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Abstract

To teach the design of algorithms in an algorithmic GIS course, it is suggestedto
complement lectures with a particular type of project. How such a project can be set up
is discussed,as well as a number of interesting results from the projects themselves. The
projects addressrelative position of two regions, island group labeling, non-contiguous
areacartograms,urban street network generalization,and diagram placement in adminis-
trativ e regions. The suggestedapproach of algorithm designis generallyuseful in research,
not only for educational projects.

1 In tro duction

Sincea number of years I have taught a GIS courseas part of an algorithmic specialization
in computer science.The courseusedto be a fourth year doctoral study course,but with the
introduction of the bachelor-master system in the Netherlands, it becamea master courseof
the master program Geometry, Imaging and Virtual Environments [6].

The students that follow the coursehave a thorough background in algorithms, including
the standard sorting and searching topics (bubble sort, mergesort, quicksort, balancedbinary
search trees, hashing, complexity analysis), and also some more advanced algorithms like
network 
o w and shortest paths on graphs. Sincethey haven't had any coursesin the spatial
sciences,the GIS courseI teach includes a number of the basic ideasand conceptsfrom GIS.

� Geographicdata, scalesof measurement, aggregation

� Geographicdata representation

� Data sourcesand acquisition, typesof error

� Geographicalanalysis, bu�ers, overlay, models

� Automated cartography: label placement, map generalization

� Data structures: quad trees, R-trees

� Digital elevation models and algorithms
� Presented at the Dagstuhl seminar on Computational Cartography and Spatial Modeling, September 28

to October 3, 2003. http://www.dagstuhl.de/
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The lecturesof the coursearealgorithmically inclined, and algorithms aregiven for various
computational problems that are encountered: raster-vector conversion, bu�er computation,
map overlay, line simpli�cation, label placement, generalization, algorithms for building and
searching in quad trees and R-trees, and algorithms for elevation models. Most algorithms
are vector-based. Although the lectures provide a good overview of GIS and algorithms, it
lacks active participation of the students in the designof algorithms for GIS.

In my opinion, the major di�erence betweenalgorithms for GIS, and algorithms research in
computer scienceis that the problemsto besolved are ill-form ulated. They are not formalized
to clean, easy-to-state computational tasks. For example, label placement for a river label
requires many di�eren t requirements to be satis�ed at once, like the label being close to
the river, not intersecting with the river, following the bends of the river, not intersecting
other map features or labels, being as much horizontal as possible, not having too large
curvature, and so on and so forth. Any river label placement method that usesonly two
of these requirements can generateplacements that are unacceptableon maps. Even a list
of requirements as just given doesn't lead to a well-de�ned computational task easily. For
example, the closenessof the label and the river can be measuredin many di�eren t ways:
smallestdistancebetweenthe label and the river, smallestdistanceof center-of-gravit y of the
label and the river, Hausdor� distance (directed or undirected), and so on. To provide the
students with the knowledgeof di�eren t possibleformalizations and distance measures,one
additional lecture of the course treats these issues: summary statistics for spatial objects,
sizemeasures,distance measures,and similarit y measures.This lecture was given as early as
possiblein the course,so that the project could start with only little delay after the start of
the lectures.

The observations above lead to the idea that the study of formalizations for a GIS problem
is an essential aspect of the algorithm design. This is the basic principle of the student
projects that complement the lectures of the GIS course. This paper describes the set-up
of these projects and the results that were obtained during the GIS class of the Spring of
2003. The next section describes the two main phasesof the projects in more detail. These
phasesare: (1) requirements study and problem formulation, and (2) algorithm design and
e�ciency analysis. Section 3 describes several projects and the results that were obtained.
Several observations and methods are interesting in their own right. During the course,
which was 160 hours worth of credits to be done in eight weeks,there was no time to include
implementation and testing on real-world data.

As noted, the suggestedapproach of algorithm designfor GIS is generallyapplicable in GIS
research. It seemsto be useful primarily for cartographic computational problems, although
applications to other GIS tasks exist as well.

