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Chapter 1 Introduction

1.1 E-learning and Content

This is the age of e-learning. In an e-learningiremvment, we deliver a course
using electronic medium such as web pages, slibesTbere are two ways to deliver a
course: online and offline. In both cases, coumsg#ent consists of a collection of HTML
pages, power point slides etc. But these are nificismt, because, the content is not
merely a collection of HTML pages etc. As we knotwe teacher is the source of
contents. Teacher views the content as conceplscaucepts, sections, sub-sections,
chapters, activities, comparisons, codes, examgtiesTeachers give examples, notes,
guestions, answers etc to the learner to help leimifih understanding the concepts. A
teacher also defines prerequisites, order and sequef the various preferred example
for a learner group, relevant pictures etc. Foeacher, content in HTML pages are
actually a concept represented through a combmatfosuch devices, which has to be
delivered to the user or learner. In other wordstent has semantic meaning

In case of online learning, content is deliverecalpntent delivery system. These
systems are usually called Content Management @gsf&] (CMSs). There are many
CMSs in the market for delivering content. Drugat, example, is an open source CMS.
Content in these CMSs are created by content deeeld hese systems treat the content
as a collection of data files. CMSs are used byertrdevelopers to organize the content
in such a format that it can be delivered to aearCMSs do not treat, generally content

as concepts, examples etc but only as syntactioedignized data.

1.2 Difficulties in transforming content from teach erto CMS

Content developer interacts with the teacher foretiging the content in CMS.
As mentioned before, teacher sees content as csnaggapters, activities, codes etc.
He/She may also prefer to specify the special coré the given content. Content
developer applies his/her intuition to capture tieguirements of the teacher and
customize the content for a specific CMS. Theseradtions between teacher and content
developer are not defined properly, and are oféened out through personal interactions

and discussions. Thus instructions given by teaaher customization done by content



developer on the basis of the interactions arelpulependent on the capability of the
teacher and the content developer. This situatiake® scope for loss of information
during development of the content and makes thettae consuming.

There is another problem with this approach. Faelbping the same content in
different CMS, teacher gives same information alibatcontent to content developers
again and again. The content developers assocwtedhe different CMSs, however,
need to adopt these contents differently to méatehféatures provided by the respective
CMSs and the type of data storage mechanism fotldwethem. It is annoying to repeat
the same task for the teacher. There should be smaas by which teacher can place all
the information to the content developer. Teaclheukl be able to specify the content,
just once, in terms that he/she is comfortable witéimely concepts, example, code,
explanations, etc; dependency between the pattseeafontent and any restriction on the
content. Any content developer can use this spetifin directly to create content for
specific CMS. This will also reduce the loss of oimhation during the content
development.

In Figure 1.1, we show the conventional method of content dgurakent. Content
developer interacts with the teacher and develtpscbntent in a CMS or Content
developer interacts with the content of one CMS tadsforms it into other CMS. In
Figure 1.1, let us assume that the loss of information dufirs development isx and the
loss during the conversion of content in one CMSotbher CMS is y. hence, the
conversion of content in second and third stepy.iSo, the average loss of information
per CMS during content development in three CMSx4s y. In Figure 1.2, the average

would be x. However there is significant overhead on thehea
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Figure 1.3 Proposed model using markup language

1.3 Our Approach

We propose a markup language [2] called as comankup language (CML). In
Figure 1.3 we are showing the proposed method of content dpwetnt using this
language Teacher will be able to embed information aboutteoin as per his/her
requirements while creating the content in CMLngsierms that he/she is comfortable
with and focus on aspects and issues that he wdre toncerned about. This will help to
automate the process of interaction of teachercamtient developer. Now, teacher need
not interact directly with the content developeontnt developer will take content
specified in CML adopting it to his’/her CMS. Thitsyill separate the area of concern of
a teacher and a content developer. Now, the teacttethe content developer will work
separately and efficiently. Content developedhis tanguage by the teacher is a one
time job and can be used by content developeriftarent CMSs.

In the situation described in the previous paragraepicted in the Figure 1.te
loss of information per CMS would be+ a (where z+ a <= x), where z is the loss
of information during placing content inside theesfied CML and a(its value will
decrease with the increase of expertise of cordemeloper) is the loss of information
while the conversion of content in specified CMLthe specific CMSs. It eventually tend
to zero after some iterations of modifying CML aftetting the performance feedback of

the content development by the teacher
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We know that markup language is useful to encode idahe desired format with
minimal loss of the information that is intended e with the data. We have such
requirement for encoding content in the view & tbacher. CML is designed as markup
language to capture the requirement of the teadleacher can specify information using
their own terms. For example, a particular pieceeche tagged as an example or a
guestion.

CML uses XML [3] (Extensible Markup Language) ae ttese markup language
to ease design of CML. XML is used as framework developing our specialized
markup language.

XML is a meta-language, which enables general aldily and interchange of
information. The information may be intended forffaetient purposes, structured
according to its content in various kind of apiica, in various presentations, for
different target groups. In other words, XML is atarlanguage, used to generate specific
languages, for encoding information without loS@me existing markup languages
which use XML are: MathML [4] for representing rhamatical constructs such as
equations and formulae, NewsML [5] for representingws, RuleML [6] for
representing ‘if then’ rules in a knowledge base et

As mentioned earlier, the content in CML needsdabnverted into structure and
format of various CMS. We expect that using a krmlge base, mapping the various
constructs of CML to suitable directories and Bieictures of in a specific CMS, we can
automate fair amount of this work, and such a keogé base will necessarily be CMS
specific. This model simplifies the task of a conitdeveloper to adopting/extending the
knowledge base to suit his preferences and finegutihe system after the conversion.
We illustrate the feasibility of this idea by impienting such a converter. This translator
is @ mechanism to reduce the responsibility ancedegncy of the content developer in
content development. Such a converter takes inpuat the content in the CML Format
and develops the content in the intended CMS. daoizes the content in CMS such a
way it was created by the content developer withiiblp of a teacher. In this project, the
target CMS is taken as Vasistha [7], a system deesl by the education technology unit
of CDAC Mumbai.



1.4 Report Overview

The second chapter builds the background of thgagtrdn this chapter we discuss the
need of the CML and related literature. The thindpter deals with the design of CML.

In this chapter, we discuss various existing markmguages and relation with the CML
from design point of view. This chapter also ind@sdhe DTD of the CML with the

elements identified during the design of the marlanguage. The element description
includes the purpose, uses etc. The fourth chaletals with the translator. This chapter
elaborates the need of the translator with the Gidlkelopment. It also discusses the
target CMS, Vasistha. Vasistha is an in-house dgesl CMS used for content delivery
for online students of CDAC Mumbai. The fifth chapincludes the issues, difficulties
and various considerations related to the impleat@nt of the translator and testing of
the developed system. Chapter 6 concludes the treplining some of the future

direction of this work.



