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Despite the fact that bargaining plays an important role in business communications, it is largely ne-
glected in e-business systems. In this paper a conceptual model that integrates bargaining into web-based
e-business systems will be developed starting from an informal characterisation of the bargaining process.
Bargaining can be formalised as a two-player game, and integrated with the co-design approach for the de-
sign of web information systems. In this way bargaining games are played on parameterised story spaces,
such that each move of a player adds constraints to the parameters. Each player follows a strategy for
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making moves, and winning strategies are characterised by highly-ranked agreements.

Povzetek: Opisano je uvajanje pogajanja v sistem e-poslovanja.

1 Introduction

Bargaining plays an important role in business communi-
cations. For instance, in commerce it is common to bargain
about prices, discounts, etc., and in banking and insurance
bargaining about terms and conditions applies. E-business
aims at supporting business with electronic media, in par-
ticular web-based systems. These systems support, com-
plement or even replace human labour that would normally
be involved in the process. In [10] it has been outlined that
such systems can only be developed successfully, if the hu-
man communication behaviour is well understood, so that
it can become part of an electronic system. Bargaining is
part of that communication behaviour.

However, bargaining is largely neglected in e-business.
In business-oriented literature, e.g. [6, 13] secure payments
and trust are mentioned, but negotiation latitude or bargain-
ing do not appear. Looking at the discussion of technology
for e-business this comes as no surprise, as the emphasis is
on the sequencing of user actions and the data support, but
almost never on inferences. For instance, favourable topics
in e-business modelling are business processes [1], work-

flow [8], e-payment [2], trust [4], decision support [3], or
web services [12].

In this paper we make an attempt to integrate bargain-
ing into web-based e-business systems using the co-design
approach [11] to the design of web information systems
(WISs). We start with a characterisation of the bargaining
process as an interaction between at least two parties. The
cornerstones of this characterisation are goals, acceptable
outcomes, strategies, secrets, trust and distrust, and pref-
erences. We believe that before dropping into formal de-
tails of a conceptual model for bargaining, we first need a
clearer picture of what we are aiming at. We will discuss
the characteristics of bargaining in Section 2 following pre-
vious work in [9]. We will also outline the differences to
auction systems.

In Section 3 we briefly present parts of the co-design
approach to WIS design [11] in order to have a simple con-
ceptual model of WISs, into which ideas concerning bar-
gaining can be implanted. We emphasise the idea of story
space as a collection of abstract locations (called scenes)
and transitions between them that are initiated by actions,
the support of the scenes by database views, and the sup-
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port of the actions by operations associated with the views.
Though many aspects of the co-design approach will be
omitted in this model, it will suffice to serve as a basis for
a formalisation of bargaining.

In Section 4 we develop a model for bargaining based on
games that are played on the conceptual model. This idea
was already presented in [9], though only in a completely
informal way. We concentrate on bargaining involving only
two parties. Their “playground” will be the parameterised
story space, and moves consist of adding constraints to the
parameters. The moves of the players reflect offers, coun-
teroffers, acceptance and denial. Both players aim at an
optimal outcome for themselves, but success is defined as
outcomes that are acceptable for both parties. Furthermore,
players follow bargaining strategies that may lead them to a
final agrement. We will characterise such strategies and at-
tempt to define what a “winning strategy” might be, though
obviously bargaining games do not end with one party win-
ning and the other one losing. Furthermore, we characterise
the context of bargaining as being defined by user profiles
including preferences and desires, and bargaining prefer-
ences.

In e-business systems the role of one player will be taken
by a user, while the system plays the other role. This may
be extended to a multiple-player game with more than one
single human player, e.g. if bargaining becomes too critical
to leave it exclusively to a system.

2 Characteristics of the Bargaining
Process

Let us start looking at human bargaining processes. We
consider two typical bargaining situations in a commerce
application and a loan application. From these examples
we derive characteristic features of bargaining.

2.1 Examples of Bargaining

In a typical commerce situation a customer may enter into
bargaining over the total price of an order consisting of
several goods, each with its particular quantity. The seller
might have indicated a price, but as the order will lead to
substantial turnover, he is willing to enter into bargaining.
The goal of the purchaser is to reduce the total price as
much as possible, i.e. to bargain a maximal discount, while
the seller might want to keep the discount below a certain
threshold. Both parties may be willing to accept additional
items added to the order for free. This defines optimal and
acceptable outcomes for both sides.

