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ABSTRACT 

Sophisticated applications and software development on the 
Web demaud an extensive and thorough understandiug of a 
variety of computer science disciplines, as well as providing 
their own set of issues. Therefore, we have created an 
advanced undergraduate computer science course called 
Webware: Computational Technology for Network Infotmution 
Systems that builds upon aud extends knowledge previously 
gathered by the students. We describe its contents, our teaching 
experience, and address the challenges of teaching both the 
foundations and current techuological issues of Web 
progmmming. 
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1. WHAT IS WEBWARE? 
In computer science, it has become common to organize 
advanced courses around major computer techuologies: 
operating systems, networks, graphics, user interface design, 
and database systems, among others. These courses made their 
way into the cuniculum because of their practical importance 
aud the permammce of their foundations. 

The World Wide Web is certainly a major technology today. 
Therefm, we felt that the Web represented a sutliciently 
inportmt aud rich technology to warrant an advanced-level 
computer science course, provided that we could identify and 
emphasize its foundations. The latter premise is of particular 
importance given that the Web is umstantly chauging. 

To meet this need, we designed a new course entitled 
Webwax: Corttputatiod Technology for Network Information 
Systems. It has been offered twice at Worcester Polytechnic 
Institute, during the 1997-98 academic year and during the 
1998-99 academic year. Course materials are available on the 
Web [7]. This paper describes the content of the course, our 
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experiences in teaching it, and our plans for modifying it in the 
future. 

WPI has been one of the pioneers in providing a course with 
this emphasis. We tiormally surveyed the Web for the 
curriculm information of representative science departments 
in the United States that offer related courses. Of those that 
have available online information, only a couple seem highly 
relevant. However, these courses seem to have slightly different 
emphases. Stanford University offers a course called %nernet 
Technologies” [5] that stresses technological issues; the 
University of North Carolina offered a course in 1997 entitled 
“Www programming” [6], which emphasizes programming 
languages for the Web. Since then this course has been 
renamed “Introduction to WWW Programming” and has a 
follow-up course entitled “Advanced WWW Programming’ 
where more advauced Java features are covered. 

2. COURSE CONTENT 
The goal of the Webware course is for students to learn the 
fundamental principles of how the Web works, at a level 
appropriate for third- and fourth-year computer science majors. 
The principles we have chosen to emphasize are: 

. client-server architecture 

l Open-text search 
. Study of mark-up languages: design and parsing 
l Multimedia document design and multimedia compression 

. Cryptographic concepts 

The course covered both the network protocols used in the Web 
and methods for Web content creation and retrieval. 

We divided the course topics into three major portions. The 
first portion of the course was concemed with networking 
issues. Manyofthestude&hadalreadytakenacoursein 
computer networks and so were familiar with the TCP/IP 
networking protocols and network progmmming. However, a 
substantial number of students did not have this background, so 
we inch&d a quick overview of network protocols and a brief 
introduction to network programming. 

The next topic was browsers, servers, and the HyperText 
Transfer Protocol (HTTP). HTTP is the network protocol used 
for communications between a Web browser and client, aud 
describes the request messages sent by a browser to a server, 
aud the responses from the server, including error messages 
and the required format for sending Web content. We also 
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discussed the operation of Web browsers and servers; in fact, 
the text book included wde for a simplified Web browser and 
Web server. The first assignment was based on this course 
material. 

The second portion of the wurse was concerned with languages 
for describing static Web content. We first discussed the 
HyperText Mark-up Language (HTML), the mark-up language 
used to construct Web pages. We also discussed other forms of 
Web page wntent: Virtual Reality Modeling Language 
(VRML), Simple Generalized Mark-up Language, and tile 
formats used for graphics, audio and video on the Web. The 
last topic in this portion was HTML forms and Common 
Gateway Jntermce (CGl) programming. This material prepared 
the students for the second assignment. 

