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Abstract. Change propagation has been identified as major concern
for process collaborations during the last years. Although changes might
become necessary for various reasons, they can often not be kept local,
i.e., at one partner’s side, but must be partly or entirely propagated to
one or several other partners. Due to the autonomy of partners in a col-
laboration, change effects cannot be imposed on the partners, but must
be agreed upon in a consensual way. In our model of this collective de-
cision process, we assume that each partner that becomes involved in a
negotiation has different alternatives on how a change may be realized,
and evaluates these alternatives according to his or her individual costs
and benefits (utilities). This paper presents models from group decision
making that can be applied for handling change negotiations in process
collaborations in an efficient and fair way. The theoretical models are
evaluated based on a proof-of-concept prototype that integrates an ex-
isting implementation for change propagation in process collaborations
with change alternatives, utility functions, and group decision models.
Based on simulating a realistic setting, the validity of the approach is
shown. Our prototype supports the selection of change alternatives for
each partner during negotiation that depending on the group decision
model used, provides solutions emphasizing efficiency and/or fairness.

1 Introduction

Collaborative business processes, in which a set of partners collaborate in or-
der to achieve a common business goal G [2], have become an important way
of coordinating economic activities. For example, in virtual factories different
manufacturers collaborate in the production of goods like cars [25]. Technically,
this is realized by a process choreography where the role of each partner is de-
fined in the form of a public process. The latter describes the way a partner
interacts with the other partners and the required data to be exchanged for the
collaboration (inputs and outputs) [28]. Each role in the choreography; i.e., pub-
lic process, is associated with a public goal Gi. In order to fulfill its role reflected
by the public process, a partner develops its business logic based on a so called
private process that is consistent with the public process. Due to confidentiality
reasons, the details of the private process are hidden from the partners, only the
public process as an abstraction of the private process is visible to the outside.
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It should be noted that for fulfilling a role, a partner might develop alterna-
tive consistent private processes [27], each with an associated cost and possibly
different private goal gi

3. Indeed, according to a partner business strategy, the
private and public goals can diverge, but they should always align with the
common goal G (of the collaboration). Since the private process represents the
business logic of a given partner, it cannot be fully transparent to the other
partners. Consequently, a partner can solely view the public process of the other
partners, which serves as part of the SLA (Service Level Agreement) [17]; i.e. the
contract. The SLA can also include non-functional requirements such as QoS or
costs [17].

It is optimistic to say that once the collaboration is set, the business processes
will not change. In fact, due to many factors; e.g., optimization, evolving business
needs, changing laws (compliance), a process is often subject to change [6, 9].
Different alternatives of change formulations (process changes) can correspond
to the same business change. For example, due to a change of the marketing
strategy, different approaches can be adopted, and consequently different process
configurations.

In a collaboration, a change rarely confines itself to a single partner, but might
lead to knock-on effects on the associated partners; i.e., change propagation. As
set out in [7], change propagation is realized by following these three steps:

– Private-to-public propagation (Pr2Pu): Changes are propagated from the
private process to the corresponding public process of the same partner.
This has consequences on the public goal of the partner Gi.

– Public-to-public propagation (Pu2Pu): Changes are propagated to the af-
fected partners; i.e. the effects on their public processes. This has conse-
quences on the common business goal G and the public goals Gi of the
affected partners.

– Public-to-private propagation (Pu2Pr): Changes are propagated to the cor-
responding private processes of the affected partners. This has consequences
on the goals gi

Due to the autonomy and independence of partners in a collaboration, change
effects cannot be imposed on the partners, but must be agreed upon in a consen-
sual way. Hence, a propagation to a partner might result in a potentially costly
and time-consuming negotiation process.

In a collaboration, two constellations are possible: (i) all partners know each
other (which entails a negotiation that involves all partners) (ii) some partners
are only visible to a subset of partners, for example, in supply chains. Specifically,
constellation ii) entails P2P negotiations that involve only a subset of partner,
or transitive negotiations. Consequently, with respect to the constellation, a full
or P2P negotiation can be envisaged.