Chapter 2 Background

A markup language combines text and information uabthe text. This
information can be related to the text's organmatr presentation, and is expressed
using markup, which is integrated with the primsayt. In other words, markup language
is a way of presenting the logical structure or @eiiss of text and providing instructions
on how to interpret it. It has a set of markup @ntions used together for encoding texts,
that is, a markup language must specify what marisugllowed, what markup is
required, how markup is to be distinguished fromt,t@nd what the markup means.
HTML [8], XML and RDF [9] are examples of markumuages.

Markup languages are often divided into three elsispresentational, procedural,
and descriptive. Among these three types, desegiptiarkup applies labels to fragments
of text without necessarily mandating any particdligplay or other processing semantics
and is of interest in this project. SGML [10] antX are systems explicitly designed to
support the design of descriptive markup languages.

We know that the content in CMS occurs in differfemtmats (for example, use of
flat files or databases) and delivered in differemtys. So, content in one CMS becomes
almost useless for another CMS. For example, agginmay require an animation. We
can show it through the movie player, in Flash e can give the options of fetching
the contents based on the hardware constraintseoflient and the constraints imposed
by the CMS. But, at CMS level we can not decide¢ tha movie file of one CMS can be
converted into flash file of another CMS.

The content within our markup language also actsa a®urce of content for
content developer during the content developmentha&n CMSs and deals with the
structural and semantic aspect of content.

A content markup language (CML) can be used asmdwork for organization
of the learning information (i.e. course, artickxample etc). The main advantage of
defining CML is that it will give teacher the fremuh to capture the required information
using a framework that they can easily relate tathVCML, teacher will be able to
generate powerful content, but we require a tréamslkar/and content developer for each

specific CMS to see its capability and relevance.



SCORM [11], a popular e-learning content standaegresents a coordinating
model intended to give e-learning a collection @indard practices that are generally
accepted and widely implemented. SCORM uses th& IE484.12.3 Draft Standard for
Extendible Markup Language (XML) Binding for Leangi Object Metadata Data Model.
Various information for the display aspect of camtdave also been incorporated in the
SCORM metadata creation. SCORM is a model thatrerées a set of interrelated
technical standards, specifications and guidelimeEsigned to meet high level
requirements for learning contents and systemded#ls to support adaptive instruction
based on learner objectives, preferences, perfax@nand other factors (like instructional
techniques). It is also used for the dynamic priesem of learning content based on
learner needs. But these aspects are beyond tleercoof the teacher. So, SCORM
framework can not be given to the teacher as cosaatification framework, but content
developer can use the content of CML in deriving ®CORM complaint learning

component.
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2.1 Example Markup languages

As discussed earlier, our CML is based on XML. Same of the examples of
developed markup language based on XML are releMentMathML, NewsML, and
RuleML. The applicability of these languages cagguthe domain of the subject with
relatively easy DTDs rather than the only a differ ML with complex DTDs.

MathML 2.0[12], a W3C Recommendation was releasad2tt Feb 2001. A
product of the W3C Math working group, MathML islaw-level specification for
describing mathematics as a basis for machine whim&a communication. It provides a
much needed foundation for the inclusion of math@rabexpressions in Web pages. It
also contains a content markup as a subset of ti@ewanguage. The intent of the
content markup in the Mathematical Markup Language provide an explicit encoding
of the underlying mathematical structure of an egpion, rather than any particular
rendering for the expression. [13]

An example from the document [13] is as follows:

<apply>

<partialdiff/>
<bvar>
<ci> x </ci>
<degree>
<ci> m </ci>
</degree>
</bvar>
<bvar>
<ci>y </ci>
<degree>
<ci> n </ci>
</degree>
</bvar>
<degree>
<ci> k </ci>
</degree>
<apply>
<ci type="function"> f </ci>
<ci> x </ci>
<ci>y </ci>

</apply>



</apply>

Default rendering is

o |
e T, 1)
( dz™ Oy ) fey)

Figure 2.2 Default rendering of above mentioned MatML

NewsML is an XML-based standard to represent andaga news throughout its
lifecycle, including production, interchange, armhsumer use. The IPTC (international
Press Telecommunications Council) [14] started tokwon it in 1999. After only one
year of defining requirements, working out speaificns and development, NewsML 1.0
was approved by IPTC in October 2000. The corel lefehe NewsML Model, the
content level, provides a uniform interface to eontirrespective of the media type of
that content. A Contentltem is the unit of datateahmanaged in a news environment; it
can represent a block of enriched text, a JPEGoplaot EPSF graphic, a Flash animation,
a video clip or any other type of media asset [15].

Below we give some of the examples useful in oomtext. The data of a
Contentltem can be referenced via its Href attebudr included explicitly in its
DataContent sub-element. DataContent is of type AMYt means that any XML
compatible data can be inserted in this elemeist;iticludes encoded binary content.

<Contentltem>
<MediaType FormalName="Photo"/>
<Format FormalName="JPEG Baseline"/>
<Encoding Notation="base64">
<DataContent>
SDF35GZsDFGZER5R6RTGSES ... SRTYERT
</DataContent>
</Encoding>

</Contentltem>

<Contentltem Href="http://www.mycompany.com/images/ BER90-082802a.jpg">
<MediaType FormalName="Photo"/>
<Format FormalName="JPEG Baseline"/>
<Characteristics>
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<Property FormalName="Width" Value="2048"/>
<Property FormalName="Height" Value="1543"/>
</Characteristics>

</Contentltem>

Chemical Markup Language [16] (CMY) is a type of XML designed to
represent molecular information. One could use QWIE] to store chemical formulas
and then display the molecules in graphical fornthtt are more understandable to
people. It is also useful for lossless transmisibrthe intended molecule information
from one location to another location. The rendgGomponent is processed at the time
of display on the browser.

An example of atom element in CML is given belowB][IThis piece is not telling
about the rendering of the atom on the browserollyt captures the information about
the atom.

<cml title="single atom example">

<atom id="al" title="O3™ elementType="0" formalCha rge="1"
hydrogenCount="1" isotope="17" occupancy="0.7" x2=" 12"  y2="2.3"
x3="3.4" y3="4.5" z3="5.6" convention="ABC" dictRef ="chem:atom">

<scalar title="dipole" dictRef="d:dip" units="units :debye">

0.2</scalar>

<atomParity atomRefs4="a3 a7 a2 a4">

1

</atomParity>

<electron id="el" atomRef="al" count="2"/>
</atom>

</cml>

All developed markup languages based on XML hawmanton goal: lossless
encoding of information. Designing a markup langufay specific domain gives the user
ease of expressing information using ontology efdbmain. The same capturing can be
done by XML with complex DTD with lot of tag (olmisly almost tangent to the view

of user ease) only and this will make the spedificecomplex and hard to understand.
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Chapter 3 Design of CML

We were looking at the content of schools and gebe It is delivered to the
student as textbook, slides, movie files, imagest¢/She finds these contents should be
divided into entities such as subject, resourcetjase sub section, images, example etc.
This requires the discovery of such entities, gnsequencing, entity nesting and
organization and their attributes.