The final portion of the course discussed approaches for active 
content on the Web and some miscellaneous topics. Active 
content can be divided into client-side programming and server- 
side programming. In client-side programming, a program is 
downloaded by the Web browser and is executed on the client 
(browser) machine. Common approaches to client-side 
progmmming (all of which we discussed, at least briefly) 
include Java iapplets, JavaScript, VB Script, Active X, and 
Dynamic HTML. In server-side programming, wde is written 
by the Web developer, and that wde is executed by the Web 
server before a page is downloaded. CGI scripts, discussed 
earlier, are an example of server-side programming. other 
methods of server-side programming include using a Web 
Server API, Active Server Pages, and Java servlets. In addition 
to presenting examples for each of these programming 
approaches, we discussed the advantages and limitations of 
each appmach. Each student was responsible for learning at 
least one of the client-side programming languages and using it 
to complete the third assigmnent. 

Miscellaneous topics wvered in this portion of the course 
included Web interface design electronic commerce on the 
Web, security, and encryption. 

3. LABORATORY EXPERIENCES 
The stndents conducted their assignments in the Webware, 
Interfaces, and Network Experimentation Laboratory (WINE 
Lab). This Iaboratory, which has been funded by the National 
Science Foundation, consists primarily of a network of 
muh.imedia-enbanced Windows NT workstations, with a 
variety of sophisticated sofhvare for Web programming, 
multimedia content creation, and Web page authoring. This 
laboratory aims at establishing wnnections between wurses 
that are typically taught independently in spite of sharing 
common subjects [l]. 

4. FIRST COURSE OFFERING 
The Webware wurse was offered for the fust time during the 
Spring Semester of 1998. The textbook used was [3]. 

There were three major assigmnents during the course. 
Together, they acwunted for 50% of the student’s grade. 

The first assigmnent was to build a simplified Web browser. 
The goal of the assignment was to give the students experience 
with network programming, to reinforce their knowledge of 
HTlT and elementary HTML, and to expose them to the 
workings of a browser. 

The browser was invoked t?om the command line, and the 
command included the URL of a Web page to download. The 
browser downloaded the Web page specified, ignored any 
images or other included media, and extracted any links in the 
page. The page was not displayed to the user, but the list of 
links was displayed, and the user could select one of the links 
and have the browser download the linked page. 

The sewnd assigmnent was to build a simplified search engine. 
The goals of this assignment were to have the students 
understand the operation of a search engine and to gain some 
experience with writing CGI scripts. The students needed to 
write two programs, a Web crawler and a search engine. The 
Web crawler started from a Web page indicated on the 
command line, produced an index for the Web page, and then, 
recursively, produced an index of each linked page. To prevent 
run-away programs, the search engine only searched to a depth 
of three from the starting page. The students then wrote a Web 
pagewithanHTMLformtoallowuserstoenterasearch 
request. After the user entered a search request, a CGI script, 
written as part of the assigmnent, searched the index 
wnstructed by the crawler, and returned a Web page with the 
appropriate entries t?om the search. 

The third assigmnent expanded the search engine assignment. 
The goal of this assigmnent was to give the students some 
experience with client-side active wntent programmii. The 
Web page wnstructed in Assignment 2 was modified to allow 
three different types of searches: single word searches, Boolean 
searches, and searches on predefined search terms The user 
would initially see a Web page asking them to select the type of 
search they wanted to perform, and after the user ma& a 
selection, the appearance of the Web page would change to 
support the type of search that had been selected. The 
modification of the appearance of the Web page had to be 
accomplished by active content executing on the client side. 
Most students used Java for this portion of the assigmnent. 

Initially, 97 students registered far the wurse. of these, 92 
completed all three assigmnents, and 89 students passed the 
course. Overall, the student eval~tions at the end of the 
course indicated that the students found the course worthwhile 
and well presented. For example, 90% of the students agreed 
or strongly agreed that ‘the instructor organized the course 
well”. However, the student evaluations also indicated 
problems with the technical level of the course. For example, 
30% of the students indicated that they disagreed or strongly 
disagreed with the statement “The instructor challenged me to 
extend my capabilities”. Among the written wmments of the 
students, several students wmmented that they had known a 
great deal of the wurse material before beginning the course. 
A wntrary wmment was that a student found it diflicult to 
master all the different topics wvered in the course. 

To some extent, these comments reflect the problem of fmding 
the wrrect difliculty level for a new course. They also reflect 
the problem of teaching to a diverse audience, especially when 
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many students in the course have learned much of the course 
material on their own. 
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Figure 1: Survey results for Java 

5. SECOND COURSE OFF’ERING 
In the second offering of the course we adopted a new book [2], 
while keeping the previous book as an optional text. The new 
book was chosen after seeking the opinion of several of the 
students who took the first offering. The new book offers 
slightly less breadth but greater depth in the treatment of 
progmmming languages for the Web. Therefore, classroom 
notes were one of the main sources of information for the 
students. 

