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1 Introduction 
In this short article, we aim to describe the relevance of Grids in education. As in fact 
information technology for education builds on that for any organization, we first discuss 
the implication of Grids and web services for any organization – we call this an 
Enterprise to stress the importance of the goal and application specific features in any 
Grid deployment. The discussion of the importance of Grids for virtual organizations in 
Chapter 6 already implies its importance in education where our organization involves 
learners, teachers and other stakeholders such as parents and employers. We describe in 
section 2, the role of Web services and their hierarchical construction in terms of generic 
capabilities and applications of increasing specialization. In section 3, we summarize this 
in terms of a Web service implementation strategy for a hypothetical enterprise. Finally 
in section 4, we describe education grids pointing out the differences and similarities to 
general enterprises. We stress Web service issues, as these require the most substantial 
enterprise specific investment for they embody the particular objects and functionalities 

characteristic of each domain. The Grid 
provides the infrastructure on which to 
build the various Web service 
implementations. Deploying Grid 
infrastructure will get easier as 
commercial support grows and the 
heroic efforts described in chapter 5 are 
packaged properly.  
One will of course still have to worry 
about needed resources – computers, 
data storage and networks. On these one 
will install “core” Grid software 
infrastructure whose many components 
and approaches are described in part B 
of this book. This is the bottom two 
layers of Figure 1. On top of this, one 

will need several services – some could be generic like collaboration and others very 
specific to the enterprise – such as a homework submission service in education. It would 
be wonderful if there was a clear hierarchy but this will only be approximate with 
services connected say with “science”, “people” and “education” not having a clear 
hierarchical relationship. Rather we will have a complex network of services with an 
approximate hierarchy; core services at the bottom of Figure 1 and portals handling user-
facing service ports at the top (chapter 18). In this chapter we focus on the filling of the 
portal-core Grid sandwich which we discuss below for first general enterprises and then 
education. Although we are not certain as to exactly what depends on what, we are 
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certain that we have a service model and that the interfaces are defined in XML. This we 
can start to address today without worrying too much about how technology evolves. For 
this reason, we discuss in most detail how Web services can be deployed in particular 
domains. 
 
2 Web Service Paradigm for the Enterprise 
We suppose that Web services will be developed for a wide variety of applications (“all 
of them”) and that there will a corresponding suite of XML schema describing the object 
and services associated with each application. The net result will be a hierarchical 
structure of information and services. This has been described earlier in especially 
chapters 14 to 19 of this book on the role of data and the Grid. Let us imagine we are the 

chief 
information 
officer of 
some 
enterprise 
and wish to 
adopt a 
uniform 
Grid and 
Web service 
enabled 
view of our 
information 
technology 
environment 
shown in 
Figure 2. We 
would of 
course adopt 
a service 
architecture 
and define 
this with 
XML 

Schema for both our data structures and the functions (Web services) that operate on 
them,. We assume this will eventually be set up hierarchically as sketched in fig. 2. Our 
application would define its schema and, this would be used on top of other standards for 
example those of computing and databases as shown on the top of Figure 2. These 
specific Grid-wide application standards would themselves be built on general Grid, Web 
and Internet (IP) protocols.  
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showing hierarchical information structure with at the top, a parallel 

computer, database and sensor linked to the Grid. The left part of 
diagram lists important services with user interface devices at the 

bottom. The hierarchical interface is shown at top and bottom 

 Even our application could itself be composite and built up hierarchically 
internally – suppose our enterprise was a physics department of a university; then the 
“application schema” could involve a mixture of those for physics (extending a Schema 
for science) research and education. It could also involve Schema specific to the home 
university. As we will see later, the education schema itself is composite. Notice that this 



hierarchical information model is projected to the user through application related content 
rendered to clients through user facing ports on the Web service. As chief information 
officer, we would certainly try to ensure that our entire system, respected this single 
albeit complex representation. Figure 2 illustrates that there will be some places we need 
foreign (external) formats. At the top right, we assume that we have a scientific 
instrument on our grid and this has some distinct external specification. We imagine that 
the Grid community has defined some sort of sensor schema into which we can add the 
instrument. We now build a custom conversion web service that maps this device into the 
common data and service model of our grid. This process allows us to use the same 
application schema for all services and so build an integrated grid.  

