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Abstract. Negotiation is an important part of today’s business processes
on an inter-enterprise level. Agent research offers a variety of approaches
and tools to automate negotiations. Currently these technologies have the
drawback that the human manager retains the responsibility for the out-
comeof a negotiation, but this personmost often does not have the required
knowledge todefine the agent’s behavior by himself.To increase acceptabil-
ity of automated negotiation approaches, we consider it necessary that hu-
man negotiators can specify the strategies for the agents. In this article we
present ametamodel,which enables humannegotiators to specify trade-off
strategies. Trade-off strategies are a key concept in negotiation in general.
This meta model is based on the Ecore meta model. The specified trade-
off strategies can automatically be transformed into representations that
can be used by an agent. Ourmetamodel provides amodel and a graphical
notation that allows it to create graphical editors for trade-off strategies.
Therefore, it becomes possible to specify trade-off strategies without any
programming knowledge.

Keywords: automated negotiation, trade-off strategies, MDD.

1 Introduction

Negotiation is an importantpart of today’s businessprocessesonan inter-enterprise
level. Agent research offers a variety of approaches and tools to automate nego-
tiations. To enable agents to act on behalf of humans, several challenges have to
be dealt with. From our perspective we see a particular challenge in the fact, that
the human principal of an agent retains responsibility for the outcome of an auto-
mated negotiation. Thus, to establish agent-based negotiations it is required to a)
give quality guarantees to the human principal, or b) allow the principal to spec-
ify the negotiation strategy of the agent. Independently of the chosen approach it
has to be discussed if humans are willing to delegate negotiation tasks to agents.
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Also it seems reasonable that automated negotiation can be support for humans,
and that the human negotiator has in the end to accept the proposed deal of the
system, before it becomes legally binding. In this article we restrict ourself to dis-
cuss the technique hownegotiations can be realized, that follow a given negotiation
strategy. How these techniques afterwards can be integrated into systems designed
to support human negotiators is beyond the scope of this paper.

In real-world negotiation, multiple parameters as well as non-rational behav-
ior of actors have to be considered. Thus, formal guarantees, i.e., proof of optimal
behavior does not seem to be feasible. Therefore, we are focusing here on the
second approach, enabling the human principal to specify her strategy. Such an
approach includes means for the acquisition of negotiation knowledge from the
human principal [1] of the agent, typically this is a manager or a negotiator.
The negotiator has implicit knowledge about the negotiation process and re-
lated negotiation strategies. The knowledge on the process will be encoded in
protocols. The knowledge on strategies is essential to automated negotiation in
practical settings and has to be encoded, too. In this article we focus on trade-
off strategies. In particular we present a meta model for trade-off strategies, and
how strategies that have been defined based on this model, can be automatically
transformed into a format that can be used by a negotiating agent.

A trade-off between two negotiation attributes specifies a preference among
pairs of assignments to both variables. The idea of a trade-off is to improve
one attribute while worsening the other in return [1]. Trade-offs are an impor-
tant aspect of negotiations in human behavior [2,3] and have been adopted for
negotiations among software agents, see e.g. [4,1].

A current problem in the application of autonomous agents as negotiators, or
agents that support human negotiators, is that the human negotiator is not capa-
ble of designing or programming the agent, even though he remains responsible
for the outcome of the negotiation. While on the other side the programmers can
have problems understanding the strategy used during the negotiation.s In our
research we want to provide means to bridge this mismatch, by providing means
for specification of trade-off strategies that enables human negotiators to specify
their trade-off strategies in a comprehensive way. Of course, trade-off strategies
are only one part of negotiation strategies, which comprises also other aspects,
like the protocols or the effects of time passing during the negotiation, e.g. if a
deal has to be reached within a given time.

We use a model-driven development (MDD) approach to automatically trans-
late a specification of a trade-off strategy into a representation that can be used
by a software agent. Thus, the person specifying the strategies is not required
to have knowledge about software agents or programming. Consequently, we
empower the person responsible for the negotiation, the principal of the agent,
to specify the strategy of the agents by himself. The need for encoding these
strategies by hand becomes obsolete.

