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Contributions to resource management in collaborative systems

,» The researcher is the practical man,
the adventurer, the inquisitive,

who believes in research,

who asks questions,

who refuses to believe that
perfection has been reached”

(Henry R. Harrover)
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Abstract

In decentralized collaborative systems, the service procurement problem represents one of the main
challenges, because in order to build an effective mechanism, the designer must deal with different
objectives and policies of various consumers and providers and with the lack of a central authority
that coordinates the interactions between participants. Due to the efficiency properties they have,
auctions proved to be adequate mechanisms to solve problems characterized by lack of structure.
However, in such decentralized environments, establishing a virtual currency to express the price of
a certain service also raises difficulties. In this research, we propose a collaborative mechanism
based on a Qualitative English Auction (OEA) model, to automate the efficient trading of services.
The rules of the mechanism should provide incentives for individuals to participate in the system
and to collaborate, increasing the social welfare of the entire community. We demonstrate that by
approximating the proposed QEA, even with a minimum disclosure of information and in an
environment with non-transferable utilities (without price) we obtain optimal results of the

mechanism, that are Pareto efficient.

Keywords: decentralized collaborative systems, resource allocation, service procurement,
Mechanism Design, Game Theory, market models, Microeconomics, intelligent agents, strategies,
Qualitative English Auction (QEA)
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INTRODUCTION

i. Motivation

In the context of Globalization and as a result of new existing trends in the Internet field,
including Peer-to-Peer [1], Grid [2], ad-hoc networks used in disaster management scenarios or
corporations restructured as virtual organizations [3], decentralized computing systems, where
resources are distributed geographically, gain more popularity as they help overcoming

organizational barriers.

Building a collaborative mechanism for efficient resource allocation and service procurement in
such systems is still a challenging and complex task for designers. They must deal with the various
objectives and policies of different resource and service providers or consumers, who are interested
in maximizing their individual satisfaction. Thus, the trading mechanism should provide incentives
for participants to join the decentralized system and to collaborate. In this case, the incentives
derive from the individuals’ trust in the social fairness provided by the interaction protocol
implemented. They have to estimate that they will obtain greater benefits from joining the

mechanism and collaborating with other participants, than by acting exclusively on their own.

We are dealing with a collaboration-competition duality, which coexists in a decentralized
system, where, on the one hand, the participants work together to obtain a particular resource or
service and on the other hand, they are competitive, being interested in maximizing their individual
satisfaction. In order to induce competition between those who negotiate and seek to maximize
their own utility, an efficient collaborative mechanism should treat both aspects: ensure an optimal
communication between all participants and provide leverage for the individual who holds the
resource or the service. In this context, the collaborative and competitive dual game induced by the

mechanism, generates a fair distribution for all participants and ensures Pareto efficient outcomes.

In the present research, our fundamental objective is to address the service procurement
problem in decentralized systems, starting from the current difficulties or gaps and to build, step by
step, an automated collaborative mechanism to solve this problem in an efficient way. This study is
characterized by a high degree of interdisciplinarity, the main objectives being treated in terms of

three major areas or axes:

1. Artificial Intelligence (decentralized systems, intelligent agents, intelligent search

techniques);



6 Contributions to resource management in collaborative systems

2. Microeconomics (utilities, preferences, social welfare, market models);
3. Game Theory and Mechanism Design (games with incomplete information, strategic

behavior, Nash equilibrium, Pareto optimality).

In the next sections, we offer a brief motivation for the existence of duality in decentralized
systems, we define the service procurement problem and we discuss the main objectives covered by
this thesis.

ii. The collaboration process in decentralized systems

In decentralized environments, such as P2P [1], the main difficulty lies in motivating the free
riders to contribute with their own resources or services in the system, in order to collaborate with
other members. Peers can be seen as intelligent agents, characterized by individual rationality and
selfishness, whose main goal is to realize their objectives and strategies, the interaction between
them resulting in a Multi-Agent System (MAS) [11].

The intelligence attribute plays an essential role in the context of the induced competition
between individuals, who negotiate for the same service or resource. The result of the collaboration

generates Pareto optimal solutions [25] and individual utilities that are fair for all participants.

The collaboration process [13] in a decentralized system is based on the idea that the
participants from the society, such as consumers and providers, meet the requirements of
communication, coordination and cooperation to achieve a favorable agreement regarding the
resource or service being transacted. According to the 3C model of collaboration [14], these

elements are detailed as follows:

s Communication: is conducted through a protocol which is the cornerstone of interaction
between participants. The protocol defines the “rules of the game” and the conditions
applied in the case of breaking these rules;

% Cooperation: is accomplished through the offers launched by the participants, to achieve the
final objectives of the trading mechanism: obtaining Pareto efficient outcomes and

maximizing the social welfare of the whole society (fundamental efficiency criteria);

®
%

Coordination: is defined considering the actions or strategies adopted by the participants

from the society, who are competing to obtain a particular resource or service.

The main subject of the collaborative model that will be developed is represented by the
resource or service being transacted. In the next section, we define the service procurement

problem in a decentralized system.
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iii. The service procurement problem in open systems

Services represent an abstract notion, in the same way that methods are part of the object
oriented paradigm [16], the agents having a local ability to perform tasks. In real life situations,
there are many services needed by an individual from society. Database validations, financial
predictions, medical diagnosis, errors prediction, are just a few examples where an agent’s ability is

represented by the services he can offer to other members who need them [17].

We will consider multidimensional services, characterized by several attributes, such as: price,
quality, delivery time or the penalty factor. This specific detail increases the complexity of the
interaction model that will be developed for trading services and it also amplifies the complexity of

the agreements that will be concluded between service consumers and providers.

In this context, we believe that the collaborative automated mechanism for services trading in a

decentralized system should answer the following fundamental questions:

1. What incentives are offered to providers and consumers to participate in the
mechanism?

How to ensure social equity within the collaborative decentralized system?

How to achieve collaboration between the participants in the mechanism?

What will be the rules of the communication protocol between individuals?

nok N

What strategic behavior will adopt the participants that are in competition for the same

service?

All these aspects will be treated after setting some specific objectives that we intend to achieve
through this work.

iv. Research objectives

The main objective is to develop an automated collaborative mechanism for the efficient

trading of services in decentralized systems. This includes the following aspects:

+¢ Identify the actual difficulties in open systems for developing an automated collaboration in

the case of service procurement;

R/
0.0

Define the specific service procurement problem;

®
L4

Identify the efficiency criteria that should be obtained through the designed model;

R/
0.0

Compare different market models from the Microeconomics theory (especially auctions and
negotiations) and analyze which of these models suit best with the proposed scenario;

®
%

Establish the rules of the interaction protocol in order to provide incentives for collaboration

and to ensure social fairness in the community;
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+ Building intelligent strategies for the participants who compete for the same service, so that
the result of the mechanism meets the two fundamental efficiency criteria: Pareto optimality

and social welfare.

v. Thesis overview

The thesis is organized in 6 major chapters that present the service procurement problem in a
decentralized environment using a deductive approach, from general to particular. Starting from the
difficulties or shortcomings encountered in open systems (Chapter 1) and considering the general
mechanism design principles (Chapter 2), we defined step by step the details of a specific model
for service procurement: the strategic behavior of the participants in the mechanism (Chapter 3),
the framework used for implementing the collaborative solution (Chapter 4) and the two
mechanisms developed: the quantitative one (Chapter 5) and the qualitative one (Chapter 6).

The thesis overview can be seen in the figure below:
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Chapter 1. This chapter starts with identifying the actual challenges in decentralized systems, after
that we detail the aspects regarding collaboration and competition among participants and we
define the concrete problem for procuring services. Next, we present the main criteria for
evaluating the efficiency of a trading model, criteria also grouped in two categories: collaborative
and competitive. The chapter ends with a study of several models from literature, developed for

solving the resource and service trading problem.

Chapter 2. In this chapter, we discuss the main elements and notations used to define a
collaborative economic mechanism. These notations are universally applied in the Mechanism
Design domain and we introduce them in order to facilitate the understanding of the mechanism
design problem, introduced in Chapter 1. Also, we present some market models from the
Microeconomics theory (auction and negotiation models), that we consider appropriate for

addressing this problem in the case of decentralized environments.

