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Summary

In todayôs global economy, digital transformation is not just a trend. It is a necessity for organizations
seeking to remain competitive and innovative. For multinational corporations (MNCs) operating in
capital-intensive sectors, the journey toward digital transformation is particularly complex. It involves
not only new technologies but also the alignment of diverse cultures, structures, and strategic priorities.

Despite the growing body of research on digital transformation, there remains a significant academic
gap: few studies have explored how cross-cultural dynamics shape digital transformation efforts in
capital-intensive MNCs. This gap leaves both scholars and practitioners without clear guidance on
how to navigate the unique challenges these organizations face.

This study addresses that gap by examining a real-world transformation project at a multinational semi-
conductor manufacturer. More specifically, the study investigated the Global Change System (GCS)
project. It was an initiative to create a unified, global platform for managing and automating change
processes across multiple manufacturing sites. While the research is academically motivated, its in-
sights are designed to be accessible and actionable for a broad audience, including those responsible
for leading digital change in complex, global organizations.

Purpose The thesis aims to develop a strategy that enables cross-cultural digital transformation
projects in capital-intensive MNCs to achieve their intended objectives. The research addresses a
critical problem: such initiatives frequently fall short of their goals. Potential reasons are misalignment
between global demands and local requirements, as well as cultural and organizational complexities.

To tackle this challenge, the study is guided by the following main research question:

How should cross-cultural, digital transformation projects in capital-intensive, multinational
corporations be conducted to achieve digital transformation objectives?

This overarching question is explored through three sub-questions:

1. What factors lead to divergence from transformation objectives?
2. How do these factors influence the divergence?
3. Which factors contribute most significantly to divergence?

Methodology This study employs a qualitative, single-case study design to investigate the GCS
project. Data were collected from multiple sources, including semi-structured interviews, documenta-
tion, and archival records. Participants were selected from two culturally distinct sites ð one in Europe
and one in North America.

The analysis followed a three-phase approach:

1. Project Reconstruction: Using Soft Systems Methodology (SSM) (Checkland & Poulter, 2010),
the project was reconstructed from the perspectives of both manufacturing sites, enabling a nu-
anced understanding of the challenges and dynamics involved.

2. Factor Evaluation: Through open coding of the collected data, key factors contributing to diver-
gence from transformation objectives were identified and explained. The Bayesian Best-Worst
Method (BWM) (M. Mohammadi & Rezaei, 2020) was then used to prioritize these factors in a
group decision-making process.

3. Strategy Development: Drawing on the reconstructed case and ranked factors, a strategy was de-
veloped to guide future cross-cultural digital transformation projects in similar contexts. Strategy
development was guided by the strategy-as-practice approach (Jarzabowski et al., 2007).
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Findings The analysis revealed that the North American and European sites developed distinct per-
spectives on the GCS project. The European site viewed the GCS as a vehicle for operational scal-
ability, adopting new features broadly and integrating the system deeply into daily processes. This
approach was driven by the urgency to transition to a foundry business model and resulted in high
system usage. In contrast, the North American site approached the GCS with a focus on new product
integration, which was deprioritized by project management. Consequently, this led to slower adoption
and lower system usage.

Across both sites, two factors emerged as most influential in determining project outcomes: Accep-
tance and Software Lifecycle. Low acceptance of the project led to delays in development and imple-
mentation, which in turn further eroded momentum and stakeholder engagement. Similarly, extended
software lifecycles, including the design, development and implementation, slowed progress and con-
tributed to frustration. Notably, these two factors formed a feedback loop: resistance and lack of buy-in
delayed software delivery, while infrequent software releases further undermined acceptance.

Recommendations Based on the findings, several recommendations are proposed:

Å Early and ongoing stakeholder engagement is essential. Key stakeholders from all relevant sites
should be involved from the outset, with regular communication to clarify goals, address concerns,
and build trust. An iterative approach to implementation, supported by digital tools for tracking
progress, enables organizations to adapt to emerging challenges and maintain momentum.

Å Organizational change management should be prioritized, with targeted training, support, and
communication to reduce resistance and foster acceptance. Making system adoption mandatory,
while supporting users through local champions and training, can help ensure consistent usage
and feedback.

Å Organizations should ensure that transformation objectives are closely alignedwith business strat-
egy. This can be done by establishing a clear governance structure, for example a global project
management office (PMO). This office should oversee the transformation portfolio, facilitate trans-
parent decision-making, and ensure that all sites are represented.

Å Progress should be measured using transparent KPIs that track system usage, the phasing out
of legacy systems, cross-site alignment, and the removal of duplicate processes.

Å Lastly, continuous assessment of digital transformation readiness allows organizations to identify
and address weaknesses proactively.

Limitations While this study provides valuable insights, several limitations should be acknowledged.
First, there was an imbalance between participants from the North American and European sites, with
the European perspective more heavily represented. Second, the identified factors were not analyzed
for interdependence. This makes it challenging to isolate their individual effects and complicates the
interpretation of their importance. Third, the single-case study design limits the generalizability of the
results. Findings are based on one organizationôs experience and may not fully capture the diversity of
challenges faced by other capital-intensive MNCs.

Outlook Despite these limitations, the study offers a robust foundation for future research and practi-
cal application. To strengthen the generalizability of the findings, additional case studies across differ-
ent organizations and industries are recommended. Moreover, as digital transformation increasingly
involves automation and artificial intelligence, future studies should examine both the economic and
societal implications of these developments. Ultimately, advancing both theory and practice will require
developing adaptive, stakeholder-inclusive approaches for managing digital transformation in complex,
global environments.
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1
Introduction

In todayôs global economy, digital transformation is no longer a choice, it has become a strategic im-
perative. Technological advancements, competitive pressure, and changing customer behavior drive
digital transformation of organizations (Verhoef et al., 2021). At the same time, effective digital trans-
formation allows companies to reconfigure their business model, leading to improved value creation,
better value proposition, and refined customer interaction (Pousttchi et al., 2019).

However, digital transformation comes at a cost. Advanced information and communication technol-
ogy (ICT) facilitates the outsourcing of routine tasks to regions where workerôs rights might be limited.
Simultaneously, automation, robotics, and artificial intelligence restructure physical and cognitive labor,
potentially leading to mass layoffs and increased social instability (Wadley, 2021). As a result, digital
transformation initiatives must account for social and ethical considerations in addition to economic
objectives.

In this context, multinational corporations (MNCs) face a myriad of digital transformation barriers that
prevent them from achieving their transformation objectives (Vogelsang et al., 2019). Such barriers
can be strategic, technical, social, or cultural (Jones et al., 2021). This study explores these chal-
lenges through a single-case study of a multinational semiconductor manufacturer. It aims to deepen
understanding of cross-cultural digital transformation projects in capital-intensive industries.

Study Background and Scope This study examines the development and implementation of the
Global Change System (GCS) at a multinational semiconductor manufacturer. The company was es-
tablished through the merger of several semiconductor manufacturing sites while simultaneously build-
ing its own production capabilities. From the start, the company adopted a foundry business model,
meaning that it did not design its own integrated circuits (ICs). Rather, it only manufactured other
companiesô designs.

Due to diverse historical roles, the companyôs production sites faced considerable transformation chal-
lenges when aligning operations as a unified foundry business. At the start of the transformation, some
manufacturing sites were still configured for traditional semiconductor production, which included both
IC design and production. Consequently, their business processes and organizational structure were
suited to only serve two or three customers at the same time. This approach was incompatible with
the foundry business model, which requires the capacity to handle several dozen customers simulta-
neously.

Transforming from a traditional semiconductor model to a foundry model demands substantial organi-
zational change. Production sites must undergo fundamental shifts in both business processes and
organizational structure. These efforts are often met with resistance from stakeholders and require ded-
icated change management strategies (By, 2005). The complexity is further heightened by the need to
align subsidiaries embedded in different external contexts (Isaac et al., 2025). Additionally, the trans-
formation is constrained by the rigidity of the production system, a consequence of the semiconductor
industryôs high capital intensity.
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The GCS lies at the core of the companyôs transition from a traditional semiconductor business to a
foundry business model. It was intended to provide a global end-to-end process, which would enable
users to perform a variety of changes across manufacturing sites. This would be done by aligning
business processes and organizational structures on a global scale. The system aimed to significantly
reduce design-to-production time by automating large portions of the change processes. Additionally,
it was intended to improve quality by offering users impact assessment and validation of proposed
changes. As such, the development and implementation of the GCS were closely aligned with the
companyôs goal of becoming a global foundry business.

The study focuses on the two manufacturing sites which have been part of the transformation project
since its beginning in 2014. While other sites joined the GCS project recently, they are excluded from
this study due to their limited adoption and contribution.

The two manufacturing sites examined in this study have have followed distinct development paths.
The first site, located in Europe, underwent a complete transformation from a traditional semiconductor
manufacturing model to a foundry business model, specializing in the mass production of ICs. The
siteôs transformation was supported by the siteôs prior experience in semiconductor manufacturing,
which provided a solid foundation for the transition.

Conversely, the second site, located in North America, was newly constructed at the outset of the GCS
project. For most of the project timeline, the site operated as a high-tech foundry focused on a few
customers. More recently, its business orientation has begun shifting toward the business model of
its European counterpart. Additionally, the siteôs organizational setup and business processes were
informed by lessons learned from the European site, resulting in notable improvements. However,
the North American site lacked the level of establishment and operational maturity of its European
counterpart.

Today, the GCS is used to different degrees at the companyôs manufacturing sites. Some sites, such as
the European location, have fully adopted the system and structured their business processes around
it. Others, including the North American site, have yet to fully integrate the GCS into their production
environments.

Over time, the system has evolved to include a considerable set of site-specific features, largely be-
cause the underlying business processes and best practices were never aligned globally. As a result,
the GCS has fragmented into several sub-systems, undermining its original purpose of serving as a
unified global platform for managing changes in the manufacturing system.

Problem Definition The fragmentation into several subsystems presents the core research problem
of this study and is depicted in Figure 1.1. It shows the exemplary case of two manufacturing sites,
using distinct local solutions prior to the implementation of the GCS.

Ideally, the global system would integrate the best practices from both local solutions, eliminate redun-
dancies, align business processes and enhance efficiency through synergies. In this scenario, both
manufacturing sites could conduct their local production activities using the global system. Other sys-
tems would not be needed anymore.

However, the actual situation is different. Although a global solution exists, it encompasses the entire
scope of both local systems without consolidating their best practices or aligning business processes.
Consequently, the GCS has to accommodate separate business contexts, leading to a fragmentation
into multiple sub-systems. Usage still depends on legacy systems at each site, with redundant compo-
nents only partially removed and synergies unrealized.

Thus, the central research problem of this study is the failure to achieve full system integration across
manufacturing sites. Instead of aligning processes and practices, the GCS diverged into several sub-
systems. This obstructed the intended transformation goals: business synergies, removal of redundant
components, and cross-site process alignment.

Research Objective and Questions Based on the research problem, the the objective of this study
is to develop a strategy that enables cross-cultural, digital transformation projects in capital-intensive,
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Figure 1.1: The research problem

MNCs to achieve their transformation goals. Accordingly, the main research question (RQ) of this study
is:

Main RQ How should cross-cultural, digital transformation projects in capital-intensive, multina-
tional corporations be conducted to achieve digital transformation objectives?