2 Set-up of pro jects

All projects were done by a pair of students. With two students, it is possibleto share ideas
and do some brainstorming, whereaswith three students, the chancesare that one of the
students doesn't play an active role. Every pair washandedout two pageswith a description
of the project and the activities and assignments that are part of the project, together with
a time line. The time line included three appointments with the lecturer to help with the
generation of useful ideas and to adjust possibleundesirabledeviations from the direction I
had in mind.
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Figure 1: Left, non-contiguous area cartogram without inner boundaries. Right, with inner
boundaries(from [5]).

Below oneof the project descriptions is given, namely for non-contiguous areacartograms
(minimally adapted for this paper). An example of such a map is shown in Figure 1, see
also [13]. The projects were handed out on May 15. The �rst meeting with each pair of
students separately was set on May 22, to ascertain that the project description is clear and
what is expected for the phaseone assignments.

Non-ContiguousAreaCartograms

Cartogramsare a type of mapin whichthe sizeof administrativeregions(countries,states,provinces)is
changed.This is donewith purposeof not representingthe actualsurfacearea,but someothergeographical
variable like population. For certain applicationsthis is more relevant. For example,for mapsthat show
political preferencethe populationof regionsis more relevantthan the sizeof the regions.Non-contiguous
area cartogramsare a type of cartogram in which the shape of the regionsis preserved,but not the size
or scalingfactor. This implies that the connectivity (adjacency)of the regionscannot be kept, because
otherwiseoverlapwould occur.

Figure 11.3 from the book of Borden Dent, Cartography: Thematic Map Design, shows the dif-
ferencebetween a normal cartogram and a non-contiguousarea cartogram. Figure 11.11 also shows a
non-contiguousarea cartogram, althoughthe regionshapesare somewhatsimpli�ed.

In this project the constructionproblemof non-contiguousareacartogramswill be studied. We assume
that anadministrativesubdivisionis given,whichcontainsfor everyregionthe valueof a geographicvariable
to be mapped, like the population of the region.

Assignmen t (phase 1): Read Chapter 11 from the above-mentionedbook. Study Figures11.3
and 11.11carefully, and think about how suchmapscould be constructedautomatically. To this end, �rst
analyzewhich aspects play a role in this type of visualization.

Then start brainstorming, imaginewhich (geometric) criteria are of in
uence on the quality of such
maps. The shapesof the givenregionsare �xed, but the positioningand the global scalingfactor are not
�xed (the relative scalingfactors obviouslyare �xed!). Try to comeup with as many criteria as possible
that in
uence whether the resulting map is a good non-contiguousarea cartogram. A minimum is four
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criteria. The criteria may be somewhatintuitive (like `density on the map', althoughthis criterion will not
be so relevant in this project). At the sametime, try to avoid vagueness.Make a list of the di�erent
criteria. It will form the �rst part of the �rst assignmentto be handedin.

Next, �gure out which criteria seemto be con
icting and which seemto cooperate (seemto imply or
enhanceeachother). Somepairsmay be largely independent. Do this for everypair of criteria. This study
of pairsof criteria forms the secondpart of the �rst assignment.

As the next step, designmeasureswith which you can determinethe quality of the cartogram. Do
this separately for everycriterion. The possiblyintuitive criteria givenbefore will becomequanti�ed. Use
measuresfrom the lecturesor of your own creation,whicheverseemsmore appropriate. Often it is possible
to quantify a criterion in severaldi�erent ways. Think about this thoroughly, give the possibilities,and
make a well-foundedchoice. Describe the measuresand choicesmade,forming the third part of your �rst
assignment.

The thinking andnotesfor the threeparts is what shouldbe �nished beforeJune2, andwill bediscussed
with the lectureron June2. Bring your notes!

During this secondproject meetingon June2 it will alsobecomeclear what the geometricalgorithmic
problem statementscan be. Thesewill be developed further into two problem speci�cations, which form
the fourth and last part of the �rst assignment.

