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Abstract

Changes on components that are commonly used in different products in multi-brand product
development, cause various types of conflicts. This paper considers conflicts of interest among
individuals that are caused by differing payoffs each brand would realize if a specific change request
were accepted. Following an analysis of requirements on multi-brand engineering change management
processes, we propose an approach to model these conflicts using methods from the field of agreement
technologies. In particular, we propose voting games as a model and mechanism to represent and
reconcile opposing interests and conflicting requirements. In this initial paper, we describe such a
mechanism from a conceptual perspective and illustrate our model by using an example agreement
process, where commonly used components are defined by different brands and changes on them are
voted on in order to determine the set of components that combines the different interests at best. A core
element of our approach is a micro-meso-macro coordination architecture that allows to express and
reconcile different value systems (e.g. from corporate group, from different brands, down to individual
designers).
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1 INTRODUCTION

Industrial product and process complexity is increasing (Durdo et al., 2015) due to rising expectations
from customers and the resulting higher variety (Kehl etal., 2016). A good example for this development
is the automotive industry. To meet customer requirements, new products consistently include new func-
tions (e.g. driver assistance system) and a wider range of variety (customizability). This trend leads to a
higher number of components per product and therefore to higher complexity of the overall product
(Cheng and Chu, 2012). (In this paper, by component we denote a single part, an assembly or combina-
tion of those; each component consists of several elements (BOM nodes, geometries, etc.) as defined
e.g. in (Kehl et al., 2016)).

It is a company's goal to meet the rising consumer expectations and individual needs by offering a large
(customizable) variety within their product families while maintaining (nearly) mass production effec-
tiveness (Tseng and Jiao, 2007). The downside of a large variety is that it leads to a high number of
dependencies between individual components. In a corporate group, where different brands share the
same components, these dependencies multiply according to the number of products and brands (with
potential conflictive goals).

Considering that product development is not a linear process, but a continuous sequence of changes on
existing components (Bucciarelli, 1994; McMahon, 1994; Cross, 2008; Cheng and Chu, 2012; Kehl et
al., 2015), each change on a component may lead to changes on other components (even in other prod-
ucts of different brands). (Cheng and Chu, 2012) refer to this as avalanches of changes.

To maintain an effective product development process in a cooperate group, it is necessary to decide
which changes (proposed by different brands) will be accepted or declined. Solid decision making re-
garding upcoming changes includes: (i) deciding which of alternate changes to realise and (ii) keeping
track of dependencies so that resulting changes are predictable.

(Clarkson et al., 2004) address this issue by predicting and managing change propagations to an existing
product caused by new requirements or from faults. Changes are predicted with the help of a product
risk matrix on a case study of rotorcraft design for helicopters. The dimensions of the matrix are the
product (with dependency matrices and predictive matrices) and the change requirement (with the iden-
tification of initial and predicted changes).

(Cheng and Chu, 2012) present three indices for changeability in products with weighted networks the-
ory. Connections between components are analysed to model the product network. Subsequently the
assessment of change propagations is developed based on weighted networks theory, where a compo-
nent's coupling strength (to other components) defines the component's change impact.

Creating and maintaining product data (especially if changes occur) in multiple-brand product develop-
ment is a largely decentralized process. Therefore (Bender et al., 2015) propose different agent-based
architectures to support the decentralized stakeholders by (partly) automating the creation and alignment
of logistical and geometric information of shared components.

The above authors analyse change operations and how their consequences can be predicted, but they do
not consider social aspects (such as brand-specific design or customer demands) regarding the payoff
each brand would achieve if a specific change were realized. The approach presented in this paper takes
into account both the differing interests of different brands and their resulting requirements and the
exploit of cost saving potentials across the group (e.g. via the usage of platforms, i.e. a collection of
components used in different products by multiple brands) aiming to keep multiple change requests
consistent. In practice, initial changes on platform components often lead to additional components for
the proposing brands, diluting the platform and causing unsatisfactory usage. The platform usage is
decreasing along the product development process as change requests are not kept consistent with the
platform's components. We expect that engineering costs across the group can be reduced, because con-
flicts are truly solved by combining the different interests at best and the use of defined platform com-
ponents is more stable.