Another example could be a grid servicing a group of hospitals where we have 
devised a single specification of all medical, administrative and patient data. This is the 
interoperability language of the healthcare grid linking the hospitals together but 
realistically many hospitals in the chain would have their own (pre-existing) information 
systems with disparate data representations. In designing our grid we would represent 
each hospital’s legacy system as an external extension to a base health care schema and 
then design mapping (web) services that converted all to the common interoperable 
representation. This discussion is meant to illustrate that building an enterprise 
(application) specific grid involves study of the different current representations of 
related systems and where possible adopting an hierarchical architecture based on more 
general applications.  

The hierarchy of Web services is explored in tables 1 to 6. The last three tables 
describe application of Web services to science, education and research and will be 
discussed later in section 4. Here we want to describe briefly generic (tables 1 and 2), 
commodity and business services (table 3). We want to make two important points here  
• All electronic processes will be implemented as Grid or Web services 
• The processes will use objects described by XML defined by Schema agreed by 

particular organizations. Of course the Web services are XML described methods 
(functions) which input and output information specified by the XML application 
object specifications. 

Table 1: Some Basic Grid Technology Services  
Security Services Authorization, authentication, privacy 
Scheduling Advance reservations, resource co-scheduling  
Data Services 
 

Data object name-space management, file staging, data stream 
management, caching (replication) 

Database Service Relational, Object and XML databases 

User Services Trouble tickets, problem resolution 
Application 
Management  Services 

Application factories [32], lifetime, tracking, performance analysis,  

Autonomy and 
Monitoring Service 

Keep-alive meta-services. See [34] 

Information Service Manage service meta-data including service discovery [40] 
Composition Service Compose multiple Web services into a single service 
Messaging Service Manage linkage of Grid and web services [42] 
 



Note that Web services are combined to form other web services. All the high level 
examples, we discuss here and give in the tables are really composites of many different 
Web services. In fact this composition is an active area of research these days [41] [1] 
and is one service in table 1. Actually deciding on the grain size of Web services will be 
important in all areas; if the Services are too small, communication overhead between 
services could be large; if the services are too large, modularity will be decreased and it 
will be hard to maintain interoperability. 

Table 2: General Application level Services 
Portal Customization and Aggregation 
People Collaboration Access Grid - Desktop Audio-Video 
Resource Collaboration Document Sharing (WebDAV, Lotus Notes, P2P), News 

groups, channels, instant messenger, whiteboards, annotation 
systems. Virtual Organization Technology [31] 

Decision Making Services Surveys, consensus, group mediation 
Knowledge Discovery Service Data mining, indexes (directory based or unstructured), 

metadata indices, digital library services. Semantic Grid 
Workflow Services Support flow of information (approval) through some process, 

secure authentication of this flow.  Planning and documentation 
Universal Access  From PDA/Phone to disabilities; language translation 
 
Table 3: Some Commodity and Business Applications 
News & Entertainment The Web 
Video-on-Demand Multi-media delivery 
Copyright The issues that troubled Napster done acceptably 
Authoring Services Multi-fragment pages, Charts, Multimedia 
Voting, Survey Service Political and Product Review 
Advertising Service Marketing as a Web service 
e-Commerce Payment, Digital Cash, Contracting; electronic marketplaces (portals) 
Catalogs As used in online sites like Amazon  
Human Resources; and 
ERM 

Uses privacy, security services; performance, references; Employee 
Relationship Management ERM as a Web Service 

Enterprise Resource 
Planning ERP 

Manage internal operations of an Enterprise 

Customer Relationship 
Management CRM 

B2C (Business to Customer) as a web service. Call Centers, 
integration of reseller and customer service Web services.  

SFA Sales Force 
Automation 

Manage sales and customer relationship; contacts, training 

Supply Chain 
Management SCM 

Typical B2B (Business to Business) Web services; also partner 
relationship management, collaborative product commerce (CPC) etc. 