The rest of this article is structured as follows. In the next section we outline
related work. Afterwards we describe formally the concept of trade-off strategies
(Section 3.1). Based on this background we present our meta model (Section 3.2)
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and how it can be used to specify a trade-off strategy (Section 3.3). The trans-
formation process of a strategy is outlined in Section 3.4. In Section 4 we present
an example how our meta model can be used to specify trade-off strategies in a
show case. Finally, we summarize our work and outline future research.

2 Related Work

In this paper, we focus on means of modeling trade-off strategies to enable hu-
mans to specify their strategies with the goal to support them by (partially)
automate the negotiation process.

Automated negotiation is an established and active research topic in multia-
gent systems research, see e.g. [5,6]. To increase user acceptance, agents which
act on behalf of humans in negotiations require knowledge from the human ex-
pert. Surprisingly, it has to be stated that only little research has been done
in investigating how to acquire negotiations strategies from human experts in
the field of automated negotiations, the work by Lou et al. [1] is one of those
rare exceptions. Only very few work has been done to provide means that would
allow to specify negotiation strategies in a declarative way.

One exception is the work by Chiu et al. [7]. The author present an e-
Negotiation process based on an ontology. The process should support human
negotiators to specify their negotiation strategies. The improvement of our work
is, that we have combined means to specify trade-off strategies with MDD tech-
niques to automatically generate a representation that can be used by agents,
without any additional human effort.

Benyoucef and Rinderle [8] have presented a model-driven approach for devel-
oping service-oriented negotiation systems. Their specification of the negotiation
behavior uses also a declarative approach for the specification. In our paper we
strictly focus only to trade-off strategies.

In [1] user’s trade-off strategies and preferences are acquired by using the
default-then-adjust method. This approach is based on the use of a preexisting
default knowledge with the aim to assist the user and reduce their workload. On
the one side, such knowledge can be an important assistance for the user, on the
other side the access to relevant expertise is limited and often not available [9].

Our work is based on the definition of trade-off- and preference-functions
presented in [1], we have modified them slightly as follows:

– In [1] it is assumed that the domains of negotiation attributes are all contin-
uous and numeric. We have relaxed this assumption and can handle domains
with symbolic values and also attributes with discrete domains, too. This is
done by mapping symbolic values to numeric values.

– To avoid formal case-based considerations and to be able to base a trade-off
strategy on a pair of attributes with heterogeneous value sets, the domains
of all negotiation attributes are represented as numeric and continuous. In
the agent’s reasoning his proposals are based on this assumption and are
then approximated to become conform with the actual domains.
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Another field in multiagent system research that is considered as related work
here is the application of MDD techniques to multiagent system development.
The probably most widely known system for the model-driven development of
multiagent systems (MAS) is the INGENIAS system [10], which can be con-
sidered as a forerunner for MDD development of MAS. Recently, Hahn et al.
have developed a coherent modeling framework for MAS. In their effort Hahn
et al. have developed a platform-independent meta model for MAS [11], and
afterwards detailed their model by adding modeling capabilities for interaction
protocols [12]. In current research efforts the development of MDD tooling for
MAS is top-down. Meta models are presented for MAS in general, as pointed out
above. Their goal is to allow the modeling of entire MAS and their generation.
In the approach we present here we only cover one aspect, namely the modeling
of trade-off strategies. This bottom-up approach tries to come up with dedicated
aspects of a MAS, that can be put in use early on. Also it would be interesting
to see to what extend the work proposed in this article can be used in existing
approaches. The negotiation meta model is not designed to be exclusive to other
approaches, but allows for a more detailed modeling of a specific aspect of a
MAS.

3 A Meta Model for Trade-Off Strategies

Before we are going to present the meta model for trade-off strategies (Section
3.2) we provide a brief definition of the concepts used. Afterwards, we detail how
a trade-off strategy can be specified (Section 3.3) and transformed (Section 3.4)
to be used by an agent during a negotiation.

3.1 Trade-Off Strategies

A trade-off strategy specifies what combination of attributes’ values form an
acceptable deal for the user. Within a trade-off strategy all information about
the trade-offs is encoded. Formally, a trade-off strategy contains a set of trade-
off relations and a set of independent attributes. Independent attributes are not
member of a trade-off relation with other attributes.

