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Abstract

This paper presents a complex negotiations model that has been adapted to the organisation of the process of the conclusion

and execution of a contract between customer (buyer) and bidder (seller), each represented by software agents. Most research

on agent-based automated negotiation is focused on models that end their action at the time at which the contract is concluded.

However, the implementation of the contract can be a long process. In this time, the needs and capabilities of both sides

are subject to change. In complex negotiations, the negotiation is spread over the entire lifespan of the contract and includes

pre-contract negotiations as well as renegotiations during the execution of the contract. With this approach, participants can

adapt dynamically to changing conditions, and can renegotiate contract conditions which have previously been concluded by

both parties.
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1. Introduction

Negotiations are two-sided conversations designed to resolve conflict and to reach an agreement acceptable to

both parties. Negotiations are used in many fields, such as trade, logistics, politics, automation, and information

technology. Negotiations are made between individual people or institutions, as well as between electronic de-

vices. In trade, negotiations allow the seller and the buyer to reach an agreement whereby both sides are satisfied

with the terms of the purchase of goods or services that they have negotiated. In computer science we often have

to deal with automated negotiations, which aim to optimise the business process, in order to select the best trans-

mission parameters of the network link, or to help in human decision-making etc. The terminology used in this

article is the seller, who offers goods or services, and the buyer, who is in need of goods or services. These goods

or services are exchanged for money.

There are many of models of automatic negotiations which solve the problem of reaching agreement between

both parties to the negotiations. These have two main drawbacks. The first is that negotiations end as soon as

the contract is concluded, and what takes place during the execution of the contract is not serviced. However,

after concluding the contract, the preferences of both parties may dramatically change. There may be various

reasons for such changes: changes in the market situation, failures and downtimes, or the client simply changes
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1526   Michał Niedźwiecki et al.  /  Procedia Computer Science   18  ( 2013 )  1525 – 1534 

his mind. More advanced negotiation models attempt to predict such situations, and include potential changes in

the preferences of both parties. Such negotiation strategies often make the process of concluding a contract longer,

which is their other major drawback. Moreover, there will always be a degree of risk involved in predicting future

results.

We wanted to develop a model that does not have these disadvantages. In this paper, we describe a solu-

tion called complex negotiations. This solution extends the negotiation process across the whole lifetime of the

contract. Before concluding the contract, common negotiations are carried out. These use existing models of

automatic negotiations. However, after concluding the contract, both parties are able to undertake renegotiations,

if they want to change the conditions of the contract. Using complex negotiations, the party that changes its pref-

erences is able to negotiate changes in the contract terms so that they are beneficial to both parties. Renegotiation

could be carried out several times. In this way, simpler and faster negotiation strategies could be used.

One drawback of complex negotiations may, in some situations, be the high costs of changing the terms of

the contract. However, in environments in which such situation are common, more complex negotiation and

renegotiation strategies could be used. In this way, contract terms are changed only where it is really necessary.

Complex negotiations is presented from an agent-based perspective. However we use only two kind of agents

(buyer and seller) that could be exchanged for any object that is capable of communication and decision making,

such as servers, routers etc.

2. Related works

The terms of the contract that are concluded between the seller and the buyer are agreed in the course of

automated negotiation between agents representing both parties. The main areas of research on agent-based

automated negotiation are the negotiation protocol and negotiation strategy [1][2].

The protocol defines how to negotiate in order to achieve agreement between the negotiating agents. The basis

for automated negotiation protocol multiple-protocol environments is Contract Net Protocol (CNP) [3], adopted by

FIPA (the Foundation for Intelligent Physical Agents), and the IEEE Computer Society standards organisation [4].

CNP protocol defines how messages between the two negotiating agents are exchanged. The Initiator commences

negotiations, and the Participator is the part that agrees to negotiate. These negotiations are one-to-one. In the

CNP, one of the agents tenders for a contract to another agent. Then the second agent rejects or accepts it. An

extension framework is used to transmit a counter CNP, which is the third option in addition to acceptance or

rejection of [5] OPAC. In addition to one-to-one negotiation there are models of one-to-many and many-to-many.

They are implemented as simple one-to-one negotiations to be carried out concurrently in separate threads with

each participant in the negotiations. CNP protocol is a basis for other negotiation protocols in systems B2B

[6][7], electronic commerce [8], electronic communication (negotiation of transfer[9], and audio/video stream

compression[10]).

