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University of Craiova, Bvd.Decebal 107, 200440, Craiova, Romania
{cbadica,mscafes,silie,amuscar}@software.ro, ameliabd@yahoo.com

Abstract. Collaboration workflows for human experts involved in distributed
problem solving and acting in dynamic environments require advanced self-con-
figuration mechanisms for optimal selection of service providers. Such dynamic
environments, specific for example to problems like environmental management,
disaster and crisis management, and high-risk project management, are charac-
terized by continuously changing situations, occurrence of unexpected events, as
well as high variability in resources’ availability. We propose a solution for self-
configuration based on a framework for the development of flexible cooperative
multi-issue one-to-many service negotiations. The framework allows two levels
of dynamic configuration of negotiations. First, the negotiation protocol can by
dynamically selected depending on the profiles of available service providers.
Second, negotiation subject as well as the parameters of the negotiation proto-
col, can be dynamically set depending on the current requirements of the service
requester. In this paper we illustrate the features of our framework for dynamic
negotiations using an example of service contracting in the field of disaster man-
agement. We also provide initial experimental results concerning the effect of
the dynamic selection of negotiation protocol onto the quality of the negotiation
outcome as well as onto the communication complexity of interactions incurred
during negotiations.
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1 Introduction

The increasing complexity of real-world problems demands special support for dis-
tributed collaborative problem solving. Multi-agent systems (MAS) are a special class
of distributed systems that combine interaction and coordination with distribution of
computation to improve performance of problem solving processes. MAS were suc-
cessfully applied for solving problems that require distributed reasoning, decentraliza-
tion and collaboration [19]. An example is a collaboration system for helping human
experts and population to deal with disasters (see the FP7 DIADEM project1 that targets
crisis management in the context of chemical incidents in industrial and urban areas).

A workflow is represented as a structured set of coordinated tasks and information
exchanges defined to carry out a well-defined business process in (possibly multiple

1 DIADEM Distributed information acquisition and decision making for environmental man-
agement: http://www.ist-diadem.eu/.
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networked) organizations [18]. Collaborative problem solving in heterogenous, unpre-
dictable, and dynamic environments can be achieved by providing an increased flexibil-
ity in workflow formation, that goes far beyond the classic approach of static and cen-
tralized workflow definitions. Examples based on empirical analysis of real experiences
can be given in the area of organizational adaptation to disasters [9]. Such infrastruc-
ture support can be provided by service-oriented MAS, like for example the Dynamic
Process Integration Framework (DPIF) [13]. In such frameworks, communication links
between local processes in agents are facilitated using service discovery: whenever an
agent supplying some service (we will call this agent the manager) in a workflow re-
quires data provided by some other service (we will call this agent the contractor), a
communication link must be established between them. A similar problem occurs in
optimal resource allocation for workflow scheduling [10, 6], as well as in dynamic role
binding in MAS organizations [11].

The self-configuration provided by service discovery and matching can be improved
by enhancing it with a finer level of control based on one-to-many service negotiation
([5], [12], [14], [20]). In our work we proposed a novel negotiation model that follows
the conceptual framework of one-to-many service negotiation [2]. This model allows
the dynamic configuration of negotiation protocol and negotiation parameters based on
the requirements of each negotiation instance. More specifically, the model provides
two levels of dynamic configuration of negotiations. First, the negotiation protocol can
by dynamically selected by the manager depending on the profiles of available ser-
vice providers. Second, negotiation subject as well as the parameters of the negotiation
protocol, can be dynamically set depending on the current requirements of the service
requester. Both features are considered in this paper.

In this paper we illustrate the features of our framework for dynamic negotiations
using an example of service contracting in the field of disaster management. We also
provide initial experimental results concerning the effect of the dynamic selection of
negotiation protocol onto the quality of the negotiation outcome as well as onto the
communication complexity of interactions incurred during negotiations.

The paper is organized as follows. We start in Section 2 by introducing the com-
ponents of our framework. In Section 3 we introduce a sample example concerning
a typical activity in a situation assessment problem encountered in chemical incident
management. In Section 4 we provide an initial experimental analysis of the effect of
negotiation protocol selection onto the negotiation outcome as well as onto the commu-
nication complexity of negotiation interactions. In Section 5 we cover related works in
the area of MAS for business process management and negotiation for service contract-
ing and resource allocation in flexible workflows. In Section 6 we present our conclu-
sions and point to future works.

