|advanced" /> 

               </xs:restriction> 

            </xs:simpleType> 

         </xs:element> 

      </xs:sequence> 

   </xs:complexType> 

 

   <xs:simpleType name="galType"> 

      <xs:restriction base="xs:string"> 

         <xs:maxLength value="1024" /> 

      </xs:restriction> 

   </xs:simpleType> 

</xs:schema> 
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C XML Schema for the Domain Model 

<?xml version="1.0" encoding="UTF-8"?> 

<xs:schema targetNamespace="http://www.grapple-project.org/xmlns/dm/1.0" 

   xmlns="http://www.grapple-project.org/xmlns/dm/1.0" xmlns:c="http://www.grapple-

project.org/xmlns/common/1.0" 

   xmlns:g="http://graphml.graphdrawing.org/xmlns" 

   xmlns:xs="http://www.w3.org/2001/XMLSchema" elementFormDefault="qualified" 

   attributeFormDefault="unqualified"> 

 

   <xs:import namespace="http://www.grapple-project.org/xmlns/common/1.0" 

      schemaLocation="../../common/1.0/grapple_common.xsd" /> 

       

   <xs:import namespace="http://graphml.graphdrawing.org/xmlns" 

      schemaLocation="http://graphml.graphdrawing.org/xmlns/1.0/graphml.xsd" /> 

 

   <xs:complexType name="domainModelRelationshipTypeType"> 

      <xs:sequence> 

         <xs:element name="identifier" type="c:UUIDType" /> 

         <xs:element name="label" type="c:nameType" /> 

         <xs:element name="endpoints"> 

            <xs:complexType> 

               <xs:sequence> 

                  <xs:element name="sources" type="xs:nonNegativeInteger" /> 

                  <xs:element name="targets" type="xs:nonNegativeInteger" /> 

                  <xs:element name="undirected" type="xs:nonNegativeInteger" /> 

               </xs:sequence> 

            </xs:complexType> 

         </xs:element> 

      </xs:sequence> 

   </xs:complexType> 

 

   <xs:complexType name="domainModelEntityType"> 

      <xs:sequence> 

         <xs:element name="identifier" type="c:UUIDType" /> 

         <xs:element name="name" type="c:nameType" /> 

         <xs:element name="description" type="c:descriptionType" /> 

         <xs:element name="keywords" type="c:keywordsType" /> 

         <xs:element name="resources"> 

            <xs:complexType> 

               <xs:sequence> 

                  <xs:element name="resource" minOccurs="1" maxOccurs="unbounded"> 

                     <xs:complexType> 

                        <xs:sequence> 

                           <xs:element name="identifier" type="c:UUIDType" /> 

                           <xs:element name="controlledAttributes" type="c:controlledAttributesType" 

/> 

                        </xs:sequence> 

                     </xs:complexType> 

                  </xs:element> 

               </xs:sequence> 

            </xs:complexType> 

         </xs:element> 

      </xs:sequence> 

      <xs:attribute name="type" use="required"> 

         <xs:simpleType> 

            <xs:restriction base="xs:string"> 

               <xs:pattern value="concept|service" /> 

            </xs:restriction> 

         </xs:simpleType> 

      </xs:attribute> 

   </xs:complexType> 

 

   <xs:complexType name="domainModelRelationshipType"> 

      <xs:sequence> 

         <xs:element name="identifier" type="c:UUIDType" /> 

         <xs:element name="type" type="c:UUIDType" /> 

         <xs:element name="endpoints"> 

            <xs:complexType> 

               <xs:sequence> 

                  <xs:element name="sources"> 

                     <xs:complexType> 

                        <xs:sequence> 

                           <xs:element name="endpoint" type="c:UUIDType" 

                              minOccurs="0" maxOccurs="unbounded" /> 

                        </xs:sequence> 

                     </xs:complexType> 
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                  </xs:element> 

                  <xs:element name="targets"> 

                     <xs:complexType> 

                        <xs:sequence> 

                           <xs:element name="endpoint" type="c:UUIDType" 

                              minOccurs="0" maxOccurs="unbounded" /> 

                        </xs:sequence> 

                     </xs:complexType> 

                  </xs:element> 

                  <xs:element name="undirected"> 

                     <xs:complexType> 

                        <xs:sequence> 

                           <xs:element name="endpoint" type="c:UUIDType" 

