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Abstract 

This paper addresses the restructuring of the 
undergraduate and graduate programs in Computer 
Graphics, Visualisation and Multimedia that was 
recelllly carried out at Instituto Superior Técnico. The 
paper details the rationale for the changes i11 both 
curricu la an.d co11rse contem and describes the n.ew 
structure. The result is a coherent and complete series 
of courses spanning th e undergraduate and M.Sc. 
degrees in lnfonnatics Engineering. lt further 
discusses the structure of the basic course 011 

Computer Craphics within this context and draws 
conclusions to contribute to the ongoing discussion on 
Computer Craphics, Visualisation and Multimedia 
curricula. 
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1. Introduction 

The Informatics and Computcr Scicncc undcrgraduatc 
program at Instituto Superior Técnico (IST) started in 
the academic year of 1989/90 under the aegis of three 
dcpartmcnts, Electrical Engincering, Mathcmatics and 
Mechanical Engincering, which sharcd the co
ordination of thc ncw dcgrec progra m. Roughly at the 
sa rne time lhe M.Sc. progra m in Electrical Engineering 
and Computcrs offercd a spcciali sati on in Computing. 
Courscs on Computcr Graphics were taught within thc 
undergraduatc and graduatc programs. 

This scenario lasted until 1998 whcn IST dccidcd to 
crcate a new dcpartmcnt, lhe Departmcnt of 
Informatics Engineering (DEI). Thc dccision was takcn 
givcn Lhe nccd for bctter co-ordination of Lhe 
undcrgraduatc program which had come of age and thc 
number of tcaching staff and undcrgraduate studcnts 
involved. Thc ncw dcpartmcnt was officially 
establi shcd Scptcmber 1 st, 1998. 

DEI 's crcation startcd a ncw and cxtrcmcly dynamic 
proccss. Thc novel Dcpartmcnt's profcssors cngaged in 
an ovcral 1 rcv ision of thc departrncnt's teaching 
activitics with thrcc purposcs in mind. First, prcvious 
cxpcricncc had shown an cffcctivc need for 
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adjustments in thc undergraduatc program syllabi. 
Second, the new department nccdcd to assess in detail 
and dcmonstratc its requirements in tcrms of teaching 
staff. Finally, lhe revision was ncccssary because of lhe 
continued changes in Information Technology. 

At the sarne time this dynamic process had 
implications in the graduate curricula. The rcsult was 
lhe decision to crcate a new autonomous M.Sc. 
program addrcssing the needs of graduate student in 
the scicntific arca of the new departrncnt and related 
areas. 

By and largc, this constituted a uniquc opportunity to 
address ali thcse matters from a global pcrspective. 
Instead of taking the classical approach and address 
undcrgraduatc and graduate leveis separately, this was 
lhe time when thc two programs could be changed 
togcther to make the graduate program the logical 
scquence of the undergraduate program. 

The oulcome was lhe adoption of a model currenlly 
adoplcd in othcr univcrsities, notably in thc Unitcd 
Slatcs. This model allows undergraduate studcnts 
intending to continue their studics through the graduate 
program to takc advanccd courscs from the M.Sc. 
program whilc in thcir senior ycar. This concept 
bccame thc Intcgratcd M.Sc. Program. 

Aflcr rcstructuring thc undcrgraduate program, ali 
sc icntific arcas in thc Departmcnl of Infonnatics 
Enginecring were asked to set-up thcir particular 
gradualc (M.Sc.) curricula. Latcr on, Lhe integrated 
undergradualc-gradualc scenario was finally rcvised 
and approvcd. ln this proccss the Computcr Graphics 
and Multi media professors of DEI took the opportunily 
to assess and reprogram ali courses within their 
responsibility. 