A negotiation strategy determines when negotiations begin, how they proceed and when they finish. Different

negotiation strategies use various models of decision making. Such a model can operate on the basis of a utility

function [11], game theory, feature concessions, fuzzy logic [12], neural networks [13], evolutionary programming

[14] and other methods such as the Stackelberg game [15]. Research is carried out on strategies that rely on an

analysis of market trends and possible future demand, and then choose the best moment to buy [16]. Other

methods involve the collection strategy for clients in coalitions [17][18]. The coalition is able to obtain goods

in wholesale quantities at a lower cost per unit, so customers in a coalition are in a better situation than if they

had had to raise the goods separately. Yet further strategic methods employ concerns such as emotions [19] and

arguments [20] with the goal of achieving an outcome which is more satisfactory to both parties. These methods

extend the time of a negotiation strategy. In addition, all the methods previously described end at the time of

purchase (the conclusion of the contract), and everything that happens subsequently is not considered. However

we can adopt it in complex negotiations.

The contract consists of two main phases: the conclusion phase and the execution phase (Fig. 1a). Negotiations

are conducted during the conclusion phase, the result of which is the conclusion of a contract, or a break in

negotiations. The execution phase starts when the contract is signed, and ends when the contract is fulfilled

(finalised). During this phase, the capabilities and needs of both parties regarding the implementation of the
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signed contract may change. New sellers with much more attractive offers may emerge, or new customers may

increase demand. As a result of these changes it may be necessary to renegotiate the terms of the contract [21]

(Fig. 1b). Renegotiations are used where you need to provide QoS, such as ATM networks [22]. Renegotiations

are also used in the data stream, such as renegotiation of audio/video stream compression in relation to changing

bandwidth for mobile communications [23]. In [24],negotiations and renegotiations layers for Web Services were

proposed. In this article we have tried to generalise renegotiations and apply them to the implementation of a

system for carrying out the dynamic negotiation of changes in the execution of a contract.

In complex negotiations, we combined the conception of renegotiations with the model of automatic negotia-

tions and we applied it to the process of conclusion and execution of the contract.

3. The concept of complex negotiations

Fig. 1. Contract flow: (a) complex negotiations and contract phases; (b) flow chart of contract execution.

Complex negotiations take place over the lifetime of the contract C, and include both the conditions of new

contract negotiations, and the renegotiation of conditions which have already been established during the execution

phase of the contract (Fig. 1a).

A contract is an agreement between the client (the buyer or the recipient) and the provider (vendor or service

provider). For example in [35] emergency dispatcher signs contract with ambulances. The provision of goods or

service by the bidder, in return for payment from the client, is the subject of the contract. The roles of clients and

providers can be played by servers, software agents [25], etc.

As mentioned above, the lifespan of the contract consists of two phases: the conclusion phase (setting the con-

ditions of contract execution) and the execution phase (contract execution until the fulfilment of the obligations).

It is an extension of the arrangement phase and the execution phase of the Entish system [26].

3.1. Negotiations and conclusion phase of the contract

The conditions of the new contract are the subject of negotiations. Negotiations are carried out according to a

protocol based on the CNP. The role of initiator (negotiations starter) is always played by the buyer, and the role

of participant (the other party in the negotiations) by the seller. If during the negotiations the two sides reach an

agreement, then the contract is concluded and they move on to the execution phase of the contract.

Negotiations are carried out according to the following algorithm (shown in Fig. 2a):

1. initiator: reports willingness to begin negotiations by sending a message call for offer.

2. participant: decides one of:

(a) break of negotiations, by sending a message refuse,

(b) submit a proposal for the contract, by sending a message offer.

3. initiator: if the received message is refuse then the algorithm ends.

4. initiator: if the received message is offer then decides one of:
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Fig. 2. Complex negotiations flow: (a) negotiations; (b) renegotiations.

(a) accept offer with the contract terms received, by sending a message accept offer.

(b) make own contract proposal, by sending a message counteroffer.

(c) cancel negotiations, by sending a message cancel negotiation.

5. participant: if the received message is cancel negotiation then the algorithm ends.

6. participant: if the received message is counteroffer, the negotiation loop returns to 2.

7. participant: if the received message is accept offer then contract signs and the algorithm ends.

The messages offer, counteroffer and, optionally, call for offer, store the contents of the terms of

the contract C received as proposed terms from the negotiation partner. The messages refuse and cancel

negotiation mean breaking of negotiations. Message accept offer consents to the execution of the contract

under the terms of the last message received, offer, and the message signed contract confirms the conclusion

of the contract.

