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The research activity of the group of Algorithm Engineering (AE) is concerned with the

design, the engineering, the theoretical and experimental performance analysis of com-

binatorial algorithms for problems arising in modern Computer Systems and Networks,

and in applications related to complex resource management problems. Our main re-

search interests deal with the solution of optimization problems and the design of efficient

data structures, with special emphasis on those applications involving large data sets. In

particular we concentrate on:

1. algorithms that perform efficiently in a dynamically changing environment;

2. models and methodologies for the analysis and design of algorithms for information
retrieval;

3. the efficient management of communication and information delivery and recovery in
Wireless Networks and on the Internet;

4. the design and analysis of approximation algorithms for NP-hard optimization prob-
lems;

5. the design of on-line algorithms that work with incomplete information on the input
instance;

6. the design and implementation of tools and platforms for the experimental analysis
and visualization of the behavior of algorithms and data structures.

The achievements of the AE group are widely recognized. Giorgio Ausiello is Editor in
Chief of Theoretical Computer Science, Series A, Algorithms and Complexity and Member
of the Editorial Board of the International Journal of Foundations of Computer Science
(LJFCS). He has also been awarded the title of "Doctor Honoris Causa of Dauphine Uni-
versity’.

Members of the AE group are continuously involved in the Program and Steering
Committees of prestigious International Conferences.

Giorgio Ausiello has been in the Selection Committee of the Goedel Prize during years
2003 - 2005. He has also served on the Program Committees of the 32nd International Col-
loquium on Automata, Languages and Programming (ICALP’05), the 15th International
Symposium on Fundamentals of Computation Theory (FCT’05), and the 16th Annual
International Symposium on Algorithms and Computation (ISAAC’05).

Alberto Marchetti-Spaccamela is member of the Steering Committee of the European
Symposium on Algorithms and has served on the 2005 Selection Committee for the Na-
tional Olympiads in Informatics.

Stefano Leonardi has been Program Chair of the 13th Annual European Symposium
on Algorithms (ESA’05) and has served on the Program Committee of the Workshop on
Models and Algorithms for Planning and Scheduling Problems (MAPSP05). He is also
guest editor of the Special issue for WAW’04 on the Journal of Internet Mathematics and
member of the Editorial Board of the Journal of Interconnection Networks.

Camil Demetrescu has been Program Co-chair (with Roberto Tamassia) of the 7th
Workshop on Algorithm Engineering and Experiments (ALENEX’05) and has served on



the Program Committee of the 31st International Workshop on Graph-Theoretic Concepts
in Computer Science (WG’05). He is member of the Steering Committee of the ACM-
STAM Workshop on Algorithm Engineering and Experiments (ALENEX). He is also guest
editor of the Proceedings of ALENEX/ANALCO’05.

A regular Seminar Program, the Interdepartmental Seminar on Algorithms (SIA), is also
organized in cooperation with the Department of Computer Science of this University (see
http://www.dis.uniromal.it/sia/).

The AE group is currently cooperating with several prestigious research institutions:
Max Planck fiir Informatik (Saarbriicken, Germany), CTI-Patras (Greece), ETH (Zurich,
Switzerland), Université de Paris (Dauphine, France), Tel-Aviv University (Israel), AT&T
- Research Labs (Florham Park, NJ, USA), ICSI-Berkeley (USA), Brown University (Prov-
idence, RI, USA), Carnegie-Mellon University (Pittsburgh, PA, USA), Microsoft Research
(Mountain View, CA, USA).

The AE group is presently involved in the following research projects: ALENIA Spazio
“Wideband Wireless Local Area Network” (WWLAN); EU-IST “Coevolution and self-
organization in dynamical networks (COSIN)”; EU Contract 001907 ” Dynamically Evolv-
ing Large Scale Information Sytems” (DELIS); MIUR National Project “Algorithms for
the Next Generation Internet and Web: Methodologies, Design and Application” (ALGO-
NEXT); FIRB National Projects - WEBMINDS and VICOM. A national committee of
MIUR has also approved a financial support of 1M-Euro in three years for the institution
at the University of Rome “La Sapienza” of an Fxcellence Centre that aims at creating
new scientific and technical synergies in the area of transportation and logistics. A major
role in this project is played by the Algorithm Engineering group at DIS.

Faculty members. Giorgio Ausiello, Luca Becchetti, Fabrizio d’Amore, Camil Deme-
trescu, Stefano Leonardi, Alberto Marchetti-Spaccamela, Umberto Nanni.