However, none of the two parties may play completely
with open cards, i.e. the seller may try to hide the maximal
discount he could offer, while the purchaser may hide the
limit price he is willing to accept. Both parties may also
try to hide their preferences, e.g. whether an add-on to the
order or a discount is really the preferred option. It may
even be the case that adding a presumably expensive item
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to the order is acceptable to the seller, while the latitude for
a discount is much smaller, e.g. if the add-on item does not
sell very well. So, both parties apply their own strategies to
achieve the best outcome for them.

The bargaining process then consists of making offers
and counteroffers. Both offers and counteroffers narrow
down the possible outcomes. For instance, an offer by the
seller indicating a particular discount determines already a
maximal price. The purchaser may not be happy with the
offer, i.e. the price is not in the set of his/her acceptable
outcomes, therefore request a larger discount. Bargaining
first moves into the set of mutually acceptable outcomes,
finally achieves an agreement, i.e. a contract. Bargain-
ing outside the latitude of either party may jeopardise the
whole contract or require that a human agent takes over the
bargaining task.

Similar price bargaining arises in situations, when real
estate, e.g. a house is sold.

In loan applications, i.e. both personal loans and mort-
gages [10] the bargaining parties aim at acceptable condi-
tions regarding disagio, interest rate, securities, duration,
bail, etc. The principles are the same as for price bargain-
ing, but the customer may bring in evidence of offers from
competing financial institutions.

As aloan contract binds the parties for a longer time than
a one-off sale, it becomes also important that the bargaining
parties trust each other. The bank must be convinced that
the customer will be able to repay the loan, and the cus-
tomer must be convinced that the offer made is reasonable
and not an attempt to achieve extortionate conditions. In
this case the set of acceptable outcomes is also constrained
by law.

Figure 1 illustrates the characteristics of bargaining us-
ing a mindmap.

2.2 Formal Ingredients

In order to obtain a conceptual model from these examples
let us try to extract the formal ingredients of the bargaining
process. From now on we concentrate on the case that only
two parties are involved in the bargaining.

First of all there is the object of the bargaining, which
can be expressed by a parameterised view. In case of the
sales situation this object is the order, which can be for-
malised by a set of items, each having a quantity, a price,
and a discount, plus a discount for the total order. At the
beginning of bargaining processes the set contains just the
items selected by the customer, and all discounts are set to
0. During the bargaining process items may be added to
the order, and discounts may be set. Similarly, in the loan
bargaining situation the object is the loan, which is param-
eterised by interest rate, disagio, and duration, and the set
of securities, some of which might belong to bailsmen, in
which case the certification of the bailsmen becomes part
of the bargaining object.

The set of acceptable outcomes is obtained by instan-
tiations of the bargaining object. These instantiations are
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Figure 1: Mindmap for Bargaining Characteristics

expressed by static constraints for each party. However,
the constraints are not visible to the other party. They can
only be inferred partially during the bargaining process. In
addition to the constraints of each party there are general
constraints originating from law or other agreed policies.
These general constraints are visible to both parties, and
they must not be violated.

In case of the sales situation a constraint on the side of
the purchaser might be a maximal acceptable price for the
original order, or it might be expressed by a minimum dis-
count in terms of any extended order. It may also be the
case that the discount is expressed by a function on the set
of added items, e.g. the more items are added to the order,
the higher the acceptable discount must be. In case of the
loan situation constraints on side of the customer can be
a maximal load issued by repayments or a maximal value
of securities offered. For the bank a minimum level of se-
curity and a minimum real interest rate might define their
acceptable outcomes.

Within the set of acceptable outcomes of either party the
outcomes are (partially) ordered according to preferences.
For any artificial party these preferences have to be part of
the system specification. For instance, in the sales situation
the lower the total price, the better is the outcome for the
purchaser (inverse for the seller), and an offer with more

additional items is higher ranked. However, whether an
offer with additional items and a lower discount is preferred
over a large discount, depends on the individual customer
and his/her goals.