The design of the CML includes the discovery of tihgs for the terms used by
the teacher, combination of tags to develop a mesouags to be used for linking two or
more resources, use of the content of one resoamescribe or support another resource
etc. It also includes the discovery of attributesresponding to the discovered tags,
associated constraint of the uses and the apgityabf the tags and meaning of the
various combination of the tags. This descriptieduces the ambiguity of the language
and gives a well defined framework for the teadbedevelop the content.

In order to perform this task systematically, weeopto pick up some existing
content and code it using minimal set of strucwyriags such as section, resource etc
extended with tags based on the purpose of a méamdntent (e.g., example, code,
question, etc).

The content of the NCERT science and technologyhierk of X" standard has
been taken for testing the content developmentulage. Chapter 3 [19] of above
mentioned book has been selected for developintegteontent. The organization of the
chapter in the book is as follows: It is dividedoirsection. Each section has subsections.
Each subsection has resources, paragraphs, picodesurther subsections. Resources
can have tabular data related to the topic. Sootesnand activities also has been
included to make the mapping of content and te&ch@w synchronized and clear. The
activities are for the realization of the learnthgough doing some practical experiments.
Resources also has some derivation of the fornwithsrelated example as questions and
solutions.

Through a series of iterations we arrived at aaealsly clear markup content for
this material. Iteration showed tags which needgthér clarity or requiring further sub

classes and new tags which needed to be added.
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Once the iteration stabilized, we tried to gatlwgether the tags and attach clear
definitions of their role and interpretations. Thias then converted into an XML DTD
capturing the syntactic aspects. The tags are iegplan the next sections and the DTD

follows that.

3.1 Content Markup language Elements

All CML element falls into one of the following ajories based on their uses:

1) Constant and Symbol
2) Containers

3) Aggregators

4) Links

These are the building blocks out of which CML eontare constructed. Each

category is discussed in a separate section below.

3.1.1Constant and symbol tags

These tags are used for coding those terms whilc@nstants and frequently
used but have very less content inside it. It degsability of being a separate tag because
teacher sees it differently and uses these quatpiéntly.

1) term
This can be collection of symbols or annotatiorrimtingled with some data that

could not be parsed.
<term>
Refractive Index<symbol><I[[CDATA[n<sup>12</sup>]]>< /symbol>

<term>

2) symbol

There will be no other CML tag inside the symbaj.t&he parser of the converter
will not parse the content inside the symbol anll place as it is, without interpreting it
as CML content. This can be used to include contentther markup language or

framework.
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<symbol>
<!/[CDATA[t<sup>12</sup>]]>

<symbol>

3.1.2Container tags

Container tags are actual content markup. Thes¢hartags in which the actual
content will be placed by the teacher, for exampdatent inside the example tag will be
treated as an example and content inside the ab&igawill be treated as abstract of the
content.

1.abstract

There will be at most single occurrence of absttagtinside resource tag. This
tag will be used to specify the abstract of theouese or the sub-section. The content
inside the abstract tag will be the abstract fothe content of the other resources or the
sub-sections. The resource tag containing abstegctwill be the first tag inside the
section or resource tag. This abstract will nottaonfurther resource, media tags. It will
contain only the text tag from CML and tags frorhestnamespace (excluding the CML)

This is valid example of abstract

<section>
<resource>
<abstract>
<text>Committed to India's role as a leader in sof tware
technology
</text><text>
Carry out R&D with a practical impact
</text><text>
Provide support to the IT industry
</text><text>
Make a significant contribution to high quality edu cation
</text><text>
and training of professionals for the IT industry i n India
</text>
</abstract>
</resource>
<section name="b">
</section>

</section>

14



The interpretation of above CML will be as abstm@itthe subsection b.

<section>

<resource></resource>

<resource><resource><abstract>
---</abstract></resource>
<resource nameid="b"></resource>

<resource>

<section>

</section>

</section>
The interpretation of above CML will be as abstmicthe resource b.

This is invalid example of abstract
<section>

<resource>

</resource>

<resource>

<abstract>

</abstract>

</resource>

<section>

</section>

</section>

2.annotation

This tag will be inside the text, caption or titegs. Annotation can not be inside
another annotation. Annotation will have a ‘to’raguired attribute. The value of the ‘to’
attribute is mandatory. The value of to attributéhis tag should match the value of from
attribute of the link tag. The annotation is thet tehich indicates that more information
about the ongoing topic is placed somewhere else.cbrresponding link tag will be the

place where the description or information of theaation has been given.
<text>
<annotation to="xyz">
XML
</annotation>

</text>

15



3.answer

This tag will be inside the question tag. It may Ib&ed to the text having
guestion tag or be inside the question tag. THengof the answer with the question will
be ensured by the constraint that the value ‘arsfvattribute of the answer will be same
as the value of the ‘questionld’ attribute of theestion tag. Teacher can use the link or

include tag to associate the answer with the questi

<question>

What is capital of India?
<answer>

New Delhi

</answer>

</question>

4 article

This tag will be inside the resource tag. It wéMe single title tag inside it. It may
contain text and/or media. Article will act as asaerce. Although it should be
independent from content in CML and has potentialkéep it as section, we have
assumed that section should not contain only oseuree ideally. But if teacher require
this he or she can do the same by making singleures tag inside the section tag.
Article’s title may contain annotation. The annatatis required to refer to the original

document from which the article has been taken.

<section><resource><article>

<text>One might think of a computer virus as a tiny computer
program designed to perform mischief. Most computer users have heard
about computer viruses. A computer virus is the res ult of a destructive
program that someone has written and placed inside a computer program,
which unsuspecting people then place in their compu ter system.

</text>

</article></resource></section>

5.audio

This tag will be under the multimedia tag. Thislwintain location and format as
attributes. This will contain the information abdhbé location of the audio resource. This

will also contain the property of the audio asilttte shown in DTD.
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<multimedia>
<audio name="Karnataka music” filename=
"audio/music/karnataka/l1.avi">
</audio>

<multimedia>

6.citation

It is a reference to a link. It is like annotatidnyt it is linked to a resource that
may be outside the document or to a URL. Citatiamstnbe linked with at least one
annotation. This will be mainly used for giving eference by the teacher. It will have
typeOf attribute. The value of typeOf attribute n@gy one of the following: ‘textbook’,
‘research paper’and ‘website’. If teacher knows pablication markup language, then he
can use the tag of that markup language insideitagon; otherwise it is CSV format of

string inside the citation.

