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Preface

The Colloquium on Structural Information and Communication Complexity
(SIROCCO) is an annual meeting focused on the relationship between algorith-
mic aspects of computing and communication. Over its 12 years of existence,
SIROCCO has become an acknowledged forum bringing together specialists in-
terested in the fundamental principles underlying interplay between information,
communication and computing.

SIROCCO 2005 was the twelfth in this series, held in Mont Saint-Michel,
France, May 24-26, 2005. Previous SIROCCO colloquia took place in Ottawa,
(1994), Olympia (1995), Siena (1996), Ascona (1997), Amalfi (1998), Lacanau-
Océan (1999), L’Aquila (2000), Val de Nuria (2001), Andros (2002), Ume3 (2003)
and Smolenice Castle (2004).

SIROCCO covers topics such as distributed and parallel computing, informa-
tion dissemination, communication complexity, interconnection networks, high-
speed networks, wireless networks, mobile computing, optical computing, and
related areas.

The 48 contributions submitted to SIROCCO 2005 were sub ject to a thorough
refereeing process and 22 high-quality submissions were selected for publication.
We thank the Program Committee members for their excellent and careful work.
Our gratitude extends to the numerous subreferees for their valuable refereeing.
We also acknowledge the effort of all authors who submitted their contributions.

We thank the invited speakers at this colloquium, Amotz Bar-Noy (New York)
and Cyril Gavoille (Bordeaux) for accepting our invitation to share their insights
on new developments in their areas of interest. Amotz Bar-Noy delivered a talk
“Cellular Networks: Where Are the Mobile Users?” and Cyril Gavoille presented
“Distributed Data Structures: a Survey.”

We would like to express our sincere gratitude to the Steering Committee
chair David Peleg (Rehovot) for his enthusiasm and invaluable consultations,
and to the organizing team chaired by Elisabeth Lebret from INRIA. Special
thanks are due to Rastislav Kralovi¢ who, besides being a Program Committee
member, helped us a lot with all technical work. Finally, we would like to thank
IRISA, INRIA, the Université de Rennes 1 and the “Fondation Michel Metivier”
for their support.

May 2005 Andrzej Pelc and Michel Raynal
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Cellular Networks: Where Are

the Mobile Users?
(Invited Talk)

Amotz Bar-Noy

CUNY, New York

Abstract. Mobiles are roaming in a cellular network. Unless they report
their new location each time they cross boundaries of cells, the system
must conduct a search operation to find their exact location. Reporting
new locations by mobiles consumes expensive up-link communication
lines. Therefore, in current and future cellular networks, at each point
in time for any particular mobile, the system knows only a zone of cells
containing the one cell which is the location of this mobile. For this
zone, the system maintains a profile that predicts the exact location of
the mobile by associating a probability with each cell in the zone. An
efficient search should optimize usage of down-link communication lines
and the time needed to find the mobile.

This model gives rise to many optimization problems. This talk dis-
cusses some of them. We first describe the optimal dynamic program-
ming solution that finds a mobile that is located in a zone of n cells in
no more than D rounds. This solution assumes an a priori knowledge
of the mobile’s profile. We then present solutions in which the system
develops a mobile’s profile while searching for that mobile more than
once. The above solutions are for locating one mobile. Next, we address
search operations involving m mobiles where m can be greater than one.
One example is the call conference search in which the system must find
all the m mobiles. Another example is the yellow pages search where the
search is over once one out of the m mobiles is found. Finding an optimal
solution to the conference call problem is NP-hard. We therefore present
an efficient approximation solution. For the yellow pages problem we dis-
cuss work in progress. We conclude with the privacy issue by exploring
the tradeoff between the accuracy of the profiles and the efficiency of the
optimal solutions that are based on these profiles.

A. Pelc and M. Raynal (Eds.): SIROCCO 2005, LNCS 3499, p. 1, 2005.
@© Springer-Verlag Berlin Heidelberg 2005



Distributed Data Structures: A Survey
(Invited Talk)

Cyril Gavoille

LABRI, Bordeaux

Abstract. This survey concerns the role of data structures for com-
pactly storing and representing various types of information in a localized
and distributed fashion. Traditional approaches to data representation
are based on global data structures, which require access to the entire
structure even if the sought information involves only a small and lo-
cal set of entities. In contrast, localized data representation schemes are
based on breaking the information into small local pieces, or labels, se-
lected in a way that allows one to infer information regarding a small
set of entities directly from their labels, without using any additional
(global) information.

A. Pelc and M. Raynal (Eds.): SIROCCO 2005, LNCS 3499, p. 2, 2005.
© Springer-Verlag Berlin Heidelberg 2005



On Designing Truthful Mechanisms for Online
Scheduling*

Vincenzo Auletta!, Roberto De Prisco!?, and Paolo Pennal,
and Giuseppe Persiano!

