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Abstract. A model for multi-agent negotiation under time constraints on an
agent-based marketplace for personnel acquisition is presented. In the situation
under consideration agents have contradictory aims and multi-lateral
negotiation is chosen as the most suitable form for agents' co-ordination.
Negotiation issues and negotiation strategies are discussed first. Then the
general case of multi-lateral negotiation with multiple negotiation issues is
considered. Although the paper deals with the specific situation of an electronic
marketplace for personnel acquisition, the proposed negotiation model can be
used with appropriate modifications for other agent-based e-marketplaces
where agents have contradictory aims and negotiation is required.

1. Introduction

Electronic commerce is known to have many advantages compared to the traditional
way of doing business such as 24 hours availability, up-to-date information and lower
cost. To provide these advantages a lot of new tools and technologies were
introduced. One of these new tools is software agents technology. Software agents are
being increasingly used in a wide range of electronic commerce [1], [2], [9]. For an
overview of agent-based e-marketplaces and their classification we refer to [6].

In many applications multi-agent co-ordination in one or another form plays a
critical role. If the agents have contradictory aims and no direct control over one
another, the most suitable form of co-ordination is negotiation either bilateral or
multi-lateral. The agents negotiate to make other agents undertake a particular course
of action or to come to an agreement about some matters. The best known techniques
used to model agents' negotiation are game theoretic models, heuristic approaches
and argumentation-based approaches. For an overview of these and other approaches
we refer to [5] and [7]. The most interesting models both from theoretical and
practical points of view are those dealing with multi-issue negotiation. In [4] a model
for multi-issue negotiation between two agents under time constraints in an
incomplete information setting was presented.

In this paper, a model for the multi-lateral multi-issue negotiation in the specific
situation of an e-marketplace for personnel acquisition is introduced. Agent
technology is shown to be quite useful for an electronic job marketplace. Users of



such a marketplace are employers looking for persons with specific qualifications,
and persons looking for positions appropriate for them according to several criteria.
Users create their individual agents who then can act in an autonomous manner and
proactively. Once initialized they may continuously search for new positions
(employees’ agents) or for new potential employees (employers' agents). Based on
their ability to learn, agents can analyze the situation on the marketplace and behave
accordingly. Finally, to achieve their objectives (in our case, to find an appropriate
position or an appropriate enployee) the agents can negotiate about the contract
conditions.

The remainder of the paper is organized as follows. Section 2 presents negotiation
issues, scoring functions and negotiation strategies. In section 3, a model for multi-
|ateral multi-issue negotiation is presented. Section 4 provides the conclusions.

2. Negotiation issues and negotiation strategies

In the paper, a model for multi-agent negotiation under time constraints on an
agent-based marketplace for personnel acquisition is presented. Time constraints
mean that all agents acting on the e-marketplace have deadlines for their activities.
All negotiation strategies and negotiation protocols are heavily using the agents
deadlines. Therefore we say that the negotiations we consider are in fact negotiations
under time constraints.

In the proposed model, the negotiation subject is characterized by four issues:
salary per hour, extra pays, number of working hours per week, and the employment

duration. Let X' = (Xis,xie, X:1 ,Xid) be an offer received by an employee’s agent at
thetime t =t , i =01,...,n (N isthe number of negotiation steps), where XiS is
the value of salary per hour, Xie is the value of extra pays, XL is the number of
working hours per week, and Xid is the duration of employment offered to the
employee’s agent by an employer’s agent at thetime t =t;. Analogously, let yi =

( yiS , yie, yih , yg ) denote an offer received by an employer’s agent at thetime t =t
i=01,...,n.

Different values of negotiation issues are of different value for negotiating agents.
The value of negotiation issues is modeled by scoring functions N, N, N, , N,

(for an employee’s agent) and G, G,, G,,, G, (for an employer's agent). The
bigger the value of a scoring function for a certain value of an issue is, the more
suitable is this value for a negotiating agent. In our model the values of the scoring
functions are always from the interval [0, 1]. If the value of a scoring function is
equal to 1 for some value of an issue then the satisfaction level of a corresponding
agent with this value will be 100 percent. The form of the scoring functions will in
general be determined by the user initializing an agent. The scoring functions



represent private information not known by and not given to other market
participants. The only requirement for the scoring functions following from the

definition of the negotiation issues is that the functions N and N, are monoton-
ously increasing functions whereas the functions Gs and Ge are monotonously de-

creasing ones. As to the functions N, , N,, G,, and G, they al increase

monotonously first up to a certain optimal value, then they remain constant for some
interval and then they decrease monotonously. For illustration we use the scoring
functionsin figures 1-3.