In this concept paper, we introduce an initial approach to support the process of platform definition and
agreeing on platform components based on agreement technologies (Ossowski, 2013). Agreement Tech-
nologies (also sometimes referred to as Computational Social Choice (Brandt et al., 2016)) denote mod-
els, mechanisms, and tools for algorithmic collective decision-making, including auctions, voting, and
games (Nisan, 2008). By having the brands vote over proposed components while rules and regulations
are specified by the corporate group, we aim to reconcile both the brands' and the corporate group's
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goals to preserve a high percentage of shared components. According to (Hamraz et al., 2013) this game
theoretical approach is a pre-change step in the field of engineering change management to reduce the
overall number of changes.

As mentioned above, the "agreement technologies toolbox™ offers a wide arsenal of methods for collec-
tive decision-making; in this paper, we study voting to determine a platform scope as the set of compo-
nents that best (according to pre-defined utility functions) combines the different interests of all players
(group and individual brands). Clearly, such an agreement will involve negotiation, compromise, and
pareto-optimality.

The structure of this paper is as follows: first, we describe a corporate group and its brands (focusing on
elements related to product development), as socio-technical systems and model the occurring conflicts
in a three-level architecture. Afterwards we propose a voting game model (embedded in the three-level
architecture), for defining and coordinating a platform, and we provide and illustrate a specific example
scenario to analyse the scope of options in the multi-brand platform game. We conclude the paper with
a summary and future work.

2 MULTI-BRAND CHANGE MANAGEMENT: A SOCIO-TECHNICAL SYSTEM

A corporate group in the automotive industry and its brands can be conceived as socio-technical systems
since according to (Saurin and Gonzalez, 2013); they feature (i) a large number of elements which in-
teract dynamically, (ii) a wide diversity among these elements according to multiple criteria, (iii) an
unanticipated variability due to product variety or randomness and (iv) the system's resilience, which
describes the sustainability under expected and unexpected conditions.

In addition, some elements of a socio-technical system will form groups (organizations) that correspond
to a set of common goals. In the given scenario, such a group can relate to a component, assembly,
platform or the like where every individual involved in its development is part of the same group. At the
same time, due to stakeholders' diversity, conflicts of interests (such as incompatible change requests)
are likely to occur. Such can be among any group and between multiple stakeholders.

In the following section, we describe the concept of a three-level architecture, originally proposed by
(Sanderson, 2013), and transfer it into the multi-brand change management domain to model the result-
ing socio-technical system with the occurring conflicts.

2.1 3M: micro-meso-macro architecture for socio-technical systems

The 3M architecture consists of three hierarchically structured levels (see Figure 1 for an illustration

with examples for micro and meso elements in the context of a company in the automotive industry):

e  Micro level: This is the lowest level of the architecture. Every individual belongs to this level.
Individuals are heterogeneous and differ by e.g. attributes, type, and workspace. Individuals have
their own preference structures and objectives (captured e.g. by payoff functions).

e  Meso level: The individuals belonging to the micro level form groups on the meso level. Thereby
it is possible for them to organise themselves according to e.g. a common goal. Furthermore, an
individual is not limited to being in one group only.

Macro-Element
Company
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Figure 1. Micro-meso-macro architecture for an automotive company
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e  Macro level: This level represents the superordinated governance or “societal” perspective. It de-
fines appropriate properties, value systems, and payoff functions to define system optima.

Both micro and macro level influence the groups on the meso level. This is due to individual goals,
which each member of the micro level wants to achieve, and contrary to that the macro level by defining
rules, which may encourage or inhibit the clusters on the meso level (Sanderson, 2013). This architecture
is useful to relate the correlations taking effect in causing conflicts and to originate the opposing inter-
ests.

2.2 Three level architecture in the context of brands and corporate group

Considering the corporate group as well leads to a different architecture. Due to the reason that a corpo-
rate group is hierarchical above all companies, the companies are on the micro level in this architecture.
Figure 2 shows the correlation between the corporate group and the companies. Here the corporate group
is on the macro level whereas the elements on the micro level represent a company from Figure 1. The
groups at the meso level can represent a joint work on components, assemblies, whole products or a
platform, which is used for a specific vehicle class.