An agreement is an outcome that is acceptable to both
parties. Usually, bargaining terminates with an agreement,
alternatively with failure.

The primary goal of each party is to achieve an agree-
ment that is as close as possible to a maximum in the cor-
responding set of acceptable results. However, bargaining
may also involve secondary goals such as binding a cus-
tomer (for the seller or the bank). These secondary goals
influence the bargaining strategy in a way that the opposite
party considers offers made to be fair and the agreement
not only acceptable, but also satisfactory. This implies that
constraints are classified in a way that some stronger con-
straints define satisfactory outcomes. This can be extended
to more than just two levels of outcomes. In general, the
bargaining strategy of each party is representable as a set
of rules that determine the continuation of the bargaining
process in terms of the offers made by the other party.

The bargaining process runs as a sequence of offers and
counteroffers started by one party. Thus, in principle bar-
gaining works in the same way as a two-player game such
as Chess or Go. Each offer indicates an outcome the of-
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fering party is willing to accept. Thus it can be used to re-
duce the set of acceptable outcomes of the other party. For
instance, if the seller offers a discount, then all outcomes
with a smaller discount can be neglected. Similarly, if the
purchaser offers a price he is willing to pay, the seller can
neglect all lower prices.

Nevertheless, there is a significant difference to normal
two-player games, as in bargaining there is no direct ana-
logue of the concept of winner. If there is no agreement,
both parties lose, and both may consider themselves as win-
ners, if there is an agreement. We may say that a party
considers itself the winner, if the agreement is perceived as
being better for the own side. Such a characterisation may
help to formalise “winning strategies”.

Furthermore, each party may indicate acceptable out-
comes to the opposite party without offering them. Such
playing with open cards indicates trust in the other party,
and is usually used as a means for achieving secondary
(non-functional) goals. In the following we will not not
consider this possibility, i.e. we concentrate on bargaining
with maximal hiding.

In summary, we can characterise bargaining by the bar-
gaining object, constraints for each participating party
defining acceptable outcomes, partial orders on the respec-
tive sets of possible outcomes, and rules defining the bar-
gaining strategy of each party. In the following we will
link these ingredients of a bargaining process to the con-
ceptual model of e-business systems that is offered by the
co-design method.

Note that bargaining is significantly different from auc-
tioning system. The latter ones, e.g. the eBay system (see
http://www.ebay.com) offer products, for which in-
terested parties can put in a bid. If there is at least one ac-
ceptable bid, usually the highest bid wins. Of course, each
bidder follows a particular strategy and it would be chal-
lenging to formalise them, but usually systems only play
the role of the auctioneer, while the bidders are users of the
system.

2.3 Context of Bargaining

In addition to the outlined characteristics of the bargain-
ing process, the attitude towards bargaining depends on
a lot of contextual issues. In some cultures bargaining
is an intrinsic part of business and is applied with virtu-
ally no limits, whereas in other cultures bargaining follows
pre-determined rules. Incorporating bargaining into an e-
business system has to reflect this spectrum of possible at-
titudes.

That is, all parties involved in a bargaining process act
according to a particular personal profile that captures the
general attitude towards bargaining, desires and expecta-
tions regarding the outcome of the bargaining process, pref-
erences regarding the outcome and the behaviour of the
other parties. For instance, if bargaining is offered in an
arabic country, the expected latitude with respect to what
can be bargained about and how much the result can de-
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viate from the starting point, etc. must be set rather high.
On the other hand, in a European context, bargaining will
most likely be limited to rather small margins regarding
price discounts, package offers, and preferential customer
treatment.

Consequently, we also need an extension of the model of
user profiles in [11] to capture the attitude towards bargain-
ing. Correspondingly, the bargaining strategy pursued by
the system has to be aware of the user profile. This implies
that users have to be informed about the bargaining latitude
in case this is rather limited.

3 The Co-Design Approach to Web
Information Systems

If bargaining is to become an integral part of e-business
systems, we first need a conceptual model for these sys-
tems. We follow the co-design approach [11], but we will
only emphasise a compact model that can be used to for-
malise bargaining. We omit everything that deals with
quality criteria, expressiveness and complexity, personal-
isation, adaptivity, presentation, implementation, etc., i.e.
we only look at a rough skeleton of the method. In doing
s0, we concentrate on the story space, the plot, the views,
and the operations on the views.