! Dipartimento di Informatica ed Applicazioni “R.M. Capocelli”,
Universita di Salerno, via S. Allende 2, I-84081 Baronissi (SA), Italy
{auletta, robdep, penna, giuper}@dia.unisa.it
2 Faculty Group at Akamai Technologies, Cambridge, MA, USA

Abstract. We study the online version of the scheduling problem in-
volving selfish agents considered by Archer and Tardos [FOCS 2001]:
jobs must be scheduled on m parallel related machines, each of them
owned by a different selfish agent.

Our study focuses on general techniques to translate approxima-
tion/competitive algorithms into equivalent approximation/competitive
truthful mechanisms. Our results show that this translation is more prob-
lematic in the online setting than in the offline one. For m = 2, we
develop an offline and an online “translation” technique which, given
any p-approximation/competitive (polynomial-time) algorithm, yields
an f(p)-approximation/competitive (polynomial-time) mechanism, with
f(p) = p(1+ ¢€) in the offline case, for every ¢ > 0. By contrast, one
of our lower bounds implies that, in general, online p-competitive algo-
rithms cannot be turned into p(1+ €)-competitive mechanisms, for some
€ > 0 and every m > 2.

We also investigate the issue of designing new online algorithms from
scratch so to obtain efficient competitive mechanisms, and prove some
lower bounds on a class of “natural” algorithms. Finally, we consider the
variant introduced by Nisan and Ronen [STOC 1999] in which machines
can be verified. For this model, we give a O(1)-competitive online mech-
anism for any number of machines and prove that some of the above
lower bounds can be broken.

1 Introduction

Optimization problems dealing with resource allocation are classical algorithmic
problems and they have been studied for decades in several models. Typically,
algorithms are evaluated by comparing the (measure of) the solutions they re-
turn to the best possible one. In particular, one tries to estimate the loss of

* Work supported by the European Project IST-2001-33135, Critical Resource Sharing
for Cooperation in Complex Systems (CRESCCO).

A. Pelc and M. Raynal (Eds.): SIROCCO 2005, LNCS 3499, pp. 3-17, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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performance due to the lack of computational resources (approzimation ratio)
or to the lack of information (competitive ratio).

In both settings, the underlying hypothesis is that the input is (eventually)
available to the algorithm (either from the beginning in off-line algorithms or
during its execution in on-line algorithms). This assumption cannot be consid-
ered realistic in the context of modern networks like the Internet where certain
information regarding the resources are not directly available to the “protocol”.
Indeed, since the resources are owned/controlled /used by different self-interested
entities (e.g., corporations, autonomous systems, etc.). Each of these entities,
or selfish agents, hold some private information which is needed in order to
compute an optimal resource allocation (e.g., routing the traffic over the Inter-
net requires routers of different autonomous systems to exchange information
on which routers can process traffic faster). Each agent can possibly misreport
his/her piece of information if this leads the system to compute a solution that
is more beneficial for him/her. This, in spite of the fact that such a solution may
not be not globally optimal.

The field of Mechanism Design is the branch of Game Theory and Microeco-
nomics that studies how to design complex auctions, also termed mechanisms,
which guarantee that no agents has an incentive in misreporting his/her piece
of information. Loosely speaking, a mechanism is a pair M = (A, P), where A
is an algorithm computing a solution, and P = (P1,..., P") is the vector of
payment functions (see Sect. 1.1 for a formal definition). Selfish agents are sup-
pose to be rational and thus will deviate from the truth-telling strategy (in our
problem, to report r; = s;) only if a better one exists. Therefore, one seeks for
truthful mechanisms, that is, mechanisms that guarantee that every agent i can
maximize his/her net profit or utility by playing the truth-telling strategy (see
Sect. 1.1).

In this work we consider the online version of a basic scheduling/routing
problem involving selfish agents, first addressed by Archer and Tardos [2]. We
will investigate the approximation/competitive ratio of truthful mechanisms for
this problem. Our goal is to quantify the (further) loss of optimality due to the
combination of selfish agents with the online setting. Central to our study is the
existence of general techniques that allow to translate p-approximation/competi-
tive algorithms into a f(p)-approximation/online mechanisms, for some function

fE).

1.1 The Problem

Offtine Selfish Version. Consider the problem of scheduling jobs on related ma-
chines (Q||Cpax): We are given a set of m machines with speed sq, s, ..., Sm
and a set of n jobs of size J1, Ja, ..., J,. We want to assign every job to a ma-
chine so to minimize the makespan, that is, the maximum over all machines
of w;/s;, where w; is the sum of the job weights assigned to machine i. When
the set of machines m is fixed, this problem version is commonly denoted to as

Qm | ]Cmax-
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We study the selfish version of the Q||Cy,ax problem in which each machine
i is owned by a selfish agent and the corresponding speed s; is known to that
agent only. In particular, any schedule S that assigns load w; to machine i is
valuated by agent i as v*(.S), where

v*(S) <f —w;/si,

that is, the opposite of the completion time of machine i. Intuitively,.vi(S’
represents how much user ¢ likes solution S. This model has been first considere

by Archer and Tardos [2].