The arising research question is: How to find a collective decision on the
concrete realization of a change propagation among the affected partners in a
process collaboration in a fair and efficient way? A solution should specifically

3 Compare to different goals for process variants as described in, e.g., [21].



support the affected partners to choose from their set of possible change alter-
natives associated with respective goals gi the best one for them given a fair and
efficient solution for the entire choreography and its associated common goal G.
Addressing this research question requires a synthesis of research from the field
of group decisions and negotiations on the one hand, and process change on the
other hand, which poses new challenges for both fields. The present paper aims
at this synthesis. Although the paper thus integrates known results from both
fields (in particular, well known concepts in the area of group decisions), this
synthesis is still important. Firstly, the concepts presented here were, to the best
of our knowledge, previously not considered in the area of process management.
Furthermore, concepts from group decisions usually deal with abstract decision
alternatives. In the present paper, we show how models of cooperative processes,
and changes made both to public and private processes, can be mapped to the
level of abstraction required by group decision models.

This paper presents models from group decision making that can be applied
for handling change negotiations in process choreographies in an efficient and fair
way. The theoretical models are evaluated based on a proof-of-concept prototype
that integrates existing implementation for change propagation in process chore-
ographies with change alternatives, utility functions, and group decision models.
Based on simulating a realistic setting, the validity of the approach is shown. Our
prototype supports the selection of change alternatives for each partner during
negotiation that depending on the group decision model used, provide solutions
emphasizing efficiency and/or fairness.

The remainder of the paper is structured as follows: Section 2 introduces
change negotiation scenarios and describes a motivating example. Section 3 for-
malizes the problem of change negotiations in process choreographies and Section
4 introduces three evaluation approaches of change alternatives. Section 5 evalu-
ates and analyzes the approaches through a prototype proof of concept. Finally,
Section 6 describes the related work and Section 7 concludes the paper.

2 Change Negotiation Scenarios and Motivating Example

This section explains different negotiation scenarios and introduces a motivating
example to illustrate the change negotiation problem.

2.1 Change Negotiation Scenarios

As aforementioned, change alternatives are derived from a set of possible process
changes across partners, which could result from different scenarios. In particu-
lar, we can distinguish three different scenarios:

1. One partner (say partner A) has to make a mandatory change to its (pri-
vate) processes, for example because of a change in legal requirements, which
renders the existing process impossible (e.g., because it now violates some
new legal requirements). For this scenario, we assume that there is only one
possible change to A’s private process.



2. One partner initiates a change, either because of a change in the environ-
ment, or because the partners wants to change the process to improve it
or to exploit a new business opportunity. In contrast to scenario 1 above,
we assume for this scenario that there are several possible private changes
of A, which are then propagated through the network. All possible change
alternatives considered result from this propagation.

3. In addition to scenario 2, we now also assume that the other partner B
responds to the propagated change proposals of A by proposing alternative
changes to the public processes (which result from a propagation of changes
to the private processes of B, that B develops in response to the changes
proposed by A).

If each change in the private process of one partner results in exactly one possible
change of the public process of that parter, and each change in the public process
of one partner requires exactly one change in the public process of the other
partner, then scenario 1 leads to a unique outcome at the group level and does
not require any further negotiation between partners. The change in partner B’s
public process could still be implemented via several different changes in partner
B’s private processes. However, since these changes do not affect partner A, they
do not need to be decided at the group level. As explained above, partner B can
select the change to its private processes that on the one hand implements the
required change to partner B’s public processes, and on the other hand optimizes
partner B’s private goal.

In contrast, scenario 2 provides an opportunity for a real group decision.
The different changes proposed by partner A will most likely not be exactly
equivalent even to that partner. Although it is unlikely that one partner will
propose a change which is extremely bad from that partner’s perspective, one
can expect partners to include change alternatives which are slightly worse to
them than other proposals, in order to broaden the set of alternatives. Since the
situation is not a zero sum game, it is possible to have some alternatives, which
are better for all partners, and thus to have efficient alternatives and actually
create value for both partners. However, since it can be difficult for one partner
to estimate the full consequences of proposed changes for the other partner, it is
quite likely that the range of outcomes present in the set of alternatives under
discussion will be different for partners. Alternatives will likely be quite similar
from the perspective of partner A initially triggering the change, but could vary
considerably from the perspective of partner B (if some of these alternatives have
very negative effects on partner B, of which partner A is initially not aware).