<citation typeOf="textbook’ annotation_no="16">

BRYAN,MARTIN, SGML: AN AUTHOR'S GUIDE TO THE STANDA RD GENERALIZED
MARKUP LANGUAGE, ADDISON WESLEY, 1988

</citation>

7.equation

This will be inside resource tag. It may have thgsn other namespace. But it
contains only formula tag from the CML. Most preét alternate namespace would be
MathML. This tag is used for writing an equationh&as an attribute called as ‘typeOf'.
The value of typeOf may be ‘formula’ so that teachan make a recognizable step
between number of steps in a long list of equatidinfappens mostly during solving
mathematical problems. Equation tag may have anathdbute called as ‘equationid’. It

is not a required attribute, but it can be usedifiiing or referring from another location.
<equation typeOf="formula”>E=mc<sup>2</sup></equati on>

<equation>a=b+c</equation>

8.example

This will be inside resource tag. It will have @axampleof’ attribute similar to the
‘nameid’ of the resource and it is necessary t@tesent in same CML content. Thus,
association of example to the resource, so thatamesay this is example of that resource,

will be captured. The teacher will be able to plagample anywhere and link it to the
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appropriate resource without replacing the develammtent. Let us assume that example

is for the resource having value “xyz” of attribtitameid”.
<resource>
<example exampleof="xyz">
floating in water
</example>

</resource>

9.overview

It will be inside the resource tag. The resourae dantaining the overview tag
must come in place of abstract or after the resotag containing the abstract tag. The
overview tag must contain only the text tag. The tag inside the overview tag will not
contain any further resource tag. it can be treated type of text but for forcing some
constraints it is a separate tag instead of a mgeneric tag like text. Teacher can use it

for reviewing the content discussed later withia section
<resource>
<overview>
<list>
<text> Abstract data types and data structures</text>
<text>Linear data structures</text>
<text>Arrays</text>
<text> Stacks</text>
<text>Queues</text>
<list>
</overview>

</resource>

10.question

This tag will be inside the resource tag. The daesshould be related to the
content discussed in the resource. So, questionldshie minimally available from the
second child of resource and teacher should plaeecontent such that the question

related to the resource should be inside the sgperuag as resource.
<resource nameid="a">
<resource nameid="b">
---talks about refractive index
</resource>
<question>

What do you mean by refractive index?
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</question>

</resource>

Or

<resource nameid="a">

<include from="b">

</include>

<question>

What is refractive index of water?
</question>

</resource>

Or

<resource nameid="a">

<link to="b">

This describes about refractive index
</link>

<question>

What is refractive index of water?
</question>

</resource>

Or

<resource nameid="a">
<question resourceld="b">

What is refractive index of water?
</question>

</resource>

The above criteria will ensure that the questiomgsociated with the resource
having nameid “b”. But if teacher want to reuseuasiion in a CML for content placed in
other location, he/she has to give a value foruesdd of created question that will
match the resource having content at other plagtgShe can use include tag. So, a
learner can see the content before the questign t the linked place to find the related
guestion on the content. A question tag can opliipimclude an answer tag, as discussed
earlier.

11 remark

It will contain only one text tag. It can be linkedth any text or resource tag.
This cannot be ignored during displaying. Teachamot use the include tag inside it.
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This must be linked with at most one resource xir 0, it will have a required attribute
‘linkedwith’. The value of linkedwith attribute wilmatch the value of ‘nameid’ of a

resource.
<resource>
<resource>
</resource>
<remark>
</remark>
</resource>
Or
<resource>
<remark linkedwith="b">
</remark>

</resource>

12cml

This is the document root of this markup langudbas is a requirement of a
XML document. All other tags should be inside ttag and there will be only one cml
tag inside one document.

13resource

This is a single unit of content for teacher. Ttag is used for aggregating the
content which can not be collected as a unit usthgr CML tags. Teacher can divide his
content into resources. A resource may map to aeminfor a teacher. Teacher may
specify the value for the nameid but it should bigue. Otherwise, CML will be invalid.
This will help to reuse the resource in differetages. It is advisable that teacher should

provide a value for “nameid” attribute to reuset Bus not mandatory.

<resource>

<resource>--</resource>

<resource><text>--</text>

</resource>

<question>--</question>

<resource>

<resource></resource>

<resource></resource>

</resource>

</resource>
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14 section

This tag can be under the subject and section liagan have section or resource

inside it. Teacher can map it as a collection @fptlrs or one chapter.
<section><resource></resource>
<section></section>

</section>

15subject

This tag is the topmost tag of the CML to indicatébject level like physics,
science, history etc. It is a collection of secsioAt present, only one subject tag can be
inside the root cml tag but there may be more sliggy inside the cml tag in future

extension.

<subject name="Genetic Algorithms" resourceBase="">

<title>Genetic Algorithms: By M Sasikumar, NCST, Bo mbay</title>
<section nameid="sec_001" name="Introduction to Gen etic
Algorithms™>

<title>Introduction</title>
<resource>--</resource>
</section>

</subject>

16.summary

It will be inside resource tag. It can only contdle text tag at one level. It will
not have another resource. It is meant to introdweemary of the content. So, advisable
position of this resource will be inside last remeutag within parent resource or section
tag.

<resource>

<resource>

</resource>
<resource>

<summary>

</summary>
</resource>

</resource>

17text
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It can be inside the resource tag. This tag ignibet widely used tag in the CML.
This tag can represent the actual text of the ebntéthout further categorization. So,
text suggests that there is the actual text. Bigt iftot an aggregator tag. This tag should
not be used until no other tag specified in CMlapgpropriate for naming of the content.
The tag will not contain any other tag except aatiomn, symbol and term. It may also

contain sequence of the alphanumeric charactamaroerals.

<text>New individuals are created from existing ind ividuals and
the children inherit many of the characteristics of the parent(s).

</text>
18 caption

This is used as the heading of multimedia tags.cdfesay that caption of these
five images will be ‘photograph’ but we may wanb s$ay that individual image is

‘photograph one’ then this can be done by placingls image inside multimedia tag.

<multimedia>

<caption>

Fig. 3.3 : Formation of image A'B' by a convex mirr or MN for the
object AB. </caption>

<image src="images/image3.3.1.bmp" name="Fig.3.3.1" />

<image src="images/image3.3.2.bmp"name="Fig.3.3.2" />

</multimedia>

Or

<multimedia>

<caption>Fig. 3.4 : The New Cartesian Sign Conventi on for
reflection of light by spherical mirrors.

</caption>

<image src="images/image3.4.bmp" name="Fig.3.4"/>

</multimedia>

19title

This is used for the heading of the resources aatioss.

<subject name="Genetic Algorithms" resourceBase="">

<title>Genetic Algorithms: By M Sasikumar, NCST, Bo mbay</title>
<section nameid="sec_001" name="Introduction to Gen etic
Algorithms">

<title>Introduction</title>
<resource>--</resource>

</section>
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</subject>
20tip

This tag will contain no other tag. It can be lidke&ith any container tags other
than tip or resource tag using the link. This cangmored, if needed, during display. The

linking will be done with the help of “to” attribatof this tag.

