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Abstract: The architecture of a web-based course management tool that has been developed at IIT, Kharagpur
and which manages the submission of assignments is discussed. Both the distributed architecture used for data
storage and the client-server architecture supporting the web interface are described. Further developments of
the tool making use of web-services are also described along with a discussion of the relevance of this for recent

open standards and future learning management systems.
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1. Introduction

Managing online assignment submissions
made via email becomes a real challenge
(especially when class sizes are large)
because it requires huge amounts of storage
space and file management skills to process
submissions efficiently. The problem is
aggravated when more assignments are given
as the course progresses. Distributing the
responsibility of evaluation amongst staff may
alleviate the problem of submission
management to some extent, but this requires
managing the collation of assignment marks.
Centralized management of marks is also
desirable to assess student progress in a
course.

Our Web-based course management (WBCM)
system provides easily navigable structure to
all online submissions and a centralized web-
based interface for submission evaluation. A
customized online submission interface is
generated in accordance with requirements for
each assignment as specified by the staff
concerned. Student progress tracking, group
and individual assignment organization,
assignment evaluation and marking, grade
maintenance and distribution, online
submission, online attendance are the
important features of WBCM. In essence
WBCM automates and integrates several
diverse aspects of course management.

After discussing the motivation behind WBCM,
subsequent sections describe the system
architecture and important technical details
and features of the implemented WBCM. The
original intention of the developers was to
evolve the tool into a complete learning
management system for release as open-
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source. However, with the recent trend towards
open standards for learning management
systems, a path has opened up for developing
this tool into a standards-compliant component
for use alongside other LMS components.

The paper concludes with a discussion of
planned further development of the tool using
a web-services model and notes the relevance
of recent open standards for learning
management systems.

2. Motivation for a Web-based
system

There were several motivations behind
developing this system. The work started as a
system to ease the handling of laboratory
based courses. The requirements, however,
turned out to be fairly general and minor
additions were required to make the system
handle almost any kind of course. We also had
the need to handle courses running at a
distance at the various extension centres. After
developing two versions of this system we
decided that another  version with
comprehensive features was required. These
are described in more detail below.

2.1 Laboratory courses

Although not unigue to laboratory-based
courses, several factors that require significant
administration are often concentrated in such
courses (especially when there are multiple
assignments given throughout the course,
each having its own deadline and guidelines
for completion). Completed assignments need
to be collected, evaluated and marked for
assessing students’ progress. Assignments
may be given to individuals or groups. To
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further assess students’ progress examinations
and online tests may be conducted.
Attendance records may need to be kept and
some marks may be awarded for attendance.
The marks for each student need to be
tabulated and at the end of the course grades
need to be distributed. Physical dissemination
of material is difficult and involves generating
and handling a lot of paper. Keeping a record
of the attendance is costly in terms of time. It is
also extremely difficult to keep track of
individual progress manually. Such a situation
is a clear case for the need of automated
support through an electronic course
management system.

2.2 Distance education

There are additional benefits that may be had
from managing a course over the internet
using a web-based course management
(WBCM) system. Such a system can be highly
effective in bridging geographical distance,
which is an important concern in India.

In the Indian |Institute of Technology,
Kharagpur University we run a distance
education programme. We have several
centres where this programme runs and it has
been extremely difficult to manage the
programme running over these centres and
monitor the progress of students at there
centres centrally from our main campus.

Our web-based course management system
has provided an excellent solution to this
problem. Teachers, too, tend to get
geographically separated from the students for
other reasons, such as having to travel to
conferences. As a result, they either have to
curtail their travel or make complex
arrangements to deal with the absence. Here
again a web based course management
scheme has provided useful advantages.