Health care Patient and other hospital records, medical instruments, remote 
monitoring, telemedicine 

 
Table 1 contains services that have been discussed in detail in part B of this book, 

chapters 6 to 19. These are the services creating the Grid environment from core 
capabilities such as security [30] and scheduling [33] to those that allow databases to be 
mounted as a Grid service [35][36][37]. The table 2 services have also been largely 



discussed in the book and consist of core capabilities at the “application Web service 
level”. Collaboration is the sharing of Web services as described in [39] [40], while 
portals are extensively discussed in part C of the book, chapters 20 to 34. Universal 
access covers the customization of user interactions for different clients coping with 
physical capabilities of user and nature of network and client device. The same user-
facing ports of web services drive all clients with customization using the universal 
access service [39]. Workflow builds on the composition service of table 1 but has 
additional process and administrative function. Moving from data to information and then 
knowledge is critical as has been stressed in [37] and [38] and various data mining and 
meta-data tools will be developed to support this. The Semantic Grid is a critical concept 
[38] capturing the knowledge related services. 
 
Table 3 illustrates broad-based application services that are developed to support 
consumers and business. The Web itself is of course a critical service providing “web 
pages” on demand. This is being extended with video-on-demand or high quality multi-
media delivery; given the controversy that music downloading has caused we can expect 
copyright monitoring to be packaged as a service. Authoring – using Microsoft Word 
(and of course other packages such as Star Office, Macromedia and Adobe) – is an 
interesting Web Service; implementing this will make it a lot easier to share documents 
(discussed in section 4) and build composite web sites consisting of many fragments. We 
will derive our curriculum preparation service for education by extending this core 
authoring service. Voting, polling and advertising are commodity capabilities naturally 
implemented as Web services. The areas of internal enterprise management (ERP), 
B2B(Business to Business) and B2C (Business to Consumer) are being re-implemented 
as Web services today. Initially this will involve rehosting databases from companies like 
Oracle, PeopleSoft, SAP, and Sybase as Grid services without necessarily much change. 
However the new Grid architectures can lead to profound changes as Web services allow 
richer object structures (XML and not relational tables) and most importantly 
interoperability. This will allow tools like security and collaboration to be universally 
applied and the different Web services to be linked in complex dynamic value chains. 
The fault tolerance and self-organization (autonomy) of the Grid will lead to more robust 
powerful environments. 
 
3 Implementing Web Services 
We have learnt that gradually everything will become a Web service and both objects and 
functions will be specified in XML. What does this mean for our harried chief 
information officer or CIO that we introduced in the last section? Clearly the CIO needs 
to rethink their environment as a Grid of Web services. All data, information and 
knowledge must be specified in XML and the services built on top of them in WSDL [4]. 
The CIO will study the building blocks and related applications as exemplified in tables 1 
to 3. This will lead each enterprise to define two key specifications – YEIF (Your 
Enterprise Internal framework) and YEEF (Your Enterprise External Framework). These 
could be essentially identical to those used in similar enterprises or very different if our 
CIO has a quite distinct organization. The YEEF is used to interface outside or legacy 
systems to the enterprise grid – we gave examples of a physics sensor or a legacy 
healthcare database when discussing Figure 2 above. Internally the enterprise grid will 



use the customized XML based framework YEIF. When you accept bids for new 
software components, the vendor would be responsible for supporting YEIF. This would 
be defined by a set of Schemas placed on a (secure) Web resource and always referenced 
by URI (universal Resource Identifier). YEIF would inevitably have multiple versions 
and the support software would need to understand any mappings needed between these. 
There would be an XML database managing this schema repository which would need to 
store rich semantic information as discussed in chapters 17 and 19; the UDDI effort [2] is 
trying to define such an enhanced schema storage but much work needs to be done here. 
Probably software referencing data structures defined by YEIF would not just be written 
in the programmer’s or CIO’s favorite programming model – rather the data structures 
would be generated automatically from the XML specification using technology like 
Castor [3]. This suggests new programming paradigms where data structures and method 
interfaces are defined in XML and control logic in traditional languages. Note that 
although interfaces are specified in XML, they certainly need not be implemented in this 
way. For instance we can use the binding feature of WSDL [4] to indicate that different, 
perhaps higher performance protocols are used that preserve the XML specification but 
have a more efficient implementation than SOAP [5]. 
 The Web service approach gains interoperability from greater use of standards. 
Thus our CIO must be aware of and perhaps involved in the community processes 
defining Web service relevant standards for the application areas of importance to the 
Enterprise. 
 