3.1 Story Spaces

On a high level of abstraction we may define each web in-
formation system (WIS) — thus also each e-business system
—as a set of abstract locations called scenes between which
users navigate. Thus, navigation amounts to transitions be-
tween scenes. Each such transition is either a simple nav-
igation or results from the execution of an action. In this
way we obtain a labelled directed graph with vertices cor-
responding to scenes and edges to scene transitions. The
edges are labelled by action names or skip, the latter one
indicating that there is no action, but only a simple naviga-
tion. This directed graph is called the story space.

Definition 3.1. The story space € consists of a finite set S
of scenes, an (optional) start scene sg € S, an (optional)
set of final scenes F C S, a finite set A of actions, a scene
assignment o : A — S, i.e. each action « belongs to
exactly one scene, and a scene transition relation 7 C § X
S x (AU{skip}), i.e. whenever there is a transition from
scene s1 € S to scene sy € S, this transition is associated
with an action oo € A with o(«) = s1 or with o = skip,
in which case it is a navigation without action, and we have
(s1,82,) € T. Wewrite £ = (S, so, F, A, 0,7).

Example 3.1. Take a simple example as illustrated in Fig-
ure 2, where the WIS is used for ordering products. In this
case we may define four scenes.

The scene sg = product contains product descriptions
and allow the user to select products. The scene s =
payment will be used to inform the user about payment
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Figure 2: Story space

method options and allow the user to select the appropri-
ate payment method. The scene so = address will be used
to require information about the shipping address from the
user. Finally, scene s3 = confirmation will be used to get
the user to confirm the order and the payment and shipping
details.

There are six actions (their names are sufficient to indi-
cate what they are supposed to do): o« = select_product
is defined on sg and leads to no transition. oo =
payment_by_card is defined on s, and leads to a transi-
tion to scene ss. a3 = payment_by_bank_transfer is de-
fined on sy and leads to a transition to scene ss. o4 =
payment_by_cheque is defined on s1 and leads to a transi-
tion to scene So. 5 = enter_address and is defined on ss
and leads to a transition to scene s3. ag = confirm_order,
is defined on s3 and leads to a transition to scene Sg.

In addition to the story space we need a model of the
actors, i.e. user types and roles, and the tasks [11], but for
our purposes here we omit this part ot the method.

3.2 Plots

With each action we may associate a pre- and a postcon-
dition, both expressed in propositional logic with proposi-
tional atoms that describe conditions on the state of the sys-
tem. In doing so, we may add a more detailed level to the
story space describing the flow of action. This can be done
using constructors for sequencing, choice, parallelism and
iteration in addition to the guards (preconditions) and post-
guards (postconditions). Using these constructors, we ob-
tain an algebraic expression describing the flow of action,
which we call the plot. In [11] it has been shown that the
underlying algebraic structure is the one of a Kleene alge-
bra with tests [5], and the corresponding equational axioms
can be exploited to reason about the story space and the
plot on a propositional level, in particular for the purpose
of personalisation.

Definition 3.2. A Kleene algebra (KA) K consists of a
carrier-set K containing at least two different elements 0
and 1, a unary operation *, and two binary operations +
and - such that + and - are associative, + is commutative
and idempotent with 0 as neutral element, 1 is a neutral
element for -, for all p € K we have p0 = 0p = 0, - is
distributive over +, p*q ist the least solution x of ¢ + px <
x, and qp* is the least solution of ¢ + xp < x, using the
partial order x < y = x+y = y for the last two properties.

Informatica 30 (2006) 335-345 339

A Kleene algebra with tests (KAT) IC consists of a Kleene
algebra (K,+,-,%,0,1), a subset B C K containing 0
and 1 and closed under + and -, and a unary operation” on
B, such that (B,+,-,50, 1) forms a Boolean algebra. We
write K = (K, B, +,-,%,50,1).

Then a plot can be formalised by an expression of a KAT
that is defined by the story space, i.e. the actions in A are
elements of K, while the propositional atoms become ele-
ments of B.