2.3 Development of WBCM

We have already implemented and used three
versions of WBCM. Two earlier versions were
a success with staff and students, further
motivating us to add more features. The
packages were used for large classes.
Courses run with these packages helped in
reducing logistic problems for assignment from
near impossible to trivial. Logistics for
evaluation were simplified as submissions
were available online all the time and
transparent evaluation meant more student
satisfaction. Dependence on printers was
almost completely removed.
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The third version, in particular, supports
sections within a large class and distributed
storage repositories. The earlier versions relied
on all the submissions and databases being
located centrally. This scheme has its
advantages and disadvantages. Centralized
data storage takes off all responsibility of
storage management from the end users (in
the capacity of instructors). However, it does
increase the burden of storage on the central
server. Also, end users sometimes feel out of
control of the submissions of their courses.

Support for sections in the third version
enabled common or distinct assignments to be
given for separate sections. Also, students
may work individually or in groups. This affects
the assessment mechanism, but that is
supported. Support is also available for moving
students between sections.

3. Architecture of WBCM and
technical details

The distributed databases (Postgres) and file
(Linux) repositories, the web server (Apache)
and the corresponding cgi-scripts and the http
clients (tested with Netscape, Konqueror, IE)
are the main components of WBCM
architecture. To describe the WBCM
architecture, shown in Figure 1, we divide it
into two parts: Distributed architecture for data
storage, and Client-Server architecture for
providing the human interface (the web based
aspect of the utility). We also give details of the
important components: the database design,
the cgi-scripts (which form the backbone of the
system), the authentication mechanism, the
repository  directory structure and the
distributed storage mechanism.

3.1 Distributed architecture for data
storage

WBCM manages course data for many
courses and multiple runs of each course.

A schema and directory structure (for storing
scripts and assignments) is created for a
course run and replicated to manage multiple
course runs.

In addition to having an independent database
for each course run, a database which we call
the “course database” is used for keeping data
about all the course runs (list of courses, list of
course runs).
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Figure 1: Architecture of WBCM package
Thus we have a cluster of database, instead of = Classes may have very large numbers

single database which allows

" the databases to reside on different
hosts;

" the use of simple common schema for
each course except for the “course
database”.

For each course run, assignments and the
submissions are stored directly as files in the
file system, under suitable directory structure,
which allows reconstruction of a path to them
independent  of their content.  Other
information, relating to courses, students, staff,
etc. is also stored in databases. This may be
considered as “control” information. Whenever
there is a choice between storing information
in a file or a database, the later is preferred, as
operations on a database are performed at a
high level.

Our experience with previous versions of
WBCM, which had a centralized architecture
for data storage has guided as to adopt a
distributed architecture for the same. The
following observations were of critical
importance during the run of previous versions
of WBCM, convincing us of the need to change
to a distributed data storage scheme:

" The disk and database storage
requirements grows considerably with
increase in the number of courses
managed by WBCM.
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of students -e.g. for interdisciplinary
courses, translating into large storage
requirements.

A new distributed architecture was developed
to alleviate load on a single host in the third
version. Thus avoiding the impact of an
increase of courses managed by WBCM
creating a bottleneck. WBCM data are stored
in multiple hosts as shown in Figure 1. The
host used for storing either a database, or a
file repository, is decided by the administrator.
A database and a file repository may reside on
the same host, as shown in Figure 1 where
Host-1 has both a Postgres database and a file
repository, Host-2 has only a file repository,
Host-3 has only a Postgres database. A host
may be used for storing data about more than
one course run.

3.2 Client-Server architecture for
interface access

There are two kinds of CGI resources for
WBCM, namely authenticated and
unauthenticated. We use an authentication
mechanism provided by the Apache web
server.

As shown in Figure 1 a web client makes
requests via an HTML interface to WBCM
generated by Perl scripts on the web server.
All the HTML pages of the system are
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dynamically generated (i.e. when they are
requested, the corresponding CGI script is run
on the server and result is displayed). This is
desirable as up-to-date information must be
made available. For authenticated resources,
when the web client makes a request, the

server sends a response requesting
authentication information. The user is
prompted to enter their username and

password and this information is submitted to
the server for verification. If the information is
correct, the server sends a response to the
original request made by the web client.

To obtain the response for the web client
request, the web server executes an
appropriate WBCM script, which in turn queries
the database and accesses the file repository
to generate a dynamic HTML page.