2 Background

Negotiation is a process that describes the interaction between one or more participants
that must agree on a subject by exchanging proposals about this subject [8]. Negotia-
tion about a service that one or more participants agree to provide to other participants
is called service negotiation. We have developed a conceptual framework for service ne-
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gotiation that addresses protocols, subjects and decision components. Our framework
supports generic one-to-many negotiations and it defines two roles: manager and con-
tractor [17, 12]. The manager is the agent that requests a service and thus initiates the
negotiation. The contractor is the agent that is able to provide the service requested by
the manager. For a more complete review of the conceptual framework, please see [2].
A brief description of the design and implementation is given in [16].

Currently we have configured our framework with three negotiation protocols that
we have found useful in disaster and environment management problems. These proto-
cols are:

1. Direct Task Assignment. Using this protocol there is actually no negotiation hap-
pening between the manager and the contractors. The manager simply picks up one
or more contractors and assigns them the task2. Although simple, Direct Task As-
signment – DTA negotiation protocol is actually very useful to model subordination
relationships, that are common for task assignments to team members that operate
in a disaster environment. For example in a disaster management information sys-
tem, an Incident Commander can dispatch tasks to team members operating in the
area affected by the disaster.

2. Contract Net. Proposed by [17], Contract Net – CNET3 is probably one of the
most influential negotiation protocols utilized in distributed collaborative problem
solving, with many extensions currently available (see for example [20]). CNET is
essentially a one step protocol: the manager announces a task to the contractors in
the announcement stage, each contractor proposes or refuses to submit a bid in the
bidding stage, and finally the manager decides to award the task to at least one of
the contractors in the awarding phase. It can be easily noticed that the DTA protocol
is in fact a simplified CNET without the announcement and the bidding stages.

3. Iterated Contract Net. CNET can be extended to multiple steps thus obtaining It-
erated Contract Net – ICNET4. This protocol is very useful in situations when a
single step is not sufficient for the manager to select a contractor for awarding the
task. This may happen for example if the requirements set for the task announced
by the manager are too restrictive and thus neither of the contractors is able to meet
them in a satisfactory way. Another situation is when contractors are operating in a
constrained environment that does not allows them to bid. For example, considering
a disaster management scenario, one of the stakeholders (for example a chemical
expert) might be caught in an important meeting that forbids him or her to answer to
incoming phone calls. However, repeated calls, probably originating from repeated
task announcements in a negotiation caused by the occurrence of a very important
event, can enable him to pickup his phone and answer, i.e. to bid.

A set of generic negotiation steps are defined: (i) negotiation subject identification
and negotiation announcement (initiation of negotiation), (ii) bidding, i.e. making pro-

2 DTA has similarities with FIPA Request interaction protocol, see http://www.fipa.org/
specs/fipa00026/, excepting that the contractor cannot refuse the task.

3 CNET is standardized by Foundation for Intelligent Physical Agents, see http://www.fipa.
org/specs/fipa00029/.

4 ICNET is standardized by Foundation for Intelligent Physical Agents, see http://www.
fipa.org/specs/fipa00030/



Dynamic Negotiations in Multi-Agent Systems 11

posals and counter-proposals, (iii) deciding whether an agreement or a conflict was
reached, and (iv) termination.

Negotiation subject comprises the service description and a subset of the service pa-
rameters that are important decision factors during negotiation (i.e. their current values
are taken into consideration when selecting the appropriate service providers). During
negotiation, these parameters are considered negotiation issues.

Negotiation issues are described by name, data type, and monotonicity. The name
uniquely identifies the issue in a negotiation subject. The data type describes the type
of the value that the issue is allowed to take (e.g. number, string, geographical location,
date/time, etc.). The monotonicity specifies whether the manager prefers higher values
to lower values of this issue: (i) INCREASING if the agent prefers high utility values
of the issue and (ii) DECREASING if the agent prefers low utility values of this issue.