In particular in such a setting, the third scenario will likely take place, and
partner B will also make some counter-proposals for changes to the public pro-
cesses. These changes must then be propagated from B’s public processes to A’s
public processes, and A must find changes in its private processes to implement
them. Since B might also be unaware of the difficulties some of these changes
will cause for A, it is to be expected that this set of alternatives will span a
wider range of outcomes also for A compared to scenario 2 above.



If such counter-proposals are made, the entire set of process changes consid-
ered is the union of the set of changes proposed by A and those proposed by B.
One can also imagine a situation in which the intersection of the proposals of
both parties is considered. However, since this is a dynamic process, that would
in fact mean that B is granted a veto on proposals made by A, he can eliminate
them by not nominating them himself. In such a setting, it would not make
sense for B to propose any change that has not already been proposed by A,
since it would also not be contained in the intersection. Thus, using the inter-
section would lead to a quite narrow set of alternatives, which are very similar
both from A’s and from B’s perspective. We thus consider an approach using
the union of both sets of proposals to be more suitable to find creative solutions.

2.2 Motivating Example

Consider the collaboration scenario between a bank and an insurance company
as shown in Fig. 1 to provide new services; e.g., retirement funds and financial
consultancy. The collaboration combines expertise and customer base of both
partners in order to increase the benefits in terms of reputation and marketshare;
i.e., the global goal of the collaboration.
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Fig. 1. Process Collaboration: Example from Financial Domain

Each partner contributes to this global goal in a different way (through its
public process), and aligns with a public goal. For example, the bank contributes
through its financial expertise with the public goal of increasing its customer
base by 3% p.a. and its product value by providing additional insurance offers.
Similarly, the insurance company aims at increasing its customer base by 7%
p.a. and reducing its financial costs through its partnership with the bank. Ad-
ditionally, each of both partners holds a private goal, which is aligned with
its private business process. For instance, one of the private goals for the bank
constitutes an increase of the total customer base by 10% p.a., of which 3% is
covered by this collaboration.

Now, we assume that the bank wants to apply a new marketing strategy
through a categorization of its customers. This leads to a major change in the
private process of the bank, by for example, creating a different procedure for
each customer category; e.g., gold category customers receive additional insur-
ance coverage and high saving interest rates. It should be noted that the imple-
mentation of this marketing strategy can be achieved in many ways (i.e., different
alternatives). Each of these alternatives can directly affect the public model and



consequently the collaboration with the insurance company. Similarly, each of
them corresponds to a change alternative for the insurance company ’s public
process with a different impact on its public and private goals.

With respect to the multitude of choices; i.e., change alternatives, a nego-
tiation process is required to decide on the changes to be implemented. The
negotiation involves the bank and the insurance, which collectively try to find
an alternative that is aligned with the common goal and the respective private
and public goals. An evaluation of the alternative costs helps selecting a fair and
efficient solution.

3 Problem Formulation

This section formalizes the problem of change negotiations in process choreogra-
phies.

3.1 Process changes

We model possible process changes as discrete alternatives. Each such alternative
represents a coherent change made to a public or private process model, and
alternatives are exclusive in the sense that exactly one of the alternatives can be
implemented. This implies that different variants of changing the process (even
if they are different only on a small part of the total change) are considered as
two different alternatives, and that maintaining the current process is also one
of the alternatives (although it might have rather negative consequences, e.g.,
if due to a change in regulations the current process is no longer allowed and
would lead to high fines).

We denote the j-th alternative for a change in partner i’ private process by
δji and the j-th alternative for a change in that partner’s public process by σji .
In the present paper, we only consider two actors i ∈ {A,B}.

∆A ΣA ∆B ΣB 

σA
1 

σA
2 

σB
1 

σB
2

δA
1

δA
2

δB
1

δB
2

δB
3

New Marketing Strategy

Categorization 
of Customers

Business Change

Change Alternatives

Pu2PuPr2Pu Pu2Pr

Private 
Process

Bank Insurance Company
 G

 Public
Process

  Private 
Process

 Public
 Process

Set of Private change alternatives of partner i

Set of Public change alternatives of partner i

LEGEND

Σi 

∆i 

σi
j 

δi
j

jth alternative for a change on the public process of partner i

jth alternative for a change on the private process of partner i

Pr2Pu

Pu2Pu

Pu2Pr

Private-to-public change propagation

Public-to-public change  propagation

Public-to-private change propagation

Fig. 2. Example from Financial Domain: Propagation and Negotiation Scenario

As described in the example from financial domain (cf. Figure 2), changes in
the public and private processes of the same partner are not independent of each
other. A change to the public process can possibly be implemented by different
changes to the private process. We denote the set of possible changes to the
private process, which can be used to implement change σji to the public process

by ∆j(σ
j
i ).