Moreover, in this platform conflicts of interest are likely to occur. This can be caused by multiple reasons
like (i) one company wants to make changes on a platform component which would cause conflicts for
other companies' products, (ii) a change on a component is requested because it is incompatible with
components from outside the platform for a company, or (iii) multiple companies prefer to change a
platform component but the changes are inconsistent (due to changed material or geometry). Reasons
like these can result of requirements for cost savings, performance, used material or different target
groups the companies want to address with their products that base on the same platform.

[ Macro-Element ] Corporate Group

Vehicle Class - Vehicle Class
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* hd ° ® | \khicle Class
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@) @) @) @ Companies
@) O S

Figure 2. Micro-meso-macro architecture for a corporate group

We present an approach based on agreement technologies, i.e. game theory and voting, in the following
section to address the described conflicts occurring while defining and coordinating a platform.

3 A MULTI-BRAND PLATFORM GAME

In the initial situation, there are multiple brands and the game is about finding an agreement on compo-
nents that are used by all brands. The game models the coordination of a platform whereas the voting
mechanism is used to choose one of multiple, alternative components (or change requests on a compo-
nent) as part of the platform. The game ends when an agreement on the platform is found, in other words
when a vote over the defined scope of components was successful. In reference to the architecture, one
game represents an element of the meso level in Figure 2. This meso element is referred to as one game
instance.

Before defining the voting protocol, the necessary background for game theory and the game elements
are applied to the scenario of multi-brand product development. In game theory, a game consists of (i)
a set of players, (ii) a set of possible strategies, which consist of actions a player can perform, (iii) a
function determining the utility/payoff for each player, and (iv) a set of rules defining how the game is
played (Bartholomae and Wiens, 2016, p.31-55). Furthermore, a game is classified by the sequence in
which the game is played and what information is available for the players in which state of the game.
In the context of multi-brand product development, the players are the involved companies.
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3.1 Utility function and strategic goal weight

When conceptualizing a game, the main question to consider is: What is the strategic goal a player wants

to achieve (Bartholomae and Wiens, 2016)? Here each player (company) tries to maximise the payoff

from using the components, which they are voting on. For that reason, the utility function needs to
determine the payoff of every component for each player. One way to do this is to base the utility func-
tion on the three following aspects:

e  Characteristics which sum up the range of requirements.

e  Weights for every brand for each characteristic to determine how important this requirement is.
This reflects the requirements and preferences (for each brand) in reference to the products in which
the component shall be used.

e Ratings for every component according to the given characteristics. By combining ratings and
weights, the payoff can be determined for each player.

From the micro perspective, the strategic goal is to maximise the payoff of all components used.
Whereas from the macro perspective the goal is to maximise the overall payoff, which is for example
definable as: (i) the average of all payoffs, (ii) the maximisation of the smallest payoff, or (iii) the sum
of every individual payoff. Depending on the definition of overall payoff, the preferred result from the
macro perspective can be different from what the players prefer. The rules (that define how the game is
played) enable the macro element to influence the game's process to achieve the maximisation of the
overall payoff.

Thereby each game instance can have a different set of rules that can be used to enforce the strategic

goal of the macro element. With this, the scale of diverse micro elements for each group at the meso

level (representing a vehicle class using one common platform) is incorporated. Rules give many pos-
sibilities to influence the game's procedure and the players' behaviour. How the players can achieve their
strategic goal is a question of available actions, which are discussed in the following section.

3.2 Scope of actions and roles

The players are influencing the component's development by proposing changes according to their in-
dividual preferences and requirements. A reaction to that is to accept/decline a request or start negotiat-
ing about the change and offer a compensation if a change causes payoff losses. So the strategic goal is
achievable by making sure that the developed components are designed in a way that they fulfil the own
requirements as good as possible.

In the game, the micro elements are homogeneous players and have the same roles and rights. In total,
there are four different roles within the game. These are voter, proposer, chair and monitor as defined
in (Pitt, 2005). Being a voter enables a player to take part in a vote. The role proposer can make propo-
sitions for a vote. The chair supervises the vote and the monitor is responsible for counting the votes
and making sure all votes are cast correctly (Pitt, 2005).