<tip to="b">always remember to save file frequently <ftip>

This is an example of tip tag where the resouraeniganameid b deals with the
loss of data due to crash of application.
21video

This tag will be under the multimedia tag. Thislwintain location and format
as attributes. This can be ignored during dispiayimeeded, for example, where there is

a bandwidth constraint.
<multimedia>
<caption>talk with Dr. S.P.Mudur</caption>
<video location="/vedios/s_p_mudur.avi>
</video>

</multimedia>

22 warning

This tag will contain no other tag. It can be lidkeith any container other than
warning itself or resource tag. This can be ignatedng displaying as per the choice of

the teacher. He/she can specify the ‘display laite ‘must’ for not to ignore.
<warning display="must">
Do not look at sun with naked eyes

</warning>

23image

This tag can be inside the multimedia tag. Thisalmwvs attribute to capture the
information about the image like the physical lematof the image, type of the image,

preferred height and width of image.

<image src="images/image3.3.1.bmp" name="Fig.3.3.1" />

24 code

This refers to some software segment in a programtainguage. It will be inside
the resource tag. It is assumed that renderingb&ileft as the responsibility of converter
or CMS.
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<resource><code language="java">
int i=0;

int j=56;

System.out.printIn(i+j);
<code></resource>

25data

This is tag in which teacher can include tags froamespaces other than CML.
Converter will not parse content inside this tabe Effect of this tag will be determined
by target CMS and browser capability. It has anhatte that tells the converter that it
used MathML, HTML or newsML etc as usedMarkup. Tiaig is provided as a backup
for critical requirements of mathematics and dragmwwhich is not directly within the

scope of the current CML framework.
<data usedMarkup="MathML2.0">
<apply>
<partialdiff/>

<bvar>
<ci> x </ci>
<degree>

<ci> m </ci>

</degree>

</bvar>

<bvar>
<ci>y </ci>
<degree>

<ci> n </ci>

</degree>

</bvar>

<degree>
<ci> k </ci>

</degree>

<apply>
<ci type="function"> f </ci>
<ci> x </ci>
<ci>y </ci>

</apply>

</apply>
</data>
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26.comment

This tag will be inside resource tag and will bekéd with other tag inside the
same resource tag. The content inside this tagrelate to some other things not actually

related to the current context.

<resource>

<resource>

27 conclusion

This will be the last tag in the resource tag. #ynmave one or more text tags. If
we want to give conclusion of section then the tasburce tag inside the section will
have only one conclusion tag otherwise it will reated as associated with the
penultimate resource tag. Resource having conciusig will not have a child resource
containing conclusion tag at any descendent level.

The following is valid in CML.
<resource><resource>---

</resource><conclusion></conclusion></resource>
The following is invalid in CML.

<resource><resource>---<conclusion></conclusion>

</resource><conclusion></conclusion></resource>

28 multimedia

It is also a container tag and it only contains ithage, audio and video tags. It

may contain one or more tags of these.
<multimedia>
<caption>talk with Dr. S.P.Mudhur</caption>
<video location="/vedios/s_p_mudhur.avi>
</video>

</multimedia>

29 note

This tag will be inside a resource tag and may binngfer to a text. It has an
attribute typeof. The value of the typeof attribatenote will be one of these: simple,
endnote, and footnote. If teacher thinks that tieent note cannot be categorized into

endnote or footnote, then typeof attribute showtle specified and default display will
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be left to the CMS. Teacher wants some notes tancesomething associated with the
current discussion, then he can use the value Isinfiqr the attribute ‘typeof’ or teacher
wants some notes to be as it should be on the pageeof the discussion then he can use
the value ‘footnote’ for the attribute ‘typeof’. deher wants some notes but thinks it will
break the continuity of the discussion then hewsasthe value ‘endnote’ for the attribute
‘typeof’, in which ease the notes appear(duringldig) at the end of document. There
will be a term tag inside the note tag that willlidked to the place where the note will be
displayed.

<note typeof="endnote”>

<term>testing</term>this should placed at the end o f the document

</note>

3.1.3Aggregator tags

This type of tag is used for making some speciahmregy with a collection of
same type of tags. This information can be usedketermine sequencing, optionality etc
of the contained set of content elements.

1) bag

This tag contains a collection of same tag withteoh The bag tag indicates that
the content delivery system can choose a subsiemmt from the bag. The items are
assumed to be independent of each other. If we tedigt some of languages spoken in
India, we could say

<bag>

<text>English</ text >

< text >Hindi</ text >

< text >Marathi</ text >

< text >Malayalam</ text >
< text >Telgu</ text >

</bag>
2) req
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This tag also contains a collection of same ta@ witntent. This tag indicates that

all items must be shown/presented together. If vaatwo display the list of weekdays

without considering which comes after which,we eatte:

3) alt

<req>
<text>Monday</text>
<text>Friday</text>
<text>Tuesday</text>
<text>Wednesday</text>
<text>Sunday</text>
<text>Thursday</text>
<text>Saturday</text>

</reg>

This system may present the items in any orderalbitems will be presented.

Alt tag is used to indicate two or more equivalegources. One use of this tag
can be perceived by considering placing the saméenbin different languages
so that CMS with help of converter having capapitif localization can use this
internationalizing facility of CML. One of the spied alternative will be chosen.
First alternative will be displayed as default.
<alt>
<req>
<text>Monday</text>

<text>Friday</text>

<text>Tuesday</text>

<text>Wednesday</text>

<text>Sunday</text>

<text>Thursday</text>

<text>Saturday</text>
</req>
<req>

<text>lundi</text>
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<text> mardi </text>
<text> mercredi </text>
<text> jeudi </text>
<text> vendredi </text>
<text> samedi </text>
<text> dimanche </text>
</req>
</alt>
4) list
It is enumeration type that can be viewed as keain to be shown strictly in
sequence one after another. If we want to dispéagenof weekdays in order then we can
use list.
<list>
<text>Monday</text>
<text>Tuesday</text>
<text>Wednesday</text>
<text>Thursday</text>
<text>Friday</text>
<text>Saturday</text>
<text>Sunday</text>

</list>

3.1.4Linker Tags

This type of tag is used for linking one resouamother resource. This can also
be interpreted by the converter, such that teashigsire of showing specific resource at
specific context can be achieved. The various fit&gs in CML are listed below.