The scoring function NS(XS) representing the value of salary per hour for an
employee’ sagent isshownin figure 1.
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Fig. 1. Scoring function for salary used by an employee’ s agent

In figure 1, the values S, and Sgpt are the minimal salary per hour the

employee would still accept and the highest expected salary per hour he/sheislooking
for, respectively.
The scoring function Gs(ys) of an employer’s agent has the form presented in

figure 2 ( S!?/Iax isthe maximal sdary the employer can pay to the employee, Sgpt is
the salary the employer considers optimal for the given position).
The scoring functions N, (X,) and G,(Y,) for extrapays look like the scoring

functions N (X,) and G,(Y,).

The scoring function N, (Xn) for the number of working hours per week for an
employee's agent is taken in the form presented in figure 3 (hy, . M. NGy win-
hgpt_Max are the minimal, maximal and optimal numbers of working hours per week

for the employee, respectively).
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Fig. 2. Scoring function for salary used by an employer’s agent
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Fig. 3. Scoring function for the number of working hours per week used by
employees’ agents

The scoring function Ge(ye) for the number of working hours per week used by
employers' agents and the scoring functions for the fourth negotiation issue, the
employment duration, are modeled by functions of the same type as N, ()%) .

In a real negotiation, different negotiation issues are of different importance for
each negotiation participant. To model this situation, the notion of relative importance

that a participant assigns to each issue under negotiation isintroduced. Let WQ , W; ,

Wr?, and W(? be the relative importance of salary per hour, extra pays, number of



working hours per week, and the employment duration, respectively, for an employee,
and W2, w2, w?, and wy the relative importance of the same issues for an
employer. For convenience, we assume that the normalization relations are valid:

wlHw!+wlwy =1, wliwIwgswy =1 2.1

Using the scoring functions and relative importance of issues under negotiation we
can introduce the notion of a general scoring function. The exact form of this function
depends on a specific situation. In our model, linear functions are used to construct
the general scoring function for employees’ and employers' agents:

N(X') =wg N, () +W N () +WiN, (X)) +WiNg(xy) . (22)

G(y') =WiG, (Ys) +WIG, (Y.) +WSG, (V,) +WiG4(Yy). (23)

Another question important for negotiation is how the agents generate their offers
and counter-offers, i.e. negotiation strategies. In the case under consideration, agents’
negotiations have multi-issue character, i.e., a negotiation strategy can be defined in
general as asequence of pointsin amulti-dimensional space.

By a negotiation strategy of an agent we mean a vector function F(t,S,,S,)
with four comp onents:

F(1,50,S) = (1,(6.50, ), Te(t, S5, S,): (6,55, S), 14 (LS4 S)))

where the functions f((t,S,,S,), f.(t.S,.S,). f.tS,.S,), ad

fq(t,S,,S,) determine how the agent changes the values for salary, extra pays,
number of working hours per week, and the employment duration, respectively, over
the time depending on the status S, of the e-marketplace and the status S, of the

negotiation. In general, S, and S, are multi-dimensional vectors containing

components like number of agents present on the e-marketplace, number of agents
participating in a negotiation, offers the agent receives, etc. The vector function

F(t,S,,S,) can bein general nonlinear and very complex. In fact, the question

how to choose the appropriate form of the function depends heavily on the application
where this agent-based negotiation is used. General recommendations regarding the
form of such afunction are not known; the only way to make an appropriate selection
is by experimenting.

In the literature special cases of negotiation strategies are discussed [3], [8]. One
important family of strategies consists of functions which are only time-dependent,
i.e. neither the status of the marketplace nor the status of the negotiation influence the
negotiation.



Other families of strategies which could be employed by the agents are resource-
dependent and behavior-dependent strategies.

A resource-dependent strategy takes into consideration the number of offers and
counter-offers the agents send to and receive from other agents, the number of agents
acting on the e-marketplace and the number of agents who are potential partners for
negotiation for a given agent. The general idea behind resource-dependent strategies
isthat the more potential agreements can be reached on the e-marketplace by an agent
the slower can this agent change his values for negotiation issues and vice versa.

Taking abehavior-dependent strategy an agent has to analyze the behavior of other
agents involved into the negotiation and generate his counter-offers according to the
dynamics of how the values are changed in the offers he received.

In general, a strategy of an agent can be very complex, switching over time
between time-dependent, resource-dependent, behavior-dependent, and other
strategies.