Post-docs Luigi Laura, Andrea Vitaletti, Luciana Salete Buriol, Guido Schéfer.
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Graphs and Networks. In the area of graph and network algorithms major emphasis
has been devoted to the analysis and design of algorithms for dynamically evolving graphs
and networks.

In [17], we present fully dynamic algorithms for maintaining 3- and 5-spanners of
undirected graphs under a sequence of update operations. For unweighted graphs we
maintain a 3- or 5-spanner under insertions and deletions of edges; each operation is
performed in O(n) amortized time over a sequence of Q(n) updates. The maintained 3-
spanner (resp., 5-spanner) has O(n3/2) edges (resp., O(n*3) edges), which is known to



be optimal. On weighted graphs with d different edge cost values, we maintain a 3- or
5-spanner in O(n) amortized time over a sequence of Q(d - n) updates. The maintained
3-spanner (resp., 5-spanner) has O(d - n?/?) edges (resp., O(d - n*/3) edges). The same
approach can be extended to graphs with real-valued edge costs in the range [1,C]. All
our algorithms are deterministic and are substantially faster than recomputing a spanner
from scratch after each update.

In [7] we address the problem of dynamically maintaining minimum weight hyperpaths
in a directed hypergraph in a decremental setting. For such a problem, we provide a
new efficient algorithm that works for a wide class of hyperpath weight measures. This
algorithm explicitly updates minimum weight hyperpaths in O(L - C 4+ max{n,C} - H)
worst case time under a sequence of L hyperarc weight increments and hyperarc deletions,
where C' is the maximum weight of minimum hyperpaths in H and H is the size of the
representation of the hypergraph. Hyperpath weight measures are only required to belong
to the class of strict weakly superior functions.

In [1], we present an algorithm for directed acyclic graphs that breaks through the
O(n?) barrier on the single-operation complexity of fully dynamic transitive closure, where
n is the number of edges in the graph. We can answer queries in O(n°) worst-case time and
perform updates in O(n®(L6D =€ 4 n1+€) worst-case time, for any € € [0, 1], where w(1, ¢, 1)
is the exponent of the multiplication of an n x n® matrix by an n x n matrix. The current
best bounds on w(1,¢,1) imply an O(n%®7) query time and an O(n!-5") update time in
the worst case. Our subquadratic algorithm is randomized, and has one-sided error. As
an application of this result, we show how to solve single-source reachability in O(n!-57)
time per update and constant time per query.

In [5] we present the first fully dynamic algorithm for maintaining all pairs shortest
paths in directed graphs with real-valued edge weights. Given a dynamic directed graph
G such that each edge can assume at most .S different real values, we show how to support

updates in O(n??y/S log® n) amortized time and queries in optimal worst-case time. This
algorithm is deterministic: no previous fully dynamic algorithm was known before for
this problem. In the special case where edge weights can only be increased, we give a
randomized algorithm with one-sided error that supports updates faster in O(S - nlog? n)
amortized time. We also show how to obtain query/update trade-offs for this problem,
by introducing two new families of randomized algorithms. Algorithms in the first family
achieve an update bound of O(S - k- n?) and a query bound of O(n/k), and improve over
the previous best known update bounds for k in the range (n/S)/3 < k < (n/S)Y2.
Algorithms in the second family achieve an update bound of O (S -k -n?) and a query
bound of 5(712 /k?), and are competitive with the previous best known update bounds
(first family included) for k in the range (n/S)/% < k < (n/S)"/3.

In [26, 27] we survey the main techniques developed in the literature for the mainte-
nance of dynamic trees and dynamic graphs.

Algorithms for the Web. Recently major interest in algorithmics is being devoted to
the study of algorithms for searching and retrieving information in the Web. What makes



such an area challenging is the huge size of the Web graph and the enormous amount of
documents stored in its nodes, two aspects that require the design of extremely efficient
algorithms. In this domain we have addressed the following topics: information retrieval in
the Web and the analysis of the structure of the Web and of its graph theoretic properties.