Dynamically generated pages require server
resources. The scripts can be executed from
different web servers, distributing the server
burden. Automatic distribution of the server
load is an interesting topic for improving
performance of the system. Currently, we are
expecting users to move to a different server

-
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whenever performance degrades considerably
or they may be instructed to use different
servers when all (or most of) the possible
users are at one place (e.g. during a class test)

3.3 Database design

WBCM manages a huge amount of
information. The following entity-relationship
diagrams and description of the tables gives
an overall picture of the database design for
WBCM. The ER diagram in Figure 2 shows
relationships that affect online assignment
submission. Each assignment comes under an
assignment category, which may be an online
test, an exam, a lab assignment, etc. Each
section should have assignment categories
associated with it. Student groups can be
made for assignment submission that are
under the same assignment category. Student
cohorts may be divided into sections and an
assignment may require individual and/or
group submission.

All the information about each course is
distributed between two databases.
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Figure 2: Online submission relation.

3.4 CGl scripts

CGl resources are distributed among
directories to facilitate www authentication.
Directories are for admin, faculty, faculty and
supporting staff, student and public access.
For each course run, a soft link is created to
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Zup _:.
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each of above-mentioned directories except
the public access directory. The course run
directory also stores all the necessary files for
www authentication.

The web pages are generated dynamically by
querying the database for up-to-date
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information. A Perl DBI module is used to
make connections (remote/local) to Postgres
databases. Perl eval statements along with
Postgres support for commit and rollback are
used for transaction control

3.5 Authentication

User authentication is an integral aspect of
such a system. We extensively use the
authentication mechanism provided by Apache
(based on .htaccess). We do not describe the
mechanism used by Apache here. Instead the
interested reader is referred to the Apache
documentation available at
http://httpd.apache.org/docs/.

Use of http authentication requires some pre-
planning by the programmer. Planning starts
with the identification of different groups of
expected user who should authenticate
themselves. For WBCM these different groups
are “administrator”, “faculty”, “evaluator” and
“student”. All the cgi resources used by these
groups are kept in their respective directory
(i.e. each group has a different directory).

Each course has its own group of “faculty”,
“evaluator” and “student”. When a course is
started by an administrator, a local course
directory is created under the above-
mentioned directory as a link. Under these
directories a course-specific password file is
maintained which contains a user name and
encrypted password for each of the group

T
’—""/

course rum=1

sac—1 sec—2

e

categary-1

—-q______h_

asgn_/g”

Qroup mo.

roll

submissions

Figure 3: Repository directory structure.

4. Key features of WBCM

The purpose of our web-based utility is to
provide a simple yet powerful interface for
managing courses, along with the flexibility of

http://www.ejel.org

/

Chittaranjan Mandal, Vijay Luxmi Sinha & Christopher Reade

members. In our scheme the password file is
maintained by a script, as group members may
change. We make sure that for students who
already have an account on the system
hosting WBCM, the username and password
for WBCM authentication is the same.
Otherwise the students are given a roll/user
name and some initial password automatically.
For the current scheme staff should have an
account with the system hosting WBCM.

3.6 Filerepository directory structure

The submission directory structure is shown in
Figure 3. In addition to this we have a similar
assignment description directory structure. As
shown in Figure 3, the submissible directory
structure may keep submissions for different
runs of courses. That is why the immediate sub
directory is named “course run (1..n)". This
should be the identifier of the course run - in
our case, a combination of the course code,
year and semester. Classes are divided into
sections, requiring a sub directory for each
section (sec-1, sec-1..sec-m). For each section
we have an assignment category having
assignments, giving: category-1..category-o
followed by asgn-1..asgn-2 levels of sub
directory.  Assignments are  organized
individually or in groups, so submissions are
kept under roll and group subdirectories for
individual and group submissions respectively.
It is possible to distribute the repository over
several machines.