Chapter 3. We tackle the competitive side of a decentralized system, induced by the strategic
behavior of the agents who want to purchase the same service. Collaboration is maintained between
all members, but the strategic behavior induces the individuals’ desire to maximize their own
individual satisfaction, while ensuring as well a result of the mechanism which is according to the
principles of social welfare. We use a comparative approach to present different intelligent search
techniques, focusing on the advantages and disadvantages of each of these techniques and we
describe in detail our own strategy, developed for simulating the qualitative mechanism presented
in Chapter 6.

Chapter 4. We expose the methodological framework used to evaluate the proposed collaborative
solution. We present the initial functionalities offered by the GENIUS (General Environment for
Negotiation with Intelligent multi-purpose Usage Simulation)’ negotiation environment and our
contribution, which consists of the extension of this framework, namely in the interaction layer,
with negotiation protocols that enable the concurrent interaction between multiple participants from
the system.

Chapter 5. We present the design of the quantitative model for the automated and efficient trading

of services while identifying the main requirements to be met.

Chapter 6. We propose a Qualitative English Auction (QEA) to model the service procurement
problem, where the service is characterized by several attributes, such as: delivery time, quality,
expected duration of use or the penalty factor. We present the main motivation for building a
qualitative mechanism, the rules of the protocol and the winner determination algorithm. We also
describe the possibilities for approximating the QFA by concurrent negotiation protocols, to

eliminate the shortcomings related to information revelation. This chapter ends by illustrating the

' The GENIUS [135] intelligent negotiation environment was studied and then extended after the author conducted a
doctoral internship at the Technical University of Delft, The Netherlands, Faculty of Electrical Engineering,
Mathematics and Computer Science, Man-Machine Interaction Group, under the supervision of Prof. Dr. Catholijn M.
Jonker: http://mmi.tudelft.nl/negotiation/index.php/Genius
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results obtained in experimental simulations and interpreting the statistics, by which we can

evaluate the efficiency of the designed mechanism.
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Chapter 1.

Resource allocation and service procurement in decentralized systems

In this chapter, we address the collaboration-competition duality that exists in a decentralized
system, outlining the difficulties encountered in the process of building an efficient mechanism for
trading resources and services. The chapter begins with identifying the current challenges and
afterwards we describe aspects regarding the collaboration and competition among participants. We
also formulate the service procurement problem and present the main criteria for evaluating the
efficiency of a trading mechanism. These criteria are grouped into two categories: collaborative and
competitive. The chapter ends with the study of some economics models, extracted from literature,

that were designed for solving the defined problem.

In decentralized computing systems, in order to cope with the high flow of messages exchanged
between the participants and also with the dynamic evolution of the environment as a whole, the
services trading model should be automated. Furthermore, it is important to enhance the society’s
confidence regarding the social fairness ensured by the mechanism, which represents the basic

premise for achieving collaboration in the system.

In this sort of environment, there is both collaboration and competition: each participant is
interested in maximizing his individual satisfaction and the optimum is obtained by maximizing the
society’s overall satisfaction as a result of the collaboration. We also outlined that due to the lack of
a central authority, the implementation of intelligent agents that have a high degree of self-

determination, represents a viable solution for the existing challenges.

In addition, in this chapter we defined the service procurement problem, emphasizing its main
characteristics and presenting the efficiency requirements for developing a potential model. Next,
we discussed the main concepts from Game Theory, used for evaluating the efficiency of a model
and for comparing two or more models. The individuals express their preferences for certain
characteristics of the service being transacted and the fundamental criterion to quantify their
satisfaction after negotiation is their individual utility. Our main goal is to build strategies for the
participants who interact, so that the solution resulted from the mechanism could also meet the

Pareto optimality criterion.
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In the next chapter, we discuss the issue of purchasing a service, introducing key elements used
in designing a trading mechanism. These notations are universally applied in the literature related

to Mechanism Design. However, we will present them adapted to our specific scenario.
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Chapter 2.

Mechanism Design principles

Since the second half of the twentieth century, Game Theory and Mechanism Design have been
widely used for various collaborative engineering applications. These are considered fundamental
tools for modeling, analyzing and solving distributed design problems that involve autonomous
agents that interact strategically in a rational and intelligent manner. Mechanism Design lays at the
intersection of several other fields, such as: Game Theory, Microeconomics and Artificial
Intelligence, this area being extended by famous economists like: Leonid Hurwicz [81], Eric
Maskin [82] and Roger Myerson [83], who obtained the Nobel Prize in Economics in 2007 for their
latest and important research [84]. In the same context, another famous result awarded with Nobel
Prize in 1996, was developed by William Vickrey, for proving the famous auction that bears his
name [85].

Among the fundamental collaborative applications, in the context of decentralized systems, we
mention [86]:

% the procurement problem in electronic commerce, between companies and different
suppliers;

+¢ the problem of packet routing and network routers interested only in their objectives;

¢ logistics problems involving the allocation of tasks in several non-cooperative shipping
companies;

+¢ airport scheduling problems.

These problems can be regarded as distributed optimization problems, where there is an
objective function which depends on the private information held by each participant in the system.
A rational agent, who is interested exclusively in increasing his utility, acts strategically and
sometimes he will reveal incomplete or incorrect information regarding his goals and preferences.
The Mechanism Design theory is based precisely on this framework of non-cooperative games with
incomplete information and it studies how the private information can be obtained, in order to
ensure an effective collaboration within the system. In other words, Mechanism Design is a reverse
engineering of Game Theory and considers the specification of a game’s rules, for achieving a

certain objective [84].
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Next, we present the main elements and notations used to define a collaborative economic
mechanism. These elements are universally applied in the literature and we introduce them in order
to facilitate the service procurement problem, described in Chapter 1. We also describe some
market models from the Microeconomics theory (auctions and negotiations) that are suitable for

addressing this issue in decentralized systems.
Summarizing remarks 2.1.-2.5. specified in this part, we drew the following conclusions:

% The first step in designing a collaborative economic mechanism is to establish the social
choice function which is mapped on the design problem and will be implemented by the

mechanism;

®
%

An appropriate economic mechanism should treat two major issues: the aggregation of
individual preferences and obtaining each participant’s i real evaluation 6, regarding the
service (information revelation);

% In order to obtain the individuals’ real types, the designer may use direct or indirect

mechanisms;

®.
%

The direct mechanisms are not suitable in our case, because, being an environment where

there is competition, the participants never reveal their true evaluation of the service;

R/
0.0

However, there are some indirect mechanisms (e.g. Vickrey auctions), which stimulate the
disclosure of the real value;

®
%

The final goal in a mechanism is to obtain Pareto optimal outcomes, this being the

fundamental efficiency criterion.

In a decentralized system with multiple competing participants, a concurrent negotiation model
between service providers and consumers may be a viable solution to tackle the free and
unstructured communication, also considering that one individual could be service provider and
consumer in the same time. The alternating offers protocol represents a flexible and easy to

implement solution for such open systems.

Another solution would be the development of an auction model, which is more structured and
with well founded properties in literature. However, these models have a major disadvantage: the
relatively centralized organization, which imposes the need for an auctioneer that represents a

drawback in the case of decentralized systems.

As a main conclusion, we can say that the development of a hybrid model, which combines the
advantages offered by negotiations and auctions, would be appropriate for service trading as it
would ensure the maximization of participants’ satisfaction, as well as the achievement of Pareto

efficient solutions and a high level of social welfare.

In the next chapter of this research, we address the competition side of a decentralized system,
generated by the strategic behavior of the agents who want to purchase the same service.
Collaboration is maintained between all members, but the participants’ strategies induce the desire
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to maximize their individual utility, while also ensuring a result of the game which is compatible
with the social fairness principles.
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Chapter 3.
Strategic behavior in the collaborative mechanism for service
procurement

In Chapters 1 and 2 of this research, we indentified the main problems that arise in the case of
developing an automated collaborative model for the efficient trading of services in a decentralized

system and we presented in detail the main elements used to construct such a model.
The collaborative economic mechanism should include two fundamental parts:

s The rules of the mechanism: the stages and the ending conditions;

s The strategies adopted by individuals involved in purchasing a particular service.

The first element defines the collaborative aspect of a decentralized system, the effective
communication being ensured through the interaction protocol. As discussed in Chapter 2, section
2.8., auction and negotiation models are the most appropriate market mechanisms to cope with the
distributed nature of the system, because they offer desirable advantages regarding the rules of the

protocol.

The intelligent agents’ strategic behavior emphasizes the competition side, specifying how they
build their next offer, depending on the evaluation of the service and other information obtained
during the interaction. Considering the desire to reach a favorable agreement and the intelligence
attribute, the agents’ main goal is to maximize their individual utility, the interactions between

them generating an optimal outcome.