On June12 the report of �rst assignmentmust be handedin. It will consistof the four parts described
above. You don't haveto givean introduction or text about the usefulnessof cartograms;restrict yourself
to the four parts that lead to the geometricalgorithmic problem statements. This report shouldhavea
length of 1500{2500words (3{5 pages).

Assignmen t (phase 2): The report of the �rst phasewill be discussedwith the lecturerduring the
third project meetingon June16. At the sametime we will look aheadon the secondphase.In the second
phasethe two geometricalgorithmic problemstatementsare taken in order to designalgorithms. In caseof
two con
icting criteria, you must choosehow to respect both to a certaindegree.This may involvesetting
a minimum requirementon the onecriterion and optimizing the other one,or vice versa.

Algorithms that try to optimize one or more criteria can be iterative (like evolutionary algorithms) or
combinatorial (like geneticalgorithms, or incrementalgreedyalgorithms). Which approachis more suitable
for the two problemstatementsshouldbe considered.You shouldmake notesof your ideasconcerningthis
issue.

Oneof the two problemstatementswill be chosen,andan algorithm for it designedandanalyzed.The
e�ciency analysisshouldnot only be a worst-caseanalysis;with iterative algorithms this isn't possibleto
begin with. However, you should then analyzethe e�ciency of any iterative step of the algorithm. For
geneticalgorithms you shouldanalyzethe e�ciency of computingthe �tness. Also, you shouldtry to judge
whether a worst-casee�ciency bound is expected to be typical in practice. Make practical assumptions
about the input data and usetheseto obtain better, typical caserunning time estimates.

In the time betweenthe third project meeting(June 16) and the handingin of the secondassignment
no fourth project meeting is planned. However, it is recommendedto visit the lecturer in caseyou have
questionsor needhelp with the algorithm designand analysis;this part neednot be doneindependently.

The noteson con
icting criteria, the ideasabout iterative or combinatorial algorithms, the algorithm
itself, and the e�ciency analysisform the basisof the secondreport to be handedin. Furthermore, your
report shouldcontain a short review(10{20 lines) in which you discussto what extent your algorithm will
result in a qualitatively good map. In other words, to what extent you expect to ful�ll the listed criteria.
The secondreport shouldalsobe 1500{2500words in length. The date for handingin is July 3.

The example project description above is divided into two phasesthat can be seenas
familiarization and understanding, and designand analysis. The division is not so clear; the
beginning of the secondphaseis concernedwith �xing the problem statement for which an
algorithm should be designed,and could be seenas part of the �rst phasetoo.
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The subtaskof studying pairs of criteria is mainly intended to give a better understanding
of what a criterion really implies. It is easy enough to list a criterion without realizing its
implications. The subtask of �nding several formalizations of one criterion is important to
seethat there is not just onepossibility, and it is important to think carefully which choice is
probably best. It can be that oneformalization results in high-quality maps,whereasanother
formalization for the samecriterion sometimesgivesmediocre maps.

It is necessarywith relatively open assignments like these to have several meetingswith
the students. Several pairs of students werenot quite surewhat wasexpectedof them. They,
for instance, neededan example of one formalization before they could make formalizations
themselves for the other criteria. The meetings were also used to give counterexamples to
ideas for criteria or formalizations, so that the students could adjust or re�ne their ideas.
Examplesof this are given later in this paper. One weekbeforehanding in the secondreport,
the students presented their projects to the class,with the criteria chosenand the algorithm
developed, but without the analysis of the algorithm.

The other projects handed out were the construction of time-spacemaps, the placement
of labels for groups of islands, urban street plan generalization, the placement of statistical
diagrams in administrativ e regions, and the determination of the relative position of two
countries. The project description above is typical and the set-up appliesto the other projects
as well. First there is a study of maps or situations to becomeacquainted with the choices
of cartographers,and reverseengineeringthis into constraints and criteria. Second,there is
a study of pairs of criteria to discover sharedor con
icting `interests' of the criteria. Thirdly ,
quanti�cation of the criteria must be done. Fourthly , geometric problem statements had to
be given. The secondphase is also largely the same for all projects. Only the project on
relative position was a bit di�eren t, which will becomeclear in the next section.