Service negotiations in disaster management are cooperative. Cooperativity stems
from the fact that the overall goal of participants is the optimization of the response
for situation assessment. Negotiations for a certain service provision are carried out
only with agents that can provide the required service (i.e. that possess the domain
knowledge or physical capabilities that are needed to provide the service). Provider
agents will usually accept to offer their services if they are currently able to do so (i.e.
if they posses all the necessary resources). During a negotiation: (i) the manager is
the leading decision factor seeking to optimize the assignment of the negotiation task
to the contractor(s); (ii) the contractor(s) make their best proposals for the manager,
taking into account their current duties and availability, thus preserving their autonomy
according to the principles of professional bureaucracy [1].

Service parameters can be classified into 4 classes:

(i) DYNAMIC that specifies that the issue value is not fixed by the manager, i.e. the
contractor can propose different values for the issue;

(ii) FIXED that specifies that the issue value is fixed by the manager, i.e. if the contrac-
tor proposes a different value for the issue then the corresponding local utility of
the issue is zero;

(iii) CONDITION that specifies that the issue value is fixed by the manager, but if the
contractor proposes a different value for the issue then the total utility of the pro-
posal is zero; normally a contractor that cannot meet the issue value requested by
the manager should decide to not bid because the utility of her bid will be zero;

(iv) TRIVIAL that means that the issue is not taken into account in the computation of
the bid utility, although it can be set in the request of the manager and consequently,
it can be taken into account in the negotiation by the contractor and help her to make
a more informed decision if and what to bid.

Negotiation participants playing either the manager or contractor roles use utility
functions to quantify their preferences over proposals. In our framework the manager
uses a weighted additive utility function to evaluate proposals and to select the service
provider (we omit the discussion of contractor utility functions, as they are not relevant
for this paper; for details on contractors’ utilities please consult reference [2]). Each
negotiation issue i has a weight wi ∈ [0, 1] and a partial utility function fi. Note that
weights are normalized i.e.

∑
i wi = 1. Intuitively, for the manager the weight of an
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Fig. 1. AML agent and services diagram for the sample negotiation scenario.

issue represents the relative importance of that issue in the set of all issues associated
to a negotiation subject.

The partial utility of an issue i maps the issue domain Di to a value in the interval
[0, 1], i.e. fi : Di → [0, 1]. The function fi depends on the domain of the issue. For
example, a possibility to define the partial utility function of a real valued issue with
Di = [xmin, xmax] is as follows:

fi(x) =
|x − x∗|

|xmax − xmin|

Here, x∗ is the reference value assigned by the manager to the issue i (that represents
the optimal value from the manager point of view) and |x − y| is the distance between
x and y (note that the distance depends on the data type of the negotiation issue). Note
that a negotiation issue for which the partial utility is defined as a distance from the ref-
erence value has always a DECREASING monotonicity. Let I be the set of negotiation
issues partitioned into sets I↑ and I↓ of issues with INCREASING and DECREASING
monotonicity. The utility function of a proposal x = (xi)i∈I is computed as follows:

um(x) =
∑
i∈I↑

wi ∗ fi(xi) +
∑
i∈I↓

wi ∗ (1 − fi(xi))

3 Sample Scenario

We illustrate our approach by using an example derived from a real world use case in-
vestigated in the FP7 DIADEM project. For the sake of clarity but without the loss of
generality we assume a significantly simplified scenario that is illustrated in Figure 1
utilizing the Agent Modeling Notation – AML [4]. In a chemical incident at a refin-
ery a chemical starts leaking and forms a toxic plume spreading over a populated area.
The impact of the resulting fumes is assessed through a service composition involving
collaboration of human experts. During this incident health complaints are reported.
Consequently, the Incident Commander dispatches a chemical expert that holds exper-
tise in estimating the gas concentration in the affected area. This expert is denoted as
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Table 1. Negotiable issues and manager request for Concentration Management service

Issue Location Quality Deadline
Reference value loc 100 11:47 AM

Weight 1 2 3
Data type REGION INTEGER TIME
Boundary n/a 100 100
Negotiable FIXED DYNAMIC DYNAMIC

Table 2. Contractors’ bids.

Issue Location Quality Deadline
Bid Value (1) loc 70 11:58 AM
Bid Value (2) loc 100 12:12 PM

Chemical Adviser and, among other things, she guides fire fighter Measurement Team
agents which can measure gas concentrations at specific locations in order to provide
feedback for a more accurate estimation of the critical area. This interaction between
Chemical Adviser and Measurement Team agents involves negotiation to determine the
optimal providers of appropriate measurements (for more details see [3]).