The fundamental aim of this chapter is to present, using a comparative approach and from our
own point of view, different intelligent search techniques, focusing on the advantages and
disadvantages of each of them, analyzing if they fit in the proposed scenario. In the first part of the
chapter, we discuss the concepts regarding agents’ tactics and strategies, describing them in detail,
starting from the most rudimentary and inefficient strategy, towards the more intelligent ones, that

incorporate different learning techniques.

The main contribution of this chapter is represented by the own developed strategy, which is
based on learning the opponent’s preference profile, but also considering a differentiated

concession factor on various time intervals. This strategy was built for simulating the Qualitative
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English Auction (QEA) mechanism (as we shall see in Chapter 6 of this research). We will also
evaluate the efficiency of this strategy, showing that it generates much better results comparing to

other strategies based on learning.

The development of an optimal strategic behavior for the agents who interact in order to
purchase a service, represents a crucial issue. Remarks 3.1. — 3.7. presented in this chapter, lead us
to the following conclusions:

% Obtaining Pareto efficient solutions in a partially competitive environment, where there is
incomplete information on both sides (service consumer and provider), is the fundamental

goal of a strategy and is a complex issue;

®
%

If an agent wants to propose favorable offers for his opponent, he has to build a model of
his preferences, which he will update after each piece of information received (the
opponent’s offer in a round);

®
%

There is a need to include learning techniques in an agent’s strategic behavior, to succeed in
estimating the competitor’s preferences;
+ Considering an appropriate concession factor is also important, to avoid the situation of

disagreement (in this case the agent’s utility will be 0).

The observations above, regarding the advantages and disadvantages of different strategies, can
be viewed in Appendix 2 of this study.

We also developed a comprehensive strategic behavior that combines the advantages offered by
Bayesian learning with a time dependent tactic, considering a differentiated concession factor on
various time intervals, until the end of the negotiation. We noticed that the agent who adopts this
strategy achieves a higher personal satisfaction than any other agent who adopts for example the
classical Bayesian learning strategy. This is due to the concession which depends on time: on the
first time intervals, the agent does very small concessions, focusing on learning the opponent’s
preferences more. The concession step is increased as the time limit approaches. This strategy
generates Pareto efficient solutions compared to other strategies presented in this chapter: those

based on random walk, trade-off, or classical concession.

After the description of the strategic behaviors that may be adopted by the participants, we
focused on describing the own developed solution. Before doing this, we present the
methodological framework used to implement the collaborative solution and the changes made in
the system to achieve this objective. In Chapter 4, we present in detail the GENIUS [135]

negotiation environment.
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Chapter 4.
Methodology used for evaluating the collaborative solution

In this chapter, we describe in detail the negotiation simulator used to evaluate the proposed
collaborative solution (which we will present in Chapter 6 of this research). We mention the initial
functionality offered by the system, referring to the execution of bilateral negotiation sessions (of
one-to-one type), where the communication is ensured by the Rubinstein’s alternating offers
protocol [114].

The main contribution lies in extending the negotiation environment, i.e. the interaction layer,
by implementing and including negotiation protocols that allow concurrent interaction between
multiple participants from the system (of one-to-many type). These protocols will be used to
simulate the Qualitative English Auction (QEA), described in Chapter 6. Also, we have developed
intelligent agents that adopt strategies based on Bayesian learning and incorporate the rules of the

concurrent protocols.

In this chapter we presented the architecture of the negotiation environment used for evaluating
the performance of the collaborative solution proposed in this research. GENIUS [135] ensures an
easy integration of new interaction protocols between individuals and also the development of the

individuals’ strategies who adhere to these protocols.

At the beginning, the system included only one communication protocol that provided
interaction only between two participants. For testing the collaborative solution, we extended the
negotiation environment to allow concurrent interactions, by developing two negotiation protocols
and two negotiation strategies adapted for these protocols. The first strategy considers the classical
Bayesian learning of the opponent’s model, while the second strategy is based on learning, but also
considering a differentiated concession according to time. The latter was detailed in section 3.6.2.,
being originally developed for the case of bilateral negotiation and adapted later for the case of

concurrent.

In the next two chapters we will integrate all the concepts described in Chapters 1-4 and we
detail the proposed collaborative mechanism for automated services trading in decentralized

systems.
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Chapter 5.
The design of the collaborative quantitative mechanism for service
procurement

The design of a quantitative mechanism involves establishing the rules of the game, so that they
strengthen the individuals’ confidence in the social fairness offered, stimulating their adhesion to
the mechanism, which are the main prerequisites for achieving collaboration. Social fairness means
that, besides an individual’s overall objective, which is to obtain a favorable contract for a service,
he estimates that he will get a high personal satisfaction, a fact that explains his individual
rationality. Thus, considering collaboration between all participants on the one hand and
competition between those who “play” for the same service on the other hand, the mechanism must

generate results that maximize the social welfare and are Pareto efficient.

In this chapter, we investigate various design models for an automated and quantitative
collaborative trading mechanism, while indentifying the main requirements to be met. Quantitative

means that the price is one of the fundamental attributes evaluated by participants.
In the context of the designed mechanism, we will analyze the following criteria:

s The agents’ noncooperative nature: it must be possible for them to take effective decisions

locally, based on their own private information and the strategies adopted in the game;

R/
0.0

The rules of the protocol to ensure an efficient communication and social fairness in the

mechanism;

®
%

The process of purchasing a particular service to be completed in a reasonable time limit;

®.
%

Information revelation: to obtain the participants’ true evaluation regarding a service being

transacted;

>

¢ The final solution to meet the Pareto optimality criterion, this being the most important

efficiency criterion.

Next, we define the quantitative mechanism design problem, in the context of the notations

specified in Chapter 2 of this study.
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Summarizing remarks 5.1. — 5.14. specified in this chapter, we extract the following
fundamental conclusions: The design of the quantitative mechanism for service procurement in a

decentralized environment takes place based on some essential steps:

7

s The description of the design problem: specitying the domain, number of participants, their
types and the true evaluation of them;

% Modeling the problem through a social choice function for which we search for an optimal
solution x" and specifying the monetary transfers to be made by the participants. As a
quantitative mechanism, the price is the fundamental characteristics of the attribute being
transacted.

% The final decision regarding the mechanism that will implement the social function defined

above: auction or negotiation.
To evaluate the efficiency of the chosen mechanism, we define the following requirements:

s A game theoretic approach is of vital importance: based on the participants’ preference
profiles an equilibrium is determined, in the context that each individual adopts a best
response strategy to that of the opponents’, in order to maximize his own utility;

s We also use solution concepts, especially Nash equilibrium, to determine whether an
outcome is optimal or not. The solution generated by the mechanism should also meet the

requirement of Pareto optimality.

In this chapter, we defined the service procurement scenario, considering 1 buyer and 2 possible
service providers. We described in detail the design of two types of quantitative mechanism that are

suitable to solve this problem: auction and negotiation.

The quantitative mechanism was designed starting from the following premises:

s The evaluation of the service: Each participant i € {0,1,2} from the mechanism extracts his
true evaluation regarding the service in a random way, applying a probability distribution.
For simplicity, we considered that the probability distribution is uniform, so the participants
i extract the values from the interval [0,1];

s The value of the service depends exclusively on the participant’s preferences. Each
individual knows exactly the value of the service for him, but this information is private;

% Risk neutrality: The participants’ utility functions related to the welfare will be linear;

% Information symmetry: All agents i from the system, wherei € {0,1,2}, have the same set of
possible values for the service. This means that all participants use the same probability

density function ¢ to obtain the value of the service (it follows thatg =@, =...=¢, =¢).

In the case of designing the quantitative auction mechanism, we extracted the following

conclusions:
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7
0’0

*

No matter which auction mechanism is implemented, based on the strategic equivalence of
the auction mechanisms, we can always use the properties of the equivalent mechanisms;

Designing a quantitative mechanism that has a dominant strategy (English or Vickrey)
represents an optimal solution, as there is no additional effort to estimate other participants’
evaluation. The auction mechanisms can be also modeled as multiple concurrent
negotiations between the consumer and each provider (on different negotiation threads). In
the next chapter, we will exploit particularly this detail, in the context of developing a
qualitative trading mechanism. We prove that the proposed Qualitative English Auction
(OEA) can be approximated by two concurrent negotiation models, thus combining the

advantages of the two mechanisms.
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Chapter 6.
The design of the collaborative qualitative mechanism for service
procurement

In a decentralized environment, purchasing a service generates complex interactions between
individuals who cooperate to achieve a favorable contract with the opponent, but also are
competitive, in pursuit of their interests. Such a dual society, where collaboration and competition
coexists, is formed by aggregating the different and sometimes conflicting preferences of service
consumers and providers and the social optimum is represented by the equilibrium of the game

induced by the mechanism.