Table 1. Types of players and assigned roles

Type of Element Roles in the game Roles given in scenario
Micro element Voter and proposer Company
Macro element Chair and monitor Corporative group

Table 1 displays how the roles are assigned in relation to the elements in Figure 2. It enables the collab-
oration partners to propose changes and at the same time take part in the vote. With this, the proposition
of components (or changes on components) becomes an interactive process. Thereby the macro element,
representing a corporate group, is responsible for determining each vote's outcome as monitor and has
the chair. Latter opens the possibility to take influence on the vote if necessary by adjusting the vote in
case the vote is stuck and no majority exists. With this, the chance all players or a majority agrees on
one proposal is increased. How such adjustments can look like is discussed in Section 3.3.

Before the game can begin, following terms have to be met and information has to be on hand: (i) the
roles are assigned, (ii) an initial set of components which are voted on and the dependencies between
them are at hand, (iii) the characteristics which are used to evaluate the components are defined, (iv)
each player has given a weight for every characteristic, (v) all change propositions by the players have
been made, (vi) the propositions are evaluated according to the specified characteristics and (vii) the
voting protocol is defined.
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In the next section, we exemplarily describe the aspects of the voting protocol before illustrating the
game's sequence and rules on basis of one instance of the game.

3.3 Voting protocol

The voting protocol determines the vote's exact sequence and defines when and in what way adjustments
are possible for the chair. Thereby the voting protocol includes the following aspects:

The order in which the components are voted on,

whether votes are hold parallel or sequential,

whether the set of components is fix or variable,

how many times one component can be voted on,

how an agreement is defined,

the set of possible adjustments if no agreement is found and

if special rights (like veto rights) are permitted.

The order: Because a component can be related to one another it is possible to visualise these relations
as groups (e.g. an assembly) in a tree structure (Figure 3). In addition, this representation gives an over-
view of all components being part of the game and displays the current state of the game by reflecting
the finished votes. Here a depth-first search defines the order in which the components are voted on.
This incorporates the difficulty of voting over technically related components. In Figure 3 the players
have voted over two independent components and one with technical dependencies. The next votes have
to be over the three remaining components of that assembly before continuing with the rest.

Parallel or sequential: In relation to the voting order the question whether votes are hold parallel or
sequential has to be answered. Parallel voting gives the possibility to accelerate the whole process
whereat sequential votes are better at incorporating the dependencies between different components.
This is important because a vote's outcome (previous round of the voting game) can influence the next
vote (round) (Wooldridge, 2009, p.240). For this reason, sequential voting is used here. It gives the
players the opportunity to consider prior outcomes when casting votes. The components' representation
in groups in Figure 3 illustrates the described issue.

Set of components: When the number of components is defined as variable, it enables the players to
add new ones during the game. Firstly, this means this component is meant to be developed together or
used by all collaboration partners. Secondly, the proposed component has to be evaluated according to
the defined characteristics. With that, the players can determine the payoff from using this component,
compare it to the one currently used and make change propositions. Lastly, the component needs to be
included in the voting order. Due to reasons of simplicity the number of components will be set to
invariable as this is a first draft of a voting protocol which can later be extended in terms of complexity.
A variable number could not only extend the game several times by adding new votes but also put the
game on hold as the component needs to be evaluated and identifying possible change propositions.

| Platform | ¢~ T = Techn. related
N < — - components
PASEREN

Ve N PN I 1 Component
U \ / \ \ /
( ,| ( ! A NS~ ’ Successfully voted
\ 7 \ / component

S~ SN - 7

Figure 3. Relations between components as tree structure

Number of votes on one component: It is possible that the vote continues for a long time if there is no
winner and the number of voting rounds is not limited. This can be handled in two possible ways. The
first option is to set a maximum number of voting rounds. Thus, the vote terminates in either case but
the outcome is uncertain. However, even after reaching the maximum number of rounds there might
still be no winner. The second option is to make vote adjustments to increase the chance the players
agree on one proposal:

Vote agreement and adjustments: Only the role chair can make adjustments. There are different ways
on how an adjustment can be realised. Despite the differences, they are all made for the same reason; to
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increase the chance the players find an agreement. This can be for example a unanimous vote or an
absolute majority. In order to make adjustments work the players need to have an incentive to change

their

decision or make a different proposal in the first place. To achieve this it is necessary to affect the

player's payoff for it is the main decision criterion in the game. For this, three alternatives are described

here:

Compensation: Offering a compensation to the players, who rejected a proposal, which was ac-
cepted by others. If the compensation is high enough it can make the rejecting players change their
vote and accept the proposal. This can only work if the offered payoff is at least big enough to
balance the losses that were the reason for the rejection. Taking reference to the given scenario
such a compensation can be of financial kind.