Submissible

CcCourse an.—g

—
TT—
Tm——

T COurse rur=n

TTe—
——

online submission for the students. The top-
level course management access page is
shown in Figure 4. The interfaces are either
public or protected and they are linked as
shown in Figure 5. Note that the users of
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WBCM are: course administrator, staff
(teaching and/or supporting) and students.
WBCM has few publicly viewable pages, which
are mainly logs of important information
pertaining to a course.

The current WBCM has the following features:
admin, course table, assignment management,
student/staff management,
assignment/submission evaluation and
submission log. The admin feature allows
courses to be added or deleted and initial staff
to be assigned to a newly added course. The
course table lists all the courses currently
availing of the course management facility and
also has navigation buttons for staff, students
or the submission log of each course.

Assignment management allows for the
addition, modification and deletion of
assignments. Necessary consistency guards
are enforced. Student/staff management
allows for the additon or removal of
staff/student from a course. Students can
submit assignments via a submission link in an
assignment table which lists all the
assignments currently in the course.
Assignment evaluation allows staff to evaluate
assignments and provide comments or
justifications for the evaluation. Submissions
may be re-evaluated, keeping a record of older
evaluations. A particularly useful feature is the
submission log which shows the status of all
submissions and evaluations at a glance.

Course Management

Buttons:- L: Submission log, 5: Student access, T Stafl access

LUourse Table
Course code| Course nane Year | Options
BB S4GE) | PGT Progrsmmang and Data Strochere _?III:IE!_-lEI..lL.l.I:I:F:lI__TI | REO RS
5 MUK Programming and Data Smecture - Sec 4 2002 S5pring) 5 | |L L5y ()
cszao0s | Algorthes | 2e0zmemms £ 3 @
R | Coamge ber C omstrution 2003 urhamnt 5 | | Ly (5 {7
Lnd M5 |l'-.:-|:||.|1-||.h.'r{]T|.',:L1||.f:|lu'\-n and Ohpermting Sysiems || 2008 0uwshemn) 2 ||/ I; 3 Y[ T )
LA ST | PGMT Progrnmmming and Data Soue e 2008 Awhamant 5 1|CLY T8 (T
SLA | PGIT Progrvmmng and Data Stooe e 2003Awtemnt 5 |ICLY (87 (T

Figure 4: Course Management Web page
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Figure 5: Interface navigation diagram.
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5. Learning management systems
and Web Services

In this section we discuss recent standards
work for learning management systems, the
relevance of web services, and the current
development of WBCM as a collection of web
services.

5.1 Standards for interoperability and
LMS components

There is now significant attention being paid to
the development of open standards for
learning management systems. See, for
example, the centre for educational technology
interoperability standards (CETIS
http://www.cetis.ac.uk/) and also Diffuse (2002)
for details. Many of the current standards
developments are being directed at the
management of learning content and
interoperability issues. This is motivated by the
need to de-couple content from proprietary
packages and to ensure that content is not
locked-in to specific platforms. For example
SCORM (ADL 2003) is a standard reference
model for shareable content and the IEEE
LOM is a standard being developed for
learning object metadata. The potential use of
metadata and related standards has also
opened up many new possibilities for a more
federated approach to constructing
cooperating learning management systems
and components. Stephen Downes (2002)
discusses these points in describing designs
for a distributed learning object repository
network (DLORN).

However, there is also a drive for learning
management systems to inter-operate with
other systems effectively. Other open
standards are needed to support this as well
as to encourage a more flexible, component-
based view of learning management systems.
The IMS Global Learning consortium
developed standards in 1999 and 2002 for
inter-operability of Enterprise systems (IMS
2002). These address issues of transferring
data between Learning Management systems
and Enterprise systems such as student record
systems.

In the UK, the more recent JISC e-Learning
technical framework

[http://www.jisc.ac.uk/index.cfm?name=elearni
ng_framework] is very relevant to our work. In
the architecture described by Scott Wilson
(2003), a service-oriented view of components
in learning management systems is discussed
with an application layer and common service
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layer as well as a user agents layer. WBCM
provides several application layer services
(course management, group management,
assessment, grading) making use of common
services (e.g. for authentication, authorisation,
statuslinfo).