1) Include

It copies all the content from the referred reseuirto the current document.
Teacher can describe a resource inside CML at@mdytime; and use at different places
in the content. The purpose of ‘include’ is that tiesource is required as if was part of

current contents.. The referred resource must bineansame CML. Teacher can also
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specify the place of resource to be copied thrahgh'from’ attribute value of this tag.
The value of ‘from’ attribute should match the nadnattribute of the resource. Include
tag should be used carefully because frequent fiseisotag may lead to recursive of
copying of same resources. It is restricted thather can only include the resource
which has been already defined within the CML. Type attribute defines the actual tag
that will come as resource. So, the value of thge tgttribute should be one of the
resources.
2) link

It does not copy content from the referred locatdbmesource, but only holds the
reference of the resource. Teacher can treat sesoeirce as optional, but associated with
the current content. So, using the link tag, teacl® place an information that content
has a related resource. So, the student can cefaetresource by following the link, but
that is not mandatory. The purpose of link is thatresource is required for getting more
or related content with respect to current contBuit, the required attribute of this tag

gives teacher a facility to specify that resouscenandatory for the current context.

3.2 Content Markup language DTD

This section enumerate the complete DTD of the ggeg CML in the standard

format.
<?xml version="1.0" encoding="UTF-8"?>
<IDOCTYPE cml[
<IELEMENT cml (subject+)>

<IELEMENT subject (title,section+)>

<IATTLIST subject name CDATA #REQUIRED>
<IATTLIST subject resourceBase CDATA #REQUIRED>
<IELEMENT title (#PCDATA)>

<IELEMENT section (title,(section|resource)*)>
<IATTLIST resource nameid ID #IMPLIED>

<IELEMENT resource (title?,((resource|text|title|

datalequation|symbol|example|annotation|question|
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definition|note|remark|explanationjcomment]| article
synopsis|warning|tip]summary|abstract|overview|

linklinclude|list|bag|alt|req)*|(multimedia)*|(list

<IATTLIST resource nameid ID #IMPLIED>

<IELEMENT text (#PCDATA, annotation, symbol, term)*
<IATTLIST text type CDATA #IMPLIED>

<IATTLIST text name CDATA #IMPLIED>

<IATTLIST text nameid ID #IMPLIED>

<IELEMENT multimedia (caption+,(image|audio|video|m

<IELEMENT example (resource*|text*)>
<IATTLIST example no CDATA #IMPLIED>
<IATTLIST example nameid ID #IMPLIED>

<IELEMENT question (#PCDATA|resource|answer|text]li
<IATTLIST question nameid ID #IMPLIED>

<IELEMENT answer (#PCDATA|resource|text|link)*>

<IELEMENT explanation (resource*|text*)>
<IELEMENT data (#PCDATA)>
<IATTLIST data usedMarkup CDATA #IMPLIED>

<IELEMENT synopsis (resource*|text*)>
<IELEMENT article (resource*|text*)>
<IELEMENT warning (resource*|text*)>
<IELEMENT tip (text*)>

<IELEMENT abstract (resource*|text*)>
<IELEMENT overview (resource*|text*)>
<IELEMENT summary (text*)>
<IELEMENT annotation (text*)>
<IELEMENT definition (text*)>
<IELEMENT note (#PCDATA)>
<IELEMENT endnote (text*)>
<IELEMENT address (text*)>
<IELEMENT footnote (text*)>
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<IELEMENT remark (text)>
<IELEMENT comment (text)>
<IELEMENT abbrev (#PCDATA)>
<IELEMENT acronym (#PCDATA)>
<IELEMENT anchor (#PCDATA)>
<IELEMENT caption (#PCDATA)>
<IELEMENT emphasis (#PCDATA)>
<IELEMENT lebal (#PCDATA)>

<IELEMENT link (#PCDATA)>

<IATTLIST link required CDATA #IMPLIED>
<IATTLIST link type CDATA #IMPLIED>
<IATTLIST link to CDATA #MPLIED>

<IELEMENT include (#PCDATA)>
<IATTLIST include type CDATA #IMPLIED>
<IATTLIST include from CDATA #IMPLIED>

<IELEMENT literal (#PCDATA)>
<IELEMENT symbol (#PCDATA|image)*>
<IELEMENT term (#PCDATA|symbol)*>

<IELEMENT bag (text*| resource*| section*| media*| image*| audio*|
video*|equation*)>

<IELEMENT list (text*| resource*| section*|media*|i mage*|audio*|
video*|equation*)>

<IELEMENT alt (text*|resource*|section*|media*|imag e*|audio*|
video*|equation*)>

<IELEMENT req (text*|resource*|section*|media*|[imag e*|audio*|
video*|equation*)>

<I[ELEMENT equation (#PCDATA|term)* >
<IATTLIST equation no CDATA #IMPLIED >
<IATTLIST equation nameid ID #IMPLIED >

<IELEMENT code (#PCDATA|image|text)*>

<IATTLIST code type (image|text) #IMPLIED>
<IATTLIST code language CDATA #IMPLIED>
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<IATTLIST section name CDATA #REQUIRED>
<IATTLIST section nameid ID #REQUIRED>
<IATTLIST section importantance_level CDATA #IMPLIE D>

<IELEMENT image (text*)>

<IATTLIST image name CDATA #IMPLIED>
<IATTLIST image nameid ID #IMPLIED>
<IATTLIST image  src CDATA #IMPLIED>
<IATTLIST image type CDATA #IMPLIED>
<IATTLIST image plugin CDATA #IMPLIED>

<IELEMENT audio (text)>

<IATTLIST audio name CDATA #REQUIRED>
<IATTLIST audio nameid ID #IMPLIED>
<IATTLIST audio location CDATA #IMPLIED>
<IATTLIST audio filename CDATA #REQUIRED>
<IATTLIST audio type CDATA #IMPLIED>
<IATTLIST audio plugin CDATA #IMPLIED>
<IATTLIST audio start CDATA #IMPLIED>
<IATTLIST audio end CDATA #MPLIED>

<IELEMENT video (text)>

<IATTLIST video name CDATA #REQUIRED>
<IATTLIST video nameid ID #IMPLIED>
<IATTLIST video location CDATA #IMPLIED>
<IATTLIST video filename CDATA #REQUIRED>
<IATTLIST video type CDATA #IMPLIED>
<IATTLIST video plugin CDATA #IMPLIED>
<IATTLIST video start CDATA #IMPLIED>
<IATTLIST video end CDATA #IMPLIED>
<IATTLIST video audio_only CDATA #IMPLIED>

1>

3.3 Use of other markup languages

Most of the markup languages has their own funelipn MathML is used for
tackling the problem of encoding mathematics fompater processing or electronic
communication. So, content having much mathematiey required the use of the
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MathML. So, if teacher think want to use the MathKélc such purpose, MathML can be
used inside some tag of the CML where the CDATA-SEIN is a valid data. This will
reduce the work of the CML at the atomic leveltia CML the lowest level of tag is the
text tag. Inside text tag use of other markup lagguwill be accepted. But it will not be
interpreted by the converter because it will bedes<CDATA-SECTION of tag..
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Chapter 4 CML to CMS Converter

Content development in CML is for the convenien€¢he teacher. But, mostly
content delivery to the learner is done through GMSo, content inside CML should

eventually be available in CMS.