Example 3.2. Continue Example 3.1. In this case we can
define the plot by the expression

(a7 (prasgps + agps + agps)as(asps + 1) + 1)*

using the following conditions.  Condition p1 =
price_in_range expresses that the price of the selected
product(s) lies within the range of acceptance of credit
card payment. It is a precondition for action as. Condi-
tion wo = payment_by_credit_card expresses that the user
has selected the option to pay by credit card. Analogously,
condition @3 = payment_by_bank_transfer expresses that
the user has selected the option to pay by bank transfer,
and condition p, = payment_by_cheque expresses that
the user has selected the option to pay by cheque. Con-
dition @5 = order_confirmed expresses that the user has
confirmed the order.

3.3 Media Types

On a lower level of abstraction we add data support to each
scene in form of a media type, which basically is an ex-
tended view on some underlying database schema.

Definition 3.3. A media type M consists of a content data
type cont(M) that may contain pairs ¢ : M' with a label ¢
and the name M’ of another media type, a defining query
g defining a view on some database schema, a set of oper-
ations, a set of hierarchical versions, a cohesion preorder,
style options and some other extensions.

The database schema, the view formation and the exten-
sions (except operations) are beyond our concern here, so it
is sufficient to say that there is a data type associated with
each scene such that in each instance of the story space the
corresponding value of this type represents the data pre-
sented to the user — this is called media object in [11]. In
terms of the data support the conditions used in the plot
are no longer propositional atoms. They can be refined by
conditions that can be evaluated on the media objects.

Analogously, the actions of the story space are refined by
operations on the underlying database, which by means of
the views also change the media objects. For our purposes
it is not so much important to see how these operations can
be specified. It is sufficient to know their parameters.

Example 3.3. Continue Example 3.1. For simplicity, let
the content data type of the media type supporting scene
sg be defined as { (product_id, product_name, description,
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Figure 3: Story space with bargaining action

price) }, i.e. we would present a set of products to a user,
each of which defined by an id, a name, a description and a
price. Then operation oy may take parameters product_id
and quantity.

The condition @1 from Example 3.2 is to express that the
price of the selected products lies within the limit accept-
able for credit card payment. If this price limit is a constant
L, we obtain the formula

src[O,prod o ('/Tprice X '/Tquantity)v +]

(product > select_product) < L.

Here we exploit that according to the given plot the ac-
tion select_product will be executed several times, so we
can build a relation with the same name collecting the pa-
rameters of all executions. Then we can join this relation
with the product relation giving us all selected products in-
cluding their quantity. The structural recursion operation
selects price and quantity of each selected product, multi-
plies them, and adds them all up, which of course defines
the total price.

Combining story space, plot and media types, we sim-
ply associate with each scene in the story space a data type,
replace actions in the story space and the plot by param-
eterised operations, and replace conditions in the plot by
complex formulae as indicated in Example 3.3. The re-
sulting model will be called the parameterised story space,
which will serve us as the basis for formalising bargaining.

3.4 Bargaining Actions

In our sales example bargaining could come in at any time,
but for simplicity let us assume that bargaining is consid-
ered to be part of the confirmation process. That is, instead
of (or in addition to) the action confirm_order we may now
have an action oy = bargain_order as indicated in Figure 3.
As before, the action may have a precondition, e.g. that the
total price before bargaining is above a certain threshold,
or the user belongs to a distinguished group of customers.
If the bargaining action can be chosen, it will still result in
a confirmed status of the order, i.e. the bargaining object,
in the database. However, the way this outcome is achieved
is completely different from the way other actions are ex-
ecuted. We will look into this execution model in the next
section.

Similarly, in our loan example we find actions se-
lect_conditions_and_terms and confirm_loan. Again, if
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bargaining is possible, the selection of terms and condi-
tions may become subject to a bargaining process, which
will lead to an instantiated loan contract in the database
— same as without bargaining. As before, the outcome of
the bargaining is different from the one without bargaining,
and it is obtained in a completely different way.

Therefore, in terms of the story space and the plot there
is not much to change. Only some of the actions become
bargaining actions. The major change is then the way these
bargaining actions are refined by operations on the concep-
tual level of media types.