We can observe from Figure 1 that Chemical Adviser provides the service Map of
High Concentration Zones and this provisioning requires the contracting of Concentra-
tion Measurement, Weather Report, as well as Information about Source services. In
this scenario Chemical Adviser agent plays the negotiation role of manager looking for
a provider for the service Concentration Measurement.

The optimal selection of the service provider takes into account: the location where
the measurement must be performed, the quality of the measurement, and the dura-
tion for performing the measurement. Additionally we assume that the measurement
quality is given as a percentage and that the maximum time frame for performing the
measurement is 100 minutes. The description of the negotiation issue, together with the
manager proposal are given in Table 1. Weights of negotiation issues were normalized
as follows:

wLocation = 1/6, wQuality = 2/6, wDeadline = 3/6

Let us assume that there are two Measurement Team agents in the system and each of
them decides to bid with an offer for providing the service Concentration Measurement.
Their bids are shown in Table 2.

The utility of the bid of Measurement Team 1 is computed as follows:

uLocation1 = 1/6 × (1 − 0/1) = 0.166
uQuality1 = 2/6 × (1 − 30/100) = 0.233

uDeadline1 = 3/6 × (1 − 11/100) = 0.445
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uMT1 = uLocation1 + uQuality1 + uDeadline1 = 0.844

The utility of the bid of Measurement Team 2 is computed as follows:

uLocation2 = 1/6 × (1 − 0/1) = 0.166
uQuality2 = 2/6 × (1 − 0/100) = 0.333

uDeadline2 = 3/6 × (1 − 25/100) = 0.375
uMT2 = uLocation2 + uQuality2 + uDeadline2 = 0.874

Chemical Adviser agent uses these equations to compute the utilities of each bid re-
ceived from Measurement Team agents. Then Chemical Adviser applies a strategy that
allows it to either immediately select the winning bid or to decide if to continue the ne-
gotiation using a new iteration. Let us assume that Chemical Adviser applies a strategy
that considers acceptable only those bids that pass a given threshold. If none is above
the threshold then Chemical Adviser can perform a second iteration either by relaxing
the conditions of the call for proposals (for example by decreasing the required quality
of the measurements or by extending the deadline for performing the measurements) or
by decrementing the threshold, thus giving a chance to the Measurement Team agents
to update their bids. If at least one bid is considered acceptable then Chemical Adviser
can decide to accept one or more Measurement Team agents to contract the Concentra-
tion Measurement service. Assuming a threshold of 0.85, according to this algorithm
Chemical Adviser will select Measurement Team 2 after the first iteration.

4 Experimental Results

In this section we discuss the results of our initial experiments with service negotiations
utilizing the different negotiation protocols currently supported by our framework: DTA,
CNET, and ICNET. We first propose a model for the experimental analysis of one-
to-many negotiations and then we provide experimental results that cover negotiation
outcome and communication complexity of negotiation interactions.

4.1 Modeling Assumptions

When faced with a service negotiation problem, an agent playing the manager role will
have to decide what negotiation protocol to use. In our case, the manager may decide to
use one of the DTA, CNET or ICNET negotiation protocols that were discussed in Sec-
tion 2. This choice will affect important factors like quality of the negotiation outcome
as well as communication complexity incurred during the negotiation interaction [15]
that overall impact the efficacy of the collaboration process for resolving the incident.

In what follows we propose a simple experimental setting aimed at analyzing the
impact of the strategy employed by the manager agent to choose a service negotiation
protocol on the quality of the negotiation outcome as well as on the communication
complexity of negotiation interactions. The experiment is focused on evaluating a single
negotiation rather than a complex collaboration workflow comprising more negotiations
(we are aware of this limitation and we plan to address it in the near future).
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Let us assume that a manager agent M is negotiating for contracting a service from a
contractor agent that is member of a set of n contractors C1, . . . ,Cn. Simplifying things
we assume that each contractor Ci can offer a utility value ui to the manager such that
ui ∈ [umin

i , u
max
i ] ⊆ [0, 1]. The interval [umin

i , u
max
i ] is part of the profile of the contractor.