This paper rcports thc rcsults of that work. Scction 2 
lists the ohjcctivcs set ai the beginning whi le section 3 
prcsents the rationalc and dcscribes thc ncw program 
structurc for thc arca of Computer Graphics and 
Multimcdia. Scction 4 addrcsscs in dclail onc of the 
basic componcnts of lhe program, thc Computer 
Graphics coursc. Thc final sec ti on presents sorne 
rcmarks anel general conclusions . 
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2. Objectives 

ln Portugal, as in most othcr countries, the supply of 
information engineering professionals has not kept 
pace with job market needs. Besides thc hiring frcnzy 
driven by the arrival of thc Euro and Y2K cndeavours, 
many new Porluguesc companies have been crcated in 
reccnt years, with some of them involved in 
intcrnational activities such as ParaRede and EasySoft, 
to name a few. This shows clcarly that there is a need 
for new and highly qualifícd professionals at ali leveis. 
Furthcrmore, the continuous development of 
information related technologies, of which the WWW 
is a good examplc, requires professional skills that 
were not taught a few years back. Furthermorc, 
currenlly employcd professionals are rcquired to 
continuous update their qualifications in ordcr to bc on 
par with technological development. 

Therefore, the first goal of thc new curricular structure 
was to produce an undcrgraduate program that would 
satisfy the abovc nceds. Thc second goal was to create 
a spccialisation area in lntcractive Syslems and 
Multimedia suitcd to the nceds of future professionals. 
Anothcr important goal was to set the groundwork for 
a doctoral program in lntcractive Systems and 
Multimcdia. 

Since the topics to cover are intcrrelated, wc decided to 
dcvelop an integrated approach spanmng both 
undcrgraduatc and graduatc programs, in arder to: 

• offcr students a cohcrent global program in 
Computer Graphics, Visualisation , Multimedia 
and Interactive Systcms. 

• cstablish a complete and logical sequence of 
subjecls and courscs extending from carly 
undergraduate to advanccd graduatc studies. 

• allow students intending lo obtain a M.Sc. 
degrce to proceed smoothly and quickly to 
graduate studics by shorlening lhe intcrmcdiatc 
stcps rcquired. 

• cmpower students nol intcnding to pursue 
graduatc studies to achicvc a high dcgrce of 
proficiency. 

• enablc studcnts from othcr undcrgradualc 
programs to cnrol in our graduatc program. 

3. Thc M.Sc. Program in lntcractive Systcms 
and Multimedia 

This scction prescnts lhe Mastcr 's program in 
lntcractivc Systcms and Multimcdia, its guidclincs and 
structurc, togcthcr with lhe outlinc of cach coursc's 
syllahus. 
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3.1. Rationalc 
This following addresses thc general guidclines for thc 
ncw program organisation. We will discuss Lhe 
rcquirements at undcrgraduate levei bcfore moving on 
to the graduatc program in Interactive Systems and 
Multi media. 

Ali undergraduatc students must become familiar with 
the basic principies of Computer Graphics. These 
minimum requiremcnts comprchend both two-, thrce
dimcnsional, surface and hicrarchic modclling and use 
of colour. Furthermore, most undcrgraduate students 
will take courses on Computer Aided Design and 
Human-Computer Interaction. These complete the 
knowledge rcquirements at the undcrgraduatc levei and 
are the basis for graduate levei studics. Any studcnt 
applying to the mastcr's program must have the above 
basic Computer Graphics background. If not, they will 
have to complete it bcforc moving to thc master 
program by taking the missing courscs. 

Students at the end of lhe fourth year of graduation 
may elect to procccd dircctly to thc master's program. 
Instead of moving on to thc fifth and final year of the 
undcrgraduate degree, they can take advanced courscs 
from the mastcr 's program first ycar. 

Thc mastcr's curriculum in Interactive Systcms and 
Multimcdia includes courscs from two major areas, 
Computcr Graphics and lnformation Systems. Studcnts 
intcnding to specialisc on thc design, implementation 
and use of Computcr Graphics Systems opt for a major 
on Computcr Graphics and a minor on Information 
Systcms. Conversely, students whose intcrest lies on 
lnteractive Systems can opl for a major in lnformation 
Systems and a minor in Computer Graphics. 

Studcnts earn crcdits from courscs in these two arcas. 
Each major bcgins with a fundamental coursc offcrcd 
during thc first scmcstcr of graduate studics. After that 
studcnts must takc at least four courscs in their major 
arca. Of thesc four courses, two intermediatc curses on 
lhe sccond scmcstcr are required studies for thc lwo 
advanccd courscs on thc third scmcstcr. 