4 Bargaining as a Game

Let us now look at the specification of bargaining actions in
view of the characteristics derived in Section 2. We already
remarked that we can consider the bargaining process as a
two-player game. Therefore, we want to model bargaining
actions as games. There are now two questions that are
related with this kind of modelling:

1. What is the ground the game is played on? That is, we
merely ask how the game is played, which moves are
possible, and how they are represented. This of course
has to take care of the history that led to the bargaining
situation, the bargaining object, and the constraints on
1t.

2. How will the players act? This question can only be
answered for the system player, while a human player,
i.e. a customer, is free in his/her decisions within
constraints offered by the system. Nevertheless, we
should assume that both sides — if they act reasonably
—base their choices on similar grounds. The way play-
ers choose their moves will be determined by the order
on the set of acceptable outcomes and the bargaining
strategy.

4.1 Bargaining Games

An easy answer to the first question could be to choose
playing on the parameterised bargaining object, i.e. to con-
sider instances of the corresponding data type. However,
this would limit the possible moves in a way that no re-
consideration of previous actions that led to the bargaining
situation are possible. Therefore, it is better to play on the
parameterised story space that we introduced in the previ-
ous section.

Each player maintains a set of static constraints on the
parameterised story space. These constraints subsume

— general constraints to the bargaining as defined by law
and policies;

— constraints determining the acceptable outcomes of
the player;
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— constraints arising from offers made by the player
him/herself — these offers reduce the set of acceptable
outcomes;

— constraints arising from offers made by the opponent
player — these offers may also reduce the set of accept-
able outcomes.

These constraints give rise to definitions of what a bar-
gaining game is, what a state of such a game is, and which
moves are possible in this game. We will now introduce
these definitions step by step.

Definition 4.1. A bargaining game § consists of a param-
eterised story space &, a parameterised plot P, and three
sets Yo, X and Yy of static constraints on the parameters
in € and P. We write § = (€, P, o, X, Xh).

Recall that € results from the story space as defined in
Definition 3.1 by assigning a content data type of a me-
dia type to each scene, and by replacing the actions by the
corresponding parameterised operations. Similarly, P re-
sults from a KAT expression as defined in Definition 3.2
by replacing atomic actions by the corresponding param-
eterised operations and propositional atoms by the corre-
sponding formulae on the underlying database schema. X
formalises legal constraints, while E’Z— formalises the ac-
ceptable outcomes for player i (: = 1, 2).

Example 4.1. Let us look again at our sales example from
Example 3.1. Assume that player one is the purchaser.
Then a constraint in ¥ may be that the total price does
not exceed a particular limit, which can be formalised by a
formula of the form

SrC[O,P"Od o (Wprice X qutantity)v +]
(product < select_product) x (1 —d) < M.

Here d indicates a discount, and M might be a con-
stant. Alternatively, the purchaser may expect a minimum
discount depending on the total nominal price.

With these constraints each player obtains a set of pos-
sible instantiations that are at least acceptable to him/her.
The moves of the players just add constraints. This leads to
the definitions of states and moves.

Definition 4.2. A state of a bargaining game § =
(&, P, %0, XY, 3Y%) consists of a partial instance p of P with
the last action leading to the bargaining scene, and two sets
of X and ©f of static constraints on the parameters in £
and P, such that Xy U X, U XY are satisfiable (i = 1,2).
We write s = (p, X/, X5).

Obviously, the initial state of the game is determined by
the navigation of the user through the story space before
reaching the bargaining state. This defines p, while ¥} and
X are empty.

Example 4.2. [n our sales example we may have a partial
instance of a plot defined by p = select_product(iys,5)
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select_product(i7,2)  payment_by_card(...) en-
ter_address(...), which means that the user selected
products with id-s 14 and i7 with quantities 5 and 2,
respectively, then chose payment by credit card — the
omitted parameters would contain credit card number,
brand, name of the card and expiry date — and finally
entered a shipping address — again parameters omitted.
This defines the initial state of the bargaining game.

At a later stage the purchaser may have indicated to ac-
cept a total price m. This would give rise to the constraint

src|0, prod o (Tprice X Tguantity)s +]
(product <1 {(i4,5), (i7,2)}) x (1 —d) > m

: 4
in X7.

Definition 4.3. A run of a bargaining game § =
(&,P,%0,%1,%5) is a sequence sy — s3 — -
of states s; = (p;, XY;, Xb,) satisfying the following prop-
erties:

— Sk

— Sg is the initial state of the game.