3.2 Goals and preferences

We distinguish three levels of goals in the model:

1. Common goals G refer to the goals of the collaboration. They depend only
on the public process, and are shared by all partners.

2. Public goals Gi of partner i are goals which are relevant only to partner i,
but of which all partners are aware, and which are also influenced only by
the public processes.

3. Private goals gi of partner i are also only relevant to partner i, and further-
more they are only known to that partner. Their fulfillment depends on the
private and public processes of partner i, and could also be influenced by
the public processes of the other partners.

For simplicity, we consider only one common goal, and one public and pri-
vate goal per partner in this paper. Extension to multiple goals at each level
is straightforward, but would increase the complexity of notation without pro-
viding much additional insight for the purpose of the present paper.

The dependence of these goals on changes to the public and private processes
can thus be expressed as

G = G(σj1, σ
j
2, . . . , σ

j
N ) (1)

Gi = Gi(σ
j
i , σ

j
−i) (2)

gi = gi(δ
j
i , σ

j
i , σ

j
−i) (3)

where −i refers to all partners except partner i.
Only the private goal of a partner is influenced by changes to the private

process of that partner. Thus we can always assume that a partner selects the
change to its own private process, that best fulfills the private goal of the same
partner.

δji = arg max
δji

gj(δ
j
i , σ

j
i , σ

j
−i)

s.t.

δji ∈ ∆j(σ
j
i )

(4)

Although this implies a sequence between changes to the public and the
private process in which the public process is changed first, this does not imply
that the entire change process cannot be triggered by a change to the private
process of one partner, only that final adjustments are to be made to the private
process after fixing the public processes (cf. Section 2.1 above for details).

Consequently, the impact of changes on all goals (common goal, public and
private goals of each partner) can be seen as being dependent on the changes
to the public processes of all partners. The common decision problem of the
partners thus consists in agreeing on a new set of public process models. Each



design alternative, which can be considered by the partners, therefore consists
of a vector of changes to each of the partner’s public process model, which can
be written as (σji , σ

j
2, . . . , σ

j
N ), or more specifically in the case of two partners

considered here as (σjA, σ
j
B). For simplicity, we write this entire vector of changes

as σ = (σji , σ
j
2, . . . , σ

j
N )

When evaluating possible process changes, each partner takes into account
the common goal as well as its public and private goals. We represent this si-
multaneous overall evaluation of all goals via a multi-attribute utility function
[14]

ui = wGi v
G
i (G) + wpi v

p
i (Gi) + wri v

r
i (gi) (5)

where wGi , wpi , and wri refer to the weights which partner i assigns to the common
goal, its own public goal and its own private goal, respectively, and wGi + wpi +
wri = 1. The functions vGi , vpi and vri are the partial utility functions of that
partner which transform these goals onto a common utility scale. For simplicity,
we assume that these functions are linear and are scaled so that the worst possible
outcome in each goal is assigned a partial utility value of zero and the best
outcome in each goal is assigned a partial utility value of one. Thus, for the
common goal, the partial utility function (which in that case is identical for all
partners) is

vG =
G−G
G−G

(6)

where G and G are the best and worst possible values of the common goal,
respectively. Partial value functions for the other goals can be defined analo-
gously.

Since outcomes in all goals depend on changes to the public process models,
the total utility for each partner will also depend on these changes:

ui(σ) = wGi v
G
i (G(σ)) + wpi v

p
i (Gi(σ)) + wri v

r
i (gi(σ)) (7)

Note that in (7), the first two terms refer to goals which are known to all
partners, while the third term refers to partner i’s private goal, which is not
known to the other partner. Information provided by one partner about the util-
ity it will achieve when a certain change to the public processes is implemented
therefore is based on some information which the other partner cannot verify.
This could create incentives to misrepresent the effect of changes on one’s pri-
vate goals (for example, to avoid a certain change, one could indicate that this
change would be even more damaging to one’s private goals than it really is). In
this paper, we do not take into account this form of strategic behavior by the
partners and assume that for the sake of maintaining a long term partnership,
partners will refrain from such behavior.