A mastcr's thcsis to bc done during lhe sccond ycar 
completes thc graduatc master program. Thc thesis 
must be superviscd by a professor of DEl's Computcr 
Graphics & Multimcdia scicntific arca. 

Studcnts choosing a major in Computcr Graphics 
Systcms must lakc lhe Thrcc-dimcnsional Modelling 
and Visualisation coursc in thc first scmester. During 
lhe sccond scmcsler, studcnts will takc two more 
spccialiscd courscs, onc on Visualisation and lhe other 
on Modclling. 
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Students choosing a major in lnteractive Systems must 
takc lhe course on Human-Computcr lntcraclion in thc 
first semester. These students will then have to take the 
two more specialised courses on Hypermedia and 
Intelligent Interfaces in the second semester. 

ln the third semester, students can choose two courses 
from the five advanced courses available. These are 
Visual Languages, Virtual Reality, Scientific 
Visualisation, Geographic Information Systems and 
Advanced Topics on Computer Graphics and 
Multi media. 

3.2. Program Structure 

Thc courscs in thc ncw structure were classified into 
four categories: G, L, M and A. 

G courses are typical undergraduate courses and 
constitute prc-requisites for enrolling into thc master 
program. Thc Computer Graphics course is part of the 
lnformatics and Computcr Science undergraduatc 
program. Other related undcrgraduate programs have 
the option for lhe Computational Graphics Methods 
course, which is a version of the Computer Graphics 
course adaptcd to such other undergraduate programs. 
L courses are offered both as part of the undergraduate 
program, and of the first semcster of lhe graduate 
master program 

M courses take place in the second semester and are 
typical master program courses. Completion of lhe 
corresponding L courses is necessary to take any M 
type course. M courses are pre-requisites for ali A typc 
courses. 

Type A courses are final master's program courses 
addressing advanced lopics and take place during lhe 
third semesler. 

Figure 1 presents a diagram showing the courses and 
their pre-requisites. Table 1 lists the undergraduate and 
graduate courses according to type, curricular semester 
and ycar. 

3.3. Syllabi 

This scction prcsenls lhe abridged syllabi of the 
courses listcd above. The Computer Graphics course 
is prescnted in more detail in lhe nexl section. The 
reason for this is lhe fact that this course is lhe 
introductory fundamental course for the whole area of 
Computer Graphics and, thcrefore, deserves special 
attention. 

The first semeslcr coursc on Thrcc-dimcnsional 
Modclling and Visualisation aims al teaching 
students how to creale and use differcnl 30 
rcprcsentation models, modcl scencs and animate 
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objecls. The curriculum also addresses visualisation 
lechniques lo copc wilh specific requirements like 
games. This course is projecl oriented. 

Computer Graphics G 2 2 

Computational Graphics Methods G 5 

3-D Modclling and Visualisation L 5 

Human-Computer Interfaces L 4 

Intelligent Interfaces M 2 

Hypcrmedia M 2 

Graphical Modclling Complements M 2 

Visualisation Complcmcnts M 2 

Visual Languages A 2 

Virtual Reality A 3 

Scicntilic Visualisation A 3 

Graphical Information Systems A 3 

Adv. Topics in CG and Multi media A 3 

Table 1. Undergraduate and graduate courses 
according to type, curricular semester and year. 

The course on Human Computer Interaction (first 
semester) is inlended lo teaeh students how lo create 
and evaluale user interfaces. To achieve these goals, 
students learn the concepts of Human Factors 
(cognitive and motor-sensorial), and Usability and how 
to use and apply differenl software methodologies and 
tools for interface creation. This course is project 
oricnted. 

Thc second semester course on Intelligent Interfaces 
explores new paradigrns in user interaction thal will 
replace present-day approaches based on direcl 
manipulation and the desktop melaphor. The course 
discusses multimcdia input analysis; recognition of 
speech, gesturcs, gaze and calligraphic sketches; 
synergetic cornbination of multiple interaction 
modalitics; the architecture and construction of novel 
user interfaces; presentation of multi media 
inforrnation; agent-based interfaces and natural 
language. 