In this chapter, we proposed an English auction type of qualitative mechanism (QEA), to model
the service procurement problem, where a particular service is defined by several attributes:

delivery time, quality, expected duration of use and penalty.

Because the proposed mechanism is a qualitative one, it has the main advantage that eliminates
the difficulties encountered by the designer in the process of establishing a virtual currency for a
service. However, the main disadvantage is that the auctioneer needs to publicly announce his

preferences and the bidders can take advantage of this situation.

To eliminate this drawback, we proposed the approximation of the qualitative mechanism using
two concurrent negotiation protocols. These models generate optimal results even in the case of
incomplete information on any side. Thus, the consumer is not forced to reveal his preference
profile, is it enough to provide clues after each negotiation round, indicating his current level of

satisfaction.
The main contributions of this chapter can be summarized as follows:

1. We formalize the Qualitative English Auction (QEA) for the efficient trading of services in
a decentralized system, this model ensuring the social fairness through the rules imposed by
the communication protocol;

2. We build two concurrent negotiation protocols to approximate the QFA, in order to
eliminate the shortcoming related to information revelation;

3. The evaluation of the proposed mechanism through simulations, using the negotiation
protocols.
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In this chapter, the following objectives have been reached:
1. The detailed description of the building elements of the qualitative mechanism:

+» The attributes of the service;
% The weights of the attributes;
¢ The evaluation of the service by the consumer and providers;
¢ The utility functions;
¢ Each participant’s reservation value;
%+ The preference profile;
2. The definition of the implementation problem, applied in the case of the qualitative
mechanism, starting from some initial hypotheses and efficiency criteria;
3. The proof of the Qualitative English Auction (QEA) model, outlining the differences from
the quantitative English auction (based on price);
The building of the algorithm for determine the winner of the QEA;
5. Comparing the QEA with other similar mechanisms (e.g. the Qualitative Vickrey Auction
described in [153]);

We believe that the proposed qualitative model is suitable for the challenges that arise in the
case of trading services in open computing systems, because the rules motivate the consumers and
providers to adhere to this mechanism. Also, the buyer succeeds in maximizing his utility and the

result generated by the mechanism is an optimal one in all scenarios.

Next, we treated another important aspect, namely the possibility of approximating the QFA by

negotiation protocols, evaluating the efficiency of these models through specific simulations.

The main motivation for building concurrent protocols lies in the fact that the buyer does not
need to publicly announce his preference profile >, in order to obtain an optimal outcome of the

mechanism. The only information disclosed by the consumer after each negotiation round is related

to the winning bid in that round.

In the first developed negotiation protocol, we considered that the negotiation between the
consumer and the providers ends when all providers except one withdraw from negotiation.

Because the total number of possible offers is very high for the considered service negotiation

domain, the providers exhaust most of their offers until they reach their reservation values vz, .

This is the fundamental reason why we have developed a second concurrent negotiation
protocol, but with a time limit T until which the interactions must end. Our goal was to prove that
even in the case of a time horizon of 6 minutes available for the negotiation, we can obtain an

optimal outcome that is Pareto efficient and maximizes the participants’ utilities.

For both protocols, we built intelligent strategies for the providers, based on Bayesian learning,

to estimate the consumer’s preferences. The learning strategy ensures that the providers propose
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favorable offers for the consumer and thus obtain a Pareto efficient solution of the mechanism. In
the case of the second negotiation protocol, we had to adapt the learning strategy, in order to
maintain the efficiency parameters even considering the restrictions regarding the time limit. This
learning strategy incorporates a differentiated concession factor depending on the elapsed time of

negotiation (strategy presented in section 3.6.3)

In the last part of this research, our main objective was to evaluate the effectiveness of the
concurrent protocols, thus evaluating the efficiency of the QFA. In this context, efficiency is
translated into the ability of the protocols to approximate the QFA4, in terms of the utilities obtained
by the consumer and the winning provider after negotiation. Initially, we performed simulations on
a sample of 50 negotiation session (randomly drawn from the set of 792 possible games) and then

we performed simulations on the whole set of 792 games.
We extracted the following conclusions:

% In the case of the first negotiation protocol with the withdraw condition, the buyer obtained
an average utility of 0.087150, which is a little bit higher than that obtained in the QFA. On
the other hand, the provider obtained an average utility of -0.1134, which is lower than in
The QFA. The explanation for obtaining a higher utility in the case of the buyer could be
due to the learning strategy and also considering the unlimited time for negotiation. Until
when they reach their reservation values, the providers exhaust most of their offers and

being an ascending mechanism they maximize the consumer’s utility in this way;

®.
L4

In the case of the second negotiation protocol with the deadline condition, where T=6
minutes, the buyer obtained an average utility of -0.0977, which means that is lower than in
the QFA. In the same context, the winning provider obtained an average utility of 0.0043
that is a little bit higher than in the QFA.

We applied the Kolmogorov-Smirnov[157][158] nonparametric statistical test, to verify the
correlation between the utility distributions obtained by the consumer and the winning provider, in
the case of the two concurrent protocols, comparing with those generated by the QFA. We
concluded that the concurrent protocol with the deadline condition performs better and this result
was obtained also for the whole set of 792 possible games. The main conclusion is that we can

achieve efficiency in a short time limit and with a minimum of disclosed information.
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CONCLUSIONS

In this thesis, we addressed the problem of achieving an automated collaboration when
procuring a particular service in the case of a decentralized system. We tackled the dual nature
(collaboration-competition) of the system, then we described the service procurement problem,
emphasizing the services’ main characteristics and we discussed the efficiency requirements for a
potential model developed. We also presented the main concepts from Game Theory, through

which we can evaluate the efficiency of a model and compare two or more possible models.

Next, we described from a personal perspective the main elements used for building a
collaborative economic mechanism (Mechanism Design domain) and we illustrated, using a
comparative approach, the market models from economic theory that we considered suitable for

solving the existing challenges in decentralized systems.

The competition aspect of the decentralized system was addressed through the intelligent
agents’ strategic behavior. We specified how they build the next offer that will be launched,
depending on the private evaluation of the service and also considering other information obtained
during the interaction. We insisted on the intelligence characteristics, which play an important role,
as the agents are interested to maximize their individual satisfaction, while the interaction between
them generates a result of the mechanism which respects the fairness principles. The contribution
of this part is the detailed description of our own strategic behavior that is based on learning the
opponent’s preference profile, having various concession factors on different time intervals. This
strategy was developed to simulate the collaborative mechanism based on a Qualitative English
Auction (QEA), this model being formalized in the last chapter of this research.

After describing the strategies that may be adopted by the participants in the mechanism, we
focused on our own collaborative solution. Before presenting the developed mechanism, we
outlined the methodological framework used to implement the solution. We highlighted the
modifications and extensions made in the negotiation environment in order to achieve this

objective.

Next, we defined the concrete service procurement problem, considering a scenario with one
consumer and two service providers. We described the detailed design of two quantitative

mechanisms to solve this problem: auction and negotiation.
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In the last part of this research, we addressed the development of a qualitative mechanism of
English auction type, for the trading of a service characterized by several attributes, such as:
delivery time, quality, expected duration of use or penalty. We reasoned that, because the proposed
auction mechanism is a qualitative one, it has the main advantage of eliminating the difficulties
encountered by the designer in the process of establishing a virtual currency to express the price of
a service. However, we stated that one of the main disadvantages is limited by the need to publicly
announce the auctioneer’s preference profile, thus facilitating the exploitation of information from
the bidders.