For example, if the utility intervals of contractors Ci and C j have an empty intersection
and umin

i < umin
j it means that C j will always appear as more profitable than Ci for

the manager. However, if the intersection of the intervals is nonempty it means that
sometimes Ci can also be more profitable than C j for the manager.

Moreover, each negotiation will always involve requirements that are set by the
manager and must be met by the contractor in order to be allowed to bid for a con-
tract. These requirements depend on the negotiation issues and on the constraints on the
negotiation issues that are set by the manager in the request for service. For example,
considering the Concentration Measurement service, Chemical Adviser may require
Measurement Team agents to bid if and only if they are equipped with certain special-
ized measurement devices like for example drager tubes5. We assume that for each
contractor Ci there is a probability of ci ∈ [0, 1] that she will be able to satisfy the re-
quirements set by the manager’s request. The probability pi is also part of contractor’s
Ci profile.

Contractors are usually critical resources that do not always have the possibility to
bid for a service contract. Let us take for example the Chemical Adviser that can be
caught in an important meeting while health complaints start being reported. In such a
situation the Incident Commander must assign the task Map of Critical Zones to an ex-
pert in the chemistry of gases, i.e. the Chemical Adviser. Then the Incident Commander
must adopt an iterative negotiation protocol to allow the Chemical Adviser to bid. Let
us assume that in our experimental setting each contractor Ci is busy with a probability
bi ∈ [0.1]. Nevertheless, we assume that even when she is busy, if Ci is able to meet the
requirements set by the manager then she will find time to bid in the second iteration.

Let us also assume that the manager M will choose to utilize one of the DT A,
CNET or ICNET (two iterations version) negotiation protocols with the probabilities
p, q, r ∈ [0, 1] such that p + q + r = 1. The triple (p, q, r) is part of the manager’s profile.
Depending on the utilized protocol the negotiation will incur a certain communication
cost estimated as the number of messages exchanged between the manager and the
contractor during the negotiation. Moreover the quality of the negotiation outcome will
be estimated as the utility perceived by the manager for the contracted service.

If the manager is utilizing the DT A negotiation protocol then she will randomly
assign the task to one of the contractors. However, a contractor that does not meet the
requirements will not be able to provide the service, so she will have to report failure. In
this case the manager will randomly select another contractor and so on, until a suitable
contractor is found (we assume this is always the case). Note however that this trial-
and-error process performed by the manager affects the outcome of the negotiation by
decrementing her perceived utility. More precisely, if the successful contractor Ci that
could perform the task was selected in the k-th trial then the utility perceived by the

5 They are tubes that contain chemicals that react to a specific compound to form a stain or color
when passed through the gas.
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manager will be ui × (1 − (k − 1)/n) rather than ui. Moreover, the communication cost
associated to this negotiation interaction consists of 2 ∗ k message exchanges.

If the manager is utilizing the CNET negotiation protocol then she will select the
contractor Ci that provides her the highest utility ui from those contractors that met
the requirements of the call for proposals and were not busy (i.e. they were able to
bid). The communication cost consumed for a busy contractor consists of 2 message
exchanges, while for a not busy contractor (it doesn’t matter if she could met or not the
requirements, according to the CNET negotiation protocol [17] she either proposed or
refused to bid) the communication cost consists of 3 message exchanges.

If the manager is utilizing the ICNET protocol we assume that she will always per-
form two negotiation iterations. We simply the negotiation by assuming that contractors
do not change their between iterations. This assumption is not as restrictive as it might
look, because some contractors are busy and can bid only in the second iteration. More-
over, we also assume that a busy contractor that meets the requirements of the call for
proposals will always find time to bid during the second negotiation iteration. The man-
ager decides the contractor to whom to award the task after the second iteration. The
communication cost for a busy contractor consists in 4 message exchanges, while for a
non-busy contractor it consists of 5 message exchanges.

4.2 Experimental Results and Discussions

We created a simulation experiment assuming the model introduced in Section 4.1.
In the simulation we considered one manager and n contractors. During a simulation,
the given manager and contractors’ profiles are set and a large number of negotiation
instances are run. The manager is characterized by her profile (p, q, r) that defines her
strategy for dynamic selection of the negotiation protocol for each negotiation instance.
Each contractor Ci is characterized by her profile defined as a triple ([umin

i , u
max
i ], ci, bi).