It is widely known that spectral techniques are very effective for document retrieval.
Recently, a lot of effort has been spent by researchers to provide a formal mathematical ex-
planation for this effectiveness. Latent Semantic Indexing, in particular, is a text retrieval
algorithm based on the spectral analysis of the occurrences of terms in text documents.
Despite of its value in improving the quality of a text search, LSI has the drawback of an
elevate response time, which makes it unsuitable for on-line search in large collections of
documents (e.g., web search engines). In [19] we present two approaches aimed to combine
the effectiveness of latent semantic analysis with the efficiency of text matching retrieval,
through the technique of query expansion. We show that both approaches have relatively
small computational cost and we provide experimental evidence of their ability to improve
document retrieval.

Recently, there has been a surge of research activity in the area of Link Analysis
Ranking, where hyperlink structures are used to determine the rel- ative authority of Web
pages. One of the seminal works in this area is that of Kleinberg, who proposed the
HITS algorithm. In [20], we undertake a theoretical analysis of the properties of the HITS
algorithm on a broad class of random graphs. Working within the framework of Borodin et
al., we prove that on this class (a) the HITS algorithm is stable with high probability, and
(b) the HITS algorithm is similar to the INDEGREE heuristic that assigns to each node
weight proportional to the number of incoming links. We demonstrate that our results
go through for the case that the expected in-degrees of the graph follow a power-law
distribution, a situation observed in the actual Web graph. We also study experimentally
the similarity between HITS and INDEGREE, and we investigate the general conditions
under which the two algorithms are similar.

Despite of being the sum of the decentralized and uncoordinated efforts by heteroge-
neous groups and individuals, the World Wide Web exhibits a well defined structure, char-
acterized by several interesting properties. This structure was clearly revealed by Broder
et al. who presented the evocative bow-tie structure of the Web, with a CORE comprised
of a large strongly connected component, and four sets of vertices distinguishable from
their relation with the CORE. The bow-tie structure is a relatively clear abstraction of
the macroscopic picture of the Web, but it is very uninformative with respect to the finer
details of the Web graph. In [21] we mine the inner structure of the Web graph. We
present a series of measurements on the Web, which offer a better understanding of the
individual components of the bow-tie. We also document the algorithmic techniques for
performing these measurements. We discover that the scale-free properties permeate all
the components of the bow-tie which exhibit the same macroscopic properties as the Web
graph itself. However, close inspection reveals that their inner structure is quite distinct.
We show that the Web graph does not exhibit self similarity within its components, and
we propose a possible alternative picture for the Web graph, as it emerges through our
experiments. The focus of [22] is on the practical use of data stream algorithms for mon-



itoring statistical and topological properties of large graphs such as the webgraph. By
webgraph we mean the directed graph generated from the link structure of webpages:
each webpage is a node and each hyperlink is an arc in this graph. We study experimen-
tally the application of the algorithm of Datar and Muthukrishnan for maintaining the
indegree rarity distribution and the density of low cardinality bipartite cliques in a graph
read in a streamed fashion. The alpha-rarity of a stream is the ratio between the number
of elements that appear exactly alpha times and the total number of different items in the
stream. We present results and show that the approximated values are very close to the
optima even when a low precision is requested. We are interested in computing properties

of large graphs, as the webgraph, using data stream algorithms. In [23] we report results
on computing the indegree rarity distribution of a graph obtained as a stream of edges. We
implement a rarity algorithm proposed in the literature and show experimentally that the
results approximate very well the optimal value with very limited use of memory and time.
Moreover, considering some structure in the stream, we present results for the algorithm
adapted for maintaining the rarity distribution of the number of cliques of size three.

Wikipedia is an online encyclopedia (www.wikipedia.org), available in more than 100
languages. If we consider each article as a node and each hyperlink between articles as a
link, we have a wikigraph, the link structure of wikipedia. We can extract one wikigraph
for each available language, with size ranging from less then 1000 nodes to more than
500 thousand nodes and more then 5 million links. Associated with each node there are
timestamps, indicating the creation and update dates of each page, that allows to study
how the graph properties evolve over time. In a first part of a study we presented in
[31] we observe that wikigraphs maintain the main characteristics of webgraphs, for which
temporal information is usually not available. We then study the temporal evolution of
several topological properties of wikigraphs and relate this measures to the number of
updates of the documents.