Exchange: Involving the players, who gain payoff from a proposal, in the mentioned compensa-
tion. In this case, the compensation is not carried solely by the company or corporate group, which
has the role chair and is represented by the macro element, but also by some of the other players.
This can be described as an exchange where players who benefit from using the chosen proposal
compensate the losses of others. Therefore, players might give their approval despite the loss of
payoff. In addition, players might change their proposals in a way that they cause less payoff losses.
In that case, less compensation is necessary. This can be accomplished by linking the compensa-
tion's extend with the payoff losses caused by the proposal.

Majority change: If no such adjustment leads to a valid outcome, the definition of agreement can
be adjusted as well. For example, by changing a vote's winning condition from an absolute majority
to a simple majority. This does not take influence on the players' behaviour like a compensation
but simplifies the vote's termination condition. Doing so can lead to an agreement without investing
time and money on negotiations.

Special rights: In voting procedures veto rights or abstention are a valid way to enhance a player's
possibilities within the vote. For this first version of a voting protocol, those special rights are not taking
into account. The reason for this is that in the given scenario abstention is no valid option for a collabo-
ration partner. As for veto rights, every partner is equal wherefore they are not included here. However,
a later version might include these aspects.

In summary, the protocol covers these aspects as shown in Table 2.

Table 2. Parameter of the voting protocol

Voting order deep-first; The order is defined as a depth-first search whereat com-
breadth-first; ponents are grouped if there are technical dependencies
random between them. Once a vote on a group-component was

cast, the group has to be completed before continuing on
other components.

Sequence parallel; Votes are hold sequential to incorporate prior outcome
sequential for future votes.

Set of compo- variable; Is defined as fix, which means no components can be

nents fix added during the game. The players can only propose

changes on components that are given at the start of the
game.

Number of votes unlimited; lim- Each vote can have a maximum of two rounds. If no
ited agreement was found in the first, the last round gives the

possibility to find an agreement via adjustments.

Agreement unanimous; The vote was successful if all players agree on one prop-
absolute maj.; osition.
simple maj.

Adjustment compensation; If players vote against a proposition due to losses in pay-
exchange; off, their loss will be compensated by the vote's chair.
maj. change

Special rights veto; No veto rights are intended. The same goes for exiting
abstention; the game.
exit
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3.4 Exemplary game instance

With the voting game defined a possible sequence for the vote of one component is described in the
following: Firstly, the roles are assigned to the all players. In addition, each player defines the own
preferences (shown as an exemplary four-dimensional matrix for each player) with which propositions
are evaluated. In the next step, the players have the possibility to make propositions for the component,
which is voted on. In this example player 3 makes the first proposition. The players evaluate this prop-
osition according their individual preferences. Figure 4 displays this situation and the resulting payoffs
each player expects after evaluating the proposal.

Player 2 makes the second proposition, which has different specifications. For this reason, every player
evaluates a different payoff (Figure 5 shows the payoffs for both propositions). Based on these evalua-
tions the players decide for which component they want to vote. As there are no further propositions the
voting can commence and results in a 3 to 1 vote as proposition 1 is favoured by three players and
proposition 2 by one player.

| [ | |
i i

Payoff: 8.3 Payoff: 7.5

Payoff: 6.5 Platform Payoff: 6.3

I _— \

Figure 4. Every player evaluates the proposal

Since the result is not unanimous, the vote's chair can make adjustments. In this example, the chair
chooses the exchange adjustment. Each player has to give some of the gained value from choosing the
first proposition in form of money to the chair. This reduces the payoff for each player who favours
proposition 1 but only to a degree where it remains beneficial. The vote's chair then compensates the
loss the player 2 would have if the first proposition were chosen (Figure 6).