4 Education as a Web Service 
We will simplify our discussion and only consider education for science and engineering. 
It will be straightforward to generalize to any curricula area but this is the author’s 
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Currently one uses rather specialized learning (content) management systems as the
of a sophisticated learning environment. Such systems will be reworked to use gene
Web services as much as possible. There will be specialized learning objects but 
functions like authoring and meta-data management will use the generic services of ta
1-3. Already this field has an excellent XML based object model through the work of
IMS [6] and ADL [7] initiatives. These have technical problems – they were not design
to a Grid or even Web architecture but rather to the client-server world of yesteryear. 
Further they are designed to be standalone rather than extending existing Service and 
XML –based data structures. These deficiencies are straightforward to address and t
standards give us a clear object model for learning. We currently do not have services 
defined and these must be added – hopefully these national consortia will recognize th
for it will not be difficult if they adopt the Grid architecture.  
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Enterprise. Education is a very natural and important application of Grid technologie
Although “Education Grids” are not particularly common, the ideas underlie many of th
efforts in distance education such as those of the Department of the Defense with ADL 
(Advanced Distributed Learning ADL [7]) and my own research in this area [8] [9]. The
Biology Workbench from NCSA and now SDSC [10] is a particular good early example 
of an Education and Research Grid for science. There are several other examples 
developed by NSF’s EOT-PACI program [11]. Grids offer support of virtual 
organizations – and clearly the network of learners, teachers, mentors, parents
administrators that is education form an interesting heterogeneous distributed vi
organization. Education has some special features of relevance to Grids. On the good 
(easy) side, education does not typically stress performance, as files tend to be of mod
size for even if one uses simulations to illustrate educational issues, these need not be of 
the highest resolution. Important time scales are illustrated by the 30 milliseconds typical
of an audio-video frame. Although this time scale is not in the microsecond range needed 
by parallel computing, quality of service is critical in education. Learning is hard and 
poor information delivery such as any distortion of audio packets (which only need som
10 kilobit/second bandwidth) will render the learning environment unacceptable [12]. 
This is particularly relevant for so-called synchronous learning where participants are 
linked in real-time in an interactive session – such as a delivery of a class over the 
Internet with teacher and students in different locations. Although this case in impo
and should be supported by an education Grid, most technologies in this book are aimed 
at asynchronous learning. Resources (curriculum – lectures, homework and quizzes) are 
shared but not accessed simultaneously. Probably in terms of student time, asynchronous 



learning is nearly always dominant but in many education paradigms, the synchronous 
case is also essential and a distinctive requirement of an education Grid. One interesting
feature of an education Grid is the richness of the (meta-) data illustrated by the 
properties defined by IMS and ADL and by the many special Web services in tab
Consistent with the lack of emphasis on performance, education does not have 
individually huge data blocks but rather a myriad (as many students) of very ric
structures. We can expect XML’s natural support of complex objects to be more 
important in education than some other enterprises. 
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ameter 