Algorithms for Optimization. In the area of NP-hard optimization problems we have
concentrated mainly in two directions: the study of efficient algorithms for the on line ver-
sion of classical optimization problems and the study of approximability properties and
approximation algorithms for network design and network management problems. Besides
we have addressed some foundational aspects concerning the completeness of optimization
problems in approximation classes, under the differential approximation measure. In [12]
we consider two on-line versions of the asymmetric traveling salesman problem with tri-
angle inequality. For the homing version, in which the salesman is required to return in
the city where it started from, we give a (3+sqrt(5))/2-competitive algorithm and prove
that this is best possible. For the nomadic version, the on-line analogue of the shortest
asymmetric hamiltonian path problem, we show that the competitive ratio of any on-line
algorithm has to depend on the amount of asymmetry of the space in which the sales-
man moves. We also give bounds on the competitive ratio of on-line algorithms that are
zealous, that is, in which the salesman cannot stay idle when some city can be served.

Vehicle Routing Problems are generalizations of the well known Traveling Salesman
Problem. In [18] we focus on the on-line version of these problems, where requests are



not known in advance and arrive over time. We introduce a model of lookeahead for this
class of problems, the time lookahead, which allows an on-line algorithm to foresee all
the requests that will be released during next time units. We present lower and upper
bounds on the competitive ratio of known and studied variants of the OLTSP; we compare
these results with the ones from the literature. Our results show that the effectiveness of
lookahead varies significantly as we consider different problems.

Next generation 3G /4G wireless data networks allow multiple codes (or channels) to
be allocated to a single user, where each code can support multiple data rates. Provid-
ing fine-grained QoS to users in such networks poses the two dimensional challenge of
assigning both power (rate) and codes to every user. This gives rise to a new class of
parallel scheduling problems. In [2] we abstract general downlink scheduling problems
suitable for proposed next generation wireless data systems. Our contribution includes a
communication-theoretic model for multirate wireless channels. In addition, while conven-
tional focus has been on throughput maximization, we attempt to optimize the maximum
response time of jobs, which is more suitable for streams of user requests. We present
provable results on the algorithmic complexity of these scheduling problems. In particu-
lar, we are able to provide very simple, online algorithms for approximating the optimal
maximum response time. This relies on resource augmented competitive analysis. We also
perform an experimental study with realistic data of channel conditions and user requests
to show that our algorithms are more accurate than our worst case analysis shows, and
that they provide fine-grained QoS to users effectively.

In [3] we introduce the notion of smoothed competitive analysis of online algorithms.
Smoothed analysis has been proposed by Spielman and Teng [STOC 2001] to explain the
behaviour of algorithms that work well in practice while performing very poorly from a
worst case analysis point of view. We apply this notion to analyze the Multi-Level Feed-
back (MLF) algorithm to minimize the total flow time on a sequence of jobs released
over time when the processing time of a job is only known at time of completion. The
initial processing times are integers in the range [1,2%]. We use a partial bit random-
ization model, where the initial processing times are smoothened by changing the k least
significant bits under a quite general class of probability distributions. We show that
MLF admits a smoothed competitive ratio of O((2¥ /o) + (2% /0)?25—*), where o denotes
the standard deviation of the distribution. In particular, we obtain a competitive ratio
of O(2K=F) if o = ©(2%). We also prove an Q(25~*) lower bound for any deterministic
algorithm that is run on processing times smoothened according to the partial bit random-
ization model. For various other smoothening models, including the additive symmetric
smoothening model used by Spielman and Teng, we give a higher lower bound of Q(2).
A direct consequence of our result is also the first average case analysis of MLF. We show
a constant expected ratio of the total flow time of MLF to the optimum under several
distributions including the uniform distribution.

In the multicommodity rent-or-buy (MROB) network design problem we are given a
network together with a set of k terminal pairs (s1,t1),. .., (Sk, tx). The goal is to provision
the network so that a given amount of flow can be shipped between s; and ¢; for all
1 <4 < k simultaneously. In order to provision the network one can either rent capacity



on edges at some cost per unit of flow, or buy them at some larger fixed cost. Bought edges
have no incremental, flow-dependent cost. The overall objective is to minimize the total
provisioning cost. Recently, Gupta et al. presented a 12-approximation for the MROB
problem. Their algorithm chooses a subset of the terminal pairs in the graph at random
and then buys the edges of an approximate Steiner forest for these pairs. This technique
has previously been successfully used by the same authors for the single sink rent-or-
buy network design problem. In [9] we give a 5.5-approximation for the MROB problem
by refining the algorithm of Gupta et al. and greatly simplifying their analysis. The
improvement in our paper is based on a more careful adaptation and simplified analysis of
the primal-dual algorithm for the Steiner forest problem due to Agrawal, Klein and Ravi.
Our result significantly reduces the gap between the single-sink and multi-sink cases.