We stress that our goal is to compute a solution S which minimizes the
makespan with respect to the ¢true machine speeds si,...,s,. Hence, we need
to provide some incentive (e.g., a payment P?) to the each agent i in order to
let him/her truthfully report his/her speed. Formally, a mechanism is a pair
M = (A, P4), where P4 = (P}, ..., P7), and A is a scheduling algorithm. Each

agent i reports its type b; which is not necessarily the true type t; e 1 /8;.
Algorithm A gets in input the reported types b = (by,...,by,), and each agent 4
receives a payment equal to P% (b, J). Obviously, each agent i wants to maximize
the resulting net profit or wtility defined as

uM(b,7) % P (b, J) + vi(A(b, J)).
Each agent knows both algorithm A and the payment function Pj.

A mechanism is said to be truthful with dominant strategies (or simply truthful)
if the payments P4 and the algorithm A guarantee that no agent obtains a larger
utility when reporting b; # t;, independently of the other agents’ reported types;
that is, for all J, for all reported types b_; = (b, ...,bi—1,bit1,-..,bm) of all the
agents except 4, and for all possible declarations b; of agent i, it holds that

wd (83, b-4), J) = wM (8, 6-4), J),

where the writing (z,b_;) denotes the vector (by,...,b;—1,Z,bit1,...,bm). We
stress that no agent ¢ has any advantage from knowing t]he true speeds t_; of

the other agents: indeed, the utility of agent i does not depend on the speeds
of the other agents (the work/payment assigned to machine/agent i depend on
the agent bids b only). If M guarantees that the utility is non-negative for all
agents 7 that report their true type, then we say that the mechanism enjoys the
voluntary participation property.

Online Selfish Version. In the online version of Q||Cpax, jobs arrive one-by-one
and must be scheduled upon their arrival. Moreover, jobs cannot be reallocated.
For any (possibly infinite) sequence of jobs J = JyJy -+, we let J* denote the
prefix JyJy--- Ji of the first k jobs, for 1 < k < |J|. Before any job appears,
each agent declares her type and we denote by b = (by,...,b.,) the vector of
declared types. An online mechanism for Q||Cmax is a pair M = (A, P) where
P is a sequence of payment functions P}, for i = 1,...,m and k > 0 such that
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— The algorithm A is an online algorithm for Q||Cpax; we denote by wf (b, J k)
the sum of the job sizes assigned to machine i by the solution computed by
A on input J* and vector b of declared types.

— When the k-th jobs arrives, it is assigned by A to a machine and each agent
i receives non-negative payment PF(b, J*). That is, we are not allowed to
ask money back from the agents.

The total payment received by agent i after k jobs is equal to P;(b, J*) =
Z?:l sz(ba JJ)

Definition 1 (online truthful mechanism). We say that an online mecha-
nism is truthful with respect to dominant strategies if for any prefiz J* of J,
for all b_;, and for all types t;, the function uM ((bi,b_;), J*) is mazimized for

Verifiable Machines. We also study the online version of the model proposed
by Nisan and Ronen [9] of verifiable machines. Here the payment for each job
is awarded after the job is released by the machine (we stress that a machine
cannot release a job assigned to it before the job has been executed). Intuitively,
if a machine has received positive load, the mechanism can verify whether the
machine lied declaring to be faster and, if so, the machine receives no payment.

1.2 Previous Results

Archer and Tardos [2] have characterized the (offline) algorithms A for Q||Ciax
for which there exist payment functions P such that (A, P) is a truthful mech-
anism. In particular they show that if an algorithm A is monotone (that is, it
satisfies wA((b},b_;),J) < w((b;,b_;),J), for all b, > b;) then there exists a
payment function P such that (A, P) is truthful. Under mild assumptions on A,
it is possible to define the payment function to guarantee voluntary participation.
They also gave a monotone optimal (exponential-time) algorithm for Q||Cmax
and a (3 + €)-approximate randomized (polynomial-time) monotone algorithm.
In [4] we gave a (4 + €)-approximate deterministic (polynomial-time) monotone
algorithm for Q,||Cmax- Recently and independently from this work, Andel-
man et al [1] provided an elegant technique for turning any p-approximation
algorithm for Q,,||Cmax into a p(1 + €)-approximation monotone mechanism.
As a result, given any polynomial-time (1 + €)-approximation algorithm for this
problem, one can obtain a (1 + €)-approximation mechanism running in poly-
nomial time. They indeed settle the approximation guarantee of the Q,,||Cmax
by obtaining a fully polynomial-time approximation scheme which is monotone.
Moreover, they provide a 5-approximation truthful mechanism for the Q||Cyax
problem, i.e., for any number of machines.

Nisan and Ronen [9] considered the case of unrelated machines and gave a
randomized 7/4-approximate truthful mechanism for two machines and a de-
terministic m-approximate truthful mechanism for any number of machines.
Moreover, they proved that no deterministic truthful mechanism can be (2 —¢)-