It is not a trivial job for content developer totpail content in CMS without
transforming the embedded information in CML to eympiate format of the CMS,
because CMS has its own organization of contentté€ developer cannot place the
content of CML into CMS directly without transfonngj content. The formats used by
different CMSs may be mapped to file systems, deted, and runtime entity of
programming languages. To simplify the job of cobieveloper, a converter (translator)
can be envisaged. Responsibility of converter isxtvact and modify content in such a
way to place the modified version of content in ayvappropriate for organizational
structures of CMS. CMS may offer some facility tisahot covered by the CML and such
facilities can be used by the converter to optintie=content delivery. At the preliminary
level a converter is required which will be respblesfor placing the core content inside
the CMS so that it can be used by the CMS, witle ldr minimal effort.

Vasistha is our target CMS in this project. We targeting Vasistha because it is
an operational CMS, developed in-house at C-DAC Mdainthat is used for delivering

the content on the web for online courses.

4.1 About Vasistha

In Vasistha, a course is built by combining mugipbjects. Objects correspond to
an individual topic or sub-topic of a subject oncept(See Figure 4.1). A topic could be
an aggregation of several sub-topics, or it coudd &b pre-requisite of another topic

(recommended or required).
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Figure 4.1content in vasistha using web interface-1

Every concept is divided into smaller atoms, whinbhke up single indivisible
parts of the object. Several objects may contagnsdime atoms. A learning atom is an
indivisible (mostly) unit of information. Learnindtoms are typically developed as
different media units of an Object. For examplesiagle Learning object may have
several images, a definition, a description, artigm, etc, each of which becomes a

learning atom(See Figure 4.2).
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Figure 4.2 content in Vasistha developed by web ietface-2

Vasistha provides a teacher with an interface tocgire and organize a course.
The proposed converter will act as replacement wéhmof the web interaction of teacher
to the Vasistha. Teacher will create content in CI@bnverter will place the content in
Vasistha as if it is done by the teacher with trebvnterface. The converter will break
the content of the CML into the learning componeafsVasistha and place these
components into the appropriate directory structivasistha uses the CSS for the
customized display of the various learning comptevith different look and feel. So,
developing the appropriate CSS for different eletsari content is also the job of the
converter.
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Converter makes the Vasistha courses (topic, leqmijects and atoms) from the
content in CML. Converter creates the atoms andiges the information about how the
learning object will be made. This also puts infatimn about the dependency and

dependency level among the learning objects.

4.2 Organization of content in Vasistha

Vasistha places all the course content in the die¢gtory of Vasistha home. The
data directory of Vasistha home contains differsgts of files. The naming conventions
of the data file are following.

Notation “x***+xkx" sed in file name denotes a nie digit number used by
Vasistha to uniquely identify the different entitie

1. atom:******x_ contains type of the atoms that havbeen added to the learning
objects. There can be nine types of atoms. Bstpossible to add new atom types
at any time. It is stored in types.dat file of ddteectory of Vasistha home. The

content of types.dat file is shown below:

text Text/Simple HTML

definition Definition Term

Algorithm Algorithm/Source code

image Image - Url to an image

binimage Image - Upload an image

textobject Text Object - for those who know
binobject Binary Object - Any binary media type
realmedia Real Media audio/video

asf Windows Media Format audio/video

Example: content of atom:000000001:

html,0,0

Objectives:

<ul>

<li>To understand the notion of Algorithm</li>
<li>To understand the concept of Objects</li>
<li>Modeling problem domain inside a computer</li>

</ul>
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. atomgroups.dat — contains the atom group id andenafrthe atom-group. An
atom can be in different groups. If we know theugrmame of the atom then we
can search an atom inside a group more efficietithn the atoms without
grouping. Example contents of such file:

#000000001
000000001 test

. atoms.dat — contains information such as the athnrmame, description and the
creator for the various atoms. It actually contdhes content of the atom or url of
the images, audio or video files. Content of amestalat file is given below:

#000000001
000000001 testatom h1 text w:akshay,;a:akshay,;

. courses.dat — contains information such as theseadr name, description and the
creator for various courses. Sample content ofsasudat file is given below:

#000000001
000000001 asd is the test course w:akshay,;a:akshay

. crs¥Reeekkekk . contains the id of different learnng objects that builds a course.
Let us assume course id is 000000001. So, id ofilegobjects corresponding to
the course having id 000000001 will be appear s9@06000001. Sample content
of crs:000000001 is given below:

#000000003

000000001

000000002
000000003

. Crsc:xexxxeik . contains information about the depndency and dependency
level between the learning objects. Sample cordéntrsc:000000001 is given
below:

0000000010000000023

This indicates the dependency between object 0@II0@nd 00000002 are of
Parent-child nature.
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7. oObj**rxkk . contains the ids of different atomsand coordinates for where it

will be placed on the webpages. Sample contenh@fobj:000000001 is given

below:
000000001 absolute(50,0) absolute(,350) 1 transpare nt
000000002 absolute(320,370) absolute(100,200) O tra nsparent

8. atom:00000000*:raw - contains the binary data efdtoms.

9. objectgroup:******++* _ contains object group id ath name of the objects. It has

same functionality, but it is at object level.
10. objects.dat — it contains the ids of the learnibgects.

11.ogroup:********. contains the id used for groupingearning objects. Sample
content of ogroup:000000001 is given below
#000000002

000000001 OOPJ
000000002 DSAL

4.3 Major issues for the converter

4.3.1Parsing related issue

As discussed earlier, CML is based on XML. In ortee use content of XML
document, we have to first parse the document usmMZML parser. There are various
XML parsers available in market today. Xerces2 Jaasser 2.8.0 [20] Release is one
such XML parser which gives a DOM object after pagshe whole XML content. We
have made use of this parser for parsing the CMiterd. However, since CML is a
language defined by us, there are certain rulestwarie unique to CML which are not
validated by Xerces2 during parsing. Hence the D@bjkct returned by Xerces2 is not
completely reliable for considering the CML as dalilherefore, we traverse the DOM
object made by Xerces2 and build a generic Javacblyhich ensures that the content
written in CML is valid. While building this generjava object we check the additional

rules that are unique to the CML.
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4.3.2Structural Mismatch

The content in CML has its own organization and istha has its own
organization. The main issue was determining theivedent of learning object and
learning atom of Vasistha content in CML.

In CML, one section can contain another sectionc&ievery section in CML is
treated as a learning object, learning object camain another learning object. But in
Vasistha, a learning object cannot contain anolikeming object. This was a problem
and needed to be handled. As a solution to thibleno, a sub-section in CML is treated
as a child learning object in Vasistha. But thebpgm prevails at resource or lower level,
because, in CML, one resource can contain resaurcgher tags. As a solution to this
problem, all the learning atoms made by resouramirg atom mapping will be
contained by same learning object.
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Chapter 5 Implementation And Testing

In this chapter, we discuss the implementationsa afonverter from CML to
Vasistha system.The language used in the implerni@mtaf converter is Java. The work
was done on Linux operating system environmentinghdava version 1.4.2. Eclipse 3.1
was used as the development and testing environment

5.1 Derivation of Vasistha content from CML

Converter is implemented as a two stage process.