The contractors’ profiles are given as input to the simulation algorithm. The values of
the utilities ui are randomly selected for each negotiation instance assuming uniform
distributions. Moreover, the probabilities ci and bi are utilized to determine the status
of a contractor (as satisfying or not satisfying the requirements of the manager proposal
and busy or not busy) for each negotiation instance.

The goal of the simulation was to observe and analyze the quality of the nego-
tiation outcome as well as the incurred communication cost for different profiles of
the manager agent. Therefore we ran the simulation for various manager profiles by
sampling the probability space (p, q, r) accordingly. Assuming a sampling rate of 1/m
(where m is a given natural number) we developed a simulation program that evalu-
ates the average utility perceived by the manager, as well as the average communica-
tion cost incurred during negotiations for the following large set of manager profiles
{(i/m, j/m, 1 − (i + j)/m)|0 ≤ i, j ≤ m, 0 ≤ i + j ≤ m}.

In our initial experiment we considered a simple negotiation case with 1 manager
and 3 contractors. We ran 2000 negotiations and we recorded the negotiation outcome
as well as the number of exchanged messages. We took m = 20 in the sampling rate of
the probabilities that define the manager profile. The contractor profiles were set as fol-
lows: C1 = ([0.2, 0.3], 0.8, 0.2), C2 = ([0.5, 0.6], 0.5, 0.5), and C3 = ([0.8, 0.9], 0.2, 0.8).
These values show that the manager will always prefer C2 and C3 to C1. Note that
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Fig. 2. Manager utility vs. probabilities for selecting DT A and CNET protocols.

failed negotiations (i.e. negotiations that failed to allocate a contractor for providing the
service) are possible given this set of contractor profiles, and consequently they were
filtered out during our experiments. Note however that their number was very small
(approximately 1% from the total number of negotiations), so it was considered not
relevant for the results of the experiment.

If the manager is using the DT A protocol then C1 will perform the task whenever
she is able to meet the manager’s requirements and (i) she is either selected the first or
(ii) she is selected after C2 and C3 but both C2 and C3 could not meet the manager’s
requirements and reported failure (note that as C1 meets the requirements requested
by the manager with a higher probability than C2 and C3, she will perform quite often
the task according to the DT A protocol). The conditions for C2 or C3 to perform the
task are analogous with the conditions for C1. Note that the status of being “busy” is
not taken into account by the manager when she is playing the DT A negotiation pro-
tocol, i.e. if she selects a certain contractor then the task will be assigned to her in any
case. Nevertheless, if the assigned contractor cannot finalize the task successfully then
she will report failure and consequently the manager will retry the operation of service
contracting by assigning the task to another contractor.

If the manager is using the CNET protocol the contractors that are set to “busy”
are not taken into account by the manager, as they cannot bid. although they receive the
call for proposals from the manager. For example, even if C3 can offer a high utility to
the manager, she has a high probability of being busy, so she will not be able to bid
in many CNET negotiations. So in this case C2 can C1 can win the negotiation more
often. Moreover, C2 is also busy quite often, giving a chance to award the task to C1.

Finally, when the manager is using the ICNET protocol, even if a contractor is
“busy” and cannot bid in the first negotiation iteration she will still be able to bid in the
second iteration. This interaction pattern allows for example to contractor C3 to bid and
consequently to increase the utility perceived by the manager.
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Fig. 3. Number of exchanged messages vs. probabilities for selecting DT A and CNET protocols.

The experimental results are shown graphically in Figures 2 and 3. These figures
present the plots of the average utility perceived by the manager as well as of the average
number of exchanged messages per negotiation as functions of the probabilities p and
q (shown as P DTA and P CNET on the figures) of the manager to choose between the
DT A and CNET negotiation protocols. Note that the dependencies on the probability r
for choosing the ICNET protocol trivially follow as p + q + r = 1.

The first observation is that the highest utility (slightly above 0.5) is perceived by
the manager when she always uses ICNET negotiation protocol. However, this strategy
also brings her the highest overhead in terms of communication complexity, i.e. slightly
above 14 messages on average per negotiation. This clearly shows the tradeoff that
exists between the optimality of the solution and the communication complexity that
occurs in negotiation interactions when the negotiation protocol can be dynamically
selected by the initiator of the negotiation.