— Dit1 s either equal to some p; with j < i or extends
pi-

- Ifi+ 1is odd, then ¥y U X} U XY, UXL, must be
satisfiable, and Y (1) extends X,.

— If i + 1 is even, then X U X5 U XY, U XY, must be
satisfiable, and ’2'(1. 1) extends Yb,.
Each transition from s; to s; 11 in a run is called a move

by player one or two, if i is even or odd, respectively.

So amove by a player is done by presenting an offer. For
the player him/herself this offer means to indicate that cer-
tain outcomes might be acceptable, while better outcomes
are not aimed at any more. This includes that a move may
manipulate the bargaining object by extending the partial
instance of the plot. However, a player may also reject such
a change as proposed by the opponent player. In addition,
constraints arising from moves will be added to the con-
straint sets Z,’Lf . For instance, if a seller offers a discount
and thus a total price, s’/he gives away all outcomes with a
higher price. For the opponent player the offer means the
same, but the effect on his/her set of acceptable outcomes
is different. Moves are only possible as long as the con-
straints arising from the counteroffers leave the latitude to
retain at least one acceptable outcome.

If the set of instantiations reduces to a single element,
we obtain an agreement. If it reduces to the empty set, the
bargaining has failed.

Definition 4.4. A run s9 — s1 — --- — s is called
successful iff X U X} U X5 U XY, U XY, is satisfiable, and
¥, U XL, is maximal with this property. In this case the
instance py, of the plot in state sy is the agreement of the
bargaining game.
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A bargaining game ends with an agreement, or termi-
nates unsuccessfully, if a player cannot continue making a
move.

In addition to “ordinary” moves we may allow moves
that represent “last offers”. A last offer is an offer indi-
cating that no better one will be made. For instance, a total
price offered by a seller as a last offer implies the constraint
that the price can only be higher. However, it does not dis-
card other options that may consist in additional items at a
bargain price or priority treatment in the future. Thus, last
offers add stronger constraints, which may even result the
set of acceptable outcomes to become empty, i.e. failure
of the bargaining process. Note that this definition of “last
offer” differs from tactical play, where players indicate that
the offer made is final without really meaning it. Such tac-
tics provide an open challenge for bargaining systems.

4.2 Bargaining Strategies

By making an offer or a last offer, a player makes a move
that will result in an acceptable outcome satisfying all con-
straints arising from counteroffers. In order to make such
a choice each player uses a partial order on the set of pos-
sible outcomes. Thus, we can model this by a partial order
on the set of instances of the parameterised story space. We
define it by a logical formula that can be evaluated on pairs
of instances.

Definition 4.5. For a bargaining game § =
(E,P,%50,%1,5Y) the instances satisfying Yo U X
define the set of acceptable outcomes of playeri (i = 1, 2),
denoted as O;. The preference order of player i is a
formula <; that can be evaluated on pairs of instances,
such that it induces a partial order on Q.

Then, whenever a player has to make a move, s/he will
choose an offer that is not larger than any previous offer,
and not smaller than any of the counteroffers made so far.
This defines the reasonable offers a player can make. A
bargaining strategy consists of rules determining, which
offer to choose out of the set of reasonable offers. Simple
ad-hoc strategies are the following:

— A tough bargaining strategy always chooses a max-
imal element in the set of reasonable offers with re-
spect to the player’s partial order. If successful, a
tough strategy may end up with an agreement that is
nearly optimal for the player. However, a tough strat-
egy bears the risk of long duration bargaining and last
counteroffers.

— A soft bargaining strategy is quite the opposite of a
tough strategy choosing a minimal element in the set
of reasonable offers with respect to the player’s partial
order. Soft strategies lead to fast agreements, but they
almost jump immediately to accepting the first coun-
teroffer.
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— A compromise bargaining strategy aims at an agree-
ment somewhere in the “middle” of the set of reason-
able offers. Such an outcome is assumed to be mutu-
ally acceptable. The player therefore chooses an offer
that lies between this compromise result and a maxi-
mal element in the set of reasonable offers, but usually
more closely to the compromise than the maximum.