In [10] we design an approximately budget-balanced and group-strategyproof cost-
sharing mechanism for the Steiner forest game. An instance of this game consists of an
undirected graph G = (V, E), non-negative costs ¢, for all edges e € E, and aset R C VxV
of k terminal pairs. Each terminal pair (s,t) € R is associated with an agent that wishes to
establish a connection between nodes s and ¢ in the underlying network. A feasible solution
is a forest F' that contains an s, t-path for each connection request (s,t) € R. Previously,
Jain and Vazirani gave a 2-approximate budget-balanced and group-strategyproof cost-
sharing mechanism for the Steiner tree game — a special case of the game considered
here. Such a result for Steiner forest games has proved to be elusive so far, in stark
contrast to the well known primal-dual (2 —1/k)-approximate algorithms for the problem.
The cost-sharing method presented in this paper is 2-approximate budget-balanced. Our
algorithm is an original extension of known primal-dual methods for Steiner forests. An
interesting byproduct of the work in this paper is that our Steiner forest algorithm is
(2 — 1/k)-approximate despite the fact that the forest computed by our method is usually
costlier than those computed by known primal-dual algorithms. In fact the dual solution
computed by our algorithm is infeasible but we can still prove that its total value is at
most the cost of a minimum-cost Steiner forest for the given instance.

In [25] we consider a game-theoretical variant of the Steiner forest problem in which
each player j, out of a set of k players, strives to connect his terminal pair (s;,t;) of vertices
in an undirected, edge-weighted graph G. In this paper we design an approximately budget
balanced and cross-monotonic cost sharing method for this game. we show that a natural
adaptation of the primal-dual Steiner forest algorithm of Agrawal, Klein and Ravi [When
trees collide: An approximation algorithm for the generalized Steiner problem in networks,
SIAM Journal on Computing, 24(3):445-456, 1995] yields a 2-budget balanced and cross-
monotonic cost sharing method for this game. We also present a negative result, arguing
that no cross-monotonic cost sharing method can achieve a budget balance factor of less
than 2 for the Steiner tree game. This shows that our result is tight. Our algorithm
gives rise to a new linear programming relaxation for the Steiner forest problem which
we coin the lifted-cut relaxation. We show that this new relaxation is strictly stronger
than the standard undirected cut relaxation for the Steiner forest problem. An interesting
byproduct of this work is that our algorithm to compute a Steiner forest is (2 — 1/k)-
approximate despite the fact that the total dual produced by our algorithm is usually



larger than those computed by known primal-dual algorithms. In fact the dual solution
computed by our algorithm is infeasible for the undirected cut relaxation but we can still
prove that its value is at most the cost of a minimum-cost Steiner forest for the given
instance.

A Black Hole is a highly harmful stationary process residing in a node of a network
and destroying all mobile agents visiting the node without leaving any trace. The Black
Hole Search is the task of locating all black holes in a network, through the exploration of
its nodes by a set of mobile agents. In [11] we consider the task of locating a black hole in
a (partially) synchronous arbitrary network, assuming an upper bound on the time of any
edge traversal by an agent. For a given graph and a given starting node we are interested
in finding the fastest possible Black Hole Search by two agents (the minimum number of
agents capable to identify a black hole). We prove that this problem is NP-hard in arbitrary
graphs, thus solving an open problem stated in [Czyzowicz,Kowalski,Markou,Pelc-2004].
We also give a 7/2-approximation algorithm, thus improving on the 4-approximation
scheme observed there. Our approach is to explore the given input graph via some span-
ning tree. Even if it represents a very natural technique, we prove that this approach
cannot achieve an approximation ratio better than 3/2.

In [24] we consider the problem of designing the fastest Black Hole Search, given the
map of the network, the starting node and, possibly, a subset of nodes of the network
initially known to be safe. We study the version of this problem that assumes that there is
at most one black hole in the network and there are two agents, which move in synchronized
steps. We prove that this problem is not polynomial-time approximable within % (unless
P=NP). We give a 6-approximation algorithm, thus improving on the 9.3-approximation
algorithm from Czyzowitz et al. 2004. We also prove APX-hardness for a restricted version

of the problem, in which only the starting node is initially known to be safe.