A trade-off is a relation between two negotiation attributes. It defines that in
favor for worsening one attribute the other one has to improve. Note that we
focus here on binary trade-off relationships, since these are the most common
ones [3]. According to [1] a trade-off function can be formalized as follows:

Definition 1
Let the domain of the attribute x be X = [lx, rx], and the domain of y be
Y = [ly, ry ]. Note the domains values are ordered. A function f : X → Y is a
trade-off function if it is continuous,monotonic and met the boundary condition.
The boundary condition ensures, that if one attribute is assigned to the best
value, the other attribute has to be made worse [1].
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If a trade-off function exists between two attributes they are also called to
be a trade-off pair. For each trade-off a preference function p : A × B → [0, 1]
is defined, which define the preference over the trade-off alternatives. It reflects
a trapezoid formula of three segments (analogue to the preference function in
[1]) to describe the increasing, steady and decreasing preference over trade-off
alternatives. Trade-off and preference functions can also be specified graphically.
An example is shown in Figure 1. In Figure 1 right hand side, a trade-off func-
tion between price (on the x-axis) and accuracy (on the y axis) is shown. A
preference function indicates the degree of satisfaction (Figure 1 left hand side)
of the negotiator, expressed in terms of an interval between [0,1]. Thereby, 1 is
indicating high satisfaction and 0 is indicating dissatisfaction.

Fig. 1. Left: Example of a trade-off function between price (x-axis) and accuracy (y-
axis), Right: Preference function about prices. Prices x-axis, Satisfaction degree y-axis.

Preference functions are also defined for independent attributes as p : A →
[0, 1], with A: ∀a, b ∈ A : a � b ⇔ p(a) ≤ p(b).

Following the previous definition a trade-off strategy can be represented as a
forest, as illustrated in Figure 2: the nodes represent negotiation attributes and
the edges trade-off relations.

Fig. 2. Representing a trade-off strategy as a forest. L is an independent attribute.
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This ensures some formal but also informal benefits. A trade-off strategy can
be visualized in a clear and accustomed way to the users. Due to the acyclic
structure there cannot exist inconsistencies, which may be introduced by cycles.
This reduces the complexity for specifying and validating these strategies. More-
over, the forest structure allows to use of efficient algorithms for reasoning about
the trade-off strategies [13].

3.2 Meta Model

We base our negostrategy-meta model on the meta model Ecore of the Eclipse
Modeling Framework (EMF)1. As shown in Figure 3 the meta model for trade-
off strategies has been modeled in two packages. Within the base package

Fig. 3. Package diagram of the trade-off meta model

negotiation attributes are defined that can be used to define trade-off strate-
gies. Also basic operators and other term are defined in the base package. The
base package is detailed in Figure 4.

Trade-off relations are defined in the agentnegos package (Figure 5). Within
this package we distinct between attributes that describe the context, in which
a trade-off relation is valid, and attributes used within a trade-off relation. A
trade-off strategy is formed by a set of trade-off relations and their context. The
context allows to specify when a particular relation is applicable.

1 see http://www.eclipse.org/modeling/emf, accessed at 27.10.2012.

http://www.eclipse.org/modeling/emf
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Fig. 4. The base package of the trade-off strategy meta model

In the following we highlight the three major concepts of the proposed meta
model in more details, these are negotiation strategies root, trade-off negotiation
attribute, and trade-off relation. The entire meta model can be found in [14]. For
most of the concepts we have also defined a graphical notation, to allow further
extensions, like a graphical editor for defining trade-off strategies, following our
vision that the agent behavior can be defined by the principal of the agent, and
not by a programmer.

The negotiation strategy root contains all negotiation attributes and their trade-
off relationships. It can be seen as the artificial root node, for the entire forest rep-
resenting a trade-off strategy. Each tree in the trade-off strategy has a priority, so
the relative value between the trees can be encoded. Also an acceptance thresh-
old is stored in the strategy. The acceptance threshold specifies a value that the
agent use to a) generate an offer that is acceptable or b) decide on acceptability of
an offer for the user. The graphical representation for this concept is a trapezoid
containing the name of the service, as shown in Figure 6(a).

A trade-off negotiation attribute represents a negotiation attribute used in a
trade-off strategy. It has a name, a domain, which can be an continuous inter-
val([]) or a discrete enumeration({}), and a preference function over it’s domain,
plus a list of trade-off relationships in which this attribute is involved. The
graphical representation is shown in Figure 6(b).