Secondly, we can observe that the difference in terms of manager’s perceived utility
between the DT A and CNET protocols is small (at least in this experiment). For exam-
ple, if ICNET is not utilized, i.e. r = 0 or equivalently p + q = 1, we can easily observe
that the average utility perceived by the manager is slightly variable around 0.4. This
can be explained by the fact that what is gained by the bidding stage that is present in
CNET (and absent in DT A) is actually lost by the fact that a “busy” contractor cannot
bid, while DT A can use him or her for awarding the task. In such a situation the optimal
strategy of the manager will depend on his knowledge of the probabilities of availabil-
ity to bid of the contractors. i.e. the less are they busy the higher will be the manager’s
perceived utility. Note however that communication complexity is clearly higher for
CNET (about 10 messages per negotiation if p = 0 and q = 1) than for DT A (about 4
messages per negotiation if p = 1 and q = 0).

Finally, note that the manager utility um for a manager profile (p, q, r) can be decom-
posed as “expected utility” based on the utilities that would have been obtained if the
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manager had been used either DT A, CNET or ICNET protocols only, i.e. um(p.q.r) =

p×uDT A
m +q×uCNET

m + r×uICNET
m = p×um(1, 0, 0)+q×um(0, 1, 0)+ r×um(0, 0, 1). This

decomposition of um explains the planar shape of the surface representing function um

in Figure 2. This observation extends also to the planar shape of the surface representing
Mes function in Figure 3.

5 Related Works

ADEPT – Advanced Decision Environment for Process Tasks is probably one of the
first business process management systems that proposed the utilization of intelligent
software agents to cope with inter-organizational collaborative aspects of business pro-
cesses including: multiple and geographically dispersed organizations, autonomous man-
agement of resources, highly dynamic and unpredictable nature of business processes,
decentralized control, mixtures of human activities and automated tasks [7]. ADEPT in-
troduced many concepts that we found useful including loosely coupling of agent tasks
and services by means of service matchmaking and negotiation and usage of the notion
of agency (with peer-to-peer and hierarchical relationships in organizations) that we
found similar with our communities. However ADEPT was an early work and could not
benefit on the recent developments including principled approaches of agent-oriented
methodologies and technological advancements in software agent platforms. Addition-
ally we did not find in ADEPT the concept of ad-hoc community that we introduced to
model teams of agents that act together towards resolving a given incident.

Recently, a service negotiation framework has been proposed in paper [12]. That
framework was applied to Web service negotiations between insurance companies and
car repair companies. The negotiation is implemented as an interaction between Web
services and the participants’ preferences are represented using an ontology. The frame-
work utilizes ICNET protocol for negotiation, with the message exchanges implemented
as Web service method invocations. In this approach, the negotiation protocol(s) used
are fixed, unlike in our approach where we do not constrain them to fixed interac-
tion protocols. Rather, we define a set of generic negotiation steps that are likely to
be followed by many negotiation protocols. Our framework is generic in the sense that
it allows creation and integration of different negotiation protocols. The approach of
combining generic negotiation with components for representation of negotiation par-
ticipants’ deal space, utilities, and resources allows us to design and evaluate different
negotiation protocols useful for service negotiation in disaster management. Also, un-
like [12] where the authors utilize a fixed set of subject issues specially tailored for
their scenario, we give the possibility to define new subject issues with their properties
that best suit the application in hand. Additionally, contractor utilities have a different
semantics inspired by task allocation problems ([14]) that is more appropriate for the
collaborative rather than competitive context for which our system is designed. How-
ever, similarly to [12], we use additive weighted utility functions for managers that take
into account partial utility functions defined for each negotiation issue.