                              minOccurs="0" maxOccurs="unbounded" /> 

                        </xs:sequence> 

                     </xs:complexType> 

                  </xs:element> 

               </xs:sequence> 

            </xs:complexType> 

         </xs:element> 

      </xs:sequence> 

   </xs:complexType> 

 

   <xs:element name="domainModel"> 

      <xs:complexType> 

         <xs:sequence> 

            <xs:element name="header" type="c:headerType" /> 

            <xs:element name="relationshipTypes"> 

               <xs:complexType> 

                  <xs:sequence> 

                     <xs:element name="relationshipType" minOccurs="0" 

                        maxOccurs="unbounded" type="domainModelRelationshipTypeType" /> 

                  </xs:sequence> 

               </xs:complexType> 

            </xs:element> 

            <xs:element name="entities"> 

               <xs:complexType> 

                  <xs:sequence> 

                     <xs:element name="entity" minOccurs="0" maxOccurs="unbounded" 

                        type="domainModelEntityType" /> 

                  </xs:sequence> 

               </xs:complexType> 

            </xs:element> 

            <xs:element name="relationships"> 

               <xs:complexType> 

                  <xs:sequence> 

                     <xs:element name="relationship" minOccurs="0" 

                        maxOccurs="unbounded" type="domainModelRelationshipType" /> 

                  </xs:sequence> 

               </xs:complexType> 

            </xs:element> 

            <xs:element name="layout"> 

               <xs:complexType> 

                  <xs:sequence> 

                     <xs:element minOccurs="0" ref="g:graphml" /> 

                  </xs:sequence> 

               </xs:complexType> 

            </xs:element> 

         </xs:sequence> 

      </xs:complexType> 

   </xs:element> 

</xs:schema> 

 



D4.1b - Implementation of the Infrastructure for the Adaptive Delivery of Simulations  (v1.0), 22-12-09 

Implementation of the Infrastructure for the Adaptive Delivery of Simulations Page 38 (46) 

D XML Schema for the Abstract Relationship Type 

<?xml version="1.0" encoding="UTF-8"?> 

<xs:schema targetNamespace="http://www.grapple-project.org/xmlns/art/1.0" 

   xmlns="http://www.grapple-project.org/xmlns/art/1.0" xmlns:c="http://www.grapple-

project.org/xmlns/common/1.0" 

   xmlns:xs="http://www.w3.org/2001/XMLSchema" elementFormDefault="qualified" 

   attributeFormDefault="unqualified"> 

 

   <xs:import namespace="http://www.grapple-project.org/xmlns/common/1.0" 

      schemaLocation="../../common/1.0/grapple_common.xsd" /> 

 

   <xs:complexType name="parametersType"> 

      <xs:sequence> 

         <xs:element name="sources"> 

            <xs:complexType> 

               <xs:sequence> 

                  <xs:element name="parameter" minOccurs="0" maxOccurs="unbounded"> 

                     <xs:complexType> 

                        <xs:simpleContent> 

                           <xs:extension base="xs:string"> 

                              <xs:attribute name="identifier" use="required" 

                                 type="c:UUIDType" /> 

                              <xs:attribute name="minOccurs" use="required" 

                                 type="xs:nonNegativeInteger" /> 

                              <xs:attribute name="maxOccurs" use="required" 

                                 type="xs:nonNegativeInteger" /> 

                           </xs:extension> 

                        </xs:simpleContent> 

                     </xs:complexType> 

                  </xs:element> 

               </xs:sequence> 

            </xs:complexType> 

         </xs:element> 

         <xs:element name="targets"> 

            <xs:complexType> 

               <xs:sequence> 

                  <xs:element name="parameter" minOccurs="0" maxOccurs="unbounded"> 

                     <xs:complexType> 

                        <xs:simpleContent> 

                           <xs:extension base="xs:string"> 

                              <xs:attribute name="identifier" use="required" 

                                 type="c:UUIDType" /> 

                              <xs:attribute name="minOccurs" use="required" 

                                 type="xs:nonNegativeInteger" /> 

                              <xs:attribute name="maxOccurs" use="required" 