A trade-off relation encodes the trade-off function between two attributes. A
relation defines the optimal combination of values between the two attributes.
Given the optimal combination between the attribute values of the trade-off func-
tion and the preference functions, the trade-off combinations can be computed
and ranked. A trade-off relation is represented as a labeled edge connecting the
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Fig. 5. The agentnegos package of the trade-off strategy meta model
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tween two negotiation at-
tributes

Fig. 6. Graphical representation for negotiation strategy concepts

two negotiation attributes. The label is the optimal value combination of both
attributes. An example is shown in Figure 6(c).

Additionally, it is possible to specify the context for which the trade-off re-
lations are defined. For instance, it is possible to differentiate the strategies
depending on with whom the agent negotiate.

3.3 Specification of Trade-off Strategies

As we use the EMF as a base for our meta model we have the option to pro-
vide a graphical editor for negotiation strategies in the near future. As outline
above, this would enable strategy specification by non IT-experts, which most
often comprises the persons responsible for the outcomes of a negotiation, e.g. a
manager.

Currently, a negotiation strategy is specified using an Eclipse widget that
has been generated automatically based on the specification of the meta model.
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Fig. 7. Overview of the current trade-off strategy editor: 1) points at the particular tab
for editing the trade-off strategy 2) panel for the editing of attribute values 3) panel
for the navigation within the attribute tree forming the data structure used for the
trade-off strategy

A screen shot is shown in Figure 7. Of course this form is not suitable for non IT
experts. Therefore a graphical editor is needed. The strategy is specified in form
of structured attribute value pairs, as shown in Figure 8. The specified strategy
will be validated against the meta model and saved in the XMI format.

3.4 Model Transformation

If a trade-off strategy has been specified it needs to be transformed into a repre-
sentation that can be used by a software agent. This requires platform-specific
details which supplies the EMF-generator with information like the connec-
tions between multiple Ecore-models, the name of the generated files, referenced
Ecore-models etc. [15]. Based on the XMI file a generator transforms a trade-off
strategy into a representation that can be used by an agent. We have decided
to use a relational representation. In this representation all acceptable deals,
i.e., combination of values for negotiation attributes that exceed the specified
acceptance threshold, are stored.
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Fig. 8. Detailed view on the panel for editing the negotiation strategy

These deals are precomputed, because the problem of finding the next best
offer in a negotiation process would be too time consuming, for details see Lou
et al. [4]. In the same way the set of acceptable deals is precomputed. This
shifts the computational efforts form the execution into the compilation phase.
During the negotiation, queries are performed to retrieve elements with specific
characteristics in the set of acceptable deals. This querying can be done efficiently
using a relational representation, e.g., in form of SQL queries [16].

A trade-off strategy is transformed into a set of tables. For each tree of a trade-
off strategy a table is generated. Each negotiation attribute is represented by a
column. Each row specifies one acceptable deal. The set of tables is computed by
the function generateTables presented in Algorithm 1. For each tree of a trade-
off strategy, first a representation set of the root is generated. Afterwards the
representation sets of the direct child-nodes are induced by the corresponding
trade-off functions. Each directed edge in a tree represents a trade-off relation
from parent node to child node.

Consequently, a resulting table has a column for the parent node’s values, possi-
ble several columns holding child node’s values, a columnwith the preference values
and one column with preference values with priority degree considered. The struc-
ture of such a table is outlined in Table 1. In the resulting table preferences and
priority-preferences are aggregated, e.g. using the arithmetic mean. Examples for
such tables can be seen below in Figures 12 and 13. For retrieving information
about a negotiation attribute it can become necessary to join several tables.

Table 1. Example of a table representing a trade-off relation between ParentAttrib1
and ChildAttrib1

ParentAttrib1 ChildAttrib1 Pref PrioPref

... ... ... ...
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Algorithm 1. Pseudo code of the tree transformation algorithm

function generateTables(set of trees forming a trade-off strategy)
for each Tree do

generate a representation set of the root
Call InduceRepresentationSet(root)

end for
end function
function InduceRepresentationSet(Node X)

if X NOT ROOT then
Induce a representation set from X

end if
for each Child-Node C of X do

InduceRepresentationSet(C)
end for

end function

4 Automating Negotiations: A Case Study

In this section we demonstrate the specification of a negotiation by an example.
We show for a simple negotiation scenario how trade-off specification can be
done, and the resulting negotiation outcomes.