In paper [5], the authors introduced a new multi-issue negotiation model such that
the negotiation subject is characterized by interdependencies between the issues. Sim-
ilarly to our negotiation framework, this model is applied to cooperative negotiation in
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crisis management. The paper discusses in some detail a scenario involving the activ-
ity of an emergency call center for victims dispatching taking into account appropriate
spaces in the hospitals as well as transport constraints and availabilities. However, there
are notable differences between this approach and our approach. The model proposed in
[5] is using a mediator with the role of a centralized authority (for example a physician
or a higher level authority) that makes proposals to participant agents, and receives their
responses that either accept or reject the proposals. Rejections are accompanied by rec-
ommendations made to the mediator that enable him to adjust his proposal in the next
negotiation step. Participant agents decide to accept or reject the mediator proposals
using multi-criteria decision analysis tools. In our approach the problem is different –
to determine one or more optimal service providers according to a set of service param-
eters that are dynamically determined depending on the current conditions in a situation
assessment problem.

In paper [10], the authors proposed a new method for generic workflow scheduling
that is able to support both human and non-human (i.e. machines, tools, or computers)
resource allocation taking into account quantitative measures of the competence and
preference of resources for workflow operations. In paper [6] the authors proposed a
new method for optimal allocation of resources in complex manufacturing workflows
using CNET negotiation. Resource agents are allowed to bid for resource allocation
and deallocation for each workflow operation. Resources can dynamically change by
updating their characteristics like workload and processing time. A certain cost function
is defined for each workflow operation. The authors propose a sound bid evaluation
function that allows to find an optimal allocation of resources to minimize the cost of
workflow execution. Note however that differently from our work, both papers [10] and
[6] assume a static workflow definition, while this assumption cannot be applied for
our type of problems where the workflow is dynamically formed during the distributed
problem solving process, possibly spanning multiple organizations [3].

In paper [11], the authors consider the problem of dynamic role assignment in agent
organizations where agents can dynamically join and/or leave an organization. They
propose a new version of CNET called agent centric contract net protocol that takes
into account agent reputation for reliable agent discovery and dynamic role binding.
Although the problem of dynamic role binding is more complex than service contracting
that we considered in our approach, agent characteristics like reputation, as well as
competence or preference can be also easily incorporated into our model by considering
them as negotiation issues that convey a certain utility for the manager agent that is
requesting the service.

6 Conclusions

In this paper we presented a framework that allows definition of one-to-many service
negotiation protocols in agent-based collaborative processes. This framework supports
flexible configuration of multi-issue negotiation subjects, properties of negotiation is-
sues, and utility functions of participant agents. An example describing a sample ne-
gotiation scenario was discussed in detail, emphasizing how service negotiation can
improve the selection of optimal service providers. We also presented a simple exper-
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imental setting and initial experimental results aimed at analyzing the impact of the
strategy employed by the manager agent for selecting a service negotiation protocol on
the quality of the negotiation outcome as well as on the communication complexity of
negotiation interactions.

As future work we plan to expand the experiments in at least two directions: (i) to
analyze the impact of the negotiation protocol on the quality of the negotiation outcome
as well as on the communication complexity of negotiation interactions depending on
several profiles of contractor agents; the results can help the manager to tune his strategy
for better selection of the negotiation protocol; (ii) to consider more complex negoti-
ation instances that take into account more negotiation iterations, as well as that con-
tractors might change their bids and managers can change their strategy for accepting
contractors’ bids during each iteration; (iii) to consider more complex workflows in-
volving at least two interdependent negotiations such that the contracted service might
also involve contracting of other required services.
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9. Kreps G.A., Bosworth, S.L.: Organizational Adaptation to Disaster. In: Rodriguez, H., Quar-
antelli, E.L., and Dynes, R.R. (eds.), Handbook of Disaster Research, 297–315 Springer
(2007)

10. Lee, K.M.: Adaptive Resource Scheduling for Workflows Considering Competence and Pref-
erence. In: Negoita, M.Gh., Howlett, R.J., and Jain, L.C. (eds.) Knowledge-Based Intelligent
Information and Engineering Systems. Lecture Notes in Computer Science 3214, 723–730
Springer (2004)

11. Lee, J., Lee, S.-J., and Chen, H.-M.: Dynamic role binding with Agent-centric Contract Net
Protocol in agent organizations. IEEE International Conference on Systems, Man and Cyber-
netics, SMC 2008, 536–643 (2008)

12. Paurobally, S., Tamma, V., and Wooldridge, M.: A Framework for Web service negotiation.
ACM Transactions on Autonomous and Adaptive Systems 2(4), ACM Press (2007)
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