adopt the hierarchical model used in section 2. First we assume that science and 
engineering will be implemented as Web services and in table 4, give a few simp
examples. Note we will for brevity drop engineering in the following text and discus
science even though engineering has essentially identical considerations. Table 5 
specializes to research, which corresponds to e-science as discussed in several plac
this book – especially chapters 1, 7, 35 and 36. Table 6 lists a set of critical education 
Web services, which are applicable in many fields. Table 4 notes the special importanc
of mathematics and support of the natural topologies of science – two and three-
dimensional spaces are dominant but more general cases must also be supported.
Geographical Information Systems (GIS) as a Web service would support both 
educational curricula on the environment as well as the latest simulations of a ne
for earthquake triggering. The general authoring web service of table 3 would need 
special extensions for science – in particular to support mathematical notation as see
most leading word processing systems today. The network server model of chapters 24 
and 25 (NetSolve and Ninf) is particularly appropriate for some generic science servers.
The NEOS optimization resource at Argonne is a nice example of this type of service 
[13]. This of course developed a long time before Web services and illustrates that We
services are in many cases just following existing best practice. We illustrated the role of
sensors in section 2 and “tenure evaluation” is listed to illustrate how general application 
Web services (in this case human resource service of table 3) are specialized in particular 
domains. 

Portal Shell Services Job control/submission, scheduling, visualization, par
specification, monitoring 

Software Development gration, version control, software 
Support 

Wrapping, application Inte
engineering 

Scientific Data Services ance, special formats, virtual data High Perform
(Theory) Research Support heorem proving 
Services 

Scientific notebook/whiteboard, brainstorming, t

Experiment Support Virtual Control Rooms (accelerator to satellite), Data analysis, 
to virtual instruments, sensors (Satellites to field work to wireless 

video to medical instruments, multi-instrument federation 
Publication rvice Submission, preservation, review, uses general copyright se
Dissemination and 
Outreach  

Virtual Seminars, Multi-cultural customization, multi-level 
presentations,  

 



Table 5 illustrates some of the Web services that are needed by e-science. We have the 
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suite of computational tools with a portal (controlling user-facing ports) front end 
described in section C of the book, chapters 20 to 34. Unlike education (table 6), w
require the highest performance both in simulation and communication services. Virtual 
data described in chapter 16 was developed to support research efforts with multiple data
sources and multiple analysis efforts spread around the world – see chapters 38 and 39. 
This concept will also be important in distance education where one builds curricula and
mentoring models with geographically distributed resources. For example, a student 
might take classes with grades from different organizations but these may need to be 
integrated to form learning plans. The near term impact of the Grid will perhaps be 
greater in experimental and phenomenological fields (due to the data deluge of chap
36) than theoretical studies. Some of the needed experimental Web services are covered
in part D of the book, chapters 35 to 43. However support for theoreticians interacting at 
a distance has similarities to those needed for education. We mentioned the latter needed 
excellent quality of service. The same is even more true for “e-theory” as the latter must 
support unstructured interactions at any time – the structure (known schedules) in 
educational class delivery (and office hours) helps one improve quality of service w
careful pre-lesson testing [12]. Publication services are an interesting area with some 
possibilities enabled by the Grid discussed in chapter 36. 
 Dissemination and outreach for e-Science has close
of an education grid. A speaker can give their seminar from afar using similar 
technologies to those needed by distance education. The Web service model ha
and possibility important implication for the ongoing search for better ways to integrate 
research and education. Thus in e-science, we are instructed to build each electronic 
science application as a network of interlocking interacting Web services. Typically a
“leading edge” research “Web service” (say a data analysis or simulation) cannot be 
easily used in education directly because its complexity often hides the “essential 
features” and because it needs substantial resources. Deriving an educational versio
research tour de force is both time consuming and not easy to “automate”. The 
modularity of Web services offers an approach to this. In some cases, we can tak
linked set of research Web services and “just” modify a few of them to get an educat
version. This requires thinking carefully through the Web service implementation to 
isolate complexity (which needs to be simplified for education or outreach) in just a f
places. 
 