Figure 3 illustrates the relationship between changes to private processes,
changes to public processes, and utilities. The axes represent utilities of both
partners. Consider the change to public processes indicated by (σ1

A, σ
1
B). For
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this change in public processes, there are three possibilities to implement it in
the private processes of A indicated as δ1A, δ2A and δ3A. Since changes in A’s private
process only affect the utility of partner A, consequences of these changes are
all located on a horizontal line. Similarly, we assume that there are also three
possible changes to the private processes of B labeled δ1B , δ2B , and δ3B . In utility
space, the consequences of these changes are located on a vertical line, so all
possible combinations of changes to private processes are located in the grid
shown in the lower left part of Figure 3. Assuming that each partner implements
the change to its private processes which optimizes its own utility, the change
to public processes indicated by (σ1

A, σ
1
B) will lead to the upper right corner

point of that grid, where the changes δ3A and δ3B are implemented. Similarly,
another change to public processes (σ2

A, σ
2
B) leads to another grid. Obviously,

the number of changes to private processes of the partners which can implement
a given change in public processes does not have to be the same neither across
partners, nor across different changes to the public processes, so we show here
only two private changes for partner A, but four for B. Still, assuming optimizing
behavior of all partners, this set of changes to the public processes will lead to
an evaluation corresponding the the upper right corner of the respective grid.

With respect to the example introduced in Section 2, Figure 4 summarizes
the different change dependency graphs; i.e., propagation alternatives, as well
as the corresponding cost graphs. A cost graph, uses the cost functions defined
previously and a change propagation alternative in order to generate a cost alter-
native. The evaluation of an alternative cost depends on the adopted negotiation
method; e.g., additive, Nash-bargaining, as will be defined in the next section.

4 Collective decision

The partners have to jointly agree on a change σ = (σA, σB) to the public
processes. This is a decision situation in which the decision of each partner
(the public process change of each partner) affects the outcome for all partners.
Furthermore, these decisions are not independent of each other, since changes
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to the public processes of all partners must be compatible with each other. For
example, if partner A changes its public process so that it no longer generates an
output which is required from the entire process, then partner B must change
its process so that it now provides that output. Such decision problems are
often referred to as group decision problems, and are also studied in the field
of cooperative game theory. In the following paragraphs, we will present several
solution concepts from these fields for this type of problems.

In general, solutions to collective decision problems can be evaluated using
the criteria of efficiency and fairness [29]. The approaches we survey below are
based on systems of axioms, that describe the precise criteria of fairness and
efficiency used, as well as the necessary trade-off between the two concepts.

Efficiency in the most general sense can be defined via the concept of Pareto-
optimality. A solution is Pareto-optimal if no other solution exists, which would
make at least one partner better off, and no partner worse off, than the solution
under consideration [1]. Pareto-optimality can thus be defined if individual pref-
erences are represented by rankings of alternatives. However, if preferences are
only specified as rankings, Arrow’s well known impossibility theorem [1] holds.
This theorem indicates that no mapping from individual rankings to a group
ranking exists, that in addition to Pareto optimality fulfills the conditions of
universal domain (i.e., a group ranking is obtained for any profile of individual
rankings), independence of irrelevant alternatives (i.e., the ranking of two alter-
natives in the group ranking does not depend on the availability of some other
alternative), completeness and transitivity of the group ranking as well as the
non-dictatorship condition (no group member uniquely determines the group’s
ranking).

In the preceding section, we have defined the evaluation of the partners for
each possible package of changes to the public processes in terms of cardinal
utilities to avoid this problem. In this setting, efficiency can be defined as maxi-
mizing the total output to the group, i,e. the sum of utilities. If, as defined above,
utilities are all scaled between zero and one, then

Eff =
1

N

N∑
i=1

ui(σ) (8)

is an indicator of efficiency, which is scaled so that one indicates perfect efficiency.