                                 type="xs:nonNegativeInteger" /> 

                           </xs:extension> 

                        </xs:simpleContent> 

                     </xs:complexType> 

                  </xs:element> 

               </xs:sequence> 

            </xs:complexType> 

         </xs:element> 

         <xs:element name="undirected"> 

            <xs:complexType> 

               <xs:sequence> 

                  <xs:element name="parameter" minOccurs="0" maxOccurs="unbounded"> 

                     <xs:complexType> 

                        <xs:simpleContent> 

                           <xs:extension base="xs:string"> 

                              <xs:attribute name="identifier" use="required" 

                                 type="c:UUIDType" /> 

                              <xs:attribute name="minOccurs" use="required" 

                                 type="xs:nonNegativeInteger" /> 

                              <xs:attribute name="maxOccurs" use="required" 

                                 type="xs:nonNegativeInteger" /> 

                           </xs:extension> 

                        </xs:simpleContent> 

                     </xs:complexType> 

                  </xs:element> 

               </xs:sequence> 

            </xs:complexType> 

         </xs:element> 

      </xs:sequence> 

   </xs:complexType> 
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   <xs:complexType name="preConditionsType"> 

      <xs:sequence> 

         <xs:element name="preCondition"> 

            <xs:complexType> 

               <xs:choice> 

                  <xs:element name="minDegree"> 

                     <xs:complexType> 

                        <xs:simpleContent> 

                           <xs:extension base="xs:nonNegativeInteger"> 

                              <xs:attribute name="parameter" use="required" 

                                 type="c:UUIDType" /> 

                           </xs:extension> 

                        </xs:simpleContent> 

                     </xs:complexType> 

                  </xs:element> 

                  <xs:element name="maxDegree"> 

                     <xs:complexType> 

                        <xs:simpleContent> 

                           <xs:extension base="xs:nonNegativeInteger"> 

                              <xs:attribute name="parameter" use="required" 

                                 type="c:UUIDType" /> 

                           </xs:extension> 

                        </xs:simpleContent> 

                     </xs:complexType> 

                  </xs:element> 

                  <xs:element name="directedCycle"> 

                     <xs:complexType> 

                        <xs:simpleContent> 

                           <xs:extension base="xs:boolean" /> 

                        </xs:simpleContent> 

                     </xs:complexType> 

                  </xs:element> 

                  <xs:element name="isParameterOfART"> 

                     <xs:complexType> 

                        <xs:simpleContent> 

                           <xs:extension base="c:UUIDType"> 

                              <xs:attribute name="parameter" use="required" 

                                 type="c:UUIDType" /> 

                           </xs:extension> 

                        </xs:simpleContent> 

                     </xs:complexType> 

                  </xs:element> 

               </xs:choice> 

               <xs:attribute name="identifier" use="required" type="c:UUIDType" /> 

            </xs:complexType> 

         </xs:element> 

      </xs:sequence> 

   </xs:complexType> 

 

   <xs:complexType name="postConditionsType"> 

      <xs:sequence> 

         <xs:element name="postCondition"> 

            <xs:complexType> 

               <xs:choice> 

                  <xs:element name="minDegree"> 

                     <xs:complexType> 

                        <xs:simpleContent> 

                           <xs:extension base="xs:nonNegativeInteger"> 

                              <xs:attribute name="parameter" use="required" 

                                 type="c:UUIDType" /> 

                           </xs:extension> 

                        </xs:simpleContent> 

                     </xs:complexType> 

                  </xs:element> 

                  <xs:element name="maxDegree"> 

                     <xs:complexType> 

                        <xs:simpleContent> 

                           <xs:extension base="xs:nonNegativeInteger"> 

                              <xs:attribute name="parameter" use="required" 

                                 type="c:UUIDType" /> 

                           </xs:extension> 

                        </xs:simpleContent> 

                     </xs:complexType> 

                  </xs:element> 

                  <xs:element name="directedCycle"> 

                     <xs:complexType> 

                        <xs:simpleContent> 

                           <xs:extension base="xs:boolean" /> 

                        </xs:simpleContent> 
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                     </xs:complexType> 

                  </xs:element> 

                  <xs:element name="isParameterOfART"> 

                     <xs:complexType> 

                        <xs:simpleContent> 

                           <xs:extension base="c:UUIDType"> 

                              <xs:attribute name="parameter" use="required" 