To eliminate this drawback, we proposed an approximation of the Qualitative English Auction
(OFEA) by two concurrent negotiation protocols. We noticed that these types of models generate
optimal results even in the case of incomplete information on any participant’s side. This research
concludes with some experimental simulations by which we wanted to evaluate the efficiency of
the qualitative mechanism developed. We achieved this, seeing that, so far, there is no theoretical
proof to analyze the optimality of the outcome generated by the mechanism.

i. Contributions

The author’s contributions through this research are summarized as follows:

« We addressed the service procurement problem in decentralized environments, starting
from the actual difficulties or gaps in such virtual organizations [162];

+ We identified some market models from Microeconomics theory that we considered
suitable to solve the defined problem [160];

« We treated the dual nature, collaborative-competitive of an open system, identifying the
main requirements for an efficient service trading mechanism [160];

+¢ The development of a smart strategic behavior, based on learning the opponent’s model,
which generates an efficient outcome for the individuals who adopt it [161];

+ The expansion of the GENIUS [135] negotiation environment in order to implement our
solution and to allow interactions between multiple participants (at the beginning, the
simulator offered the possibility to run only bilateral negotiations) [159];

¢ The development of a quantitative model for trading a service having multiple attributes;

« The development of a qualitative model of English auction type (QFEA) that offers
incentives for automated collaboration in the system, the mechanism ensuring through its
rules the social equity in the community [159];

% The development of concurrent negotiation protocols that approximate the QFA, in order to
eliminate the shortcomings related to information revelation by the auctioneer [159];
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+» Experimental simulations and statistics to evaluate the efficiency of the proposed qualitative
mechanism. The main reason is that there is no theoretical proof regarding the optimality of

the outcome.

ii. Publications

The dissemination of the research results was done by publishing articles belonging to ISI or
BDI category, from top conferences on Artificial Intelligence or Economics. The proposed
collaborative qualitative mechanism (QEA) was validated through an article presented and included
in the proceedings of the Agent-Based Complex Automated Negotiations (ACAN 2011) workshop,
belonging to the prestigious conference on Artificial Intelligence, Autonomous Agents and Multi-
Agent Systems (AAMAS 2011) [159] and will be published by Springer in 2012. At this moment,
two other articles are submitted for evaluation, at the GECON 2011 and AAMAS 2012 conferences.

Serban, L.D., Stefanache C.M., Silaghi G.C., Litan, C.M., "4 Qualitative Ascending Protocol for
Multi-Issue One-to-Many Negotiations", Proceedings of the 4th International Workshop on Agent-
Based Complex Automated Negotiations, ACAN 2011, in conjunction with AAMAS 2011
conference, 2-6 May 2011, Taipei, Taiwan (to be published by Springer in 2012, indexed ISI).

Stefanache, C.M., “4 Market-Based Approach of Efficient Resource Allocation Mechanisms in
Collaborative Peer-to-Peer Systems”, Economy Informatics Journal, Inforec, 2010, indexed BDI.

Stefanache, C.M., “Intelligent Negotiation Strategies for Efficient Service Trading in Open
Computing Systems”, Workshop Intelligent Decission Support Systems, Cluj-Napoca, 2010.

Stefanache C. M., Simon A. M., Nagy .M., Sitar-Taut D.A., “An Approach of Implementing a
Virtual Hotel Organization Using Web Services Technology”, Ambient Intelligence Perspectives,
IOS Press, pp. 211-220, 2009, indexed ISI.

Stefanache C.M., Silaghi G.C., Litan C.M., “Automated Average Cycle Length Detection in
Chaotic Time Series”, International Conference on Intelligent Systems, Modelling and Simulation,
Liverpool, England, IEEE Digital Library, pp. 140-145, 2010, indexed BDI.

iii. Future research directions

The future research direction can be conducted based on several axes:

% Market models from economic theory: the possibility to formalize a qualitative version of
other market models, in addition to auctions;
s Artificial Intelligence: The development of other intelligent strategic behaviors, that

consider other learning techniques than the Bayesian learning;
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s The negotiation environment: The expansion of the interaction module, to allow many-to-
many type of communications between participants;

% Mechanism Design: The design of other mechanism than concurrent negotiations, to
approximate the qualitative auction mechanism. In this context, before considering this, an
excellent research perspective would be the theoretical proof of the approximation

mechanism.



Contributions to resource management in collaborative systems 29

Bibliography

[1] Foster, 1., lamnitchi A.,“On death, taxes and convergence of peer-to-peer and grid computing”, In
Lecture Notes in Computer Science, 2735, Springer Verlag, 2003
[2] Buyya R., Abramson D., Giddy J., Stockinger H.,“Economic models for resource management and

scheduling in grid computing”’, Concurrency and Computation: Practice and Experience , 14 (13-15), pp.
1507-1542, 2002.

[3] Foster, 1., Kesselman C., Tuecke S., “The anatomy of the Grid: Enabling scalable virtual organizations”,
International Journal of Supercomputer, Applications, 15 (3), 2001.

[4] Foster, 1., Kesselman C., “The Grid: Blueprint for a New Computing Infrastructure”, Morgan Kaufmann
Publishers, San Francisco, 1999.

[5] CoreGrid vision about the Grid. Retrieved from CoreGrid:
http://www.coregrid.net/mambo/content/view/2/25/ , 2005

[6] Schollmeier, R.,“4 Definition of Peer-to-Peer Networking for the Classification of Peer-to-Peer
Architectures and Applications”, Proceedings of the First International Conference on Peer-to-Peer
Computing, IEEE, 2002.

[7] Shirky, C. “What is P2P and what Isn’t”. Retrieved from
www.openp2p.com/pub/a/p2p/2000/11/24/shirky1-whatisp2p.html , 2000.

[8] Stoica, I., Morris, R., Karger, D., Kaashoek, M.F., Balakrishnan, H., “CHORD: A Scalable Peer-to-Peer
Lookup Service for Intenet Applications”. In Proceedins of 2001 ACM SIGCOMM Conference.

[9] Ratnasamy, S., Francis, P., Handley, M., Karp, R., Shenker, S.,“4 Scalable Content Addressable
Network”. In Proceedings of 2001 ACM SIGCOMM Conference.

[10] Rowstron, A., Druschel, P., “Pastry: Scalable, decentralized object location and routing for large-scale
peer-to-peer systems”. In IFIP/ACM International Conference on Distributed Systems Platforms
(Middleware), Heidelberg, Germany, 2001.

[11] Wooldridge, M., “An Introduction to MultiAgent Systems”, John Wiley & Sons Ltd, 2002.

[12] Wooldridge, M., Jennings, N. R. “Intelligent agents: theory and practice”, The Knowledge
Engineering Review, 10(2), pp. 115-152.

[13] Fuks, H, Raposo, A., Gerosa, M., Pimentel, M., Filippo, D., Lucena, C., “Inter-and intra-relationships
between communication coordination and cooperation in the scope of the 3C Collaboration Model”, 12th
International Conference on Computer Supported Cooperative Work in Design, CSCWD 2008.

[14] Ellis, C.A., Gibbs, S.J. & Rein, G.L., “Groupware - Some Issues and Experiences”. Communications
of the ACM, Vol. 34, No. 1, pp. 38-58.

[15] Fehr, E., Schmidt, K. M.,“4 Theory of Fairness, Competition, and Cooperation”’, The Quarterly
Journal of Economics, Vol. 114 (3), pp. 817-868, 1999.

[16] Coad, P., Yourdon, E., “Object-Oriented Design. Englewood Cliffs: Yourdon Press”, 1991.



30 Contributions to resource management in collaborative systems

[17] Sierra, C., Faratin, P., Jennings, N., “A service-oriented negotiation model between autonomous
agents”. In Boman, M., and de Velde, W. V., eds., Proceedings of 8th European Workshop on Modeling
Autonomous Agents in Multi-Agent World, no. 1237 in Lecture Notes in Artificial Intelligence, pp. 17-35,
Springer-Verlag, 1997.

[18] Sandholm, T. W., “Distributed rational decision making”. In G. Weiss, Multiagent Systems A Modern
Approach to Distributed Artificial Intelligence, pp. 201-258, Cambridge: MIT Press, 1999.

[19] Baptisste - Say, J., “4 treatise on political economy, or the production distribution and consumption of
wealth”, Batoche Books Kitchener, 2001.

[20] Bentham, J., “An Introduction to the Principles of Morals and Legislation”, Adamant Media
Corporation, 2005.

[21] Mill, J. S., “Utilitarianism ", Chicago: University of Chicago Press, 1906.

[22] Samuelson, P. A., “Foundations of Economic Analysis”, Harvard University Press, 1983.
[23] Marshall, A., “Principles of Economics”, 8th ed., Vol. I, London: Macmillan, 1920.

[24] Slutsky, E., “Sulla teoria del bilancio del consummatore”, Giornale degli Economisti, 1915.

[25] Pareto, V., “Considerazioni sui principi fondamentali dell'economia politica pura”, Giornale degli
Economisti, 1893.

[26] Hicks, J., “The Foundations of Welfare Economics”, Economic Journal, 1939.