3 Results from various pro jects

In this section we describe for �v e of the projects the observations, ideas, and results from
the GIS classof Spring 2003. Several of the ideasare interesting in their own right, and the
projects further illustrate the useof this type of project in a GIS course. The time-spacemap
project is omitted to avoid repetition. In previous years, projects on 
o w maps and various
cartographic generalization operators were also used.

3.1 Non-con tiguous area cartograms

The description of the non-contiguous areacartogram project wasgiven in full in the previous
section. We give a selectionof the ideasand results from that project.

The pair of students who did this project identi�ed six criteria: (i) the displacement of
the scaledregionswith respect to their original position should be minimized; (ii) the outer
shape of the map (joint region) should be preserved; (iii) regionsthat are closeon the original
map should be closein the cartogram; (iv) the relative positioning of two regionswith respect
to each other should be preserved; (v) the scaledregion should overlap as much as possible
with the original area to keeprecognizability; (vi) the overlap betweendi�eren t scaledareas
should be minimal.

What seemsto be missing is a criterion that controls the global scaling factor. With the
six criteria above one could reducethe sizeof each region with somefactor by scaling, which
makesall criteria easierto respect. However, it is undesirableto have many small regionson
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the cartogram. Hence,the missingcriterion should attempt to keepthe regionslarge enough.
Depending on the quanti�cation of criterion (v), it can be used to keep the scaled regions
large.

The criteria above do not mention internal boundaries. From Figure 1 one can seethat
there are non-contiguous area cartograms with and without internal boundaries. They also
exist without internal and external boundaries,which explains the presenceof criterion (ii).

It seemsclear that criteria (i) and (iii) enhanceeach other, that is, attempting to respect
(i) will automatically lead to respecting (iii), and vice versa. Similarly, (i) enhances(ii) and
(iv). The missing criterion mostly con
icts with criterion (vi).

The students choseasthe quanti�cation of criterion (i) the distanceof the centers of grav-
it y of the region on the original map and the scaledversion in the cartogram. To obtain a
measurefor the whole map, the distancescan be summed,or the maximum distance over all
pairs of corresponding regionscan be chosento represent the overall quality for the displace-
ment criterion. For criterion (v) the students chosethe percentage of the scaledregion that
overlaps with the original. This quanti�cation givesthe sameweight to all regions. Choosing
the actual area of overlap would tend to only place the large scaled regions on the actual,
original position. However, using a percentage will causeall scaledregions to be small, and
the missingcriterion is necessary. The students seemedto assumethat the sizeof each region
for the cartogram wasgiven. Ideally such a choiceshould only be madelater and more explic-
itly in the geometric problem statement. The quanti�cation of the other criteria is omitted
here.

One of the geometricproblem statements derived is a the computation of cartogramsthat
minimize the sumsof displacements of the centers of gravit y (criterion (i)) under the restriction
of minimal overlap of two di�eren t regionsin the cartogram. This problem statement has two
separateminimizations that will not give the sameresult. Therefore, the problem is ill-stated.
It would have been better to enforceno overlap at all, or maybe allow each region to have
overlap of at most 1% with other regions, and under this restriction, minimize the sum of
displacements. A reversedproblem statement could be to put a threshold on the maximum
allowed displacement for each region in the cartogram, and minimize the overlap under this
restriction.

In the secondphasethe students chosean evolutionary algorithm approach for a solution.
The �tness is the total area of overlap of all the regions. The analysis of the algorithm to
compute the �tness, based on map overlay [3], is coarseand only O(n4 logn) time in the
worst caseand O(n3 logn) time on the typical caseis claimed. In reality both bounds are
two orders of magnitude lower. Other aspects of the secondphaseare omitted.

3.2 Placemen t of lab els with groups of islands

Two pairs of students (independently) studied the problem of label placement for groups of
islands. The observations and ideas of the two pairs of students who did this project are
similar and we discussthem at once.