4.1 Negotiation Model

Since we focus here on the trade-off strategies, we choose an existing negotiation
model presented by Lou et al. [4]. It is a simple bilateral negotiation setting.
Two roles are defined: a buyer and a seller agent. Both agents negotiate about
a contract with a number of attributes like price, quality, delivery or payment
date. Each agent has a global preference function for all permutations of all
possible outcomes of the negotiation. The seller provides access to an information
service, that the buyer wants to subscribe to. Attributes of the contract are price,
actuality of the data, contract duration, and accounting period.

The agents operate in a semi-competitive environment. This is reflected by
their behavior strategies which are based on the principled negotiation approach
[2]. They try to weaken their position only minimally, e.g., by minimal infor-
mation disclosure, and minimal relaxation of their desires [4]. The negotiation
protocol is based on the alternating offers protocol [17]. The behavior of the
seller agent is presented in Figure 9(a). The ready state is the initial state. The
states check and relax represent the allowed performatives of sending messages
of an agent in a given negotiation state. The edges represent the performatives
of the buyer agent that can be received during a negotiation encounter. When
the performative find is received the negotiation is initiated and the agent can
answer with the performatives check or relax. The performative check is used
to ask the other agent to check if an offer satisfies its requirements. If no offer
could be found that satisfies the published buyers constraints, the seller asks to
relax at least one of the constraints, so that a suitable offer can be found.
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(a) Seller agent’s behavior protocol (b) Buyer agent’s behavior
protocol

Fig. 9. Negotiation protocol for seller and buyer

The buyer agent’s behavior protocol is presented in Figure 9(b). The states
and edges are defined analogous to figure 9(a). The buyer starts a negotiations
by sending a find -performative to the seller agent. Agents constrains future of-
fers by sending constraints that all offers have to fulfill, e.g., the price should
be below 340e. Constraints are published with descending priority. An offer is
checked and either accepted or another constraint is published to specify the
requirements more precisely, by communicating the violated constraint with the
highest priority. The constraints that needs to be satisfied and the preference
function among all available feature combination of negotiation attributes en-
codes the negotiation strategy. Both have to be defined by the principal of the
agent.

4.2 Specification of Trade-off Strategies for the Example

From the seller’s perspective the negotiation attributes have the following do-
mains: The price can be in a range between [120,270] e, of course a higher price
is preferred. The delivered data can have an actuality of 1,2,4 or 6 hours. As more
accurate data is more expensive, older data is preferred. The seller assumes its
optimal ration between profit and accuracy ise 170,- for two hour old data. Pos-
sible contract durations are 6,12,18 or 24 month, a longer duration is preferred.
Accounting periods are 1,3,4 or 6 months, shorter periods are preferred, not giv-
ing a credit to the customer. Based on the notation presented in Section 3 the
resulting trade-off strategy can be modeled as shown in Figure 10. v

From the buyer’s perspective the attributes have other desired values and
preferences, of course. The price should be in the interval between [100,200] e,
and a lower price is preferred. Actuality of the data should be between two and
five hours, more accurate data is preferred and a higher price is acceptable. A fair
ratio between accuracy and price for the buyer is paying e 150,- for three hours
old data. The contract duration can be in the interval between [3,24] month,
where a shorter duration is preferred. For a better (for the buyer a lower) price
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Fig. 10. Graphical representation of the seller trade-off strategy

the buyer is willing to accept a longer contract duration. Acceptable accounting
periods can be one to three month. Longer periods are preferred, but for a better
price, shorter periods can be accepted. The graphical model for this strategy is
shown in Figure 11.
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Fig. 11. Graphical representation of the buyers trade-off strategy

We have specified these two strategies with our editor and generated the
relational representation for these strategies. The resulting set of acceptable
deals have been generated. The relational representation for the seller’s strategy
is shown in Figure 12 and for the buyer’s strategy in Figure 13.

We have implemented negotiating agents, based on the Jade framework2, that
use the relation representation to negotiate with each other. In Table 2 we present
the negotiation process, as it has been executed by the agents for the described
example. The buyer starts the negotiation by selecting the row of the table shown

2 see http://jade.tilab.com, accessed at 27.10.2012.

http://jade.tilab.com
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Fig. 12. Relational representation of seller’s trade-off strategy. His thresholds are
already considered, thus only acceptable trade-offs are shown.