                                 type="c:UUIDType" /> 

                           </xs:extension> 

                        </xs:simpleContent> 

                     </xs:complexType> 

                  </xs:element> 

               </xs:choice> 

               <xs:attribute name="identifier" use="required" type="c:UUIDType" /> 

            </xs:complexType> 

         </xs:element> 

      </xs:sequence> 

   </xs:complexType> 

 

   <xs:complexType name="derivedFromType"> 

      <xs:sequence> 

         <xs:element name="relationshipType" type="c:UUIDType" /> 

      </xs:sequence> 

   </xs:complexType> 

 

   <xs:element name="abstractRelationshipType"> 

      <xs:complexType> 

         <xs:sequence> 

            <xs:element name="header" type="c:headerType" /> 

            <xs:element name="parameters" type="parametersType" /> 

            <xs:element name="preConditions" type="preConditionsType" /> 

            <xs:element name="postConditions" type="postConditionsType" /> 

            <xs:element name="derivedFrom" type="derivedFromType" /> 

            <xs:element name="adaptiveBehavior" type="c:galType" /> 

         </xs:sequence> 

      </xs:complexType> 

   </xs:element> 

</xs:schema> 
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E XML Schema for the Adaptation Model 

<?xml version="1.0" encoding="UTF-8"?> 

<xs:schema targetNamespace="http://www.grapple-project.org/xmlns/am/1.0" 

   xmlns="http://www.grapple-project.org/xmlns/am/1.0" xmlns:c="http://www.grapple-

project.org/xmlns/common/1.0" 

   xmlns:g="http://graphml.graphdrawing.org/xmlns" 

   xmlns:xs="http://www.w3.org/2001/XMLSchema" elementFormDefault="qualified" 

   attributeFormDefault="unqualified"> 

 

   <xs:import namespace="http://www.grapple-project.org/xmlns/common/1.0" 

      schemaLocation="../../common/1.0/grapple_common.xsd" /> 

       

   <xs:import namespace="http://graphml.graphdrawing.org/xmlns" 

      schemaLocation="http://graphml.graphdrawing.org/xmlns/1.0/graphml.xsd" /> 

 

   <xs:complexType name="adaptationModelEntityType"> 

      <xs:sequence> 

         <xs:element name="controlledAttributes" type="c:controlledAttributesType" /> 

      </xs:sequence> 

      <xs:attribute name="identifier" use="required" type="c:UUIDType" /> 

      <xs:attribute name="majorVersion" use="required" 

         type="xs:positiveInteger" /> 

      <xs:attribute name="minorVersion" use="required" 

         type="xs:nonNegativeInteger" /> 

   </xs:complexType> 

 

   <xs:complexType name="adaptationModelRelationshipType"> 

      <xs:sequence> 

         <xs:element name="entitiesToParameters"> 

            <xs:complexType> 

               <xs:sequence> 

                  <xs:element name="entityToParameter" minOccurs="0" 

                     maxOccurs="unbounded"> 

                     <xs:complexType> 

                        <xs:sequence> 

                           <xs:element name="entity" type="c:UUIDType" /> 

                           <xs:element name="parameter" type="c:UUIDType" /> 

                        </xs:sequence> 

                     </xs:complexType> 

                  </xs:element> 

               </xs:sequence> 

            </xs:complexType> 

         </xs:element> 

      </xs:sequence> 

      <xs:attribute name="identifier" use="required" type="c:UUIDType" /> 

      <xs:attribute name="majorVersion" use="required" 

         type="xs:positiveInteger" /> 

      <xs:attribute name="minorVersion" use="required" 

         type="xs:nonNegativeInteger" /> 

   </xs:complexType> 

 

   <xs:element name="adaptationModel"> 

      <xs:complexType> 

         <xs:sequence> 

            <xs:element name="header" type="c:headerType" /> 

            <xs:element name="entities"> 

               <xs:complexType> 

                  <xs:sequence> 

                     <xs:element name="entity" minOccurs="0" maxOccurs="unbounded" 

                        type="adaptationModelEntityType" /> 

                  </xs:sequence> 

               </xs:complexType> 

            </xs:element> 

            <xs:element name="relationships"> 

               <xs:complexType> 

                  <xs:sequence> 

                     <xs:element name="relationship" minOccurs="0" 