5.2 The potential of Web-services

The benefits of a service-oriented architecture
for distributed systems are mainly to do with
loose coupling of components so that systems
become more flexible and components are
easier to add and change. The recent advent
of web-services is likely to have a big impact
on the future design of learning management
systems. John L. Hall points out that: "From an
operational point of view, the LMS and its key
components—content management,  user
administration and system administration—
should be 100 percent Web-deployable,
requiring no additional client applications."
(Hall 2003). Web-services (see, for example
Cerami 2002) are based on recent standards
maintained by the W3C (http://www.w3.0rg/).
Their purpose is to enable components of
distributed applications and other services to
be provided over the web with a language-
neutral, platform-neutral, and vendor-neutral
interface. There is significant interest from the
IT industries (including the involvement of all
the large IT companies) in driving this new
approach to distributed systems forward. The
key factor is the development of global
standards to enable this. The standards are
based on the use of XML for describing data to
be transferred and SOAP
http://www.w3.0rqg/TR/soapl2-partl/ to wrap
messages for delivery via HTTP. There are
also standards for a language for describing
services in a machine-processable form (Web-
Service  Description  Language -WSDL
http://www.w3.org/TR/wsdl) and for directories
for the discovery of services (Univeral
Description, Discovery and Integration — UDDI
http://www.uddi.org/). Web-services are
designed to be available over the web both for
human-readable access (via a browser), and
also for access by other software (and other
services). The fact that web-services can even
be discovered, and bound to, dynamically at
run time is an important new feature for
distributed computing and will eventually
enable complex services to be created by
dynamically combining simpler services.

For learning management systems, web-
services will support the service-oriented
architecture proposed by JISC (discussed
earlier), and also ensure simpler integration of
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services through the web-services standards,
giving end-user/developers much more control
over the design of an LMS.

Some proprietary LMS products are starting to
advertise web-services features. A related
academic project is Ternier et al (2003) which
describes possible use of web services with
the ARIADNE learning object repository
system (Duval et al 2001).

5.3 WBCM and Web-services

The WBCM system is now being developed as
a collection of web-services so that it can
provide highly reusable components which
could be made to fit in with other LMS
components and work alongside them. The
fact that it is web-based already, makes this
transition relatively easy. The web-services
version of WBCM involves the development of
appropriate  (implementation neutral) XML
schemas for the various forms of information
required and supplied by WBCM at its
interfaces. Some open standards such as
those proposed by the IMS Enterprise
standard are already available for this.

One of the aims of the web-services version of
WBCM is to isolate more of the implementation
and design decisions from its main functionality
and interface. For example, hiding details of
the distributed nature of the repositories, and
abstracting from some of the current specific
data details. With the development of
standards for parts of the XML schemas used
in interfaces, the potential for easy integration
and inter-operability with other course
management or learning object management
components will be greatly enhanced.

As an example, consider a service which
reports assessment marks or grades for a
student on a course. In earlier versions this
would be a facility in a web page which would
(via http and CGI) retrieve information from a
database and present the information in a web
page. In the web-services version this is
decomposed into a back-end web-service
which, when invoked, would deliver the
information in XML according to a documented
schema. The front-end presentation as a web
page from the XML is simple to achieve with
XML technologies. However, it is also simple
for other services (such as a student record
service) to directly process the XML and
retrieve marks from the web-service. Clearly,
such a direct link is always possible with
appropriate programming. What is new is the
ease with which the inter-operability link can be
made through the generation of an XML
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schema for the data and standard technologies
to (i) generate a service description and (ii) to
process such a description and automatically
use the service.

There are also evolving standards for security
aspects of web-services (including
authentication, message integrity, non-
repudiation, etc.) so that more generalised
solutions to security can be explored.

Our new design is based around the following
application level service provisions

5.3.1 Mark reporting service:

This retrieves and reports on marks for
individual students or groups of students for an
assignment, returning data as XML (as
described previously).