3. Multi-lateral negotiation protocol

In this section the model for multi-lateral negotiations is discussed. In fact, multi-
lateral negotiation over many issues takes place in many real life situations. On the
electronic marketplace for personnel acquisition underlying this paper the nature of
negotiation is multi-lateral. In general there are several potential employees who are
interested in a position offered by an employer. Vice versa, several employers may be
interested in a certain employee.

For multi-lateral negotiations we propose a negotiation protocol based on the
bilateral protocol described in [3] (see also [4] for an extended version of this
protocol) and a partial order of the set of all employees agents generated by a pre-
selection procedure.

3.1. Pre-selection procedure and partial order of the set of all enployees’ agents

Pre-selection means selecting those agents available on the marketplace that will
negotiate in a specific process over certain issues. In the pre-selection process some
additional factors like profession, age, working experience, professional and
additional skills of the employees are taken into consideration. The values of these
factors are fixed for the employees' agents and cannot be involved directly in the
negotiation process although they are very important for the employment process.

For each employer’'s agent present on the e-marketplace all employees agents
which can be considered as potential partners for negotiation (i.e. the professions of
the potential employees are the same the employer is looking for) are evaluated and
ranked according to the values of the issues age, working experience, professional and
additional skills. Thus a partial order of the set of all employees’ agentsisintroduced
for each employer’s agent, meaning that all employees' agents are ordered according
to thelevel they suit for negotiation with a given employer’ s agent.



To be able to rank the employees’ agents, additional scoring functions have to be
introduced for the employers agents. The scoring function Ga(ya) for an

employee’s age is of the form presented in figure 3, i.e. in the process of the agent’s
initialization the employer has to input the values for minimum, maximum und

optimal ages of the employee. As to the scoring function Gex(ya()for the

employee’ s working experience, this function is taken in the form of figure 1, where
the points on the x-axis represent the minimal and the preferred working experiences
of the employees.

The scoring functions both for professional skills (like knowledge of Unix, SQL,
ASP or SAP R/3 etc.) and additional skills (like foreign languages, driving license,
flexibility etc.) are discrete scoring functions, not continuous ones, because the
functions have to be defined on the finite sets of all subsets of the finite sets of
professional and additional skills. In our model, linear functions are used to model the
discrete scoring functions, like

Gp(Yps) =2y bb * bzrgr LI T Czo?d S @y

where @, a,, b, b,, by, C;, C,, and C, are some constants such that &, +a, =1,
b,+b,+b,=1, C,+C,+C,=1, I isthe number of required professional skills, d is
the number of desirable professional skills, b, isthe number of professional skills the
employee possesses with basic level out of I' skills categories which are required by
the employer, g, and € are the numbers of professional skills with good and

excellent levels, respectively, by, g4 and €, are the numbers of professional skills
with basic, good and excellent levels, respectively, an employee’ s agent possesses out
of d skills categories which are desirable for the employer.

The scoring function G,((Y,) for the employee's additional skills is constructed
in analogy to the scoring function for the employee’s professional skills.
Having constructed the scoring functions G, (Y,), Go (Vo) Gps(Y,s) . and

Gao(Vas) anextendedset W, wl, wi, wi, wl, wg, Wi, wl) of relative

importance of negotiation and pre-selection issues is defined for an employer’s agent:
Inadditiontow?, w?, w;?, and Wy which were introduced before this set contains

the relative importance of the employee’'s age W2, working experience W2 |

professional skills Wgs and additional skillsw_2, . For convenience, the normalization
relation is assumed to be valid:



wiswd+wl+wd +wd+wd +wo W =1, (3.2)

For evaluation of an offer yi = (y;,yfe, yih,yid) that is received from an

employee'sagent Y the extended scoring function is used:

Gau (Y Vi) =G(Y) + GV, 33
where G( ') isthe scoring function (2.3) and
G i Yix) ZW2G,(Ya) *WeGor (Vo) + WiGpe(Yps) *WaGoo(Vas) . (34)

yfix = (ya’yex’ yps’ yas) ) (3-5)

The extended scoring function (3.3) consists of two components. The first one,
G(Y'), isused to evaluate the received offers. The second one, Gy, (Y., ) , reflects

the fixed pre-selection issues like age, working experience, and professional and
additional skills.

For a given employer’s agent a partial order of the set of all employees’ agentsis
introduced according to the following two rules:

1) The partia order is introduced only for those employees agents who are
potentially suitable for negotiation, i.e. the professions of the employees are
the same as the profession the employer islooking for.