                        maxOccurs="unbounded" type="adaptationModelRelationshipType" /> 

                  </xs:sequence> 

               </xs:complexType> 

            </xs:element> 

            <xs:element name="adaptiveBehavior" type="c:galType" /> 

            <xs:element name="layout"> 

               <xs:complexType> 

                  <xs:sequence> 

                     <xs:element minOccurs="0" ref="g:graphml" /> 
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                  </xs:sequence> 

               </xs:complexType> 

            </xs:element> 

         </xs:sequence> 

      </xs:complexType> 

   </xs:element> 

</xs:schema> 
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F Example XML file for the Domain Model 

<?xml version="1.0" encoding="UTF-8"?> 

<domainModel xmlns="http://www.grapple-project.org/xmlns/dm/1.0" 

   xmlns:c="http://www.grapple-project.org/xmlns/common/1.0" 

xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 

   xsi:schemaLocation="http://www.grapple-project.org/xmlns/dm/1.0 

http://www.martinharrigan.ie/xmlns/dm/1.0/grapple_dm.xsd"> 

   <header> 

      <c:identifier>515f80b9-3ef0-4811-b531-294924a642a2</c:identifier> 

      <c:author>27214759-3a23-41d5-84f8-bddd419483de</c:author> 

      <c:name>Scrum DM</c:name> 

      <c:description>This is a Scrum DM.</c:description> 

      <c:keywords> 

         <c:keyword>Scrum</c:keyword> 

      </c:keywords> 

      <c:version> 

         <c:major>1</c:major> 

         <c:minor>5</c:minor> 

      </c:version> 

      <c:created>2009-01-01T12:00:00Z</c:created> 

      <c:lastUpdated>2009-01-15T15:30:00Z</c:lastUpdated> 

      <c:permissions> 

         <c:user> 

            <c:read>true</c:read> 

            <c:write>true</c:write> 

            <c:publish>true</c:publish> 

         </c:user> 

         <c:group> 

            <c:read>true</c:read> 

            <c:write>true</c:write> 

            <c:publish>true</c:publish> 

         </c:group> 

         <c:world> 

            <c:read>true</c:read> 

            <c:write>true</c:write> 

            <c:publish>true</c:publish> 

         </c:world> 

      </c:permissions> 

   </header> 

   <relationshipTypes> 

      <relationshipType> 

         <identifier>13d83413-b6c5-4b4a-a1c8-f5c65c617824</identifier> 

         <label>is-a</label> 

         <endpoints> 

            <sources>1</sources> 

            <targets>1</targets> 

            <undirected>0</undirected> 

         </endpoints> 

      </relationshipType> 

      <relationshipType> 

         <identifier>a6781714-fce8-4af6-9d45-4b97a7356a6b</identifier> 

         <label>has-a</label> 

         <endpoints> 

            <sources>1</sources> 

            <targets>1</targets> 

            <undirected>0</undirected> 

         </endpoints> 

      </relationshipType> 

      <relationshipType> 

         <identifier>bb69652e-efdc-406e-8021-bd4c50369ecc</identifier> 

         <label>implements-a</label> 

         <endpoints> 

            <sources>1</sources> 

            <targets>1</targets> 

            <undirected>0</undirected> 

         </endpoints> 

      </relationshipType> 

   </relationshipTypes> 

   <entities> 

      <entity type="concept"> 

         <identifier>cf5de7f5-12b5-4720-92e5-736cac59985b</identifier> 

         <name>Scrum Meeting</name> 

         <description>This is the concept of a Scrum Meeting.</description> 

         <keywords> 

            <c:keyword>Scrum</c:keyword> 

            <c:keyword>meeting</c:keyword> 
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         </keywords> 