3.2. Renegotiation and execution phase of the contract

The execution phase of the contract begins after the conclusion phase. At this stage, both partners are obliged

to fulfil their obligations to each other. If one party wants to change the obligation, they can start renegotiations.

The purpose of renegotiations is to negotiate changes to the contract arrangements. During renegotiation,

changes to the terms of the contract (thread 1) and breach of the contract conditions (thread 2) are negotiated in

parallel. The role of the initiator is played by the side which started renegotiations, and role of the participant is

played by the other party. Renegotiations take place according to the following algorithm (shown in Fig. 2b):

1. initiator: starts renegotiations sending message call for renegotiation.

2. Both parties go to two threads and perform negotiations steps from 2 to 4. There is some change at point 4a.

-the message is not sent, but the thread quits and returns the negotiated terms of the contract value, which is

ready to accept. It is assumed that the thread is successful. Other routes complete the algorithm and return

an empty value.

3. initiator: writes to:

(a) Cold — conditions of current contract (as before renegotiations).

(b) Cnew — conditions of new contract (if thread 1 was successfully finished).
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(c) Cbreak — compensation conditions (if thread 2 was not successfully finished).

4. Next, based on the utility function, the initiator decides on the most favourable conditions and sends them

to the participant.

If the initiator chooses Cold then the execution phase is carried out under the terms of the old contract. If the

initiator chooses Cnew or Cbreak then the execution phase goes from the beginning under the new contract.

4. An example commerce simulation system

Fig. 3. Architecture of the example system: (a) multi-agent platform; (b) stack of the agent (gray - for expansion by developer).

The concept of complex negotiations has been verified in our multi-agent platform. The platform implements

two types of agents (Fig. 3a):

1. Seller Agent (SA).

2. Buyer Agent (BA).

The Seller Agent is the manufacturer or vendor of the goods. During negotiations with customers, they are

going to achieve the highest possible profit for themselves. If the Seller Agent wants to be found by the Buyer

Agent, they must first of all register in the Services Registry (SR) a list of the types of goods g they are able to

offer to the customer.

The Buyer Agent is responsible for the acquisition of goods. The Buyer Agent first gets the list of Seller

Agents that are able to offer this kind of benefit, from the Service Registry. They then carry out their negotiations

with the aim of signing sign the best possible contract C for themselves, for the delivery of the goods.

For each Seller Agent found, the Buyer Agent creates a separate thread. Each thread carries out negotiations

with only one Seller Agent, but all communicate decisions to the main thread, which deals with the various Seller

Agents and decides on further negotiations.

4.1. Implementation of agents
The implementation of agents was split into levels (Fig. 3b). The lowest level is the JADE agent platform. It

was used as the agents runtime environment. The next level is the contract execution protocol (as presented above).

This level describes the types of messages sent during negotiations, and during the conclusion and execution

of the contract. The agent behaviour level manages the negotiations and renegotiations with the other party

(Fig. 4). On this level, the algorithms for negotiation and renegotiation (described above) are performed, and

the decision-making process of these algorithms refers to the upper layer. As has already been described, the

algorithm branches to renegotiate the two threads. However, the Buyer Agent algorithm has been extended to a

third topic. It carries out the conclusion phase of the contract, C with other vendors. In this way, the higher layer

can decide on one of the following options:

1. Interrupt current negotiations and retain the current contract conditions (Cold).
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Fig. 4. Contract between buyer (BA) and sender (SAx) from the buyer point of view: (1) conclusion phase, (2) contract concluding, (3)

execution phase, (4) contract renegotiation, (5a) continue with actual seller, (5b) cancel the contract and start cooperation with a new one, (6)

finish the contract.

2. Cancel the contract (Cbreak).

3. Cancel the contract with the current contractor (Cbreak) and conclude new contract with a new contractor

(C) — only the Buyer Agent.

4. Accept new contract conditions (Cnew) — in this situation cancel old contract and sign new contract with

the same contractor.

The highest layer is the decision-making model. This layer is responsible for negotiating strategy. It decides

to start the negotiations, then it generates an offer or counteroffer and decides what type of response to send to the

messages from the other party. To monitor communications and state agents we used [27].

4.2. Implementation of contract model
In this platform contract is expressed as follows:

C = (b, s,Cb,Cs) Cb =
(
Cb,1,Cb,2, ...,Cb,n

)
Cs =

(
Cs,1,Cs,2, ...,Cs,m

)
(1)

Cb,i,Cs, j = (g, (F1, F2, ..., Fn) , q, t, e) (2)

Where: C — contract, b — buyer, s — seller, Cb — buyer’s obligation, Cs — seller’s obligation, g — type of

goods identifier, Fi — value of i-index goods feature, q — quantity of the good, t — time of delivery of goods

(time to provide good service or time of service start), e — good validity (time when good loses value or time

when service finishes).