2) Anemployee'sagent Y is more preferable for the employer’'s agent than

another employee's agent, say z, if and only if Gy, (Vi) 2 Giix(Zsiy) -

where the functions and their arguments are defined as in formulae (3.4),
(3.5). In this case, the relation between the two employees’ agentsis denoted

byy f z.
Taking a particular employer’s agent, a sequence N,, N,, Ng,..., N, of the
employees' agentsis determined. This sequence is sorted according to the levelsthose
agents are suited for the negotiation with the employer’ s agent:

nfn,fnf..fn. (3.6)

3.2. Multi-lateral negotiation protocol



The multi-lateral negotiation protocol presented in this sub-section uses heavily the
bilateral negotiation protocol described in [3]. To save space the bilateral negotiation
protocol is not specified in detail in this paper. Instead a short discussion of the idea
of the bilateral protocol is presented.

The general idea behind the approach proposed in [3] is that two agents
participating in the negotiation sequentially send each other offers and/or counter-
offers. To generate the offers/counter-offers the negotiation strategies mentioned in
section 2 are used. The interpretation of the offers (i.e. either to accept or to reject the
offer/counter-offer) received from the other agent is based on scoring functions like
(2.2), (2.3) constructed according to the agents preferences, restrictions, goals and
relative importance of negotiation issues. The negotiation is completed either if an
offer/counter-offer is accepted by one of the agents (negotiation is successful) or if
one of the agents approaches his deadline (negotiation fails). For a formal
presentation of the protocol for bilateral negotiation see[3].

Now a protocol for multi-lateral negotiationsisintroduced. A multi-lateral negotiation
is modeled as afinite set of bilateral negotiations between one employer’s agent and

several employees’ agentsn, , N,, N,,..., N, satisfying the relation (3.6). However

these bilateral negotiations are not independent, they are influenced by other bilateral
negotiations. The negotiation of the employer’s agent with any employee’'s agent is
performed according to the bilateral negotiation protocol described in [3].

g

vax 1S the

First the protocol for an employer’s agent is presented. Suppose that t

deadline of the employee’s agent and N;, N,, N5,..., N, is the sequence of the
employees' agents suitable for negotiation with the employer’s agent satisfying the
conditionn, f n,f n,f ..f n, .
1 Attime t =1, start the negotiation with the employees” agents N, ,..., N, ,
|, £ | satisfying the condition
Gin) =Gg(n), k=1...,1;

according to the bilateral negotiation protocol. In the case the employer’s
agent accepts an offer from one of the employees’ agents he stops the

negotiation with the agents N, ..., N, , l; £ | and informs these agents by a
special message about cancellation of the negotiation process.

2. Letl, | <I betheindex of the employee's agent last involved into the

negotiation with the employer’s agent. Attime t =t., i =1,...,n start the
negotiation according to the bilateral protocol with all the employees’ agents

satisfying the condition

G(X)+Gyy(n, ) £ G(X°) +Gy,(ny)

fix



where X' is the offer the employer’'s agent generates according to his
strategy at time t =t;, and the functions Gand G

formula (3.3). In the case the employer’ s agent accepts an offer from one of
the employees’ agents he stops negotiating with all other agents and informs
those agents by a special message that the negotiation processis cancelled.

tix are defined asin the

3. If amessage about cancellation of the negotiation process is received from
one of the employees' agents, withdraw that agent from the set n,, n,,

N,,..., N, of employees’ agents participating in the negotiation.

4. Attime t=t,, t 3 to stop the negotiation with al the employees

agents involved in the negotiation and inform these agents by a special
message about cancellation of the negotiation process.

Because the employees’ agents play a more passive role in our model for multi-
lateral negotiation than the employers’ agents do, the protocol used by an employee's

agent looks simpler than the protocol presented above. Let t,'\},ax be the deadline of the

employee’'sagent and @, , J,, J5...., g, the sequence of the employer’s agents

currently involved in the negotiation with the employee’s agent. Then the formal
protocol for negotiation used by the employee’ s agent has the following form:

1. Negotiate with all the employers’ agents 9, , J,, O5,..., g, according to

the protocol for bilateral negotiation. When the employee's agent accepts an
offer from one of the employers’ agents he stops the negotiation with the

agents g, , 9,, O;...., §, and informs those agents by a special message
about cancellation of the negotiation process.

2. If an offer isreceived from one of the employers’ agents add that agent to the
set of the employers’ agents involved in the negotiation with the employee’'s
agent.

3. If amessage about cancellation of the negotiation process is received from
one of the employers' agents involved in the negotiation, withdraw that
agent from the set of the employers' agents participating in the negotiation.