CE

Payoff : 7.3 .
Platform Payoff : 58
Payoff : 8.0 /Votes: 1 Votes: 3 \ Payoff: 5.9
] [
| F’-\ 5.8 'r 48
B 4,7 32
C 3,0 59
i — -_— D 44 6,0

' First \Voting Round

Figure 5. First voting round starts since there are no further proposals

Since player 2 no longer loses payoff from voting for the first proposition thanks to the compensation,
the second voting round has a unanimous result (Figure 6). For that reason, the vote over this component
was successful and the voting game can continue with collecting propositions for the next component.
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With the presented approach, the issue of diluting the platform is addressed. The voting mechanism
allows every player to follow the own goals by giving a vote and expressing their specifications via
proposing components or change requests. The possibility of setting rules and making adjustments ena-
bles the vote's chair to pursue the goal of keeping a certain degree of shared components, if desired, with
the methods like compensation or exchange.

-0.5 Payoff
— -0.8 Payoff - —
&
®/ /
+1.5 Payoff m]] =5 -0.2 Payoff
é Platform é
Votes: 0 Votes: 4 \
- | &
| )

B 4

58
,7
C 3,0

3,2 —
58

D 44 6,0

‘ Second Voting Round

Figure 6. Since the result is not unanimous, the exchange-adjustment takes effect for the
second voting round

4 SUMMARY AND FUTURE WORK

In this paper, we describe an initial conceptual approach towards using agreement technologies to handle
conflicts in multi-brand product development occurring while coordinating a common platform. First,
we describe a corporate group in the automotive industry and its companies as socio-technical systems.
These systems and its elements are modelled in a three-level architecture. The macro, meso and micro
levels express the relationships between elements as well as conflicts of interest. We identified conflicts
occurring during the definition and coordination of a common platform and presented an approach based
on voting and game theory to address these conflicts.

The main contributions of this paper are: (i) using game theory as a first approach and discussing the
scope of modelling options (Section 3), (ii) identifying the necessary information to enable the model-
ling of conflicts in multi-brand product development (Section 3.1 and 3.2) and (iii) the voting protocol
defining the properties and sequence of the multi-brand platform game (Section 3.3).

With future work, we will proceed towards a formal voting model, which will allow us to analyse prop-
erties of different protocols, and analyse different strategy pairs with respect to properties such as pareto-
efficiency, stability with respect to equilibria, and voter satisfaction. Besides, the current game-theoretic
setting needs to be extended to be able to consider the problem of platform definition as an optimization
problem. When defining the game and its calculation of payoffs the questions of "optimal" payoff was
already posed. An optimal overall payoff can be defined in various ways. For example, as (i) the sum of
all individual payoffs, (ii) the calculated average of all payoffs or (iii) maximisation of the lowest indi-
vidual payoff, to give some examples. These approaches will be compared and surveyed. It is also nec-
essary to focus on the micro perspective. It is important to keep in mind and reflect the fact that opti-
mality criteria at macro-level (system optimum) and micro-level (user optimum) will differ, and trade-
offs will be made regarding the overall outcome. A key topic of future research will be, how the macro
level (corporate group) can inject incentives into the agreement mechanisms to nudge the meso- and
micro level behaviour into accepting solutions, which are closer to system optimum. This includes ana-
lysing approaches different to financial compensation.

When changing a component, the consequences of possible follow-up changes have to be taken into
account. Within the proposed game, the players vote over components that they want to share in their
products. When a player uses a new component due to a votes outcome this might lead to problems
within the related product. If product specific components are incompatible with the newly voted com-
ponent, the result are mandatory changes. Those can in turn reduce the payoff, which was gained by
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including the new component into the product in the first place. Considering this comprehensive aspect
in the calculation of payoffs requires an in-depth survey.

In our approach the categories used to rate components and the rating itself are assumed pre-existing.
How a catalogue of categories, which describe and rate components, can be specified will be part of
future work. Once this is researched the subsequent question of how to rate a component according to
these categories needs to be answered as well.

Lastly, the factor of cost savings due to joint procurement will be scope of future work. The question
whether or not cost-savings can justify using an evaluated component is difficult to answer and requires
a comprehensive analysis.

Studying engineering product development processes to model them using game theory is the goal of
current work. The processes relate to the development of singe components and include coordination
between different engineers. The approach is closely attached to the industrial practice to outline the
benefits of our game theory approach.
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