         <resources> 

            <resource> 

               <identifier>3196d7ad-21f9-4af9-866f-d2c7269a8857</identifier> 

               <controlledAttributes> 

                  <c:difficulty>beginner</c:difficulty> 

               </controlledAttributes> 

            </resource> 

            <resource> 

               <identifier>266c9ece-e1d0-443b-8457-454587acff1e</identifier> 

               <controlledAttributes> 

                  <c:difficulty>intermediate</c:difficulty> 

               </controlledAttributes> 

            </resource> 

            <resource> 

               <identifier>843919e9-5b31-4392-841d-274df1b2e980</identifier> 

               <controlledAttributes> 

                  <c:difficulty>advanced</c:difficulty> 

               </controlledAttributes> 

            </resource> 

         </resources> 

      </entity> 

      <entity type="service"> 

         <identifier>dae895ee-493e-4bfa-85e7-7e19957d2d7c</identifier> 

         <name>Scrum Meeting</name> 

         <description>This is the service of a Scrum Meeting.</description> 

         <keywords> 

            <c:keyword>Scrum</c:keyword> 

            <c:keyword>meeting</c:keyword> 

         </keywords> 

         <resources> 

            <resource> 

               <identifier>332da5fd-40bb-47ec-9cd2-502f09601d29</identifier> 

               <controlledAttributes> 

                  <c:difficulty>beginner</c:difficulty> 

               </controlledAttributes> 

            </resource> 

            <resource> 

               <identifier>ea6de0a7-43c2-4936-b9f4-3e928710485d</identifier> 

               <controlledAttributes> 

                  <c:difficulty>intermediate</c:difficulty> 

               </controlledAttributes> 

            </resource> 

            <resource> 

               <identifier>65126d0e-a547-453c-8422-6bb5f1035e64</identifier> 

               <controlledAttributes> 

                  <c:difficulty>advanced</c:difficulty> 

               </controlledAttributes> 

            </resource> 

         </resources> 

      </entity> 

   </entities> 

   <relationships> 

      <relationship> 

         <identifier>7857d980-adf1-4d88-a136-df6fd513a48b</identifier> 

         <type>bb69652e-efdc-406e-8021-bd4c50369ecc</type> 

         <endpoints> 

            <sources> 

               <endpoint>dae895ee-493e-4bfa-85e7-7e19957d2d7c</endpoint> 

            </sources> 

            <targets> 

               <endpoint>cf5de7f5-12b5-4720-92e5-736cac59985b</endpoint> 

            </targets> 

            <undirected /> 

         </endpoints> 

      </relationship> 

   </relationships> 

   <layout /> 

</domainModel> 
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G Example XML file for the Abstract Relationship Type 

<?xml version="1.0" encoding="UTF-8"?> 

<abstractRelationshipType xmlns="http://www.grapple-project.org/xmlns/art/1.0" 

   xmlns:c="http://www.grapple-project.org/xmlns/common/1.0" 

xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 

   xsi:schemaLocation="http://www.grapple-project.org/xmlns/art/1.0 

http://www.martinharrigan.ie/xmlns/art/1.0/grapple_art.xsd"> 

 

   <header> 

      <c:identifier>e4f90979-ae32-4c9c-b1f2-4f316228f05f</c:identifier> 

      <c:author>27214759-3a23-41d5-84f8-bddd419483de</c:author> 

      <c:name>Scrum ART</c:name> 

      <c:description>This is a Scrum ART.</c:description> 

      <c:keywords> 

         <c:keyword>Scrum</c:keyword> 

      </c:keywords> 

      <c:version> 

         <c:major>2</c:major> 

         <c:minor>0</c:minor> 

      </c:version> 

      <c:created>2009-01-01T12:00:00Z</c:created> 

      <c:lastUpdated>2009-01-15T15:30:00Z</c:lastUpdated> 

      <c:permissions> 

         <c:user> 

            <c:read>true</c:read> 

            <c:write>true</c:write> 

            <c:publish>true</c:publish> 

         </c:user> 

         <c:group> 

            <c:read>true</c:read> 

            <c:write>true</c:write> 

            <c:publish>true</c:publish> 

         </c:group> 

         <c:world> 

            <c:read>true</c:read> 

            <c:write>true</c:write> 

            <c:publish>true</c:publish> 

         </c:world> 

      </c:permissions> 

   </header> 

   <parameters> 

      <sources> 

         <parameter identifier="4b5ce398-fd05-4900-88e8-7f3172ec7fa3" 

            minOccurs="1" maxOccurs="1">parameter_1</parameter> 

      </sources> 

      <targets> 

         <parameter identifier="58aae491-344c-4c17-9400-dfdd063aa0b4" 

            minOccurs="1" maxOccurs="1">parameter_2</parameter> 

      </targets> 

      <undirected /> 

   </parameters> 

 