[27] Leyton-Brown, K., Shoham, Y., “Multiagent Systems: Algorithmic, Game-Theoretic, and Logical
Foundations”’, Cambridge University Press, 2009.

[28] von Neumann, J., Morgenstern, O., “Theory of Games and Economic Behavior”, 2nd Edition ed.,
Princeton: Princeton University Press, 1947.

[29] Pareto, V., “Manual of political economy”, Trans. by A. Kelley, New York, 1971.
[30] Barr, N., “Economics of the welfare state”, Oxford University Press, 2004.

[31] Sen, A., “Markets and freedom: Achievements and limitations of the market mechanism in promoting
individual freedoms”, Oxford Economic Papers, 45 (4), pp. 519-544, 1993.

[32] Arrow, K. J., Debreu, G., “Landmark Papers in General Equilibrium Theory, Social Choice and
Welfare”, Edward Elgar Publishing, 2002.

[33] Greenwald, B. C., Stiglitz, J. E., “Externalities in economies with imperfect information and incomplete
markets”’, Journal of Economics, /01 (4), pp. 229- 264, 1986.

[34] Mas-Colell, A., Whinston, M., Green, J., “Microeconomic Theory”, Oxford University Press, 1995.

[35] Bergson, A., “4 Reformulation of Certain Aspects of Welfare Economics”, Journal of Economics , 52
(2), pp- 310-334, 1938.

[36] Sen, A., “Collective Choice and Social Welfare”, North-Holland Publishing Co., 1970.
[37] Pigou, A. C., “The Economics of Welfare”, 4th Edition, London: Macmillan, 1932.
38]

[38] McLure, M., “Pareto, Economics and Society: The mechanical analogy”, New York: Routledge Press,
2001.

[39] Barone, E., “The Ministry of Production in the Collectivist State”. In F.A. Hayek, Collectivist
Economic Planning, pp. 245-290, 1935.

[40] Arrow, K. J., “4 Difficulty in the Concept of Social Welfare”, Journal of Political Economy , 58 (4), pp.
328-346, 1950.

[41] Arrow, K. J., “Social Choice and Individual Values”, Yale University Press, 1951, 2nd ed., 1963.
[42] Nash, J. F., “Non-Cooperative Games”, The Annals of Mathematics , 54(2), pp. 286-295, 1951.



Contributions to resource management in collaborative systems 31

[43] Luce, R.D., Raiffa, H., “Games and Decisions: An Introduction and Critical Survey”, Wiley & Sons.,
Capitolul 5, 1957.

[44] Nash, J. F., “Equilibrium points in n-person games”, Proceedings of the National Academy of Sciences
, 36 (1), pp. 48-49, 1950.

[45] Debreu, G., “A Social Equilibrium Existence Theorem”, Proceedings of the National Academy of
Sciences of the United States of America, 38(10), pp. 896-893, 1952.

[46] Nash, J. F., “The Bargaining Problem”, Econometrica (The Econometric Society), 18(2), pp. 155-162,
1950.

[47] Kalai, E., Smorodinsky, M., “Other solutions to Nash’s bargaining problem”, Econometrica (The
Econometric Society) , 43(3), pp. 513-518, 1975.

[48] Osborne, M. J., Rubinstein, A., “4 course in game theory”, MIT Press, 1994.

[49] Kalai, E., “Proportional solutions to bargaining situations: Intertemporal utility comparisons”,
Econometrica , 45(7), pp. 1623-1630, 1977.

[50] Buyya, R., Abramson, D., Giddy, J., “4 Case for Economy Grid Architecture for Service-Oriented Grid
Computing”, Proceedings of the International Parallel and Distributed Processing Symposium: 10th IEEE
International Heterogeneous Computing Workshop (HCW 2001), San Francisco, California, 2001.

[51] Buyya, R., Abramson, D., Giddy, J., “An Economy Driven Resource Management Architecture for
Global Computational Power Grids”, Proceedings of the 2000 International Conference on Parallel and
Distributed Processing Techniques and Applications (PDPTA), 2000.

[52] Foster, 1., Kesselman, C., “Globus: A Metacomputing Infrastructure Toolkit”, International Journal of
Supercomputer Applications, 11(2), pp. 115-128, 1997.

[53] Wolski, R., Plank, J. S., Bryan, T., Brevik, J., “Gcommerce: Market formulations controlling resource
allocation on the computational grid”, Proceedings of International Parallel and Distributed Processing
Symposium (IPDPS), 2001.

[54] Heiser, G., Lam, F., Russell, S., “Resource Management in the Mungi Single-Address-Space Operating
System”, Proceedings of Australasian Computer Science Conference, Springer-Verlag, Singapore, 1998.

[55] Amir, Y., Awerbuch, B., Barak, A., Borgstrom, S., Keren, A., “An Opportunity Cost Approach for Job
Assignment in a Scalable Computing Cluster”, IEEE Transactions on Parallel and Distributed Systems,
11(7), pp. 760-768, IEEE CS Press, 2000.

[56] Brooke, J., Foster, M., Pickles, S., Taylor, K., Hewitt, T., “Mini-Grids: Effective Testbeds for Grid
Application”, Proceedings of the First IEEE/ACM International Workshop on Grid Computing (GRID
2000), Springer Verlag Press, 2000.

[57] Buyya, R., Abramson, D., Giddy, J., “Nimrod-G: An Architecture for a Resource Management and

Scheduling System in a Global Computational Grid”, The 4th International Conference on High
Performance Computing in Asia-Pacific Region, IEEE Computer Society Press, 2000.

[58] Buyya, R., Murshed, M., “GridSim: A Toolkit for the Modeling and Simulation of Distributed Resource
Management and Scheduling for Grid Computing”, Journal of Concurrency and Computation: Practice and
Experience, pp. 1-32, Wiley Press, 2002.

[59] Waldspurger, C. A., Weihl, W. E., “Lottery scheduling: Flexible proportional-share resource
management”’, Operating Systems Design and Implementation , pp. 1-11, 1994.

[60] Waldspurger, C. A., Hogg, T., Huberman, B. A., “Spawn: A distributed computational economy”,
Software Engineering , 18(2), pp. 103-117, 1992.

[61] Reed, D., Pratt, 1., Menage, P., Early, S., Stratford, N., “Xenoservers, Accounted execution of untrusted
code”, Proceedings of the 7th Workshop on Hot Topics in Operating Systems, IEEE CS Press, 1999.



32 Contributions to resource management in collaborative systems

[62] Bredin, J., Kotz, D., Rus, D., “Utility Driven Mobile-Agent Scheduling”, Technical Report, Dartmouth
College, Hanover, NH, pp. 98-331, 1998.

[63] Chun, B., Culler, D., “Market-based proportional resource sharing for clusters”, Technical Report,
University of California, Berkeley, 2000.

[64] Liang, T.-P., Huang, J.-S., “4 framework for applying intelligent agents to support electronic trading”,
Decision Support Systems , 28(4), pp. 305-317, 2000.

[65] Jevons, W. S., “Money and the mechanism of exchange”, D. Appleton and Company, 1875.
[66] Mojo Nation: http://www.mojonation.net/, 2001.

[67] Cooper, B., Garcia-Molina, H., “Bidding for Storage Space in a Peer-to-peer Data Preservation
System”, Proceedings of the 22nd International Conference on Distributed Computing Systems, http:/www-
db.stanford.edu/peers/, 2002.

[68] McAfee, R.P., McMillan, J., “Auctions and bidding”, Journal of Economic Literature, 25(3), pp. 699-
738, 1987.

[69] Nisan, N., London, S., Regev, O., Camiel, N., “Globally Distributed computation over the Internet: The
POPCORN project”, International Conference on Distributed Computing Systems, IEEE CS Press, 1998.
[70] Frank, M., “The OCEAN Project:. The Open Computation Exchange & Auctioning Network”, The
University of Florida, http://www.cise.ufl.edu/research/ocean/, 2002.

[71] Smith, R. G., “The Contract Net Protocol: High level communication and control in a distributed
problem solver”, IEEE Transactions on Computers , 29(12), pp. 1104-1113, 1980.

[72] FIPA: Foundation for Intelligent Physical Agents, http://www.fipa.org

[73] Collins, J., Jamison, S., Mobasher, B., Gini, M., “A4 Market Architecture for Multi-Agent Contracting”,
Proceedings of the Second International Conference on Autonomous Agents, pp. 285-292, 1998.

[74] Vokrinek, J., Biba, J., Hodik, J., Vybihal, J., Pechoucek, M., “Competitive Contract Net Protocol”,
Theory and Practice in Computer Science, 2007.