In the project description, the students were asked to study the classicalpaper on label
placement by Imhof [8], and Chapter 14 of Dent's book [4]. These sourcesalready contain
many criteria, albeit for point, line, and area labeling only. Island group labeling is similar
to area labeling, but not quite the same. The students were also asked to study maps. The
island group labeling problem was limited in the project to the placement of one label with
a set of polygons that represent islands. No other map features or labels neededto be taken
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into account. A minimum of six criteria had to be listed.
One pair of students separatedthe criteria into two lists, one of hard constraints and one

of soft constraints (in the style of Wol� et al. for river labeling [17]). The di�erence is that
hard constraints must be respected, whereassoft constraints are only attempted to be taken
into account. The hard constraints included a maximum spacing between the letters of the
label, avoidanceof twistings of the text, and an obvious association of the islandsto the label.
The soft constraints included easyreadability, text following the shapeof the group of islands,
representation of the size and importance of the islands by the size of the label, positioning
of the center of the label in the center of the group of islands, avoidance of letters on the
islands, and preferencefor horizontally placed text. They also observed that there are three
types of label placement with islands: (i) internal to the group and horizontal, (ii) internal
and curved, and (iii) along the convex hull of the group and curved.

Figure 2: Labeling of groups of islands.

The other two students had somewhat di�eren t constraints on the shape of the text,
spreadingof the label, and association of the text and the islands. They also observed that
either the label is betweenthe islands, or, for a compact and small group, the label is to the
right and slightly above the islands, similar to a point feature label. This leads to di�eren t
criteria and di�eren t problem statements.

In the quanti�cation, the minimization of the maximum distance from the label to the
islands is important. In other words, the distancefrom the label to the furthest island should
be as small as possible. Here the distance is measuredbetween the centers of gravit y of the
label and the islands. Other choicesare possibletoo.

After analyzing the criteria that enhanceor are in con
ict with others, the following
problem statements were derived. For a given sizeof the label, assumehorizontal placement,
and determine the position that minimizes the maximum distance to an island under the
condition that no overlap between label and islands occurs. Another derived problem is
determining the longest stretch along the convex hull of the islands where the bending is
limited to a prespeci�ed value. A label along this stretch, outside the convex hull, and in the
middle of this stretch, usually is a good placement according to various criteria listed.

Both pairs of students developed algorithms for the central placement version and used
sampling and hill-clim bing, or simulated annealing, to obtain a good placement in practical
cases.
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3.3 Placemen t of diagrams in regions on a map

Diagrams can be placed on regionsof a map to show statistics of that region. For example,
one pie chart per province can show political preferenceof that province, or one bar diagram
can show labor in di�eren t sectorsin that provence. For conveniencethe regions in which a
diagram needsto be placedare referred to as provinceshere. The shape of the diagram to be
placedcan vary, but can be abstracted to be a circle or polygon for a given instance. Reverse
engineeringshows that cartographerslet the diagramsoverlap with the province boundariesif
needed.Furthermore, the seaand foreign countries are usedas\over
o w space"for diagrams
that do not �t in a province, provided that the province is adjacent to the sea or foreign
countries.

The students listed as the main criterion that two diagrams may not overlap. A second
criterion is a central placement of the diagram in the province. Thirdly , partial placement
of a diagram in a neighboring province is worse than partial placement in the seaor other
non-province region (of coursedepending on the amount). Fourthly , placing diagramson top
of province boundariesmust be avoided, especially for the junctions of three provinces. The
students assumedthat not only the shape, but alsothe sizeof the diagramsis given and �xed.

In the quanti�cation of placement on top of province boundaries, the students choseto
use relative covering over absolute covering. For a province, the percentage of its boundary
length that is covered is used,not the length itself. This is natural, becauseif one can assure
that for every province at least 70% of the boundary is still visible, one can say that every
province is still recognizable.