In computability and in complexity theory reductions are widely used for mapping
sets into sets in order to prove undecidability or hardness results. In the study of the
approximate solvability of hard discrete optimization problems, suitable kinds of reduc-
tions, called approximation preserving reductions, can also be used to transfer from one
problem to another either positive results (solution techniques) or negative results (non
approximability results). In [6] various kinds of approximation preserving reductions are
surveyed and their properties discussed. The role of completeness under approximation
preserving reductions is also analyzed and its relationship with hardness of approximability
is explained.

In [8] we study completeness in differential approximability classes. In differential ap-
proximation, the quality of an approximation algorithm is the measure of both how far
is the solution computed from a worst one and how close is it to an optimal one. The
main classes considered are DAPX, the differential counterpart of APX, including the NP
optimization problems approximable in polynomial time within constant differential ap-
proximation ratio and the DGLO, the differential counterpart of GLO, including problems
for which their local optima guarantee constant differential approximation ratio. We de-
fine natural approximation preserving reductions and prove completeness results for the
class of the NP optimization problems (class NPO), as well as for DAPX and for a natural



subclass of DGLO. We also define class 0-APX of the NPO problems that are not differ-
entially approximable within any ratio strictly greater than 0 unless P = NP. This class
is very natural for differential approximation, although has no sense for the standard one.
Finally, we prove the existence of hard problems for a subclass of DPTAS, the differen-
tial counterpart of PTAS theclassofNPO problems solvable by polynomial time differential
approximation schemata.

Game theory. Recently paradigms and mathematical concepts from game theory have
been adopted in the analysis of resource management policies in large networks in order
to maintain control over the degradation of network performances caused by the selfish-
ness of users. In this area we have addressed the following problems. In [16] we consider
the problem of Internet switching, where traffic is generated by selfish users. We study
a packetized (TCP-like) traffic model, which is more realistic than the widely used fluid
model. We assume that routers have First-In-First-Out (FIFO) buffers of bounded capac-
ity managed by the drop-tail policy. The utility of each user depends on its transmission
rate and the congestion level. Since selfish users try to maximize their own utility disre-
garding the system objectives, we study Nash equilibria that correspond to a steady state
of the system. We quantify the degradation in the network performance called the price of
anarchy resulting from such selfish behavior. We show that for a single bottleneck buffer,
the price of anarchy is proportional to the number of users. Then we propose a simple
modification of the Random Early Detection (RED) drop policy, which reduces the price
of anarchy to a constant.

In [13] we are interested in the complexity of finding Nash equilibria with one uniformly
mixed strategy (that is, equilibria in which at least one of the players plays a uniform
probability distribution over some set of pure strategies). We show that, even in imitation
bimatrix games, where one player has a positive payoff if he plays the same pure strategy as
the opponent, deciding the existence of such an equilibrium is an NP-complete problem.
We derive this result from the NP-completeness of graph-theoretical problems strictly
related to this class of equilibria.

In [14] we investigate the complexity of finding uniformly mixed Nash equilibria (that
is, equilibria in which all played strategies are played with the same probability). We show
that, even in very simple win/lose bimatrix games, deciding the existence of uniformly
mixed equilibria in which the support of one (or both) of the players is at most or at
least a given size is an NP-complete problem. Motivated by these results, we also give
NP-completeness results for problems related to finding a regular induced subgraph of a
certain size or regularity in a given graph, which can be of independent interest.

Experimentation, visualization and applications. In algorithm engineering is par-
ticularly relevant to study and analyze the performance of algorithms not only from the
theoretical point of view (through the classical worst case asymptotic analysis) but also
by running experiments that allow to assess the practical behaviour of algorithms on real
life data. In this area we have continued our research program by addressing both the
experimental study of specific graph algorithms and the design and development of an
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environment for algorithm visualization. In [4] we present the results of an extensive com-

putational study on dynamic algorithms for all pairs shortest path problems. We describe
our implementations of the recent dynamic algorithms of King and of Demetrescu and
Italiano, and compare them to the dynamic algorithm of Ramalingam and Reps and to
static algorithms on random, real-world and hard instances. Our experimental data sug-
gest that some of the dynamic algorithms and their algorithmic techniques can be really
of practical value in many situations.

In [15] we describe our own experience in preparing animated presentations of com-
puter science concepts with Leonardo Web, a Java-based animation system that we have
previously developed. Our discussion is aimed at highlighting how different visualization
tools and techniques turned out to be useful in realizing effective Web-based teaching ma-
terial. Our experience culminated in the preparation of an on-line repository of animated
illustrations for a textbook on algorithms and data structures edited by McGraw-Hill in
2004.
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