5.3.2 Local marking services:

The current WBCM interface provided a web-
based marking facility. However, in some
cases the necessity of a web access could be
a disadvantage. For example, if an instructor
wishes to mark assignments while on a train,
web access as a nhecessity is problematic. A
better scheme might be for him to have a copy
all assignment submissions available to him
locally. This would require the instructor to first
download all (or some of) the submissions to
his local m/c. Then he would have to mark
them and record his comments and finally
upload the marks. Two web services are
clearly involved, one to download the
submissions of a set of students and another
to upload the marks with comments. A local
application would be desirable to properly
organize the marks and the comments. The
local application could very well be third party,
though it would be desirable to have simple
prototype applications available as part of the
tool. This would make the tool more usable.

5.3.3 Course administration service:

This will authenticate users and allow updates
to course information, including generation of a
new run (with duplication of information where
appropriate). The service allows students to be
added or removed from a course. Similarly
instructors may be added or removed from a
course. Differentiation of capabilities of
instructors is possible. Only primary instructors
may possibly perform a proxy submission for a
student or allow resubmission of a student
assignment after marking is over. Also, only
primary instructors may add/modify/delete
assignments. The administration service could
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assign or retract such capabilities from course
instructors.

5.3.4 Assignment creation service:

This will authenticate users and allow creation
based on a marking scheme (criterea,
weightings etc.) to be generated by interaction
between the user (designer) and the service.
The service would return a URL for
identification of the assignment. The URL
might also be a link to an XML document for
the assignment description and marking
scheme.

Services are also required by the above
services for: accessing information on courses,
instructors, time slots, enrolled students, etc.

The functional definition of "Learning Objects"
as given in (Downes 2002) is broad enough to
cover WBCM components. It would be
desirable to develop components that may be
pulled and incorporated in any LMS (for
example). These components provide service,
which in turn can be tailored to users' needs.
So we have a "sharable service provider
learning object" inherently different in nature
from "sharable content object" [SCORM - see,
for example http://www.oasis-
open.org/cover/scorm.html] except in the
sense that both of them are intended to be
shared in a learning economy (Downes 2002).

The key services as described earlier may
evolve to become sharable objects. Each
service provider component has its user
interface and script for completion of the
service.

Furthermore, a WBCM component may be
developed as a sharable component to
enhance the functionality of an existing system
(Open or Proprietary Service Layer
Component) (Downes 2002). The components
access interface should provide options for
customization of the services.

6. Conclusions

We have described the architecture of a web-
based course management tool (WBCM) that
has been developed and is in current use in
India. The main benefits of using the tool have
been: its support for the co-ordination of many
courses, even with very large class sizes (100-
300); its simple, descriptive and consistent
layout of interfaces, making it quite easy to
learn and use; the extensibility of the
architecture deriving from the modularity of
WBCM.
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The current WBCM could easily be extended
to add features for complete courseware
management (assignment tutorials, references,
articles, internet resources, question paper
etc.), although it currently only keeps
information about online tests, assignments
and course notices.

We have discussed the current evolution of
this tool into components in a web-services
architecture and how this fits in with recent
views of LMS designs based on loosely
coupled components as proposed in the JISC
architectural framework (Wilson 2003). We
believe that web-services provide for both a
service-oriented architecture and full
deployment over the web.

The importance of open standards for such
developments has been discussed and, in
particular, the potential impact of web-services
for learning management systems. The new
development of WBCM is aimed at improving
the tool's potential for integration with other
course management tools and LMS
components. It will also open up some of the
modularity for other developers who might
want to use some services but not all of them.

Although the current system has security
aspects implemented using features of the
Apache web-server, it is clear that further
developments of proposals for XML-based
security standards for web-services are likely
to have an impact on the design of WBCM in
the next two years. For example the Security
Assertion Markup Language v2.0 is under
development (http://www.0asis-
open.org/committees/tc_home.php?wg_abbrev
=security) (SAML 1.1 was ratified by OASIS in
September 2003), and OASIS work on Web
Services Security is ongoing (http://www.oasis-
open.org/committees/tc_home.php?wg_abbrev
=WSS).
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