The problem statement chosenby the students included the criteria of no overlap between
diagrams, central placement in the province, and preferenceof overlap with the sea over
overlap with other provinces. Their algorithm wasbasedon hill climbing with random starting
positions. They restarted the processseveral times to get several solutions of which the best
one could be chosen.

3.4 Urban street plan generalization

The generalizationof street plans in urban areasis a di�cult problem [2, 9]. This is especially
true if the streets do not have a classi�cation by importance, which is common in non-urban
regions. Two pairs of students consideredversionsof urban street plan generalizationwithout
initial classi�cation in their projects. Both beganby assigningan importance to each street,
which is determined primarily by its length. One pair extended this by making streets more
important if they connect two important streets (a bridge connecting two major streets is
rather important). The only geometriccriterion they included is that two streets may not be
too closeto each other, unlessthey have an intersection.

The other two students took a more cartographic approach by trying to maintain relative
crowdednessor clustering of the subregionsof the map. They also included the concept of
incremental selection/elimination, as in [14, 15]. The idea is to guarantee that when zooming
out (or in), only a subselection(extension) of the previous selection is made. Note that the
early settlement selection algorithms (lik e in [10]) did not have this property [16]. Another
geometric criterion listed is a minimum sizefor built up blocks, and coalescencefor streets.

The quanti�cation of crowdednessis the most tricky oneof the quanti�cations. A practical
solution, chosenby the students, is to partition the map spaceinto a squaregrid of suitable
cell size, and for every cell, considering the percentage of the area covered by streets. On a
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smallermap scale,the squarecellsaresmaller, but streetskeeptheir width, soa selectionmust
be made to assurethat the area of the cell covered by streets is roughly the samepercentage
as before. This idea is similar to requiring that the total street length inside the cell should
decreasewith someconstant factor between 0 and 1 that should be the samefor every cell.
The global problem statement obtained is to preserve relative crowdednesswhile attempting
to select important streets and not allowing coalescence(quanti�ed as non-intersecting or
adjoining streets that are too close). This statement is not completely formalized yet.

The algorithm works in three steps. First an importance is assignedto every street
by length. Second,from low importance to high importance, a street is checked for visual
collisions with other streets, in which caseit is deleted. By the order, a street is deleted
only if it visually collides with a more important street (even if that other street would also
be deleted later). This results in the incremental selection/elimination neededfor on-line
zooming. Third, the relative crowdednessis considered. The algorithm considersall streets
resulting from step two again, from low importance to high importance. For each street they
determine whether the relative crowdednessin the cells through which it passesimproves
or deteriorates if we would eliminate it. If the improvement in somecells is more than the
deterioration in other cells, the street is eliminated. The students remarked correctly that
the third step doesnot preserve the incremental selection/elimination principle.

3.5 Relativ e position of two countries

The problem of determining the relative position betweentwo di�eren t regions[11, 12] (which
we call countries here) is a bit di�eren t from the others becausethe goal is not cartographic.
Instead, the GIS user's intuitiv e notion of relative position should be captured. The result of
the method to be designedis an angle that describesthe relative position of onecountry with
respect to the other. This angle can be classi�ed to one of the main compassdirections. In
somecasesno relative positioning is appropriate and in that casethe method should detect
this. Figure 3 shows three possiblesituations.

A

B

A

B

AB

Figure 3: Three situations of two countries and their relative position. Left, B is West of A;
middle, A and B do not have a clear relative position; right, B is East of A.

This project was done by two pairs of students. The project description encouragedthe
students to try many di�eren t de�nitions of relative position, and draw many examplesand
counterexamples(where the de�nition doesnot correspond with intuition). The most simple
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idea is to take the angle of the vector from the center of gravit y of country A to the center
of gravit y of country B . This method does not indicate when a relative position should not
be assigned,and it may also fail intuition in some cases(right in the �gure; B would be
consideredSouth of A). Another idea is to use the averageangle of the two outer common
tangents, provided they exist (they don't in the middle �gure). It is also possibleto combine
theseideasand consider two lines through the center of gravit y of A and tangent to polygon
B .