4. Attime t=t , t 3t stop the negotiation with al the employers
agents involved in the negotiation and inform those agents by a special
message about cancellation of the negotiation process.

According to our protocol, both employees' agents and employers’ agents always send
offers they themselves are satisfied with. Therefore, as soon as an offer is accepted by



one of the agents, the agent who sent the offer and the agent who received the offer
come to an agreement at the same time.

3.3. An example of multi-lateral negotiation

To illustrate the protocol for multi-lateral negotiation an example of a multi-lateral
negotiation from the employer’ s agent point of view isgivenin table 1.
In the example, one employer’ s agent negotiates with four employee’ s agents, say

n,, n,, N,, N,. Theagentssatisfy the condition N, = N, f n, f n,. Becausethe

first two employee’'s agents are equally good according to criteria like age, working
experience, professional and additional skills, the employer’ s agent starts to negotiate
with those two agents. According to the bilateral protocol he sends them an initial

offer X°. Astime passes, the values for the issues under negotiation in the offer of
the employer’s agents become smaller. Therefore at a certain stage the employer’s

agents can start a negotiation with the agent N, sending him the initial offer x%. At
thetime t = t, the employer’s agent receives the offer y27 from the employee’ s agent

N, which fits his preferences. The agent accepts that offer, informs the agents N,

N;, N, (some of them might be involved in negotiations with other employer’'s
agents) about the cancellation of the negotiation process, and closes the negotiation.

Offer sent gcf;rv od
Time |0 the . | fromthe Employee's Condition
employee's ' | agent
agent employee's
agent
t=t,| x° n
X0 n2 Gfix(nl):GfiX(n2)>
G fix(nS)
t=t, Vi n,
1
Y, n,
t=t, x? n
x? n, G(x*) + Gy, (n,) >G(x") +
Giix(Ny)
— 3
t=t, Y1 n




Y; n,
t=t, N n,
4 n2
x° n, G(x*)+ Gy, (n,) £ G(x°)
+ Gy, (N5)
t=t, % n,
' n,
Ya n,
t=t;| x° n,
6 n2
’ n, G(X*) + Gy () >G(X°) +
C-:'fix(n4)
t=t, A n,
accoe;ft; A n,
Ya n,

Table 1. Example of a multi-lateral negotiation ( X' isthe offer the employer’s agent
generates in negotiation step 1 , y'j isthe offer the employee’ sagent N j generates in
step 1)

4. Conclusions

A model for multi-lateral negotiations under time constraints in the framework of an
electronic agent-based marketplace for personnel acquisition was presented in this
paper. For the special situation under consideration negotiation issues and negotiation
strategies were constructed first. Using the bilateral model and the partial order of the
set of all employees’ agents created by the pre-selection procedure, the case of multi-
lateral multi-issue negotiation was discussed.

The main idea behind the model is that not only issues under negotiation (like
salary per hour, extra pays, number of working hours per week, and duration of
employment) but also some other issues not directly involved in the negotiation (like



age, working experience, professional and additional skills) are considered in the
protocol for the multi-lateral negotiation. The model presented in the paper introduces
for each employer’ s agent apartial order of the set of all employees’ agents which are
suitable for negotiation with the given employer’s agent. This partial order is then
used in the negotiation process.

Due to the natural asymmetry in the preferences of the employers’ und employees’
agents, the protocol for multi-lateral negotiation is an asymmetric one. This means
that the protocol for negotiation used by the employers’ agents differs from the one
used by the employees agents. In a situation where there is no asymmetry in the
agents’ preferences all agents can negotiate according to the protocol introduced for
the employers’ agents.

The theoretical model for multi-lateral negotiation presented here was employed in
a project at the European University Viadrina in Frankfurt (Oder), Germany. In this
project, a prototype of an agent-based job marketplace for users with fuzzy constraints
called FuzzyMAN (Fuzzy Multi-Agent Negotiation) was implemented. It is available
for the public at http://www.wiwi.euv-frankfurt-o.de/wi-www/agent.htm. It is fuzzy
or vague constraints which makes it possible to truly negotiate, i.e. to accept or reject
aproposal and make a counter-proposal based on a certain strategy. Users wishing to
find a new job and users wishing to hire new employees can initialize agents in
FuzzyMAN by specifying a profession, salary per hour, social benefits, number of
working hours per week, the period of employment, professional and additional skills,
age, professional experience, and a negotiation strategy.

Although this paper dealt with the specific situation of an electronic marketplace
for personnel acquisition, the proposed negotiation model can be used with
appropriate modifications in the framework of any agent-based e-marketplace where
agents have contradictory aims and negotiation is required.
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