In this second offering we introduced new topics such as 
structured design and reuse of Web documents (exemplified by 
Cascaded Style Sheets), different views of Web accessible 
information (exemplified by the use of XML associated with a 
server-side database), and intellectual property on the Web 
(exemplified by digital watermarking). This last topic alerts our 
engineering students to a more general view of the Web that 
encompasses legal issues. 

There were four assignments, the last three being major. In the 
first assignment the stndents created a Web site where they 
used Cascaded Style Sheets. This Web site would later link to 
the remain@ three assigmnents. For the tirst assigmnent, they 
were asked to write a short essay on their motivation for taking 
Webware and to quantify their experience and interest in 
diEbent Web technologies (both ranked 0 - 5, with zero being 
the lowest interest or knowledge). Figures 1,2, and 3 show the 
results that were obtained for Java, PEEL, and XML. These 
results show that the students had a high level of interest in 
both Java and PEEL, with a markedly higher level of interest in 
Java. While the students reported a moderately high level of 
knowledge about Java., they reported a much lower level of 
knowledge about PEEL. The interest was noticeably lower in 
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XML. This seems to correspond to the fact that most students 
did not know much about XML. 

In the second assignment, the students implemented the client- 
server side of a shopping cart application using XMUXSL and 
JavaScript. In the third assignment, the server-side of the 
application was implemented using PEEL and CGI scripts. 
Finally, for the fourth assignment, they implemented a “visual 
browser” using Java to display a collection of images retrieved 
from the Web. In this assignment they acquired knowledge of 
the Java AWT, the JDKl.1 event model, multithreading, the 
layout manager, and working with images. 

In order to use XMLKSL, we had to use lE5.0 Beta. Whereas 
the Beta version caused few problems, an unexpected problem 
arose: the students could only use the WlNE Lab, since the 
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other labs on campus are still running version 4 browsers, 
which created problems at peak times, such as when the 
assignments were due. Another problem arose t?om the lack of 
printed documentation for XSL. While the stronger students 
accepted the challenge and appreciated learning the leading 
edge of Web programming, others had difficulty in catching up. 
It is likely this time that almost all students will agree to the 
statement that “The instructor challenged me to extend my 
capabilities”. The students had much less difllculty with the 
last assigmnent (in Java) because of all the languages it was the 
most familiar. We also covered Java in class, whereas they 
were expect to learn JavaScript and PERL almost on their own. 
Ascanbeseen~mthecollecteddata,studentswillnotbe 
able to say thatt they knew most of the material beforehand. In 
txying to make the second offering more challenging, we may 
just have made it too di5Icult for the majority of students. 

6. PLANS) FOR FUTURE OFFERINGS 
In the future:, we would like to put more emphasis on 
tramanission efficiency (exemplified by different compression 
standards for image, sound, and video). 

In order to have assignments on more topics, we plan on 
introducing group projects. By associating students with 
different baclqgrounds and capabilities, we may be able to 
mitigate the disparities [4] that have become apparent in both 
offkrings. 

As our curriculum is &urging and Java is now offered in two 
courses that normaRy precede the Webware course, we expect 
to cover less of Java in the future. There is, however, the need 
to cover more of PERL and JavaScript. Because the course is 
not on programming languages per se, ideally we would like to 
offix separate :short courses (e.g., 6 hours each) on PERL and 
JavaScript. 

7. CONCLUSIONS 
We have described a new course on Web foundations and 
technologies and our experience in teaching it. We believe that 
this course is needed given the explosion of Web applications 
and the existeItce of foundations that guide such applications. 
Based on our teaching experience of the course and on the 
feedback given by the students, we have outlined some of the 
changes we will be making in the next course offering. Striking 

the right balance between the foundations and the practice, 
while providing an adequate level of difllculty to a variety of 
students is a challenge we will continue to address. Another 
challenge, not discussed in this paper, will be to achieve a 
tighter integration with the related courses in our curricuhuq 
namely Networking and Human-Computer Interaction, and with 
our senior theses, the Major Qualifying Projects. 
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