By taking into account the characteristics of goods, we can assess their usefulness using a utility function fu.

The usability of the entire contract can be estimated on the basis of the utility function of the characteristics of

liabilities and external conditions contained in the variable fs:

fu : Cb,i,Cs, j → R fu,C(C) =
∑

Cs

fu(Cs, j) −
∑

Cb

fu(Cb,i) fu,S (C) = fu,C(C) + fs (3)

The counterdomain of the function is R. Variable fs includes everything that can affect the contract utility

function, but which is not considered in this article (such as the contractors reputation, the cost of implementing

additional changes to the renegotiation of the terms of the contract and other external conditions).
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5. Example of negotiation process usage

This chapter presents a scenario of negotiations related to the purchase of goods in a store. This scenario

was performed on the multi-agent platform described in section 4. The decision-making model is based on a

utility function fu, purchased goods Cs, and payment in kind Cb. The model uses a fixed penalty for changing the

terms of the contract or breach of contract. In all cases, the good that is paid for the purchased good is money. For

simplicity, the examples offered by vendors are in all cases fixed, but allow a change in the terms or the termination

of the contract in return for appropriate compensation.

5.1. Scenario: buying computer parts in a computer shop
Lets consider an example: A store sells computer components with a warranty. We assumed that the shop is

obliged to accept the return of goods up to two weeks from the date of purchase if the customer can prove that

this product does not meet their requirements, and the goods show no signs of use. In fact, when the package

is opened and the contents are used for a few days, it loses its value, but in this is omitted in this example, for

the sake of simplicity. However, it does include the need to visit the shop, the waste of time, inconvenience and

distress associated with the need to persuade the seller to agree to refund or exchange the goods.

Lets assume the customer wants to buy a hard drive. Using the notation proposed we conduct a simulation

similar to the actual negotiation process:

Cs = (CHDD) CHDD = (gHDD, (FC , FS ) , qHDD, tHDD, eHDD) (4)

The type of good is gHDD = HDD, capacity FC and speed FS are given in Table 1, and quantity qHDD = 1,

time of delivery tHDD = 0, expiration time eHDD = ∞.

Payment in all cases is:

Cb = (CMONEY ) CMONEY = (gMONEY , () , qMONEY , tMONEY , eMONEY ) (5)

Type of good is gMONEY = MONEY , quantity qMONEY are given in Table 1, time of delivery tMONEY = 0,

expiration time eMONEY = ∞.

Lets assume that the client does not know how important speed is, so initially the disk utility function is

dependent only on the capacity and may look like this:

fu(HDD) = FC fu(MONEY) = qMONEY (6)

fu,C = fu(HDD) − fu(MONEY) (7)

As mentioned above, the replacement or return of goods involves some inconvenience and travel expenses, so

the client will undertake this operation only when the value of the new offer in the renegotiation is sufficiently

greater than the current contract. For this purpose, fs is used, this being in the conclusion phase of the contract

fs = 0 and in the execution phase of the contract:

• for current contract fs = 0,

• for other offers from this shop fs = −1, where −0.6 means there is a psychological barrier against the need

to persuade sellers to exchange goods, while −0.4 are the costs of travel and return from the store,

• for offers from other shops fs = −5, where −4.4 means there is a psychological barrier against the need to

persuade sellers to exchange goods, while −0.6 represents that total travel expenses between home and both

shops.

The costs of travel to the shops accumulate after each exchange of goods. Stores offers is present on Table 1.

Thus, the client chooses A1 (see Fig. 4.1 to Fig. 4.3), which is a slow high-capacity disk (Table 1, negotiation).

However, after three days he finds the speed to be important, so his utility function changes to the following:

f ′u(HDD) = 0.5FC + 0.5FS f ′u(MONEY) = qMONEY (8)

As a result of changing preferences on the side of the client (see Fig. 4.4), if the purchasing decisions could

be taken back the rank listings would look like Table 1 (renegotiation 1).
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As you can now see, the most preferred choice is a fast high-capacity disk. It is offered by another store, which

would involve the high cost of returning the goods to the original store.