The course on Graphical Modelling Complements 
coursc (2"d sernester) addrcsses a largc set of !opies 
rclated to the design and implementation of generic 
gcometric algorithrns in both 2D and 3D. Starling with 
a comparative study of severa! solutions to some 
classical and elernentary geometric problems, it then 
progrcsses lo lhe description of more complex 
geomctric modelling techniques. The coursc thcn 
presents suggestions for thc application of those rcsults 
lo solving practical problcms in di fferent domains such 
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as Virtual Reality, Computer Aided Design, Computer 
Vision, Robotics, etc. 

The second semester course in Visualisation 
Complements is an exposition of state of the art 
techniques in 3D rcndering such as antialiasing theory, 
texture mapping, ray-tracing advanced strategics, 
radiosity methods or volume rendering. The motivation 
of this course is to explain the many techniques that 
have evolved, with sufficient theoretical rigour and in 
cnough detail to enable their use in a project on 
realistic image synthesis. 

ln the third semester, the course on Visual Languages 
focuses on a class of formal languages based on the 
non-linear organisation of information. The relevance 
of such languages is reflected on the proliferation of 
systems such as spreadsheets, CAD and GIS systems, 
which structure information in an essentially visual 
manner. Thc course establishes the connection and 
contrasts visual to conventional formal languages, 
balancing a discussion of theory with Lhe study of 
practical applications. 

The objective of Lhe third semester Virtual Rcality 
course is to provide a comprehensive tcchnical rcview 
of the engincering dctails underlying lhe dcvelopment 
of virtual environment displays. Students should not 
only becomc familiar with concepts like immersion 
and stereo rendering but also understand cxisting 
virtual reality systcms and their associated 
tcchnologies. Special focus is given to thc Web 
visualisation. Students will then explore this topic 
through a projcct where they must apply VRML and 
Java technologies. 

The advanced course on Scicntific Visualisation (third 
scmcster) addrcsscs Lhe architectural solutions found in 
such systcms and Lhe means and ways of achieving 
realistic scientific data visualisation applied by both 
traditional and immersive visualisation systems, 
including real-time visualisation and user interaction. 
This course is project oriented. 

ln third semester advanccd course on Geographic 
lnformation Systcms the students will apply prcvious 
knowledgc on Organisation Models, lnformation 
Systcms, Interactivc Systcms anel Computcr Graphics 
to study not only lhe technology (information acccss, 
information puhlication, spccific methodologies) but 
also to study the impact of technology on 
organisations. Case studics will bc uscd. 

Thc third scmcstcr advanccd course on Advanced 
Topics on Computer Graphics & Multimcdia 
program will hc dcfined cach ycar and will includc thc 
latcst scienti fie suhjccts in thc ficld. 
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4. The Basic Course: Computer Graphics 

The Computcr Graphics coursc is the entry point to 
the Computer Graphics world to most students enrolled 
in thc Informatics and Computer Science 
undergraduate program. For this reason, this paper 
addresses it in more detail in the following. 

Note that the Computational Graphics Methods 
course, that is offered at IST to sludents enrolled in the 
Electronics and Computer Engineering and Applied 
Mathematics undergraduate programs, runs parallel to 
the Computer Graphics course and addrcsses roughly 
the sarne subjects. However, it follows a more 
traditional pedagogical approach with adaptations to 
those programs and in line with thosc programs' nature. 

4.1. Objectives and Guidclines 

The Computer Graphics course is lhe basic course al 
undergraduate levei in its scientific arca. After this 
course, students are expected to understand and apply 
the fundamentais and algorithms in Computer 
Graphics. 

At the sarne time, this coursc plays the very important 
role of attracting students to lhe arca of Computer 
Graphics. Students are familiar with lhe latest advances 
in lhe arca since they have most certainly experienccd 
it in computer games and while browsing the World 
Wide Web (c.g., VRML). Morcover, what used to be 
cxpensive hardware and heavy applications can be 
found today in multimedia PCs al a low cost. Most 
basic algorithms come already embedded in low cost 
hardware. 