First, it produces a complex Java object by pgréshe CML document. The
design of the Java object is given in next sectibigets all the information about the
content. The object becomes independent of CML Vasistha the target CMS. This
module of converter is, therefore, reusable whigeedoping converter for CMS other
than Vasistha. It can also be used for validatijl-CBecause if there is no cycle in the
object made by CML, then it is valid CML, otherwisentent in CML is invalid,
similarly, during the course building, if an eriierfound, CML will be treated as invalid
CML.

In the second stage, converter takes the objeatpag and makes the various
learning objects and atoms for Vasistha. It alspeates the collection of atoms to the
learning objects and the collection of objects he tourse. It also transforms the
information of navigation within the course to \&ha. It also sets up section level
dependency. Each section or subsection is a lgpmwixject for Vasistha and content

inside each individual tag is learning atom for igtsa.

5.2 Tools Used

Converter uses Xerces2 Java Parser 2.8.0 [20].libhégsy has been used in this
project to validate document as XML and creating NDQR1]. Xerces2 is a fully
conforming XML Schema processor. Converter alscs usest.pgdst package [22] for

easy file input and output processing.
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5.3 Class Diagram of the Converter

The main handler class is cml2vasistha. This clasglements CmiBuiler
interface. It takes input file of cml. It createbject of cml2objectBuilder class and
invokes appropriate methods of this class for Iwgd course object. Inside
cml2objectBuilder class Xerces2 API has been usegdrsing the CML document and
traversing through the document object. Object oflZ¥asistha class creates another
object VasisthaBuilder and invokes appropriate w@shof VasisthaBuilder class for
placing the content in Vasistha directory.

Course object contains sections. Section objeat aantain Section and/or
CompositeResource objects. CompositeResource atgectontain CompositeResource
and/or Resource. The mapping between java classksha tag of CML is such that it

comes under the specialization of CompositeResaamdeResource.
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Figure 5.1 Class diagram for CML converter
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5.4 Testing

Converter has been tested for placing the contetat Vasistha through the
converter program. It takes care of making appateriearning objects and learning
atoms. It also takes care of placing these objatasthe proper directory of the Vasistha
and encoding dependency between the learning sb@gw learning atoms within the
course.

In the current implementation, a single user singlarse mode is assumed. If
multiple instances are run concurrently, the fitesy be garbled producing invalid output.

The log4j [23] package has been used for testingldw of running program of
converter.

The system was tested with a range of documenitabieafrom the web. These
were manually edited to the CML format, completedynoving all other formatting and
structural tags in the original text.

The converter was run on the resulting file andptwluces content were viewed
through Vasistha.

The converter handles most of the important as@psmtrectly. Object splitting,
dependency, consistant rendering of similarly taggeements, etc were checked and
found to be correct. The following subsection shfvagments of the CML file and
resultant Vasistha rendering of the same conténiafter convertion. No manual tuning
has been done.

The content will require further changes when itl We used by the teacher.
Because at the time of placing of the content, tde@cher may have feedback of
developing the content and thus further refinemalhbe done. This process will be used
to refine CML specifications to give stability design of the markup language which

covers a vast scope.

5.4.1Screenshots of developed contents

The content has been developed in Vasistha withh#lp of converter. The
following are the screenshots of Vasistha for cointeveloped by us for testing the

converter.

44



Figure 5.2 developed content in vasistha-1
Content in CML corresponding to the screenshot shamv Figure 5.2 is as

follows(full text is omitted to save space):
<section nameid="sec_001_04" name="Implementing a G A solution">
<resource>
<text>

Now let us take a closer...

</text>
<list>
<text>
a coding scheme, ....
</text>
<text>
An evaluation
solution is used.
</text>
<text>
Suitable operators: If a
types of operators also.
</text>
</list>
</resource>
<resource>
<text>
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With these items, ............. left open are:

</text>
<list>
<text>
Replacement of
...the new individuals.
</text>
<text>
Probabilities .... ... at all.
</text>
<text>
Parent selection: A simple
...fitness of the individual.
</text>
<text>
Population size: Ideal
GA very significantly.
</text>
</list>
</resource>

</section>
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Figure 5.3 developed content in vasistha-2

Content in CML respect to the screenshot showngarg 5.3 is as follows:
<section nameid="sec_0002_01_01" name="REFLECTION O F PLANE
MIRRORS">
<resource>
<title>Reflection By Plane Mirrors<f/title>
<text>

An extended object AB, of height (size)

to move its left hand.

</text>

<guestion>
What are the values of angle of incidence
(i) and that of reflection (r) for a
normal incidence?

</question>

<guestion>

<text>See</text>
<multimedia>

<caption>
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Fig. 3.1: An extended object AB and
its virtual image A' B' formed in a
plane mirror MN
</caption>
<image src="images/image3.1.bmp"
name="Fig.3.1">
</image>

</multimedia>

<text>
and with the help of congruent triangles,
show that A'C = AC and A'B'= AB. Interpret
the results.

</text>

</question>
</resource>
</section>
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Chapter 6 Conclusion and Future work

Our work provides a strong foundation for this resting and important area of
work. During the project period, we have focusedlemelopment of CML and a proof of
concept implementation of converter using an irtion delivery tool we already have.
There is a lot of work to be done in iterativelyfimang the language based on field
experience and building an eco-system around 8ume of the directions for work are
outlined in the next section.

This approach will definitely achieve our goal bglging teacher to ease the
development of the content. It will separate theknaf the teacher and content developer
and defines the responsibility of both independsneach other. It will also help the
content developer to use his skill (what shouldaberopriate placing of appropriate,
where should be actual breaking of the pages, whleoelld be the suitable rendering
information can be imbedded with specific resoutz&3ed on experience, because CML
uses well defined tags. So, content developer santwvith different combination of the
facility given by the CMS for the same tags and parnceive the effectiveness of the

rendering facilities given by the CMS.

6.1 Future work

The present system has converter only for Vasustitethe design also considered
the format of only Vasistha. Converters for othéd£like Moodle or Drupal need to be
written and the applicability of the content markapguage with respect to such CMS
has to be tested.

The present system is only for ‘creating’ a newrseuin Vasistha. In future, it
should be able to update nay existing course insttes There should be some data
checking in the existing course to determine wiesdnto be edited/updated to reflect the
revision in the CML content. There should be soawlity to append the content of the
course like adding a section in the existing courdeere should be an independent
validator associated with the CML. Currently, theneerter serves as a validator. We
assume that if converter is able to make coursecblthen the document is valid. The
video and audio file conversion by converter hash@®n made. In future releases of this

system, the support for audio and video file wéldone.
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