All these strategies are uninformed, as the only informa-
tion they use are the constraints on the parameterised story
space that amount to the set of reasonable offers. They do
not take the counteroffers into account.

An informed bargaining strategy aims at building up a
model of what is an acceptable outcome of the opponent
player. For instance, if a purchaser only offers global dis-
counts, the strategy of the seller might consist of testing,
whether the purchaser would accept an increased quantity
or additional items instead. If this is not the case, the seller
could continue with a compromise bargaining strategy fo-
cusing exclusively on the total price. However, if the pur-
chaser indicates that bargaining about an extended order is
a possible option, the strategy might be to first increase the
order volume before focussing just on the discount.

Informed bargaining strategies require to build up a
model of the opponent player in terms of preference rules,
thus they must be built on a heuristic inference engine.

This leads us to the final question of determining a win-
ning strategy. According to our definition, however, bar-
gaining games do not have winners as such. Nevertheless,
we can characterise a win by the “normalised distance” of
an agreement from an optimal outcome.

Definition 4.6. An assessment function for player i is a
monotone function v; : O; — [0, M;]. An agreement a €
O; is a win for player i iff
Mi — Z/i(a) < Mj - Vi(a)
M; - M;

holds.

Then a winning strategy for player 7 is a bargaining strat-
egy that will lead to a win for player ¢. Note that this in-
cludes that the strategy will lead to an agreement.

4.3 Bargaining Context

As indicated in Section 2 we need to incorporate the atti-
tude towards bargaining into user profiles. In order to do
so we follow the approach in [11] for modelling such pro-
files. Thus, assume a set A of dimensions, e.g. age, gender
and cultural context, the problem solving ability, commu-
nication skills and computer literacy, the knowledge and
education level regarding the task domain, the frequency
and intensity of system usage, the experience in working
with the system and with associated tasks, etc. For each
dimension 0 € A we have a domain dom/(9).

Definition 4.7. A user profile is an element in gr(A) =
dom(01) X -+ x dom(d,,). A user type over A is a subset
U C gr(A).
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Figure 4: Mindmap of User Profiles in Bargaining

Figure 4 illustrates the dimensions of user profiles that
arise in bargaining situations. We emphasise general prop-
erties, those that are related to the application area, and
knowledge and skills. The latter ones are further illustrated
in Figure 5 emphasising application knowledge, problem
solving skills and knowledge of technology.

In [11] the purpose of user types has been characterised
by the need to associate preference rules with a user type
in order to enable the personalisation of a web information
system. In principle, this does not change for the case of
bargaining. However, the preference rules are no longer
restricted to preferences with respect to the selection of ac-
tions. For bargaining they have to refer to defining the ex-
pected bargaining space, i.e. what can be bargained about,
and the expected latitude with respect to bargaining results.
Again, both can be modelled by constraints on a bargaining
game.

Definition 4.8. Ler G = (€, P, X0, X}, X%) be a bargain-
ing game. A bargaining profile is defined by a pair (Q, U)
consisting of sets of static constraints on the parameters in
& and P such that |= G = Q holds.

In a bargaining profile (€2, U) the first set of constraints
models the expectations of a user with respect to what can
be put forward in offers, i.e. any offer satisfying the con-
straints in €) is considered to be eligible. The second set of
constraints expresses the expectations regarding counter-
offers, i.e. a user expects that the other party might accept
an offer satisfying O. This explains the request that U must
imply 2.

5 Conclusion

We presented a conceptual model for bargaining in e-
business systems on the basis of the co-design method [11].

Our model is that of a two-player game, where one part is
played by a user, the other one by the e-business system.
The game is played on a parameterised specification of the
system. The moves of the players represent offers, coun-
teroffers, acceptance and denial. The moves are determined
by the characteristics of human bargaining processes such
as goals, acceptable outcomes, strategies, secrets, trust and
distrust, and preferences.

The work presented so far is only a first step towards a
complete conceptual model of bargaining as part of WISs.
Our future work aims at completing this model and ex-
tending the codesign method correspondingly. This in-
cludes extensions covering multi-party bargaining, bar-
gaining with more than one role involved, as well as dele-
gation and authority seeking within bargaining. We believe
it will be advantageous to look at defeasible deontic logic
[7] for these advanced goals.
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