A
needed for education. This is illustrated by the list of available IMS specifications as of 
August 2002. These are [6]: 
• Accessibility (universal a
• Competency Definitions (grades
• Content Packaging (defining collections such as courses built of lectures) 
• Digital Repositories (should reflect directly digital libraries and content ma
• Enterprise (support people and groups such as organizations) 
• Learner Information Package (education record, resume etc. o
• Meta-data including Dublin Core bibliographical information [14] 
• Question & Test (quizzes) 



• Simple Sequencing (of lesson components) 

hese are supported in IMS compliant LMS (Learning management Systems) to provide 
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the functionalities illustrated in table 6. Essentially all these services are available in 
familiar systems, which are for the education academic environment Blackboard [15]
and WebCT [16]. However as we discussed, current education standards are not built 
with a service architecture and so an interoperable Web service Grid with components 
from different vendors is not possible – ADL [7] however has tested interoperability 
within the current model successfully. We suggest that an important next step for the 
education community is to discuss a service architecture and agree on the needed Web
service and Grid interoperable standards. We suggest these should not be built in 
isolation but rather adopt the hierarchical model described here so that for instance
learning content management is built on broader commodity standards; further perh
aspects of quizzes should build on survey web services etc. An important complication o
the Web service model is this linkage between the services of different systems with 
often the more specialized applications “ahead” of the generic case. We need to devel
good ways to cope with this. 

((LLMMSS  oorr  LLeeaarrnniinngg  MMaannaaggeemmeenntt  SSyysstteemm))  
n resources service Registration Extends generic huma

Student Performance Grading including transcripts 
Homework Submission, answers; needs performance and security services 
Quizzes Set and take – extends voting/survey service 
Curriculum (Content) ents, standards, Authoring, prerequisites, completion requirem

extend generic authoring and data management services to get 
LCMS (Learning Content Management Systems) 

Assessment s Related to refereeing and reference (tenure) service
Course Scheduling ration service Related to generic event scheduling service in collabo
Learning Plans Builds on Curriculum and Student performance services. Support 

building of “degrees” with requirements 
Learning nowledge discovery Integrate curriculum, collaboration and K

services 
Mentoring and Teaching urs, (virtual) classrooms Office ho
Distance Education Asynchronous and Synchronous, integrate curriculum, quiz etc. 

services with generic collaboration services 
 

Collaboration is a general Grid service of great importance in education. We 
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stress the service model because as described in [39], it is far clearer how to support 
collaboration for Web services than for general applications. The latter’s state is defin
by a complex mix of input information from files, user events and other programs. The 
state of a Web service is uniquely defined by its initial conditions and message based 
input information – we ignore the subtle effects of different hosting environments whi
give different results from the same message based information. Either the state defining 
or the user-facing port messages can be replicated (multicast) to give a collaborative Web
service. There is no such simple strategy for a general application. Thus we see 



significant changes if programs like Microsoft Word are in fact restructured as a Web 
service.  
 Currently collaboration support falls into broad classes of products: instant 
messenger and other such tools from the major vendors such as AOL, Microsoft and 
Yahoo; audio-video conferencing systems such as the Access Grid and Polycom [17] 
[18]; largely asynchronous peer to peer systems such as Groove Networks and JXTA [19] 
[20]; synchronous shared applications for “web conferencing” and virtual seminars and 
lectures from Centra, Placeware, WebEx, Anabas, Interwise and the public domain VNC 
[21-26]. We can expect the capabilities of these systems to be “unbundled” and built as 
Web services. For example shared display is the most flexible shared application model 
and it is straightforward to build this as a Web service. Such a Web service would much 
more easily work with aggregation portals like Jetspeed [27] from Apache; it could link 
to the universal access Web service to customize the collaboration for different clients. 
The current clumsy integrations of collaboration systems with learning management 
systems (LMS) would be simplified as we just need to know the LMS is a Web service 
and capture its input or output messages. We could hope that instant messengers would 
be integrated as another portlet in such a system; currently they come from different 
vendors and can only be easily linked to a distance education session using intermediaries 
like that from Jabber [28]. 
 We have suggested that education is an important focus area for the Grid. The 
Grid offers a new framework which can exploit the sophisticated existing Object API’s 
from IMS [6] and ADL [7] to build a Web service environment that can better enable e-
education, which offers learners a much richer environment than available today. We 
expect education’s rich XML structure to lead development of tools for handling 
distributed meta-data of complex structure. We can also expect education to be a natural 
application for peer-to-peer Grids. 
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