Lets consider that, after a further three days, the client feels the need for a faster drive and the utility function

changes to the following form:

f ′′u (HDD) = 0.25FC + 0.75FS f ′′u (MONEY) = qMONEY (9)

As a result (Table 1, renegotiation 2), the value of offer B2 (very fast but the low-capacity SSD disk) has grown

so much that it now outweighs the value of offer A1. The client decides to return the disk to a shop A and buy a

new one in shop B (see Fig. 4.5b). The execution phase of the contract begins again from scratch.

After almost two weeks, the user finds the drive cannot hold all the data they want to store. Capacity has

become more important in preference to function, so the importance of speed has decreased. Now the utility

function is come back to (8):

f ′′′u (HDD) = 0.5FC + 0.5FS f ′′′u (MONEY) = qMONEY (10)

Now the leader is offer B1, a fast high-capacity hard drive (Table 1, renegotiation 3). Because it is offered by

the same shop, the value of fs = −1. As a result, the customer decides to replace the goods with a new model (see

Fig. 4.5a).

Table 1. Offers of sellers and utility function result.

Seller Offer HDD MONEY negotiation renegotiation 1 renegotiation 2 renegotiation 3

s C FC FS qMONEY fu,C fs fu,S fu,C fs fu,S fu,C fs fu,S fu,C fs fu,S
A A1 14 6 4 10 0 10 6 0 6 4 0 4 6 -5 1

B B1 14 14 6 8 0 8 8 -5 3 8 -5 3 8 -1 7
B B2 2 22 7 -5 0 -5 5 -5 0 10 -5 5 5 0 5

5.2. Evaluation of the results
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Fig. 5. Value of offers A1, B1 i B2 in time and profit as a result of exchange of goods (profit clean — only profit, profit real — profit

with the culmination of the cost of replacing).

The graph shown in Fig. 5 shows the results of the simulation. Lines A1, B1 and B2 represent the value of the

offer at the time. The line clean profit represents the difference between the actual conditions of the contract

Cold and offer value A1 that is responsible for the contract that is concluded as result of negotiation. The line real

profit includes the accumulated cost of replacing the product, which was used as a measure of the benefits of

renegotiation.

In this scenario, renegotiations gave the client the opportunity for such an exchange at the time it was most

needed. As can be seen in the graph, the first change in preferences happened on the fourth day. The difference
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between the old choice of utilities and the then best offer was lower than the value of fs. Therefore, the Buyer

Agent decided not to exchange. The decision to exchange happened on the seventh day, when the gap had growth

and became higher than lowering the impact of fs. As a result, in the following days the Buyer Agent had a more

valuable contract than they had negotiated at the beginning.

After each renegotiation where a change of contract took place, the cost of changes accumulated. In this

example, we have assumed that the accumulation of these costs was simply the sum of fs, which was responsible

for the cost of getting to the shops. On the graph it is visible in the form of the difference between profit clean

and real profit.

6. Summary

This paper presents a new approach to negotiations. This approach extends the process across the lifetime of

the contract. It allows changes in the terms of the contract, as negotiated at the time of its implementation.

The example demonstrates a simulation of the process of using this approach. The profit of the renegotiation

and the costs resulting from changes to the terms of the contract are presented in the example. These costs

accumulate after every change, so if changes are performed too often during the execution of the contract, the

costs can exceed the value of the profit. This is why it is important to choose an appropriate strategy and relevant

parameters. In some cases, the cost of changes to the contract terms can be very high, and it is better to predict

future changes in preferences and include them in the negotiations. In other cases, the cost of renegotiation can be

almost zero and complex negotiations should have the greatest success.

It is necessary to undertake research on renegotiation strategies. Renegotiations are not normal negotiations.

In renegotiation it has to be considered that the contract has been partially realized. Different kind of changes may

generate different costs.

Further research into complex negotiation will include its use in supply chain management [28]. It enables a

dynamic response to the changing needs and capabilities of each cell in the chain, including failures, downtime in

production and managing unused resources (the use of goods which have been discontinued as a result of breach

of contract). There are plans to study the merger of the same cells in dynamic coalitions where some agents may

dynamically attach to and detach from the coalition.

All of these issues can be applied in production control systems, forwarding or trade.

Acknowledgements

The research leading to these results has received funding from the research project No. O ROB 0008 01

“Advanced IT techniques supporting data processing in criminal analysis”, funded by the Polish National Centre

for Research and Development., and from dean grant no. 15.11.120.266

References

[1] G. Wang, T. Wong, X. Wang, An ontology based approach to organize multi-agent assisted supply chain negotiations, Computers &

Industrial Engineering (0) (2012) –. doi:10.1016/j.cie.2012.06.018.

URL http://www.sciencedirect.com/science/article/pii/S0360835212001775
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