It appears that when the two countries are not closetogether, nearly every idea works.
Someideas, like the one with common tangents, are sensitive to long but small features of
the shape of a country, whereasothers are not (left in the �gure; B would be considered
Southwest of A).

An interesting approach of one pair of students is basedon sampling. Choosea random
point a 2 A and a random point b 2 B , and considerthe angleof the vector ~ab. By sampling
many pairs and averaging the angle, we get a reasonablechoice of the relative position. The
standard deviation of the anglesgivesa measureof how reliable the answer is. If the standard
deviation is too high, then no relative position should be assigned.

The other pair of students extendedtheir initial ideason center of gravit y and tangents by
a preprocessingstep that removesthin parts of the polygons,to circumvent the incorrectness
in the left �gure when tangents are used. It is natural to use the erosion, or Minkowski
di�erence, with a disc of somewell-chosenradius [7], and then compute the relative position
of the smaller polygons A0 and B 0. In this casethe common tangents approach has fewer
problems. The students proposed a mixed approach, depending on the situation. Which
situation occurs dependson a geometric criterion, which was included in the algorithm.

4 Concluding remarks

Projects are used often as part of a GIS course, but the type of project decribed here is
new, to my knowledge. All projects turned out to be interesting research topics that allowed
an initial geometric study of the problem, followed by a problem de�nition and algorithmic
solution. In somecasesthe listing, analysis and quanti�cation of the criteria was the more
interesting aspect, in other casesthe algorithm and analysis was more interesting.

In the set-up of having to �nish the project within eight weeks, it is di�cult to �nish
the whole project in all aspects. It would have been better to have an extra week, and an
additional meeting to give suggestionson the algorithm and its analysis. For example,I could
have suggestedto the students who did island label placement that a combinatorial algorithm
can also be used, basedon furthest point Voronoi diagrams [1]. In several other casestoo,
this would have improved the �nal solution presented, or its analysis.

The assignments handedout, with explicit tasks to be done,written down, and handedin,
proved to be important. For projects like thesewith an outcomethat is not �xed beforehand,
the students should have clear guidelinesof what is expectedof them, like the explicit request
for listing of criteria, pairing and analysis of pairs, and drawing of sketches which had to
be brought to the meetings. Nevertheless, it happened several times that students did not
provide a su�cien tly complete quanti�cation of the criteria, or a formal statement of the
computational problem in the reports handed in. The individual meetingswere alsoessential
to lead the projects into an interesting direction, help with the generationof useful ideas,and
avoid that students are stuck.
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One of the things I felt was missing in the assignment that was handed out is asking for
an explicit listing of the \degreesof freedom" of the problem. For example,for island labeling
this can be the position of the label, the shape of the label, the size of the label by scaling,
and the length of the label by letter spacing. The criteria to be listed can be satis�ed by
using one or more of the degreesof freedom. After realizing what these degreesof freedom
are, and how they a�ect the desiredcriteria, the students should be asked to selecta subset
of the most important degreesof freedom and criteria (to limit complexity of the problem),
and assumethat the other degreesof freedomare given and �xed.

As noted, the 8-week teaching term doesnot allow for the whole project tra jectory with
proper feedback. In Spring 2004the coursewill be given again during 11 weeks,and slightly
extended in hours (credits) for the students. This meansthat more attention can be given
to the last, algorithm designand analysispart. It would also be interesting to include imple-
mentation, but this shifts the emphasispartially from algorithm design to testing, which is
already present in another part of the GIVE curriculum.

Ac kno wledgemens. The author wishes to thank the students of the GIS class of 2003
who did the projects: Leon Bouquiet, Nils Breunisse, Maurizio Camporelli, Siu-Siu Ha,
Tjerk de Greef, Bart de Groot, Roderik Heij, David H•orchner, Martijn Lafeber, Reinier
van Leuken, Marlies Mooijekind, Jaap Jan Nagel, Michiel Rook, Dirk Smit, Paul Rijneveld,
Tim Schlechter, Vincent Tieleman, and Christian Vossers.
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