Fairness refers to the balance of payoffs between the partners. In the case
of two partners, fairness can be measured by contract imbalance, which is the
difference in utilities between the partners:

F = 1− |uA(σ)− uB(σ)| (9)
It can be shown that cardinal utilities can be aggregated in a way that is

compatible with very similar requirements as Arrow’s axioms [5, 13]. A group
utility function which fulfills these axioms is the additive function

maxU(σ) =
∑
i

wiui(σi) (10)

where wi is a weight assigned to member i’s preferences in the group. The ad-
ditive structure of the group utility function implies that utilities of different
members are perfectly substitutable. Additive group utilities, which are some-
times also referred to as utilitarian solutions [15], therefore exclusively focus on
efficiency.

In contrast, solution concepts from cooperative game theory also take fairness
into account. The best known solution concept of cooperative game theory is the
Nash bargaining solution [18], which selects the alternative that maximizes

maxN(σ) =
∏
i

(ui(σ)− di) (11)

where ui(σ) is again the utility which partner i assigns to the proposed set of
process changes, and di is partner i’s utility for the disagreement point, i.e. the
solution that would obtain if the partners did not agree on some alternative. For
the problem at hand, the disagreement point can be interpreted as a situation
in which no change takes place and thus the current processes continue to be
used.

The Nash bargaining solution is based on the following set of axioms [18]:

1. Independence of linear transformation of utilities:
The solution remains the same, when any individual utility function is changed
by a linear transformation.

2. Pareto condition:
The solution is not dominated by another feasible solution.

3. Symmetry:
If both partners are symmetric (i.e. for each possible alternative, there exists
another alternative in which payoffs to partners are exchanged), they receive
the same payoff in the solution.

4. Independence of irrelevant alternatives:
If some alternatives other than the solution are eliminated from the set of
alternatives, the solution stays the same.

The axiom of symmetry introduces some notion of fairness to the Nash bar-
gaining solution. Still, it can be shown that among comparable solutions, the
Nash bargaining solution puts a comparatively high weight on efficiency [22].
Another important characteristic of the Nash solution for our problem is inde-
pendence of linear transformation of utilities. Although one might argue that



consequences of process changes for firms can usually be evaluated in terms
of money, even monetary consequences could have a different relevance for the
partners involved. The same absolute amount might be a significantly higher
financial burden for a comparatively small firm than for a large corporation. In
the additive model (10), such differences would have to be taken into account
by assigning different weights wi to partners.

In literature, independence of irrelevant alternatives is often seen as a prob-
lematic axiom [11, 16]. One can argue that the bargaining power of a partner
depends on which alternatives are available. Consider a situation in which the
solution gives to each partner a payoff which is approximately in the middle of
the range of possible payoffs for that partner. Then suddenly, all alternatives
which would be better than that solution for one partner become unavailable.
Because of independence of irrelevant alternatives, the Nash bargaining solution
would still give both partners the same payoff as before, which is now the best
outcome for one partner, but only an average outcome for the other one. This
could be considered unfair. Since the axiom does not cover the case that new
alternatives are added, it is even possible to construct examples in which alter-
natives are added which are better for both parties, but one partner receives less
than in the solution of the original problem.

The Raiffa-Kalai-Smorodinski (RKS) solution [11, 16] replaces the axiom of
independence of irrelevant alternatives by the axiom of monotonicity. This axion
states that if a problem is extended by alternatives which dominate the solution
of the original problem, then the new solution must also dominate the previous
solution (i.e. no partner must be worse off, and at least one partner must be
strictly better off in the new solution). The RKS solution maximizes the payoff
to the partner whose utility is smallest. It therefore follows the principle of
egalitarism by considering the partner who is worst off [15].

Considering just the minimum of utilities would introduce a dependence on
the scaling of utilities. This problem can easily be avoided by scaling the utilities
of all partners so that for each partner, the best feasible outcome is assigned a
utility of one. The RKS solution can thus be represented as [16]

maxK(σ) = min
i

ui(σ)

max
σ∈Σ

ui(σ)
(12)

A similar transformation can also be applied to the additive model (10). Note,
however, that it leads to a violation of the axiom of independence of irrelevant
alternatives, since the transformed utilities of each partner now depend on the
availability of the best solution for each partner.

All three solutions can be interpreted as special cases of a general α-fair social
welfare function [4]

A(σ) =
∑
i

ui(σ)1−α

1− α
(13)

For α = 0, (13) corresponds to (10), for α→ 1, it approaches the Nash bargaining
solution (11) and for α =∞, it corresponds to (12).