[75] Sandholm, T. W., “Leveled Commitment Contracts and Strategic Breach”, Games and Economic
Behavior , 35(1), pp. 212-270, 2001.

[76] Aknine, S., Pinson, S., Shakun, M. F., “4n Extended Multi-Agent Negotiation Protocol”, Autonomous
Agents and Multi-Agent Systems, no. 8, pp. 5-45, 2004.

[77] Sandholm, T. W., Lesser, V., “Issues in Automated Negotiation and Electronic Commerce: Extending
the Contract Net Framework”, Proceedings of First International Conference on Multiagent Systems, AAAI
Press, pp. 328-335, 1995.

[78] Bergenti, F., Poggi, A., Somacher, M., “A Contract Decommitment Protocol for Automated
Negotiation”, In A. V. Omicini (Ed.), Time Variant Environments, pp. 56-61, 2001.

[79] Stonebraker, M., Devine, R., Kornacker, M., Litwin, W., Pfeffer, A., Sah, A., Staelin, C., “4n
Economic Paradigm for Query Processing and Data Migration in Mariposa”, Proceedings of 3rd
International Conference on Parallel and Distributed Information Systems, IEEE Computer Society Press,
1994.

[80] Lalis, S., Karipidis, A., “An Open Market-Based Framework for Distributed Computing over the
Internet”, Proceedings of the First IEEE/ACM International Workshop on Grid Computing, Springer Verlag
Press, 2000.

[81] Hurwicz, L., “Optimality and informational efficiency in resource allocation processes”, In

Mathematical Methods in the Social Sciences, Arrow, Karlin and Suppes (eds.), Stanford University Press,
1960.



Contributions to resource management in collaborative systems 33

[82] Maskin, E., “Nash equilibrium and welfare optimality”, The Review of Economic Studies, no. 66, pp.
23-38, 1999.

[83] Myerson, R., “Mechanism design”, In J. Eatwell, M. Milgate, and P. Newman, editors, The New
Palgrave: Allocation, Information, and Markets, pp. 191-206, Norton, New York, 1989.

[84] The Nobel Foundation. The Sveriges Riksbank Prize in Economic Sciences in Memory of Alfred Nobel
2007: Scientific Background. Technical report, The Nobel Foundation, Stockholm, Sweden, December
2007.

[85] Vickrey, W., “Counterspeculation, auctions, and competitive sealed tenders”, Journal of Finance,
16(1), pp. 8-37, 1961.

[86] Nisan, N., “Algorithms for selfish agents, mechanism design for distributed computation”, In 16"
Symposium on Theoretical Aspects of Computer Science (STACS’99), pp. 1-15, Heidelberg, 1999.

[87] Hurwicz, L., Reiter, S., “Designing Economic Mechanisms”, Cambridge University Press, 2006.

[88] Harsanyi, J. C., “Games with incomplete information played by Bayesian players. Part I: The basic
model”’, Management Science, 14, pp. 159-182, 1967.

[89] Harsanyi, J. C., “Games with incomplete information played by Bayesian players. Part II: Bayesian
equilibrium points”, Management Science, 14, pp. 320—334, 1968.

[90] Harsanyi, J. C., “Games with incomplete information played by Bayesian players. Part IlI: The basic
probability distribution of the game”’, Management Science, 14, pp. 486502, 1968.

[91] Hurwicz, L., “On informationally decentralized systems”, In C.B. McGuire and R. Radner (eds.),
Decision and Organization, North-Holland, Amsterdam, 1972.

[92] Gibbard, A., “Manipulation of voting schemes”’, Econometrica, no. 41, pp. 587-601, 1973.

b

[93] Holmstrom, B., Myerson, R.B., “Efficient and durable decision rules with incomplete information”,
Econometrica, 51(6), pp. 1799-1819, 1983.

[94] Satterthwaite, M. A., “Strategy-proofness and Arrow’s conditions: Existence and correspondence
theorem for voting procedure and social welfare functions”, Journal of Economic Theory, no. 10, pp. 187—
217, 1975.

[95] Clarke, E., “Multi-part pricing of public goods”, Public Choice, 11, pp. 17-23, 1971.
[96] Groves, T., “Incentives in teams”, Econometrica, no. 41, pp. 617—631, 1973.

[97] Green, J. R., Laffont, J. J., “Incentives in Public Decision Making”, North-Holland Publishing
Company, Amsterdam, 1979.

[98] Nisan, N., “Introduction to mechanism design (for computer scientists)”, In E. Tardos N. Nisan, T.
Roughgarden and V. Vazerani, editors, Algorithmic Game Theory, pp. 209-242, Cambridge University
Press, 2007.

[99] Krishna, V., “Auction Theory”, San Diego, USA, Academic Press, ISBN 012426297X, 2002.
[100] Klemperer, P., “Auctions — Theory and Practice”, Princeton University Press, 2004.

[101] Wurman, P. R., Wellman, M. P., Walsh, W. W., “A parameterization of the auction design space”,
Games and Economic Behavior , 35(1), pp. 304-338, 2001.

[102] eBay: http://www.ebay.com/

[103] Das, R., Hanson, J. E., Kephart, J. O., Tesauro, G., “Agent-Human Interactions in the Continuous
Double Auction”, Proceedings of International Joint Conferences on Artificial Intelligence (IJCAI). Seattle,
2001.

[104] Wurman, P. W., Walsh, W. E., Wellman, M. P., “Flexible double auctions for electronic commerce”,
Decision Support Systems , no. 24, pp. 17-27, 1998.




34 Contributions to resource management in collaborative systems

[105] Nisan, N., Roughgarden, T., Vazerani, V., “Algorithmic Game Theory”, Cambridge University Press,
2007.

[106] Milgrom, P. R., Weber, R. J., “A theory of auctions and competitive bidding”’, Econometrica, 50(5),
pp. 1089-1122, 1982.

[107] Myerson, R. B., “Optimal Auction Design”, Mathematics of Operations Research, no. 6, pp. 58-73,
1981.

[108] Pruitt, D. G., “Negotiation Behavior”, Academic Press, 1981.

[109] Jennings, N. R., Faratin, P., Lomuscio, A. R., Parsons, S., Sierra, C., Wooldridge, M., “Automated
Negotiation: Prospects, Methods and Challenges”, Group Decision and Negotiation , 10(2), pp. 199-215,
2001.

[110] Rosenschein, J. S., Zlotkin, G., “Rules of encounter. designing conventions for automated negotiation
among computers”, MIT Press, 1994.

[111] Napel, S., “Bilateral Bargaining: Theory and Applications”, Lecture Notes in Economics and
Mathematical Systems , 2002.

[112] Muthoo, A., “Bargaining theory with applications”, Cambridge University Press, 1999.
[113] Raiffa, H., “The Art and Science of Negotiation”, Harvard University Press, 1982.
[114] Rubinstein, A., “Perfect Equilibrium in a Bargaining Model”, Econometrica, 50(1), pp. 97-109, 1982.

[115] Lomuscio, A. R., Wooldridge, M., Jennings, N. R., “4 classification scheme for negotiation in
electronic commerce”, International Journal of Group Decision and Negotiation , 12(1), pp. 31-56, 2003.

[116] Parkes, D. C., Ungar, L. H., Foster, D. P., “Accounting for cognitive costs in on-line auction design”,
P. S. Noriega, Ed., Lecture Notes in Artificial Intelligence, 1999.

[117] Binmore, K., “Fun and Games, A Text on Game Theory”, D.C. Heath and Company, 1992.

[118] Rahwan, 1., Kowalczyk, R., Pham, H. H., “Intelligent agents for automated one-to-many e-commerce

’

negotiation”, Twenty-Fifth Australian Conference on Computer Science. Melbourne, 2002.

[119] Nguyen T. D., Jennings, N. R., “Reasoning about commitments in multiple concurrent negotiations”,
The 6th International Conference on E-Commerce, Delft, pp. 77-84, 2004.

[120] Binmore, K., Shaked, A., Sutton, J., “An outside option experiment”’, Quarterly Journal of Economics,
104(4), pp. 753-770, 1989.

[121] Rubinstein A., Wolinsky, A., “Equilibrium in a market with sequential bargaining”, Econometrica,
no. 53, pp. 1151-1172, 1985.

[122] Chatterjee, K., “Bargaining and search with incomplete information about outside options”, Games
and Economic Behavior , 22(2), pp. 203-237, 1998.