From lhe above, it is evident that lhe traditional 
peclagogical approach to a basic course in Computcr 
Graphics is no longer on par with thc today's rcality 
and can be a negative factor in keeping students 
interested in the subject. This is why we decidcd to 
follow a diffcrent pedagogical approach Lhat looks at 
Computer Graphics from a global structured 
perspectivc using today's typical applications and thcn 
proceed to more dctailed leveis. 

4.2. Course Contents 

A typical scmcstcr consists of thirtccn weeks with three 
hours of lccture time per weck at IST. ln line with was 
previously said wc proposc to clevelop the coursc 
curriculum of the introductory Computer Graphics 
coursc as in Lhe following coursc outline (lhe numbers 
in parentheses indicate thc numbcr of classes dcdicated 
to each suhjcct). 
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1. Introduction and General Concepts [2] 
2. Geometric Transformations [3] 
3. 3D Visualisation [7] 

3. 1. Projections and lhe Rendering Pipeline 
3.2. Geometric Modelling and Object Hierarchy 
3.3. Visualisation Algorithms 
3.4. Clipping, Scan Conversion, Hidden Line 

and Surface Remova! 
4. Parametric Surfaces [2] 

4.1. Representation 
4.2. Tessellation 

5. Colour models, halftoning, reproduction [2] 
6. Shading and Illumination [2] 
7. Ray-Tracing and Radiosity [2] 
8. Animation [2] 

We will use the classic textbook "Computer Graphics 
and Applications" by Foley et. ai.[ I ]. This 
comprehensive classical textbook has been 
traditionally used at IST although it !caves much to be 
desired from the pedagogical point of view. We are 
currently looking for alternatives. 

4.3. Other Features of the Curriculum 
The practical pragmatic aspects of programming and 
algorithm implementation are relegated to the weekly 
laboratory and practice classes (two hours per week) 
instead of recitation sessions. 

The study and description of 2D windowing systems 
and raster primitive operations, already reduccd in 
previous cditions of the course, disappcars as 
autonomous curriculum item. The discussion of two
dimensional primitives appcars at its logical place in 
the discussion of the visualisation pipeline, i.c., after 
lhe discussion of thc scan-line algorithm conversion. 

We introducc students to modelling languagcs such as 
VRML to construct a fairly complcx scene as their first 
assignmcnt. The second laboratory project focuscs on 
the study, implementation and cxperimentation of 
thrce-dimensional visualisation algorithms , building on 
the enthusiasm students traditionally vow to such 
activilies. 
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5. Conclusion and Final Notes 

This paper prescnted the ncw program structure in 
Computer Graphics and Multimedia of thc integrated 
undergraduate and graduate (M.Sc.) programs in 
Informatics and Computer Science at Instituto Superior 
Técnico, Technical University of Lisbon. We 
addressed the aims of the novel integrated program and 
describcd the curricula of both programs' courses, 
paying special attention to thc introductory course in 
Computer Graphics. 

Thc new curricula are lhe outcome of collaboration 
work carried out by the professors of the DEI's 
Computer Graphics and Multimedia scientilic area and 
follow thc cxpcrience gained by similar initiativcs 
already in place in othcr countries, cspecially in the 
Unitcd Statcs. ln our view, the program and curricula 
proposed hcre constitute a wcll balanced and 
comprehensive set, covering both the fundamentais and 
advanced topics in this scicntilic arca in a progressive 
manner. Furthermore, the advanced topics proposed are 
well in linc with current rcsearch trends in our field. 

Thc proposcd program is also clearly in tunc with 
modem requirements for compctcnt Computcr 
Graphics profcssionals at both undergraduatc and 
graduate (M .Sc.) leveis. Morcover, the program 
cnsures a smooth transition from undergraduate to 
graduate levei with minimum delay . 

The program will be set in placc at the bcginning of the 
199912000 academic year and is cxpected to be in fui! 
opcration by the year 2001. 
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