   <preConditions> 

      <preCondition identifier="e4de9a8f-49e2-4852-9ced-6b6e4eca0d64"> 

         <minDegree parameter="58aae491-344c-4c17-9400-dfdd063aa0b4">0</minDegree> 

      </preCondition> 

   </preConditions> 

 

   <postConditions> 

      <postCondition identifier="69b41e75-bda4-4063-8884-fc256fbdcc13"> 

         <maxDegree parameter="58aae491-344c-4c17-9400-dfdd063aa0b4">1</maxDegree> 

      </postCondition> 

   </postConditions> 

 

   <derivedFrom> 

      <relationshipType>bb69652e-efdc-406e-8021-bd4c50369ecc</relationshipType> 

   </derivedFrom> 

 

   <adaptiveBehavior> 

      <![CDATA[ 

         GAL code goes here! 

      ]]> 

   </adaptiveBehavior> 

</abstractRelationshipType> 
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H Example XML file for the Adaptation Model 

<?xml version="1.0" encoding="UTF-8"?> 

<adaptationModel xmlns="http://www.grapple-project.org/xmlns/am/1.0" 

   xmlns:c="http://www.grapple-project.org/xmlns/common/1.0" 

xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 

   xsi:schemaLocation="http://www.grapple-project.org/xmlns/am/1.0 

http://www.martinharrigan.ie/xmlns/am/1.0/grapple_am.xsd"> 

   <header> 

      <c:identifier>24990964-1bb8-48f0-b9fc-5ede90193c9b</c:identifier> 

      <c:author>27214759-3a23-41d5-84f8-bddd419483de</c:author> 

      <c:name>Scrum AM</c:name> 

      <c:description>This is a Scrum AM.</c:description> 

      <c:keywords> 

         <c:keyword>Scrum</c:keyword> 

      </c:keywords> 

      <c:version> 

         <c:major>1</c:major> 

         <c:minor>5</c:minor> 

      </c:version> 

      <c:created>2009-01-01T12:00:00Z</c:created> 

      <c:lastUpdated>2009-01-15T15:30:00Z</c:lastUpdated> 

      <c:permissions> 

         <c:user> 

            <c:read>true</c:read> 

            <c:write>true</c:write> 

            <c:publish>true</c:publish> 

         </c:user> 

         <c:group> 

            <c:read>true</c:read> 

            <c:write>true</c:write> 

            <c:publish>true</c:publish> 

         </c:group> 

         <c:world> 

            <c:read>true</c:read> 

            <c:write>true</c:write> 

            <c:publish>true</c:publish> 

         </c:world> 

      </c:permissions> 

   </header> 

   <entities> 

      <entity identifier="cf5de7f5-12b5-4720-92e5-736cac59985b" 

         majorVersion="1" minorVersion="5"> 

         <controlledAttributes> 

            <c:difficulty>intermediate</c:difficulty> 

         </controlledAttributes> 

      </entity> 

      <entity identifier="dae895ee-493e-4bfa-85e7-7e19957d2d7c" 

         majorVersion="1" minorVersion="5"> 

         <controlledAttributes> 

            <c:difficulty>intermediate</c:difficulty> 

         </controlledAttributes> 

      </entity> 

   </entities> 

   <relationships> 

      <relationship identifier="e4f90979-ae32-4c9c-b1f2-4f316228f05f" 

         majorVersion="2" minorVersion="0"> 

         <entitiesToParameters> 

            <entityToParameter> 

               <entity>cf5de7f5-12b5-4720-92e5-736cac59985b</entity> 

               <parameter>58aae491-344c-4c17-9400-dfdd063aa0b4</parameter> 

            </entityToParameter> 

            <entityToParameter> 

               <entity>dae895ee-493e-4bfa-85e7-7e19957d2d7c</entity> 

               <parameter>cf5de7f5-12b5-4720-92e5-736cac59985b</parameter> 

            </entityToParameter> 

         </entitiesToParameters> 

      </relationship> 

   </relationships> 

   <adaptiveBehavior> 

      <![CDATA[ 

         GAL code goes here! 

      ]]> 

   </adaptiveBehavior> 

   <layout /> 

</adaptationModel> 
 