5 Implementation and Analysis

This work has been integrated into an existing change propagation framework [6]
that is able to simulate various choreography settings for stress testing change
propagations. This simulation framework served as the basis for ensuring the
correctness of the change propagation algorithms [6], as well as the data source
for devising a change mining algorithm for change prediction [8]. In the context
of this work, we have extended the change propagation framework by designing
and implementing a new package for simulating change negotiation scenarios
using the mathematical models described in the previous section. Concretely, we
have implemented the additive, Nash bargaining and the RKS solutions.

As a sample scenario we have implemented the example shown in figure
1 consisting of the two partners: bank and insurance. Although this example
consists of only two partners, we have kept the implementation as generic as
possible, being able to generate change propagation scenarios consisting of an
unlimited number of partners. The restriction to two partners is kept in this
paper to be able to graphically illustrate the results of the resulting negotiation
outcome.

Using the change propagation framework, several change scenarios have been
generated. The effects of each change on the different partners is calculated
through the same framework. Each change and its effects is considered as an
alternative and is associated with a cost. The basis of choice during the change
negotiation is represented by a single change propagation alternative, as can be
seen in the Change Alternatives Cost Table in Fig. 4. An alternative is defined as
a unique pair of private changes, with their associated public changes. Since goals
and costs, especially private ones, require intimate details of partners during a
negotiation example, we have opted to estimate both private and public costs
in our simulation by randomizing their values in the range [0..1]. Each partner’s
utility is then derived based on these private as well public random costs. As we
want to compare the group ranking functions themselves, even random values
should allow correct rankings, and highlight the most fair and effective change
negotiation alternatives.

Bank (U) Insurance (U) Scoring Function Score Value

0.3729 0.4785 Additive 0.4257
0.3729 0.4785 Nash-Bargaining 0.1784
0.3729 0.4785 RKS 0.7793
0.3729 0.3861 Additive 0.3795
0.3729 0.3861 Nash-Bargaining 0.1439
0.3729 0.3861 RKS 0.9658

Table 1. Negotiation Log sample

The following table 1 illustrates parts of the extracted log file after a com-
plete change negotiation simulation. Each row represents the ranking of a single
alternative, where the alternative is represented by the partner utilities: Bank
Utility and Insurance Utility. The associated score value shows the outcome of



applying the respective ranking function. In this particular instance, the high-
est score is attained with the alternative where the Bank ’s utility is measured
at 0.3729 and the associated Insurance’s utility at 0.3861 with the final RKS
score of 0.9658. This alternative is higher ranked compared to the next best al-
ternative (with Insurance’s utility at 0.4785) due to the fairness criteria, which
prefers alternatives where both partner utilities do not stray away too far from
each other.

Fig. 5. Decision options for multiple propagation scenario

For evaluating the group ranking functions, we have taken the complete ne-
gotiation log as described in table 1 and visualized in Fig. 5. The charts are split
into the three group ranking functions, each highlighting the final ranking score
of all alternatives. A change negotiation scenario is represented as one vertical
line with the corresponding alternatives. The x-axis depicts the Bank ’s utility
while the y-axis depicts the Insurance utility values. The final ranking score is
represented in the hue of the color of a unique point representing one alterna-
tive. The darker the color, the better ranked are the alternatives. As can be
seen in the charts, the additive solution seems to prefer efficient solutions, while
disregarding fairness. This can be identified by the grouping of the black points
as alternatives on the upper half of the chart for the additive ranking function
chart. This is due to the behaviour of the additive function, which ranks alterna-
tives with increasing partner utilities higher, without considering the difference
between the utilities; i.e., fairness (cf. Equation 10). Similarly, the Nash Bar-
gaining solution also prefers efficient solutions, and disregards those that are
considered unfair. This behavior can be identified by the dark colors grouped in
the upper-right hand corner of the respective chart. This can be explained by the
multiplication of partner utilities (cf. Equation 11). Finally, the RKS solution
seems to prefer more balanced alternatives to the other solutions, as the black
colored points form a diagonal line from the bottom left to the upper-right cor-
ner of the chart. Indeed the RKS function chooses alternatives with less spread
between partner utilities (cf. Equation 12).