Fig. 13. Relational representation of all possible attribute combinations of the at-
tributes price, actuality and contract duration

Table 2. Full negotiation trace of buyer and seller (PR: price, AC actuality, CD con-
tract duration, AP accounting period)

Round 1
Buyer

Performative: Find
Constraint: PR ≤ 160

Seller
Performative: Check
(PR:150,AC:4,CD:18,AP:1)

Round 2
Buyer

Performative: Find
Constraint: PR ≤ 160 ∧ AC ≤3

Seller Performative: Relax

Round 3
Buyer

Performative: Find
Constraint: PR ≤ 145 ∧ AC ≤3

Seller Performative: Relax

Round 4
Buyer

Performative: Find
Constraint: PR ≤ 175 ∧ AC ≤3

Seller
Performative: Check
(PR:165,AC:2,CD:18,AP:1)

Round 5
Buyer

Performative: Find
Constraint: PR ≤ 175 ∧ AC ≤3 ∧ CD ≤ 13

Seller Performative: Relax

Round 6
Buyer

Performative: Find
Constraint: PR ≤ 190 ∧ AC ≤3 ∧ CD ≤ 15

Seller
Performative: Check
(PR:180,AC:2,CD:12,AP:1)

Round 7
Buyer

Performative: Find
Constraint: PR ≤ 190 ∧ AC ≤3 ∧ CD ≤ 15 ∧ AP ≥ 2

Seller
Performative: Check
(PR:180,AC:2,CD:12,AP:3)

Round 8 Buyer Performative: Deal
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in Figure 13 with the most preferred combination of attributes’ values according
to his trade-off strategy. According to his behavior strategy the agent tries to
minimize the revelation of private information, thus revealing only one constraint
per round to the seller, i.e. the agent requests a deal for a price ≤ e 160,-. The
seller then queries his possible deals to find a suitable offer. The seller sends it’s
most preferred bid to the buyer and asks him to evaluate it. In round 2 the buyer
finds that the offer is not acceptable because some constraints are violated, e.g.
for the offered price a better actuality of data and shorter contract duration is
expected. In consequence the buyer asks the seller to find another offer satisfying
the price and another published constraint, i.e. the actuality should equal or
below 3 hours. The seller agent has no fitting offer and requests a relaxation of
the constraints. In doing so the buyer lowers his expected satisfaction degree he
will obtain in this negotiation. Finally, after 2 more unacceptable offers from the
seller in rounds 4 and 6, a deal is reached in round 8.

5 Conclusion

In this articlewe presented ametamodel,which enables humannegotiators to spec-
ify trade-off strategies.As ourmetamodel is based on theEcoremodel,wewere able
to define code generators that transform trade-offmodels into a representation that
can be used by software agents. With this approach it becomes possible that, e.g.,
a procurement manager can specify their trade-off strategies, and software agents
can negotiate on their behalf. Following theMDDprinciple we can avoid the expen-
sive and possibly erroneous process of encoding the negotiation strategies by hand.
We have demonstrated the feasibility of our approach in an prototype capable to
perform simple negotiations as shown in the previous section.

The vision of our research is to allow a human negotiator to specify their entire
negotiation strategy in a form that can be transformed automatically into reason-
ing knowledge of an agent. Therefore the principal of the agent is not required to
have any knowledge about software agents or programming. In the future we want
to realize further steps towards this vision.Wewill extend our tooling to covermore
aspects of negotiations.As our trade-off specificationmetamodel includes a graph-
ical notation, we are going to develop a visual editor for the specification of nego-
tiation strategies, to making it more convenient for humans. Moreover, we want
to automate more phases of the specification of software agent negotiations using
MDD principles. So further steps can be the specification and automated transfor-
mation of negotiation protocols, including the embedding of the strategy specific
behavior within the executable model of the protocol.

Another important non-technical aspect that needs to be covered, is to inves-
tigate under which conditions humans could be willing to completely automate
negotiations, or are willing to accept propositions made by an automated nego-
tiation system. Thus, after a sufficient tooling has been created it is necessary
to study the acceptance of such a technology. This is also necessary to adapt the
methodology and tooling towards a) scenarios in which a automation is accepted
by the users, and b) towards the needs of the human negotiators that are willing
to be supported by negotiating agents.
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