[123] Cunyat, A., “Strategic negotiations and outside options”, University of Valencia Press, 1998.

[124] Muthoo, A., “On the strategic role of outside options in bilateral bargaining”, Operations Research ,
43(2), pp. 292-297, 1995.

[125] Chatterjee, K., Samuelson, L., “Bargaining with two-sided incomplete information: An infinite
horizon model with alternating offers”, The Review of Economic Studies, 54(2), pp. 175-192, 1987.

[126] Li, C. G., Giampapa, J., Sycara, K., “Bilateral negotiation decisions with uncertain dynamic outside

options”, First IEEE International Workshop on Electronic Contracting, IEEE Computer Society, pp. 54-61,
2004.

[127] Rubinstein, A., “Perfect equilibrium in a bargaining model”, Econometrica , no. 50, pp. 97-110,
1982.

[128] Osborne M., Rubinstein, A., “Bargaining and Markets”’, Academic Press, 1990.



Contributions to resource management in collaborative systems 35

[129] Gerding, E. H., Bragt, D. D., La Poutre, J. A., “Scientific approaches and techniques for negotiation:
a game theoretic and artificial intelligence perspective”, Technical Report, 2000.

[130] Kennan, J., Wilson, R., “Bargaining with private information”, Journal of Economic Literature, 31(1),
1993.

[131] Myerson, R. B., Satterthwaite, M. A., “Efficient mechanisms for bilateral trading”, Journal of
Economic Theory , no. 29, pp. 265-281, 1983.

[132] Fudenberg D., Tirole, J., “Sequential bargaining under incomplete information”, Review of
Economic Studies , no. 50, pp. 221-248, 1983.

[133] Rubinstein, A., “A bargaining model under incomplete information about time preferences”,
Econometrica, no. 53, pp. 1151-1172, 1985.

[134] Faratin, P., Sierra, C., Jennings, N. R., “Negotiation decision functions for autonomous agents”, Int.
Journal of Robotics and Autonomous Systems, 24(3-4), pp. 159-182, 1998.

[135] Hindriks, K., Jonker, C. M., Kraus, S., Lin, R., Tykhonov, D., “Genius: negotiation environment for
heterogeneous agents”, In AAMAS'09: The 8th Intl. Conf. on Autonomous Agents and Multiagent Systems,
pp. 1397-1398, IFAAMAS, 2009.

[136] Hindriks, K., Jonker, C., Tykhonov, D., “Negotiation dynamics: Analysis, concession tactics, and
outcomes”, In Proceedings of the IEEE/WIC/ACM International Conference on Intelligent Agent
Technology (IAT’07), pp. 427-433, 2007.

[137] Gode, D.K., Sunder, S., “Allocative efficiency in markets with zero intelligence (ZI) traders: Market
as a partial substitute for individual rationality”, Journal of Political Economy, 101(1), pp. 119-137, 1993.
[138] Jonker, C., Treur, J.A, “An agent architecture for multi-attribute negotiation”, In Nebel, B. (ed.),
Proceedings of the 17th International Joint Conference on Al, [ICAI’01, pp. 1195 -1201, 2001.

[139] Jonker, C.M., Robu, V., Treur, J., “An agent architecture for multi-attribute negotiation using
incomplete preference information”, Journal of Autonomous Agents and Multi-Agent Systems, 15(2), pp.
221-252,2007.

[140] Faratin, P., Sierra, C., Jennings, N.R., “Using similarity criteria to make negotiation tradeoffs”,
Journal of Artificial Intelligence, 142(2), pp. 205-237, 2003.

[141] Hindriks, K., Tykhonov, D., “Opponent modelling in automated multi-issue negotiation using
bayesian learning”, In Proceedings of the AAMAS Conference, 2008.

[142] Hindriks, K., Jonker, C., Tykhonov, D., “Using opponent models for efficient negotiation (extended
abstract)”, In Decker, Sichman, Sierra, Castelfranchi (eds.) Proc. of 8th Int. Conf. on Autonomous Agents
and Multiagent Systems (AAMAS), 2009.

[143] Watkins, C.J., Dayan, P., “Q-learning”, Machine Learning, 8(3-4), pp. 279-292, 1992.

[144] Li, J., Yahyapour, R., “A strategic negotiation model for grid scheduling”, Interna- tional
Transactions on Systems Science and Applications, 1(4), pp. 411-420, 2006.

[145] Raeesy, Z., Brzostwoski, J., Kowalczyk, R., "Towards a fuzzy-based model for human-like multi-agent
negotiation”, In Proc. of the IEEE/WIC/ACM Int. Conf. on Intelligent Agent Technology, pp. 515-519,
2007.

[146] Carbo, J., Lopez, M.M, Muro, J. D., “Reaching agreements through fuzzy counter-offers”, In Proc.
Int. Conf. on Web Engineering, pp. 90-93, 2003.

[147] Lin, R., Kraus, S., Wilkenfeld, J., Barry, J., “Negotiating with bounded rational agents in
environments with incomplete information using an automated agent”, Artificial Intelligence Journal, 172(6-
7), pp- 823-851, 2008.



36 Contributions to resource management in collaborative systems

[148] Dubois, D., Prade, H., Sabbadin, R., “Decision-theoretic foundations of qualitative possibility
theory”, European Journal of Operational Research, no. 128, pp. 459-478, 2001.

[149] Tennenholtz, M., “On stable social laws and qualitative equilibrium for risk-averse agents”, in KR,
pp. 553-561, 1996.

[150] Luce, R.D., “Individual Choice Behavior: A Theoretical Analysis”, John Wiley & Sons, New York,
1959.

[151] Riley, J. G., Samuelson, W. F., “Optimal Auctions”, American Economic Review, no. 71, pp. 381-
392, 1981.

[152] Klemperer, P., “Why every economist should learn some auction theory”, In M. Dewatripont, L.
Hansen, and S. Turnovsky, (eds.), Advances in Economics and Econometrics: Invited Lectures to 8th World
Congress of the Econometric Society. Cambridge University Press, Cambridge, UK, 2003.

[153] Harrenstein, B. P., de Weerdt, M. M., Conitzer, V., “A qualitative vickrey auction”, In The 10th ACM
Conference on Electronic Commerce, pp. 197-206, ACM, 2009.

[154] Fudenberg, D., Tirole, J., “Game Theory”, MIT Press, 1991.

[155] Bulow, J., Klemperer, P., “Auctions versus negotiations”’, American Economic Review no. 86, pp.
180-194, 1996.

[156] Hindriks, K., Tykhonov, D., de Weerdt, M., “Qualitative one-to-many multi-issue negotiation:
Approximating the QVA”, Group Decision and Negotiation, pp. 1-29, 2010.

[157] Kolmogorov, A., “Sulla determinazione empirica di una legge di distributione”, Giornale dell’ Istituto
Italiano degli Attuari, no. 4, pp. 83-91, 1933.

[158] Smirnov, N.V., “Tables for estimating the goodness of fit of empirical distributions”, Annals of
Mathematical Statistic, no. 19, pp. 279-281, 1948.

[159] Serban, L.D., Stefanache C.M., Silaghi G.C., Litan, C.M., "4 Qualitative Ascending Protocol for
Multi-Issue One-to-Many Negotiations", Proceedings of the 4th International Workshop on Agent-Based
Complex Automated Negotiations, ACAN 2011, in conjunction with AAMAS 2011 conference, 2-6 May
2011, Taipei, Taiwan (to be published by Springer in 2012, indexed ISI).

[160] Stefanache, C.M., “A Market-Based Approach of Efficient Resource Allocation Mechanisms in
Collaborative Peer-to-Peer Systems”’, Economy Informatics Journal, Inforec, 2010, indexed BDI.

[161] Stefanache, C.M., “Intelligent Negotiation Strategies for Efficient Service Trading in Open Computing
Systems”, Workshop Intelligent Decission Support Systems, Cluj-Napoca, 2010.

[162] Stefanache C. M., Simon A. M., Nagy [.M., Sitar-Taut D.A., “An Approach of Implementing a Virtual
Hotel Organization Using Web Services Technology”, Ambient Intelligence Perspectives, IOS Press, pp.
211-220, 2009, indexed ISI.

[163] Stefanache C.M., Silaghi G.C., Litan C.M., “Automated Average Cycle Length Detection in Chaotic
Time Series”, International Conference on Intelligent Systems, Modelling and Simulation, Liverpool,
England, IEEE Digital Library, pp. 140-145, 2010, indexed BDI.