Figure 6 shows the behavior of the best alternatives of each negotiation sce-
nario generated by each negotiation function. In particular, it classifies these
alternatives with respect to their efficiency and fairness (cf. Equations 8, 9).
Both the additive and Nash bargaining functions pick up similar best alterna-
tives per scenario for both efficiency and fairness.
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Fig. 6. Efficiency vs Fairness

In contrast, the RKS function selects the most fair solutions as best al-
ternatives, which are not necessarily efficient. This is shown through the color
difference between the efficiency and the fairness graphs. For example, for
utility bank = 0.5 and utility insurance = 0.5 the fairness in the RKS is su-
perior to 0.95, while the efficiency is less than 0.5. The same alternative is not
picked up as best solution by both the additive and Nash bargaining functions.

6 Related Work

The research presented in this paper integrates three areas, i.e., process chore-
ographies, change and change propagation, and collective decision making through
negotiations. In each of the areas, a multitude of research questions and ap-
proaches exist. Hence, the following discussion will concentrate on the interfaces
between the areas.

Change propagation in process choreographies has been addressed by differ-
ent approaches as shown in a recent survey [7]. In [6, 8], the process of changing



a process choreography is outlined and mentions negotiations as building block
of this process. However, the approaches [6, 8] focus on structural correctness of
changes and the prediction of change impacts, but have not addressed the ne-
gotiation of changes so far. [27, 9] deals with correctness and consistency during
change propagation as well, but does not focus on negotiation aspects.

In the web service area in general, negotiation is part of the service discov-
ery phase [23]. Negotiation has also been identified as part of building process
choreographies, specifically for contracting [20] and the interface design [26, 19].
Moreover, negotiation protocols and strategies have been offered in the context
of service level agreements between different partners, e.g., [10].

Although the solution concepts we presented in this paper, and the trade-off
between fairness and efficiency which they represent, are well known concepts in
the areas of collective decision making, the present problem also provides some
innovative aspects for that field. Models of collective decision making usually
assume that group members have a direct evaluation of the alternatives under
discussion, or in some cases describe the underlying preference structure of group
members by referring to risk or to separate attributes of the decision alterna-
tives. e.g.,[12, 24]. The situation we are considering here is different because of
the hierarchical relationship between public and private process models. This
hierarchical structure allows partners to adapt their private processes, within
the boundaries of the public process, to optimally fulfill their own private goals.
Although we have shown that the model can ultimately be mapped back to one
in which the collective decision determines the outcome for each partner, this is
still an important extension to standard models of collective decision making.

In [3], State Charts are proposed to capture different e-negotiation models as
business processes. Moreover, it is described how these models can be mapped
onto BPEL models for web service orchestrations. The difference to the work at
hand is that neither choreographies nor changes have been considered. Moreover,
[3] focuses on e-negotiation protocols such as Dutch auction.

Overall, to the best of our knowledge, an approach that addresses the inter-
faces between all three areas, i.e., process choreographies, change, and negotia-
tion, has not been proposed so far.

7 Conclusion

In a collaborative environment, changes to business processes are not confined to
one partner, but have to be propagated through the processes of several partners.
Since such changes affect the performance of processes of all involved partners,
a collective decision problem arises.

In the present paper, we have raised the question whether models and meth-
ods from various theories of collective decision making can help to find a joint
solution to this problem. The methods we studied in this paper clearly show the
central dilemma of collective decision making, that is to find a balance between
efficiency and fairness. Depending on how this trade-off is resolved, different
solution concepts can be recommended.



One important assumption made in this paper is that all partners provide
correct and truthful information about the possible impact of process changes
on their public goals and utilities. While this assumption seems reasonable in a
cooperative environment characterized by a high level of mutual trust, there is
still the possibility that not all partners behave in that way, and some might at
least slightly distort information in order to reach a solution that better fits with
their own interest. Analyzing the effects of such strategic behavior thus leads to
additional questions, that need to be addressed in future research.

Although the models we have discussed in this paper provide normatively
appealing and axiomatically founded solutions to group decision problems, they
do not describe the actual negotiation process by which such solutions can be
reached. Future research thus needs to address this problem from a more dynamic
perspective and include the actual bargaining process between partners that
might be involved in finding a solution. Addressing these issues could eventually
extend the first steps taken in this paper towards a directly applicable framework
for collectively evaluating and choosing changes to process choreographies in an
efficient and fair way.
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