To address this question, the study pursues a preliminary research objective first: to understand why
such projects diverge from their initial transformation goals. This objective is explored through the
following three sub-questions (SQs):

1. What factors lead to divergence from transformation objectives?
2. How do these factors influence the divergence?
3. Which factors contribute most significantly to divergence?

The three sub-questions follow a logical progression. First, the study the study identifies a set of factors
that cause digital transformation projects to deviate from their intended objectives (SQ 1). Second, it
examines the mechanisms through which the factors exert influence (SQ 2). Finally, the study ranks
the factors to determine which ones contribute most to divergence (SQ 3).

Based on the answers to these sub-questions, the study develops a comprehensive strategy to help
digital transformation projects in capital-intensive MNCs achieve their intended outcomes (main RQ).
This strategy enables multinational organizations to collaborate more effectively in cross-cultural envi-
ronments. It guides them in designing and implementing solutions that incorporate diverse stakeholder
perspectives while converging on a unified, shared system. Table 1.1 illustrates how each research
question is addressed by the studyôs research design.

Theoretical Propositions The main research question addresses a newly found research gap in
the literature, as there is limited research on cross-cultural, digital transformation in capital-intensive
MNCs section 2.4. To address the gap, the study synthesizes insights from multiple disciplines, includ-
ing research on MNCs, the semiconductor industry, digital transformation, and cross-cultural collabora-
tion. As a result, the study contributes to academic discourse by evaluating multidisciplinary theoretical
propositions.
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The first part of the study, corresponding to sub-questions 1 through 3, examines factors which lead to
divergence from transformation objectives. Based on a synthesis of existing theory (subsection 2.3.2),
five key factors were identified:

Å High capital intensity prevents alignment of physical infrastructure across manufacturing sites.
Å Local external requirements keep manufacturing sites from achieving global alignment.
Å Limited internal relational capital between manufacturing sites results in weak collaboration and
low trust.

Å Insufficient assessment of transformation readiness impedes development of an effective imple-
mentation strategy.

Å Emergent transformation barriers obstruct progress towards transformation objectives.

Each of these factors represents a potential explanation for the divergence. By ranking these factors
(SQ 3), the study identifies the best explanation and contrasts it with the remaining rival explanations,
thereby strengthening internal validity (Yin, 2014).

Regarding themain research question, six properties of effective digital transformation in capital-intensive
MNCs were derived from theory (subsection 2.3.3):

Å Transformation efforts should prioritize non-physical architecture to mitigate the constraints of
high capital intensity.

Å Manufacturing sites should be involved early and comprehensively to strengthen internal rela-
tional capital.

Å Transformation execution should be iterative, allowing adaptation to emergent barriers and chang-
ing conditions.

Å Execution should be transparent, enabling global top-down initiatives to adjust to local require-
ments based on continuous bottom-up feedback.

Å To address resistance, stakeholders should be engaged early with a comprehensive approach to
managing organizational change.

Å Digital transformation efforts should be aligned with business strategy through a global project
governance structure.

Unlike prior studies, this work explicitly focuses on digital transformation within capital-intensive MNCs.
Both the divergence factors and transformation properties reflect a synthesis of prior work, organized
into two thematic areas: multinational foundry corporations (MFCs) (section 2.1) and digital transforma-
tion projects (section 2.2). Key contributions to the characterization of MFCs were the works of (Hung
et al., 2017), (Isaac et al., 2025), and (Friesl & Silberzahn, 2012). In the context of digital transformation
projects, (Vial, 2019) (Hess, 2022), (Michelotte & Joia, 2024), and (Mintzberg & Waters, 1985) were
particularly influential.

Research Design To develop an answer to the main research question, the study adopts a qualitative
single-case study design. This approach enables generalization from a single case while providing in-
depth insight into the case and its context (Yin, 2014). It is particularly well-suited to address the
identified knowledge gap and capture the complexity of cross-cultural digital transformation in MNCs.

The research design is structured into three sequential phases in alignment with the progression of
the research questions. See Table 1.1 for an overview of how each phase corresponds to the studyôs
research questions.

In the first phase, the GCS project is reconstructed using data from ten semi-structured interviews, doc-
umentation, and archival records. The data are investigated using Soft Systems Methodology (SSM),
which results in actionable insight into complex social situations by accommodatingmultiple stakeholder
perspectives (Checkland & Poulter, 2010).

The second phase identifies, explains, and ranks factors that contributed to a divergence from trans-
formation objectives. These factors are derived through open coding, as there is limited prior research
on digital transformation in capital-intensive MNCs. Continuing, each factor is explained based on the
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�3�X�U�S�R�V�H�I�X�O �D�F�W�L�Y�L�W�\ �P�R�G�H�O�V�7�K�L�V �D�V�S�H�F�W �L�V �D�L�P�H�G �D�W �F�R�P�S�R�V�L�Q�J �W�K�H �S�X�U�S�R�V�H�I�X�O �D�F�W�L�Y�L�W�\ �P�R�G�H�O�V��
�7�K�H �G�D�W�D �F�R�O�O�H�F�W�H�G �D�U�H �Q�H�H�G�H�G �W�R �H�V�W�D�E�O�L�V�K �W�K�H �Z�R�U�O�G�Y�L�H�Z�V �R�I �L�Q�G�L��
�Y�L�G�X�D�O�V �R�U �J�U�R�X�S�V �L�Q�Y�R�O�Y�H�G �L�Q �W�K�H �S�U�R�E�O�H�P�D�W�L�F�D�O �V�L�W�X�D�W�L�R�Q��

�7�D�E�O�H ���������2�Y�H�U�Y�L�H�Z �R�I �L�Q�I�R�U�P�D�W�L�R�Q �Q�H�H�G�H�G �I�R�U �6�6�0 �D�S�S�O�L�F�D�W�L�R�Q

�������� ���� �,�W �L�V �L�P�S�R�U�W�D�Q�W �W�R �Q�R�W�H �W�K�D�W �W�K�L�V �V�K�D�U�H�G �D�F�F�R�X�Q�W �R�I �W�K�H �S�U�R�E�O�H�P�D�W�L�F�D�O �V�L�W�X�D�W�L�R�Q �L�V �Q�R�W �Q�H�F�H�V�V�D�U�L�O�\
�D �F�R�Q�V�H�Q�V�X�V�� �U�D�W�K�H�U�� �L�W �L�V �D�Q �D�F�F�R�P�P�R�G�D�W�L�R�Q �R�I �W�K�H �G�L�I�I�H�U�H�Q�W �Z�R�U�O�G�Y�L�H�Z�V ���&�K�H�F�N�O�D�Q�G �	 �3�R�X�O�W�H�U���������� ����

�%�D�V�H�G �R�Q �W�K�H �V�K�D�U�H�G �V�W�R�U�\�� �L�P�S�U�R�Y�H�P�H�Q�W�V �W�R �W�K�H �S�U�R�E�O�H�P�D�W�L�F�D�O �V�L�W�X�D�W�L�R�Q �D�U�H �G�H�Y�H�O�R�S�H�G�� �6�L�Q�F�H �W�K�H
�D�F�F�R�X�Q�W �U�H�I�O�H�F�W�V �W�K�H �F�R�P�S�O�H�[�L�W�\ �R�I �W�K�H �S�U�R�E�O�H�P�D�W�L�F�D�O �V�L�W�X�D�W�L�R�Q�� �S�U�R�S�R�V�L�W�L�R�Q�V �I�R�U �L�P�S�U�R�Y�H�P�H�Q�W �I�R�U �W�K�H
�S�U�R�E�O�H�P�D�W�L�F�D�O �V�L�W�X�D�W�L�R�Q �F�R�Q�W�U�L�E�X�W�H �E�R�W�K �F�R�Q�V�W�U�X�F�W�L�Y�H�O�\ �D�Q�G �G�H�O�L�E�H�U�D�W�H�O�\ ���&�K�H�F�N�O�D�Q�G �	 �3�R�X�O�W�H�U���������� ����

�,�Q�I�R�U�P�D�W�L�R�Q �1�H�H�G�H�G �I�R�U �$�S�S�O�\�L�Q�J �6�6�0�'�D�W�D �I�R�U �W�K�H �D�S�S�O�L�F�D�W�L�R�Q �R�I �6�6�0 �W�R �D�Q�\ �S�U�R�E�O�H�P�D�W�L�F�D�O �V�L�W�X�D��
�W�L�R�Q �D�U�H �F�H�Q�W�H�U�H�G �D�U�R�X�Q�G �I�L�Y�H �G�L�I�I�H�U�H�Q�W �D�V�S�H�F�W�V ���&�K�H�F�N�O�D�Q�G �	 �3�R�X�O�W�H�U���������� ���� �7�K�H �D�V�S�H�F�W�V �D�U�H �V�X�P�P�D��
�U�L�]�H�G �L�Q�7�D�E�O�H �������� �7�K�H�\ �J�X�L�G�H�G �W�K�H �G�H�Y�H�O�R�S�P�H�Q�W �R�I �W�K�H �T�X�H�V�W�L�R�Q�Q�D�L�U�H �I�R�U �W�K�H �V�H�P�L���V�W�U�X�F�W�X�U�H�G �L�Q�W�H�U�Y�L�H�Z�V
���$�S�S�H�Q�G�L�[ �%����

�������������&�E�]�I�W�M�E�R �&�I�W�X���;�S�V�W�X �1�I�X�L�S�H
�7�K�L�V �V�H�F�W�L�R�Q �H�[�S�O�D�L�Q�V �W�K�H �U�D�W�L�R�Q�D�O�H �I�R�U �V�H�O�H�F�W�L�Q�J �W�K�H �%�D�\�H�V�L�D�Q �%�H�V�W���:�R�U�V�W �0�H�W�K�R�G ���%�D�\�H�V�L�D�Q �%�:�0�� �W�R
�U�D�Q�N �G�L�Y�H�U�J�H�Q�F�H �I�D�F�W�R�U�V�� �,�W �E�H�J�L�Q�V �E�\ �P�R�W�L�Y�D�W�L�Q�J �W�K�H �X�V�H �R�I �P�X�O�W�L���F�U�L�W�H�U�L�D �G�H�F�L�V�L�R�Q���P�D�N�L�Q�J ���0�&�'�0�� �W�R
�V�W�U�X�F�W�X�U�H �W�K�H �U�D�Q�N�L�Q�J �S�U�R�F�H�V�V�� �,�W �W�K�H�Q �L�Q�W�U�R�G�X�F�H�V �W�K�H �%�H�V�W���:�R�U�V�W �0�H�W�K�R�G ���%�:�0�� �D�Q�G �H�[�S�O�D�L�Q�V �Z�K�\ �L�W
�L�V �P�R�U�H �V�X�L�W�D�E�O�H �W�K�D�Q �R�W�K�H�U �0�&�'�0 �D�S�S�U�R�D�F�K�H�V �L�Q �W�K�H �F�R�Q�W�H�[�W �R�I �W�K�L�V �V�W�X�G�\�� �)�L�Q�D�O�O�\�� �L�W �S�U�H�V�H�Q�W�V �W�K�H
�%�D�\�H�V�L�D�Q �%�:�0�� �D�Q �H�[�W�H�Q�V�L�R�Q �R�I �W�K�H �R�U�L�J�L�Q�D�O �P�H�W�K�R�G �G�H�V�L�J�Q�H�G �W�R �V�X�S�S�R�U�W �J�U�R�X�S �G�H�F�L�V�L�R�Q���P�D�N�L�Q�J��

�0�X�O�W�L���&�U�L�W�H�U�L�D �'�H�F�L�V�L�R�Q���0�D�N�L�Q�J�7�K�H �W�K�L�U�G �V�X�E���T�X�H�V�W�L�R�Q �R�I �W�K�L�V �V�W�X�G�\ �V�H�H�N�V �W�R �L�G�H�Q�W�L�I�\ �I�D�F�W�R�U�V �Z�K�L�F�K
�F�R�Q�W�U�L�E�X�W�H�G �P�R�V�W �W�R �W�K�H �G�L�Y�H�U�J�H�Q�F�H �I�U�R�P �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �R�E�M�H�F�W�L�Y�H�V�� �0�&�'�0 �S�U�R�Y�L�G�H�V �D �V�W�U�X�F�W�X�U�H�G �D�S��
�S�U�R�D�F�K �W�R �D�G�G�U�H�V�V �W�K�H�V�H �W�\�S�H�V �R�I �S�U�R�E�O�H�P�V �W�K�U�R�X�J�K �W�K�H �I�R�O�O�R�Z�L�Q�J �S�U�R�E�O�H�P �G�H�I�L�Q�L�W�L�R�Q ���5�H�]�D�H�L���������� ����

�/�H�WA := f a1; : : : ; am g �E�H �D �V�H�W �R�I �D�O�W�H�U�Q�D�W�L�Y�H�V �Z�K�L�F�K �D�U�H �H�Y�D�O�X�D�W�H�G �E�\ �D �G�H�F�L�V�L�R�Q���P�D�N�H�U�� �)�X�U�W�K�H�U�� �O�H�W
C := C = f c1; :::; cn g �E�H �D �V�H�W �R�I �G�H�F�L�V�L�R�Q���P�D�N�L�Q�J �F�U�L�W�H�U�L�D �D�Q�GP �E�H �D �P�D�W�U�L�[P := ( pij )m � n �� �Z�K�H�U�Hpij

�U�H�S�U�H�V�H�Q�W�V �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �D�O�W�H�U�Q�D�W�L�Y�Hai �Z�L�W�K �U�H�V�S�H�F�W �W�R �F�U�L�W�H�U�L�R�Qcj ��

�7�K�H�R�E�M�H�F�W�L�Y�H�R�I �W�K�H �G�H�F�L�V�L�R�Q �P�D�N�H�U �L�V �W�R �L�G�H�Q�W�L�I�\ �W�K�H �E�H�V�W �D�O�W�H�U�Q�D�W�L�Y�H �I�U�R�P �W�K�H �V�H�W �R�I �D�O�W�H�U�Q�D�W�L�Y�H�VA�� �7�R
�F�R�P�S�D�U�H �D�O�W�H�U�Q�D�W�L�Y�H�V�� �0�&�'�0 �S�U�R�E�O�H�P�V �D�V�V�L�J�Q �D �Y�D�O�X�HVi �W�R �H�D�F�K �D�O�W�H�U�Q�D�W�L�Y�Hai �� �G�H�I�L�Q�H�G �D�V��

Vi :=
nX

j =1

wj pij ; ����������

�Z�K�H�U�H �W�K�H �Z�H�L�J�K�Wwj �G�H�W�H�U�P�L�Q�H�V �W�K�H �L�P�S�R�U�W�D�Q�F�H �R�I �F�U�L�W�H�U�L�R�Qcj �� �7�K�H�V�H �Z�H�L�J�K�W�V �P�X�V�W �V�D�W�L�V�I�\ �W�K�H �F�R�Q�G�L��
�W�L�R�Q�V��



�������� �(�I�X�E�M�P�I�H �(�I�W�G�V�M�T�X�M�S�R �S�J �1�I�X�L�S�H�W ����

wj � 0 and
X

wj = 1 ; j 2 f 1; : : : ; ng: ����������

�7�K�L�V �S�U�R�E�O�H�P �G�H�I�L�Q�L�W�L�R�Q �L�V �Z�H�O�O���V�X�L�W�H�G �W�R �D�G�G�U�H�V�V �W�K�H �W�K�L�U�G �V�X�E���T�X�H�V�W�L�R�Q�� �,�Q �W�K�L�V �V�W�X�G�\�� �W�K�H �D�O�W�H�U�Q�D�W�L�Y�H�V
A �U�H�S�U�H�V�H�Q�W �S�R�W�H�Q�W�L�D�O �V�W�U�D�W�H�J�L�H�V �I�R�U �G�L�J�L�W�D�O �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �L�Q �F�D�S�L�W�D�O���L�Q�W�H�Q�V�L�Y�H �P�X�O�W�L�Q�D�W�L�R�Q�D�O �F�R�U�S�R�U�D�W�L�R�Q�V
���0�1�&�V���� �7�K�H �F�U�L�W�H�U�L�DC �F�R�U�U�H�V�S�R�Q�G �W�R �W�K�H �I�D�F�W�R�U�V �W�K�D�W �O�H�D�G �W�R �G�L�Y�H�U�J�H�Q�F�H �I�U�R�P �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �R�E�M�H�F�W�L�Y�H�V��
�7�K�H �Z�H�L�J�K�W�Vf w1; : : : ; wn g �L�Q�G�L�F�D�W�H �W�K�H �U�H�O�D�W�L�Y�H �L�Q�I�O�X�H�Q�F�H �R�I �H�D�F�K �I�D�F�W�R�U�� �7�K�L�V �H�Q�D�E�O�H �S�U�L�R�U�L�W�L�]�D�W�L�R�Q�� �D�V
�O�D�U�J�H�U �Z�H�L�J�K�W�V �L�P�S�O�\ �J�U�H�D�W�H�U �L�P�S�R�U�W�D�Q�F�H��

�6�H�Y�H�U�D�O �0�&�'�0 �P�H�W�K�R�G�V �H�[�L�V�W �W�R �G�H�W�H�U�P�L�Q�H �W�K�H�V�H �Z�H�L�J�K�W�V�� �7�K�L�V �V�W�X�G�\ �H�P�S�O�R�\�V �W�K�H �%�D�\�H�V�L�D�Q �%�:�0��
�L�Q�W�U�R�G�X�F�H�G �E�\ ���0�� �0�R�K�D�P�P�D�G�L �	 �5�H�]�D�H�L���������� ���� �Z�K�L�F�K �H�[�W�H�Q�G�V �W�K�H �R�U�L�J�L�Q�D�O �%�:�0 �G�H�Y�H�O�R�S�H�G �E�\ ���5�H�]�D�H�L��
�������� ���� �:�K�L�O�H �W�K�H �R�U�L�J�L�Q�D�O �%�:�0 �Z�D�V �G�H�V�L�J�Q�H�G �I�R�U �L�Q�G�L�Y�L�G�X�D�O �G�H�F�L�V�L�R�Q���P�D�N�H�U�V�� �W�K�H �%�D�\�H�V�L�D�Q �%�:�0 �D�G�D�S�W�V
�W�K�H �P�H�W�K�R�G �I�R�U �J�U�R�X�S �G�H�F�L�V�L�R�Q���P�D�N�L�Q�J�� �%�H�I�R�U�H �L�Q�W�U�R�G�X�F�L�Q�J �W�K�H �%�D�\�H�V�L�D�Q �%�:�0�� �W�K�H �R�U�L�J�L�Q�D�O �%�:�0 �Z�L�O�O
�E�H �H�[�S�O�D�L�Q�H�G �I�L�U�V�W��

�%�H�V�W���:�R�U�V�W �0�H�W�K�R�G�&�R�P�S�D�U�H�G �W�R �R�W�K�H�U �P�X�O�W�L���F�U�L�W�H�U�L�D �G�H�F�L�V�L�R�Q���P�D�N�L�Q�J ���0�&�'�0�� �P�H�W�K�R�G�V�� �W�K�H �%�:�0
�R�I�I�H�U�V �V�H�Y�H�U�D�O �D�G�Y�D�Q�W�D�J�H�V �W�K�D�W �P�D�N�H �L�W �S�D�U�W�L�F�X�O�D�U�O�\ �V�X�L�W�D�E�O�H �I�R�U �W�K�L�V �V�W�X�G�\�� �)�L�U�V�W�� �L�W �U�H�G�X�F�H�V �F�R�J�Q�L�W�L�Y�H �O�R�D�G
�E�\ �P�L�Q�L�P�L�]�L�Q�J �W�K�H �Q�X�P�E�H�U �R�I �S�D�L�U�Z�L�V�H �F�R�P�S�D�U�L�V�R�Q�V �U�H�T�X�L�U�H�G �W�R �G�H�W�H�U�P�L�Q�H �W�K�H �Z�H�L�J�K�W�V�� �H�V�S�H�F�L�D�O�O�\ �Z�K�H�Q
�F�R�P�S�D�U�H�G �W�R �P�H�W�K�R�G�V �O�L�N�H �W�K�H �$�Q�D�O�\�W�L�F�D�O �+�L�H�U�D�U�F�K�\ �3�U�R�F�H�V�V ���$�+�3�� ���5�H�]�D�H�L���������� ���� �6�H�F�R�Q�G�� �W�K�H �%�:�0
�L�Q�F�O�X�G�H�V �D �F�R�Q�V�L�V�W�H�Q�F�\ �U�D�W�L�R �W�K�D�W �D�O�O�R�Z�V �U�H�V�H�D�U�F�K�H�U�V �W�R �D�V�V�H�V�V �W�K�H �U�H�O�L�D�E�L�O�L�W�\ �R�I �W�K�H �G�H�F�L�V�L�R�Q���P�D�N�H�U�¶�V
�S�U�H�I�H�U�H�Q�F�H�V�� �G�H�V�S�L�W�H �W�K�H �U�H�G�X�F�H�G �Q�X�P�E�H�U �R�I �S�D�L�U�Z�L�V�H �F�R�P�S�D�U�L�V�R�Q�V ���5�H�]�D�H�L���������� ���� �/�D�V�W�O�\�� �W�K�H �%�:�0
�L�P�S�U�R�Y�H�V �F�R�Q�V�L�V�W�H�Q�F�\ �L�Q �H�Y�D�O�X�D�W�L�R�Q�V �E�\ �D�V�N�L�Q�J �G�H�F�L�V�L�R�Q���P�D�N�H�U�V �W�R �L�G�H�Q�W�L�I�\ �W�K�H �P�R�V�W �D�Q�G �O�H�D�V�W �L�P�S�R�U�W�D�Q�W
�F�U�L�W�H�U�L�D �X�S�I�U�R�Q�W�� �Z�K�L�F�K �V�H�W�V �D �F�O�H�D�U �U�D�Q�J�H �I�R�U �V�X�E�V�H�T�X�H�Q�W �F�R�P�S�D�U�L�V�R�Q�V ���%�H�V�W �:�R�U�V�W �0�H�W�K�R�G�����������D���� �7�K�L�V
�D�S�S�U�R�D�F�K �D�O�V�R �K�H�O�S�V �P�L�W�L�J�D�W�H �D�Q�F�K�R�U�L�Q�J �E�L�D�V �²�� �W�K�H �W�H�Q�G�H�Q�F�\ �W�R �U�H�O�\ �W�R�R �K�H�D�Y�L�O�\ �R�Q �L�Q�L�W�L�D�O �L�Q�I�R�U�P�D�W�L�R�Q
���6�K�H�U�L�I �H�W �D�O������������ �� �²�� �E�\ �D�Q�F�K�R�U�L�Q�J �W�K�H �H�Y�D�O�X�D�W�L�R�Q �W�R �W�K�H �P�R�V�W �U�H�O�H�Y�D�Q�W �F�U�L�W�H�U�L�D �U�D�W�K�H�U �W�K�D�Q �D�U�E�L�W�U�D�U�\
�V�W�D�U�W�L�Q�J �S�R�L�Q�W�V ���5�H�]�D�H�L���������� �� �5�H�]�D�H�L �H�W �D�O������������ ����

�7�K�H �%�:�0 �V�L�P�S�O�L�I�L�H�V �I�L�Q�G�L�Q�J �W�K�H �Z�H�L�J�K�W�Vwj �E�\ �L�G�H�Q�W�L�I�\�L�Q�J �W�K�H �E�H�V�W �D�Q�G �Z�R�U�V�W �F�U�L�W�H�U�L�D �D�Q�G �S�H�U�I�R�U�P�L�Q�J
�S�D�L�U�Z�L�V�H �F�R�P�S�D�U�L�V�R�Q �E�H�W�Z�H�H�Q �W�K�H�V�H �W�Z�R �F�U�L�W�H�U�L�D �D�Q�G �W�K�H �R�W�K�H�U �F�U�L�W�H�U�L�D�� �7�K�X�V�� �O�H�Waij �E�H �W�K�H �U�H�O�D�W�L�Y�H
�S�U�H�I�H�U�H�Q�F�H �R�I �F�U�L�W�H�U�L�R�Qci �R�Y�H�U �F�U�L�W�H�U�L�R�Qcj �� �7�K�H�Q�� �W�K�H�U�H �D�U�H �W�Z�R �W�\�S�H�V �R�I �F�R�P�S�D�U�L�V�R�Q�V��

�'�H�I�L�Q�L�W�L�R�Q ���&�R�P�S�D�U�L�V�R�Qaij �L�V �F�D�O�O�H�G �D�U�H�I�H�U�H�Q�F�H �F�R�P�S�D�U�L�V�R�Q�L�I �D�Q�G �R�Q�O�\ �L�Ici �L�V �W�K�H �E�H�V�W �F�U�L�W�H�U�L�R�Q
�D�Q�G���R�Ucj �L�V �W�K�H �Z�R�U�V�W �F�U�L�W�H�U�L�R�Q��

�'�H�I�L�Q�L�W�L�R�Q ���&�R�P�S�D�U�L�V�R�Qaij �L�V �F�D�O�O�H�G �D�V�H�F�R�Q�G�D�U�\ �F�R�P�S�D�U�L�V�R�Q�L�I �D�Q�G �R�Q�O�\ �L�I �Q�H�L�W�K�H�U �F�U�L�W�H�U�L�R�Qci �Q�R�U
�F�U�L�W�H�U�L�R�Qcj �D�U�H �W�K�H �E�H�V�W �R�U �W�K�H �Z�R�U�V�W �F�U�L�W�H�U�L�R�Q��

�,�W �L�V �S�R�V�V�L�E�O�H �W�R �G�H�W�H�U�P�L�Q�H �D�O�O �Y�D�O�X�H�V �R�IT �E�\ �R�Q�O�\ �S�H�U�I�R�U�P�L�Q�J �U�H�I�H�U�H�Q�F�H �F�R�P�S�D�U�L�V�R�Q�V �X�V�L�Q�J �W�K�H �I�R�O�O�R�Z�L�Q�J
�W�R �H�[�S�U�H�V�V�L�R�Q�V

aBi aij = aBj ����������

aij ajW = aiW ����������

�Z�K�H�U�H �W�K�H �L�Q�G�L�F�H�VB �D�Q�GW �U�H�I�H�U�H�Q�F�H �W�K�H �E�H�V�W �D�Q�G �Z�R�U�V�W �F�U�L�W�H�U�L�R�Q �U�H�V�S�H�F�W�L�Y�H�O�\ ���5�H�]�D�H�L���������� ����

�%�D�V�H�G �R�Q�(�T�X�D�W�L�R�Q �������D�Q�G�(�T�X�D�W�L�R�Q �������� �W�K�H �E�H�V�W���Z�R�U�V�W �P�H�W�K�R�G �G�H�W�H�U�P�L�Q�H�V �W�K�H �R�S�W�L�P�D�O �Z�H�L�J�K�W�Vw�
j

�X�V�L�Q�J �W�K�H �I�R�O�O�R�Z�L�Q�J �I�L�Y�H �V�W�H�S�V��

�6�W�H�S ���'�H�W�H�U�P�L�Q�H �D �V�H�W �R�I �G�H�F�L�V�L�R�Q �F�U�L�W�H�U�L�DC := c1; : : : ; cn ��

�6�W�H�S ���'�H�W�H�U�P�L�Q�H �W�K�H �E�H�V�W �F�U�L�W�H�U�L�R�QcB �D�Q�G �W�K�H �Z�R�U�V�W �F�U�L�W�H�U�L�R�QcW ��



�������� �(�I�X�E�M�P�I�H �(�I�W�G�V�M�T�X�M�S�R �S�J �1�I�X�L�S�H�W ����

�6�W�H�S ���'�H�W�H�U�P�L�Q�H �W�K�H �S�U�H�I�H�U�H�Q�F�H �R�I �W�K�H �E�H�V�W �F�U�L�W�H�U�L�R�QcB �R�Y�H�U �D�O�O �R�W�K�H�U �F�U�L�W�H�U�L�D �X�V�L�Q�J �D �Q�X�P�E�H�U �L�Q
f 1; : : : ; 9g � N�� �\�L�H�O�G�L�Q�J �W�K�H �%�H�V�W���W�R���2�W�K�H�U�V �Y�H�F�W�R�U

AB := ( aB 1; : : : ; aBn ): ����������

�$�V�V�L�J�Q�L�Q�J �D �K�L�J�K�H�U �Q�X�P�E�H�U �U�H�I�O�H�F�W�V �D �K�L�J�K�H�U �S�U�H�I�H�U�H�Q�F�HaBj �R�I �W�K�H �P�R�V�W �L�P�S�R�U�W�D�Q�W �F�U�L�W�H�U�L�R�QcB �F�R�P�S�D�U�H�G
�W�R �W�K�H �F�U�L�W�H�U�L�R�Qcj ; j 2 f 1; : : : ng��

�6�W�H�S ���'�H�W�H�U�P�L�Q�H �W�K�H �S�U�H�I�H�U�H�Q�F�H �R�I �D�O�O �R�W�K�H�U �F�U�L�W�H�U�L�D �R�Y�H�U �W�K�H �Z�R�U�V�W �F�U�L�W�H�U�L�R�Q�� �X�V�L�Q�J �D �Q�X�P�E�H�U �L�Q
f 1; : : : ; 9g � N�� �\�L�H�O�G�L�Q�J �W�K�H �2�W�K�H�U�V���W�R���:�R�U�V�W �Y�H�F�W�R�U

AW := ( a1W ; : : : ; anW )T : ����������

�$�V�V�L�J�Q�L�Q�J �D �K�L�J�K�H�U �Q�X�P�E�H�U �U�H�I�O�H�F�W�V �D �K�L�J�K�H�U �S�U�H�I�H�U�H�Q�F�HajW �R�I �W�K�H �F�U�L�W�H�U�L�R�Qcj ; j 2 f 1; : : : ng �R�Y�H�U �W�K�H
�O�H�D�V�W �L�P�S�R�U�W�D�Q�W �F�U�L�W�H�U�L�R�QcW ��

�6�W�H�S ���)�L�Q�G �W�K�H �R�S�W�L�P�D�O �Z�H�L�J�K�W�V(w�
1 ; : : : ; w�

n ) �E�\ �V�R�O�Y�L�Q�J �W�K�H �I�R�O�O�R�Z�L�Q�J �R�S�W�L�P�L�]�D�W�L�R�Q �S�U�R�E�O�H�P��

�)�L�Q�G

� � := min � ����������

�V�X�F�K �W�K�D�W

�
�
�
�
wB

wj
� aBj

�
�
�
� � �; 8j; ����������

�
�
�
�

wj

wW
� ajW

�
�
�
� � �; 8j; ����������

nX

j =1

wj = 1 ; ������������

�D�Q�G

wj � 1; 8j: ������������

�&�R�Q�V�L�V�W�H�Q�F�\ �(�Y�D�O�X�D�W�L�R�Q�2�Q�F�H(w�
1 ; : : : ; w�

n ) �D�Q�G� � �K�D�Y�H �E�H�H�Q �I�R�X�Q�G�� �W�K�H �V�R�O�X�W�L�R�Q�¶�V �F�R�Q�V�L�V�W�H�Q�F�\ �L�V
�H�Y�D�O�X�D�W�H�G �X�V�L�Q�J �W�K�H �F�R�Q�V�L�V�W�H�Q�F�\ �U�D�W�L�RCR ���5�H�]�D�H�L���������� ���� �7�K�H �F�R�Q�V�L�V�W�H�Q�F�\ �U�D�W�L�R �F�R�P�S�D�U�H�V �W�K�H �I�R�X�Q�G
� � �W�R �W�K�H �P�D�[�L�P�X�P �S�R�V�V�L�E�O�H �Y�D�O�X�H �R�I� �� �Z�K�L�F�K �L�V �U�H�I�H�U�U�H�G �W�R �D�V �W�K�H �F�R�Q�V�L�V�W�H�Q�F�\ �L�Q�G�H�[CI �� �$�V �D �U�H�V�X�O�W��
�W�K�H �F�R�Q�V�L�V�W�H�Q�F�\ �U�D�W�L�R �U�D�Q�J�H�V �I�U�R�P �� �W�R ���� �Z�L�W�K �D �� �U�H�S�U�H�V�H�Q�W�L�Q�J �S�H�U�I�H�F�W �F�R�Q�V�L�V�W�H�Q�F�\��

CR :=
� �

CI
: ������������

�7�K�H �F�R�Q�V�L�V�W�H�Q�F�\ �L�Q�G�H�[CI �L�V �G�H�I�L�Q�H�G �D�V��

CI :=
1 + 2aBW �

p
8aBW + 1

2
; ������������

�Z�K�H�U�HaBW �L�V �W�K�H �F�R�P�S�D�U�L�V�R�Q �E�H�W�Z�H�H�Q �W�K�H �E�H�V�W �F�U�L�W�H�U�L�R�QCB �D�Q�G �W�K�H �Z�R�U�V�W �F�U�L�W�H�U�L�R�QCW �� �,�W�V �G�H�I�L�Q�L�W�L�R�Q
�L�V �E�D�V�H�G �R�Q �W�K�H �F�R�Q�V�L�G�H�U�D�W�L�R�Q�V �L�Q ���5�H�]�D�H�L���������� ����



�������� �(�I�X�E�M�P�I�H �(�I�W�G�V�M�T�X�M�S�R �S�J �1�I�X�L�S�H�W ����

�7�K�H �F�R�Q�V�L�V�W�H�Q�F�\ �U�D�W�L�R�Q �G�H�I�L�Q�H�G �L�Q�(�T�X�D�W�L�R�Q ���������F�R�P�H�V �F�D�Q �R�Q�O�\ �E�H �X�V�H�G �D�I�W�H�U �W�K�H �Z�H�L�J�K�W�V �K�D�Y�H �E�H�H�Q
�G�H�W�H�U�P�L�Q�H�G�� �,�Q �R�W�K�H�U �Z�R�U�G�V�� �W�K�H�U�H �L�V �Q�R �G�L�U�H�F�W �I�H�H�G�E�D�F�N �I�R�U �W�K�H �G�H�F�L�V�L�R�Q���P�D�N�H�U �D�E�R�X�W �W�K�H �F�R�Q�V�L�V�W�H�Q�F�\ �R�I
�W�K�H �S�U�H�I�H�U�H�Q�F�H�V�� �7�R �G�H�W�H�U�P�L�Q�H �W�K�H �F�R�Q�V�L�V�W�H�Q�F�\ �U�D�W�L�R �L�P�P�H�G�L�D�W�H�O�\�� ���/�L�D�Q�J �H�W �D�O������������ �� �S�U�R�S�R�V�H �D�Q �L�Q�S�X�W��
�E�D�V�H�G �F�R�Q�V�L�V�W�H�Q�F�\ �U�D�W�L�R �Z�K�L�F�K �W�D�N�H�V �W�K�H �G�H�F�L�V�L�R�Q���P�D�N�H�U �S�U�H�I�H�U�H�Q�F�H�V �D�V �D�Q �L�Q�S�X�W�� �,�W �L�V �K�L�J�K�O�\ �F�R�U�U�H�O�D�W�H�G
�Z�L�W�K�(�T�X�D�W�L�R�Q ���������D�Q�G �G�H�I�L�Q�H�G �D�V �I�R�O�O�R�Z�V��

CRI := max
j

CRI
j ������������

�Z�K�H�U�H

CRI
j :=

(
j aBj a jW � aBW j
aBW aBW � aBW

aBW > 1

0 aBW = 1
������������

�7�K�H �L�Q�S�X�W���E�D�V�H�G �F�R�Q�V�L�V�W�H�Q�F�\ �U�D�W�L�R �S�U�R�Y�L�G�H�V �G�L�U�H�F�W �I�H�H�G�E�D�F�N �E�R�W�K �U�H�J�D�U�G�L�Q�J �W�K�H �R�Y�H�U�D�O�O �F�R�Q�V�L�V�W�H�Q�F�\ �U�D��
�W�L�RCRI �D�Q�G �W�K�H �F�R�Q�V�L�V�W�H�Q�F�\ �U�D�W�L�R �R�I �H�D�F�K �F�U�L�W�H�U�L�R�Q�� �H�[�S�U�H�V�V�H�G �E�\CRI

j ���/�L�D�Q�J �H�W �D�O������������ ���� �7�K�X�V��
�G�H�F�L�V�L�R�Q���P�D�N�H�U�V �F�D�Q �W�U�D�F�H �V�R�X�U�F�H�V �R�I �L�Q�F�R�Q�V�L�V�W�H�Q�F�\ �D�Q�G �D�G�D�S�W �W�K�H�L�U �S�U�H�I�H�U�H�Q�F�H�V�� �$�G�G�L�W�L�R�Q�D�O�O�\�� �L�W �L�V
�K�L�J�K�O�\ �F�R�U�U�H�O�D�W�H�G �Z�L�W�K�(�T�X�D�W�L�R�Q �����������/�L�D�Q�J �H�W �D�O������������ ���� �S�U�R�Y�L�G�L�Q�J �D �Y�D�O�X�D�E�O�H �D�Q�G �P�R�U�H �L�P�P�H�G�L�D�W�H
�D�O�W�H�U�Q�D�W�L�Y�H��

�,�Q �D�G�G�L�W�L�R�Q �W�R �W�K�H �L�Q�S�X�W���E�D�V�H�G �F�R�Q�V�L�V�W�H�Q�F�\ �U�D�W�L�R�Q�� ���/�L�D�Q�J �H�W �D�O������������ �� �G�H�W�H�U�P�L�Q�H�G �F�R�Q�V�L�V�W�H�Q�F�\ �W�K�U�H�V�K�R�O�G�V
�D�V �Z�H�O�O�� �(�V�V�H�Q�W�L�D�O�O�\�� �L�I �W�K�H �F�R�Q�V�L�V�W�H�Q�F�\ �U�D�W�L�R �L�V �E�H�O�R�Z �W�K�H �W�K�U�H�V�K�R�O�G�� �W�K�H �G�H�F�L�V�L�R�Q���P�D�N�H�U �S�U�H�I�H�U�H�Q�F�H�V �F�D�Q
�E�H �F�R�Q�V�L�G�H�U�H�G �F�R�Q�V�L�V�W�H�Q�W���7�D�E�O�H �������U�H�S�U�R�G�X�F�H�V �W�K�H �W�K�U�H�V�K�R�O�G�V �I�R�X�Q�G �E�\ ���/�L�D�Q�J �H�W �D�O������������ ���� �I�R�U �W�K�H
�L�Q�S�X�W���E�D�V�H�G �F�R�Q�V�L�V�W�H�Q�F�\ �U�D�W�L�R��

�� �� �� �� �� �� ��
�� ������������ ������������ ������������ ������������ ������������ ������������ ������������
�� ������������ ������������ ������������ ������������ ������������ ������������ ������������
�� ������������ ������������ ������������ ������������ ������������ ������������ ������������
�� ������������ ������������ ������������ ������������ ������������ ������������ ������������
�� ������������ ������������ ������������ ������������ ������������ ������������ ������������
�� ������������ ������������ ������������ ������������ ������������ ������������ ������������
�� ������������ ������������ ������������ ������������ ������������ ������������ ������������

�7�D�E�O�H ���������&�R�Q�V�L�V�W�H�Q�F�\ �W�K�U�H�V�K�R�O�G�V �I�R�U �L�Q�S�X�W���E�D�V�H�G �F�R�Q�V�L�V�W�H�Q�F�\ �U�D�W�L�R�� �W�K�H �F�R�O�X�P�Q�V �U�H�S�U�H�V�H�Q�W �W�K�H �Q�X�P�E�H�U �R�I �F�U�L�W�H�U�L�D�� �Z�K�L�O�H �W�K�H
�U�R�Z�V �U�H�S�U�H�V�H�Q�W �W�K�H �V�F�D�O�H�� �7�D�N�H�Q �I�U�R�P ���/�L�D�Q�J �H�W �D�O������������ ����

�%�D�\�H�V�L�D�Q �%�H�V�W���:�R�U�V�W �0�H�W�K�R�G�7�K�H �%�D�\�H�V�L�D�Q �%�:�0 �H�[�W�H�Q�G�V �W�K�H �R�U�L�J�L�Q�D�O �%�:�0 �W�R �J�U�R�X�S �G�H�F�L�V�L�R�Q��
�P�D�N�L�Q�J �E�\ �D�G�D�S�W�L�Q�J �W�K�H �O�D�V�W �V�W�H�S �R�I �W�K�H �R�U�L�J�L�Q�D�O �P�H�W�K�R�G�¶�V �I�L�Y�H���V�W�H�S �S�U�R�F�H�G�X�U�H ���0�� �0�R�K�D�P�P�D�G�L �	 �5�H�]�D�H�L��
�������� ����

�5�D�W�K�H�U �W�K�D�Q �K�D�Y�L�Q�J �D �V�L�Q�J�O�H �S�D�L�U(AB ; AW ) �R�I �S�U�H�I�H�U�H�Q�F�H�V �Y�H�F�W�R�U�V�� �W�K�H �P�H�W�K�R�G �Q�R�Z �W�D�N�H�V �S�D�L�U�V �I�U�R�PK
�G�H�F�L�V�L�R�Q �P�D�N�H�U�V�� �7�K�Hk���W�K �G�H�F�L�V�L�R�Q���P�D�N�H�U�¶�V �S�U�H�I�H�U�H�Q�F�H�V �D�U�H �G�H�Q�R�W�H�G �D�VAk

B �D�Q�GAk
W �� �Z�L�W�Kk = 1 ; : : : ; K ��

�Z�K�L�O�H �W�K�H �V�H�W�V �R�I �D�O�O �Y�H�F�W�R�U�V �D�U�H �G�H�Q�R�W�H�G �D�VA1:K
B �D�Q�GA1:K

W �� �)�X�U�W�K�H�U�� �W�K�H �R�Y�H�U�D�O�O �R�S�W�L�P�D�O �Z�H�L�J�K�W�V �D�U�H
�G�H�Q�R�W�H�G �D�Vwagg �D�Q�G �W�K�H �L�Q�G�L�Y�L�G�X�D�O �G�H�F�L�V�L�R�Q���P�D�N�H�U�V�¶ �Z�H�L�J�K�W�V �D�U�Hwk �� �$�J�D�L�Q��w1:K �G�H�Q�R�W�H�V �W�K�H �V�H�W �R�I
�D�O�O �L�Q�G�L�Y�L�G�X�D�O �Z�H�L�J�K�W �Y�H�F�W�R�U�V�� �7�K�L�V �J�L�Y�H�V �W�K�H �I�R�O�O�R�Z�L�Q�J �M�R�L�Q�W �S�U�R�E�D�E�L�O�L�W�\ �G�L�V�W�U�L�E�X�W�L�R�Q ���0�� �0�R�K�D�P�P�D�G�L �	
�5�H�]�D�H�L���������� ����

P
�
wagg ; w1:K

�
� A1:K

B ; A1:K
W

�
: ������������

�)�R�U �W�K�H �%�D�\�H�V�L�D�Q �P�R�G�H�O�� ���0�� �0�R�K�D�P�P�D�G�L �	 �5�H�]�D�H�L���������� �� �L�G�H�Q�W�L�I�\Ak
B �D�Q�GAk

B �D�V �W�K�H �R�E�V�H�U�Y�D�W�L�R�Q�V��
�7�K�H�Q��wk �G�H�S�H�Q�G�V �R�QAk

B �D�Q�GAk
B �� �D�Q�Gwagg �G�H�S�H�Q�G�V �R�Qw1:K �� �%�R�W�Kw1:K �D�Q�Gwagg �Q�H�H�G �W�R �E�H �H�V�W�L��

�P�D�W�H�G��

�%�\ �D�S�S�O�\�L�Q�J �%�D�\�H�V�¶ �W�K�H�R�U�H�P �D�Q�G �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �F�K�D�L�Q �U�X�O�H���(�T�X�D�W�L�R�Q ���������W�X�U�Q�V �L�Q�W�R



�������� �(�I�X�E�M�P�I�H �(�I�W�G�V�M�T�X�M�S�R �S�J �1�I�X�L�S�H�W ����

P
�
wagg ; w1:K

�
� A1:K

B ; A1:K
W

�
/ P

�
A1:K

B ; A1:K
W

�
� wagg ; w1:K �

P
�
wagg ; w1:K �

������������

= P (wagg)
KY

k=1

P
�
Ak

W

�
� wk �

P
�
Ak

B

�
� wk �

P
�
wk

�
� wagg �

: ������������

�1�H�[�W�� ���0�� �0�R�K�D�P�P�D�G�L �	 �5�H�]�D�H�L���������� �� �F�R�Q�W�L�Q�X�H �W�R �L�G�H�Q�W�L�I�\ �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �G�L�V�W�U�L�E�X�W�L�R�Q�V �R�I �H�D�F�K �H�O�H�P�H�Q�W
�L�Q�(�T�X�D�W�L�R�Q ���������� �7�K�H�\ �D�U�H��

Ak
B jwk � multinomial

�
1

wk

�
; k = 1 ; : : : ; K ������������

Ak
W jwk � multinomial

�
wk �

; k = 1 ; : : : ; K ������������

wk jwagg � Dir ( 
 � wagg) ; k = 1 ; : : : ; K with 
 � �( a; b) ������������

�D�Q�G

wagg � Dir( � ); � = 1 : ������������

�,�Q�(�T�X�D�W�L�R�Q ���������W�R�(�T�X�D�W�L�R�Q ��������

�‡multinomial �U�H�S�U�H�V�H�Q�W�V �W�K�H �P�X�O�W�L�Q�R�P�L�D�O �G�L�V�W�U�L�E�X�W�L�R�Q��

�‡Dir �W�K�H �'�L�U�L�F�K�O�H�W �G�L�V�W�U�L�E�X�W�L�R�Q��

�‡wagg �W�K�H �P�H�D�Q �R�IDir ( 
 � wagg)��

�‡
 �D �F�R�Q�F�H�Q�W�U�D�W�L�R�Q �S�D�U�D�P�H�W�H�U �D�U�R�X�Q�Gwagg �� �D�Q�G

�‡�( a; b) �W�K�H �J�D�P�P�D �G�L�V�W�U�L�E�X�W�L�R�Q �Z�L�W�K �V�K�D�S�H �S�D�U�D�P�H�W�H�Ua �D�Q�Gb��

�7�K�X�V�� ���0�� �0�R�K�D�P�P�D�G�L �	 �5�H�]�D�H�L���������� �� �U�H�L�Q�W�H�U�S�U�H�W �W�K�H �R�U�L�J�L�Q�D�O �%�:�0�� �E�\ �V�H�H�L�Q�J �W�K�H �F�U�L�W�H�U�L�Dcj �D�V �U�D�Q��
�G�R�P �H�Y�H�Q�W�V �D�Q�G �W�K�H �Z�H�L�J�K�W�Vwj �D�V �W�K�H�L�U �O�L�N�H�O�L�K�R�R�G �R�I �R�F�F�X�U�U�H�Q�F�H�� �7�R �P�R�G�H�O �W�K�H �S�D�L�U�Z�L�V�H �F�R�P�S�D�U�L�V�R�Q�V
Ak

B �D�Q�GAk
W �� �W�K�H �D�X�W�K�R�U�V �F�K�R�V�H �D �P�X�O�W�L�Q�R�P�L�D�O �G�L�V�W�U�L�E�X�W�L�R�Q �E�H�F�D�X�V�HAk

B �D�Q�GAk
W �F�R�Q�W�D�L�Q �L�Q�W�H�J�H�U�V �R�Q�O�\

���0�� �0�R�K�D�P�P�D�G�L �	 �5�H�]�D�H�L���������� ���� �7�K�H �Z�H�L�J�K�W�V �D�U�H �P�R�G�H�O�H�G �X�V�L�Q�J �D �'�L�U�L�F�K�O�H�W �G�L�V�W�U�L�E�X�W�L�R�Q �E�H�F�D�X�V�H �L�W
�V�D�W�L�V�I�L�H�V�(�T�X�D�W�L�R�Q ��������

�$�V �G�H�I�L�Q�H�G �D�E�R�Y�H�� �W�K�H �%�D�\�H�V�L�D�Q �P�R�G�H�O �G�R�H�V �Q�R�W �K�D�Y�H �D �F�O�R�V�H�G �I�R�U�P �V�R�O�X�W�L�R�Q ���0�� �0�R�K�D�P�P�D�G�L �	 �5�H�]�D�H�L��
�������� ���� �7�K�X�V�� ���0�� �0�R�K�D�P�P�D�G�L �	 �5�H�]�D�H�L���������� �� �S�U�R�S�R�V�H �W�R �X�V�H �0�D�U�N�R�Y���F�K�D�L�Q �0�R�Q�W�H �&�D�U�O�R ���0�&�0�&��
�P�H�W�K�R�G�V �W�R �G�H�W�H�U�P�L�Q�H �W�K�H �S�R�V�W�H�U�L�R�U �G�L�V�W�U�L�E�X�W�L�R�Q �R�I �H�Y�H�U�\ �V�L�Q�J�O�H �G�H�F�L�V�L�R�Q���P�D�N�H�U �D�Q�G �I�R�Uwagg ��

�&�U�H�G�D�O �5�D�Q�N�L�Q�J�,�Q �R�U�G�H�U �W�R �G�H�W�H�U�P�L�Q�H �W�K�H �F�R�Q�I�L�G�H�Q�F�H �R�I �W�K�H �Z�H�L�J�K�W�H�G �F�U�L�W�H�U�L�D�� ���0�� �0�R�K�D�P�P�D�G�L �	
�5�H�]�D�H�L���������� �� �G�H�I�L�Q�H �W�K�H�F�U�H�G�D�O �R�U�G�H�U�L�Q�J

O = ( ci ; cj ; R; d); ������������

�Z�K�H�U�Hci �D�Q�Gcj �D�U�H �W�Z�R �F�U�L�W�H�U�L�D��R �L�V �W�K�H �U�H�O�D�W�L�R�Q �E�H�W�Z�H�H�Q �W�K�H�P�� �D�Q�Gd �L�V �W�K�H �F�R�Q�I�L�G�H�Q�F�H �R�I �W�K�H �U�H�O�D�W�L�R�Q��
�7�K�H �U�H�O�D�W�L�R�QR �E�H�W�Z�H�H�Q �W�K�H �F�U�L�W�H�U�L�Dci ��cj �F�D�Q �E�H �H�L�W�K�H�U� ��� �R�U= �� �Z�K�L�O�H �F�R�Q�I�L�G�H�Q�F�H �F�D�Q �E�Hd 2 [0; 1] � R��
�Z�L�W�K �D1 �U�H�S�U�H�V�H�Q�W�L�Q�J �D�E�V�R�O�X�W�H �F�R�Q�I�L�G�H�Q�F�H �R�I �W�K�H �U�H�O�D�W�L�R�Q ���0�� �0�R�K�D�P�P�D�G�L �	 �5�H�]�D�H�L���������� ����

�7�K�H �F�R�Q�I�L�G�H�Q�F�H �R�I �W�K�H �F�U�H�G�D�O �R�U�G�H�U�L�Q�J �L�V �J�L�Y�H�Q �E�\

P(ci > c j ) =
1
Q

QX

q=1

I
�

w
aggq
i > w

aggq
j

�
; ������������



�������� �6�I�W�I�E�V�G�L �(�I�W�M�K�R ����

�)�L�J�X�U�H ���������5�H�V�H�D�U�F�K �G�H�V�L�J�Q�� �7�K�H �F�L�U�F�O�H�V �L�Q�G�L�F�D�W�H �Z�K�L�F�K �U�H�V�H�D�U�F�K �T�X�H�V�W�L�R�Q�V �L�V �D�G�G�U�H�V�V�H�G �E�\ �W�K�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �V�W�H�S�� ���6�6�0��
�6�R�I�W �6�\�V�W�H�P�V �0�H�W�K�R�G�R�O�R�J�\�� �%�:�0�� �%�H�V�W���:�R�U�V�W �0�H�W�K�R�G�� �6�4�� �V�X�E���T�X�H�V�W�L�R�Q�� �5�4�� �P�D�L�Q �U�H�V�H�D�U�F�K �T�X�H�V�W�L�R�Q����

�Z�K�H�U�Hwaggq �L�V �W�K�Hq���W�K �V�D�P�S�O�H �R�Iwagg �I�U�R�P �W�K�H �0�&�0�& �V�D�P�S�O�H�V �D�Q�G

I
�

w
aggq
i > w

aggq
j

�
:=

(
1; w

aggq
i > w

aggq
j

0; w
aggq
i � w

aggq
j

������������

�)�L�Q�D�O�O�\�� �V�H�W �R�I �D�O�O �F�U�H�G�D�O �R�U�G�H�U�L�Q�J �L�V �F�D�O�O�H�G�F�U�H�G�D�O �U�D�Q�N�L�Q�J���0�� �0�R�K�D�P�P�D�G�L �	 �5�H�]�D�H�L���������� ���� �,�W �F�R�Q�W�D�L�Q�V
�D�O�O �S�R�V�V�L�E�O�H �F�U�H�G�D�O �R�U�G�H�U�L�Q�J�V �R�I �S�D�L�U�V(ci ; cj ); i; j 2 f 1; : : : ; ng�� �6�H�H�V�H�F�W�L�R�Q �'�����I�R�U �W�K�L�V �V�W�X�G�\�¶�V �F�U�H�G�D�O
�U�D�Q�N�L�Q�J�V��

���������6�I�W�I�E�V�G�L �(�I�W�M�K�R
�,�Q �R�U�G�H�U �W�R �D�G�G�U�H�V�V �W�K�H �P�D�L�Q �U�H�V�H�D�U�F�K �T�X�H�V�W�L�R�Q�� �W�K�L�V �V�W�X�G�\ �D�G�R�S�W�H�G �D �U�H�V�H�D�U�F�K �G�H�V�L�J�Q �F�R�Q�V�L�V�W�L�Q�J �R�I �W�K�U�H�H
�S�K�D�V�H�V�� �S�U�R�M�H�F�W �U�H�F�R�Q�V�W�U�X�F�W�L�R�Q�� �I�D�F�W�R�U �H�Y�D�O�X�D�W�L�R�Q�� �D�Q�G �V�W�U�D�W�H�J�\ �G�H�Y�H�O�R�S�P�H�Q�W�� �7�K�H �I�L�U�V�W �W�K�U�H�H �V�H�F�W�L�R�Q�V
�Z�L�O�O �I�R�F�X�V �R�Q �L�Q�W�U�R�G�X�F�L�Q�J �H�D�F�K �U�H�V�H�D�U�F�K �S�K�D�V�H �L�Q �G�H�W�D�L�O�� �7�K�H�Q�� �W�K�H �O�D�V�W �V�H�F�W�L�R�Q �Z�L�O�O �G�H�V�F�U�L�E�H �S�D�U�W�L�F�L�S�D�Q�W
�V�H�O�H�F�W�L�R�Q �I�R�U �W�K�L�V �V�W�X�G�\��

�$�Q �R�Y�H�U�Y�L�H�Z �R�I �W�K�H �U�H�V�H�D�U�F�K �G�H�V�L�J�Q �F�D�Q �E�H �I�R�X�Q�G �L�Q�)�L�J�X�U�H �������� �0�R�V�W �L�P�S�R�U�W�D�Q�W�O�\�� �L�W �U�H�O�D�W�H�V �U�H�V�H�D�U�F�K
�S�K�D�V�H�V �D�Q�G �U�H�V�H�D�U�F�K �T�X�H�V�W�L�R�Q�V�� �V�K�R�Z�L�Q�J �W�K�D�W �W�K�H �V�H�F�R�Q�G �U�H�V�H�D�U�F�K �S�K�D�V�H �D�G�G�U�H�V�V�H�V �W�K�H �W�K�U�H�H �V�X�E��
�T�X�H�V�W�L�R�Q�V�� �Z�K�L�O�H �W�K�H �O�D�V�W �U�H�V�H�D�U�F�K �S�K�D�V�H �D�G�G�U�H�V�V�H�V �W�K�H �P�D�L�Q �U�H�V�H�D�U�F�K �T�X�H�V�W�L�R�Q��

�������������4�L�E�W�I ���� �)�\�T�P�E�R�E�X�M�S�R �&�Y�M�P�H�M�R�K
�7�K�H �R�E�M�H�F�W�L�Y�H �R�I �W�K�H �I�L�U�V�W �U�H�V�H�D�U�F�K �S�K�D�V�H �Z�D�V �W�R �U�H�F�R�Q�V�W�U�X�F�W �W�K�H �*�&�6 �S�U�R�M�H�F�W �E�\ �G�H�Y�H�O�R�S�L�Q�J �S�X�U�S�R�V�H�I�X�O
�D�F�W�L�Y�L�W�\ �P�R�G�H�O�V �I�R�U �H�D�F�K �R�I �W�K�H �P�D�Q�X�I�D�F�W�X�U�L�Q�J �V�L�W�H�V�� �7�K�L�V �Z�D�V �Q�H�F�H�V�V�D�U�\ �W�R �G�H�Y�H�O�R�S �D �G�H�W�D�L�O�H�G �X�Q�G�H�U��
�V�W�D�Q�G�L�Q�J �R�I �W�K�H �F�D�V�H �D�Q�G �L�W�V �F�R�Q�W�H�[�W �I�U�R�P �H�D�F�K �P�D�Q�X�I�D�F�W�X�U�L�Q�J �V�L�W�H�¶�V �S�H�U�V�S�H�F�W�L�Y�H�� �,�W �Z�R�X�O�G �D�O�V�R �S�U�R�Y�L�G�H
�W�K�H �Q�H�F�H�V�V�D�U�\ �I�R�X�Q�G�D�W�L�R�Q �I�R�U �I�L�Q�G�L�Q�J �I�D�F�W�R�U�V �Z�K�L�F�K �O�H�G �W�R �W�K�H �G�L�Y�H�U�J�H�Q�F�H �I�U�R�P �W�K�H �R�U�L�J�L�Q�D�O �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q
�R�E�M�H�F�W�L�Y�H�V �L�Q �U�H�V�H�D�U�F�K �S�K�D�V�H �W�Z�R�� �D�Q�G �G�H�Y�H�O�R�S�L�Q�J �D�Q �D�Q�V�Z�H�U �W�R �W�K�H �P�D�L�Q �U�H�V�H�D�U�F�K �T�X�H�V�W�L�R�Q �L�Q �U�H�V�H�D�U�F�K
�S�K�D�V�H �W�K�U�H�H��

�,�Q �R�U�G�H�U �W�R �G�H�Y�H�O�R�S �W�K�H �S�X�U�S�R�V�H�I�X�O �D�F�W�L�Y�L�W�\ �P�R�G�H�O�V�� �W�K�L�V �S�K�D�V�H �X�V�H�G �G�R�F�X�P�H�Q�W�D�W�L�R�Q�� �D�U�F�K�L�Y�D�O �G�D�W�D�� �D�Q�G
�L�Q�W�H�U�Y�L�H�Z�V �D�V �G�D�W�D �V�R�X�U�F�H�V�� �7�K�X�V�� �L�W �U�H�O�L�H�G �R�Q �P�X�O�W�L�S�O�H �V�R�X�U�F�H�V �R�I �G�D�W�D�� �V�W�U�H�Q�J�W�K�H�Q�L�Q�J �W�K�H �L�Q�W�H�U�Q�D�O �Y�D�O�L�G�L�W�\
�R�I �W�K�L�V �V�W�X�G�\�V�X�E�V�H�F�W�L�R�Q ������������

�7�K�H �G�D�W�D �Z�H�U�H �V�W�U�X�F�W�X�U�H�G �D�F�F�R�U�G�L�Q�J �W�R �W�K�H �I�L�Y�H �F�D�W�H�J�R�U�L�H�V �S�U�H�V�H�Q�W�H�G �L�Q�7�D�E�O�H �������W�R �S�U�H�S�D�U�H �W�K�H�P �I�R�U �W�K�H
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�'�D�W�D �V�R�X�U�F�H �7�\�S�H �'�H�V�F�U�L�S�W�L�R�Q
�.�3�, �G�D�V�K�E�R�D�U�G �$�U�F�K�L�Y�D�O �G�D�W�D�$ �G�D�V�K�E�R�D�U�G �Z�K�L�F�K �F�R�P�S�D�U�H�G �W�K�H �X�V�D�J�H �R�I �W�K�H

�V�\�V�W�H�P �S�U�L�R�U �W�R �W�K�H �*�&�6 �D�Q�G �W�K�H �*�&�6�� �7�K�H �G�D�V�K��
�E�R�D�U�G �Z�D�V �H�V�S�H�F�L�D�O�O�\ �Y�D�O�X�D�E�O�H �E�H�F�D�X�V�H �L�W �F�R�Q��
�W�D�L�Q�H�G �T�X�D�Q�W�L�W�D�W�L�Y�H �G�D�W�D �R�Q �S�U�R�M�H�F�W���V�S�H�F�L�I�L�F �.�3�,�V
�U�H�D�F�K�L�Q�J �V�H�Y�H�U�D�O �\�H�D�U�V �E�D�F�N �D�Q�G �D�O�O�R�Z�H�G �F�R�P��
�S�D�U�L�V�R�Q�V �E�H�W�Z�H�H�Q �S�U�R�G�X�F�W�L�R�Q �V�L�W�H�V�� �1�R�W�H �W�K�D�W �I�R�U
�V�R�P�H �V�L�W�H�V �W�K�H �G�D�V�K�E�R�D�U�G �F�R�Q�W�D�L�Q�H�G �G�D�W�D �V�L�Q�F�H
�������� �Z�K�L�O�H �I�R�U �R�W�K�H�U �V�L�W�H�V �G�D�W�D �F�R�O�O�H�F�W�L�R�Q �R�Q�O�\
�V�W�D�U�W�H�G �L�Q ����������

�.�3�, �G�D�V�K�E�R�D�U�G �$�U�F�K�L�Y�D�O �G�D�W�D�$ �G�D�V�K�E�R�D�U�G �Z�K�L�F�K �W�U�D�F�N�H�G �W�K�H �W�L�P�H �Q�H�H�G�H�G �W�R
�H�Q�D�F�W �F�K�D�Q�J�H�V �L�Q �W�K�H �P�D�Q�X�I�D�F�W�X�U�L�Q�J �V�\�V�W�H�P�� �F�R�Y��
�H�U�L�Q�J �W�K�H �\�H�D�U�V �������� �W�R ���������� �7�K�H �G�D�V�K�E�R�D�U�G
�F�R�Q�W�D�L�Q�H�G �X�V�H�I�X�O �T�X�D�Q�W�L�W�D�W�L�Y�H �G�D�W�D �Z�K�L�F�K �D�O�O�R�Z�H�G
�F�R�P�S�D�U�L�V�R�Q�V �E�H�W�Z�H�H�Q �S�U�R�G�X�F�W�L�R�Q �V�L�W�H�V��

�5�H�O�H�D�V�H �K�L�V�W�R�U�\ �$�U�F�K�L�Y�D�O �G�D�W�D�$�Q �H�[�F�H�U�S�W �R�I �W�K�H �*�&�6 �U�H�O�H�D�V�H�V �L�P�S�O�H�P�H�Q�W�H�G
�L�Q �W�K�H �F�R�P�S�D�Q�\�¶�V �S�U�R�G�X�F�W�L�R�Q �H�Q�Y�L�U�R�Q�P�H�Q�W�� �D�O�R�Q�J
�Z�L�W�K �V�K�R�U�W �G�H�V�F�U�L�S�W�L�R�Q�V �R�I �W�K�H �U�H�O�H�D�V�H�V�� �7�K�H�V�H
�G�D�W�D �Z�H�U�H �X�V�H�G �W�R �P�D�S �V�S�H�F�L�I�L�F �U�H�O�H�D�V�H�V �W�R
�F�K�D�Q�J�H�V �L�Q �W�K�H �.�3�, �G�D�W�D �R�I �W�K�H �W�Z�R �V�R�X�U�F�H�V
�D�E�R�Y�H��

�3�U�H�V�H�Q�W�D�W�L�R�Q�V �'�R�F�X�P�H�Q�W�D�W�L�R�Q�$ �W�R�W�D�O �R�I ���� �S�U�H�V�H�Q�W�D�W�L�R�Q�V �Z�H�U�H �U�H�Y�L�H�Z�H�G�� �F�R�Y�H�U��
�L�Q�J �W�K�H �\�H�D�U�V �������� �W�R ���������� �7�K�H �S�U�H�V�H�Q�W�D�W�L�R�Q�V
�F�R�Y�H�U�H�G �W�R�S�L�F�V �V�X�F�K �D�V �L�G�H�D�W�L�R�Q �R�I �W�K�H �S�U�R�M�H�F�W��
�H�D�U�O�\ �D�O�L�J�Q�P�H�Q�W �H�I�I�R�U�W�V �R�Q �E�H�V�W �S�U�D�F�W�L�F�H�V�� �F�R�Q�Y�H�U��
�J�H�Q�F�H �S�O�D�Q�V �I�R�U �E�X�V�L�Q�H�V�V �S�U�R�F�H�V�V�H�V �D�Q�G �P�R�G�H�O��
�L�Q�J �F�R�Q�Y�H�Q�W�L�R�Q�V�� �W�L�P�H�O�L�Q�H�V�� �R�U �V�W�D�W�X�V �X�S�G�D�W�H�V��

�6�W�D�N�H�K�R�O�G�H�U �&�R�P�P�X�Q�L�F�D�W�L�R�Q�V�'�R�F�X�P�H�Q�W�D�W�L�R�Q�7�K�L�V �V�R�X�U�F�H �F�R�Q�V�L�V�W�H�G �R�I ������ �G�R�F�X�P�H�Q�W�V �R�I �F�R�P��
�P�X�Q�L�F�D�W�L�R�Q �Z�L�W�K �S�U�R�M�H�F�W �V�W�D�N�H�K�R�O�G�H�U�V�� �F�R�Y�H�U�L�Q�J
�W�K�H �\�H�D�U�V �������� �W�R ���������� �1�R�W �D�O�O �R�I �W�K�H�V�H �G�R�F�X��
�P�H�Q�W�V �Z�H�U�H �U�H�Y�L�H�Z�H�G �E�H�F�D�X�V�H �W�K�H�\ �Z�H�U�H �P�D�L�Q�O�\
�W�U�D�F�N�L�Q�J �G�H�Y�H�O�R�S�P�H�Q�W �S�U�R�J�U�H�V�V�� �+�R�Z�H�Y�H�U�� �W�K�H�V�H
�F�R�P�P�X�Q�L�F�D�W�L�R�Q�V �S�U�R�Y�L�G�H�G �D �Y�D�O�X�D�E�O�H �V�R�X�U�F�H �W�R
�Y�D�O�L�G�D�W�H �V�W�D�W�H�P�H�Q�W�V �R�I �L�Q�W�H�U�Y�L�H�Z �S�D�U�W�L�F�L�S�D�Q�W�V��

�7�D�E�O�H ���������2�Y�H�U�Y�L�H�Z �R�I �D�U�F�K�L�Y�D�O �G�D�W�D �D�Q�G �G�R�F�X�P�H�Q�W�D�W�L�R�Q �U�H�Y�L�H�Z�H�G

�D�S�S�O�L�F�D�W�L�R�Q �R�I �6�R�I�W �6�\�V�W�H�P�V �0�H�W�K�R�G�R�O�R�J�\ ���6�6�0���� �6�H�H�7�D�E�O�H �������I�R�U �D�Q �R�Y�H�U�Y�L�H�Z �R�I �W�K�H �G�R�F�X�P�H�Q�W�D�W�L�R�Q
�D�Q�G �D�U�F�K�L�Y�D�O �G�D�W�D �X�V�H�G��

�7�K�H �L�Q�W�H�U�Y�L�H�Z�V �Z�H�U�H �F�R�Q�G�X�F�W�H�G �D�V �V�H�P�L���V�W�U�X�F�W�X�U�H�G �L�Q�W�H�U�Y�L�H�Z�V�� �7�K�L�V �G�H�V�L�J�Q �Z�D�V �F�K�R�V�H�Q �W�R �D�O�O�R�Z �I�R�U
�F�R�P�S�D�U�D�E�L�O�L�W�\ �E�H�W�Z�H�H�Q �L�Q�W�H�U�Y�L�H�Z�V ���6�H�N�D�U�D�Q �	 �%�R�X�J�L�H���������� �� �D�Q�G �E�H�F�D�X�V�H �6�6�0 �F�O�H�D�U�O�\ �L�G�H�Q�W�L�I�L�H�V �Z�K�L�F�K
�G�D�W�D �Q�H�H�G �W�R �E�H �J�D�W�K�H�U�H�G ���7�D�E�O�H ���������� �$�W �W�K�H �V�D�P�H �W�L�P�H�� �V�H�P�L���V�W�U�X�F�W�X�U�H�G �L�Q�W�H�U�Y�L�H�Z�V �D�O�O�R�Z �W�K�H �U�H�V�H�D�U�F�K�H�U
�W�R �S�L�F�N �X�S �R�Q �H�P�H�U�J�H�Q�W �W�R�S�L�F�V �D�Q�G �F�R�Q�V�L�G�H�U �D�V�S�H�F�W�V �Z�K�L�F�K �Z�H�U�H �Q�R�W �D�Q�W�L�F�L�S�D�W�H�G �D�W �W�K�H �R�X�W�V�H�W �R�I �W�K�H
�V�W�X�G�\�� �7�K�H �L�Q�W�H�U�Y�L�H�Z �T�X�H�V�W�L�R�Q�Q�D�L�U�H �F�D�Q �E�H �I�R�X�Q�G �L�Q�$�S�S�H�Q�G�L�[ �%�� �6�H�H�V�X�E�V�H�F�W�L�R�Q �����������I�R�U �P�R�U�H �G�H�W�D�L�O�V
�R�Q �S�D�U�W�L�F�L�S�D�Q�W �V�H�O�H�F�W�L�R�Q��

�7�K�H �G�D�W�D �Z�H�U�H �V�W�U�X�F�W�X�U�H�G �D�Q�G �D�Q�D�O�\�]�H�G �I�R�O�O�R�Z�L�Q�J �W�K�H �D�S�S�U�R�D�F�K �S�U�R�S�R�V�H�G �E�\ �6�6�0�V�X�E�V�H�F�W�L�R�Q ������������ �7�K�H
�U�H�V�X�O�W�L�Q�J �S�X�U�S�R�V�H�I�X�O �D�F�W�L�Y�L�W�\ �P�R�G�H�O�V �Z�H�U�H �F�R�P�S�D�U�H�G �W�R �L�G�H�Q�W�L�I�\ �V�L�P�L�O�D�U�L�W�L�H�V �D�Q�G �G�L�I�I�H�U�H�Q�F�H�V �E�H�W�Z�H�H�Q �W�K�H
�Z�R�U�O�G�Y�L�H�Z�V �R�I �W�K�H �P�D�Q�X�I�D�F�W�X�U�L�Q�J �V�L�W�H�V�� �7�K�H �U�H�V�X�O�W�L�Q�J �I�L�Q�G�L�Q�J�V �Z�H�U�H �U�H�Y�L�H�Z�H�G �Z�L�W�K �S�D�U�W�L�F�L�S�D�Q�W�V�� �V�W�U�H�Q�J�W�K��
�H�Q�L�Q�J �F�R�Q�V�W�U�X�F�W �Y�D�O�L�G�L�W�\ �R�I �W�K�H �V�W�X�G�\�V�X�E�V�H�F�W�L�R�Q ������������ �7�K�H �U�H�V�X�O�W �F�D�Q �E�H �I�R�X�Q�G �L�Q�V�H�F�W�L�R�Q ��������

�7�K�H �U�H�V�X�O�W�V �R�I �W�K�L�V �U�H�V�H�D�U�F�K �S�K�D�V�H �D�U�H �V�X�E�M�H�F�W �W�R �D �U�H�F�D�O�O �E�L�D�V�� �$ �U�H�F�D�O�O �E�L�D�V �R�F�F�X�U�V �Z�K�H�Q �S�D�U�W�L�F�L�S�D�Q�W�V
�D�U�H �Q�R�W �D�E�O�H �W�R �U�H�F�D�O�O �S�D�V�W �H�Y�H�Q�W�V �D�F�F�X�U�D�W�H�O�\ �R�U �F�R�P�S�O�H�W�H�O�\ ���6�S�H�Q�F�H�U �H�W �D�O������������ ���� �7�K�L�V �Z�D�V �W�K�H �F�D�V�H
�E�H�F�D�X�V�H �V�R�P�H �D�V�S�H�F�W�V �R�I �W�K�H �S�U�R�M�H�F�W �G�D�W�H�G �E�D�F�N �P�R�U�H �W�K�D�Q �W�H�Q �\�H�D�U�V�� �7�R �P�L�W�L�J�D�W�H �W�K�H �H�I�I�H�F�W �R�I �U�H�F�D�O�O
�E�L�D�V �R�Q �W�K�H �V�W�X�G�\�� �S�D�U�W�L�F�L�S�D�Q�W �V�W�D�W�H�P�H�Q�W�V �Z�H�U�H �F�R�P�S�D�U�H�G �Z�L�W�K �G�R�F�X�P�H�Q�W�D�W�L�R�Q �D�Q�G �D�U�F�K�L�Y�D�O �G�D�W�D��



�������� �6�I�W�I�E�V�G�L �(�I�W�M�K�R ����

�������������4�L�E�W�I ���� �*�E�G�X�S�V �)�Z�E�P�Y�E�X�M�S�R
�7�K�H �R�E�M�H�F�W�L�Y�H �R�I �W�K�L�V �U�H�V�H�D�U�F�K �S�K�D�V�H �Z�D�V �W�R �H�Y�D�O�X�D�W�H �I�D�F�W�R�U�V �Z�K�L�F�K �O�H�G �W�R �D �G�L�Y�H�U�J�H�Q�F�H �I�U�R�P �W�K�H �R�U�L�J�L�Q�D�O
�W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �R�E�M�H�F�W�L�Y�H�V�� �)�L�U�V�W�� �V�X�F�K �I�D�F�W�R�U�V �Z�H�U�H �L�G�H�Q�W�L�I�L�H�G�� �7�K�H�Q�� �W�K�H �P�H�F�K�D�Q�L�V�P�V �R�I �W�K�H�V�H �I�D�F�W�R�U�V
�Z�H�U�H �L�G�H�Q�W�L�I�L�H�G�� �/�D�V�W�O�\�� �W�K�H �I�D�F�W�R�U�V �Z�H�U�H �U�D�Q�N�H�G �E�D�V�H�G �R�Q �W�K�H�L�U �L�Q�I�O�X�H�Q�F�H �R�Q �W�K�H �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �S�U�R�M�H�F�W��
�7�K�L�V �U�D�Q�N�L�Q�J �Z�D�V �X�V�H�G �D�V �D�Q �L�Q�S�X�W �I�R�U �W�K�H �O�D�V�W �U�H�V�H�D�U�F�K �S�K�D�V�H��

�7�R �H�Y�D�O�X�D�W�H �W�K�H�V�H �I�D�F�W�R�U�V�� �G�R�F�X�P�H�Q�W�D�W�L�R�Q�� �L�Q�W�H�U�Y�L�H�Z�V�� �D�Q�G �D �T�X�H�V�W�L�R�Q�Q�D�L�U�H �Z�H�U�H �X�V�H�G �D�V �G�D�W�D �V�R�X�U�F�H�V��
�0�R�U�H �V�S�H�F�L�I�L�F�D�O�O�\�� �G�R�F�X�P�H�Q�W�D�W�L�R�Q �D�Q�G �L�Q�W�H�U�Y�L�H�Z�V �Z�H�U�H �X�V�H�G �W�R �L�G�H�Q�W�L�I�\ �I�D�F�W�R�U�V �D�Q�G �U�H�F�R�Q�V�W�U�X�F�W �W�K�H�L�U
�P�H�F�K�D�Q�L�V�P�V�� �7�K�H �T�X�H�V�W�L�R�Q�Q�D�L�U�H �Z�D�V �X�V�H�G �W�R �F�R�O�O�H�F�W �G�D�W�D �I�R�U �W�K�H �D�S�S�O�L�F�D�W�L�R�Q �R�I �W�K�H �%�D�\�H�V�L�D�Q �%�:�0��
�Z�K�L�F�K �Z�D�V �X�V�H�G �W�R �U�D�Q�N �W�K�H �I�D�F�W�R�U�V�� �6�H�H�V�H�F�W�L�R�Q �'�����I�R�U �W�K�H �T�X�H�V�W�L�R�Q�Q�D�L�U�H��

�6�H�H�V�X�E�V�H�F�W�L�R�Q �����������I�R�U �P�R�U�H �G�H�W�D�L�O�V �R�Q �S�D�U�W�L�F�L�S�D�Q�W �V�H�O�H�F�W�L�R�Q��

�������������4�L�E�W�I ���� �7�X�V�E�X�I�K�] �(�I�Z�I�P�S�T�Q�I�R�X
�7�K�H �I�L�Q�D�O �U�H�V�H�D�U�F�K �S�K�D�V�H �Z�D�V �G�H�V�L�J�Q�H�G �W�R �D�G�G�U�H�V�V �W�K�H �P�D�L�Q �U�H�V�H�D�U�F�K �T�X�H�V�W�L�R�Q�� �,�W �E�H�J�D�Q �Z�L�W�K �D �O�L�W�H�U�D�W�X�U�H
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�I�U�R�P �L�G�H�D�W�L�R�Q �W�R �W�K�H �I�L�Q�D�O �U�H�O�H�D�V�H �L�Q�W�R �S�U�R�G�X�F�W�L�R�Q�� �7�K�L�V �F�R�Q�F�H�S�W �U�H�F�H�L�Y�H�G �V�W�U�R�Q�J �V�X�S�S�R�U�W �D�Q�G �J�H�Q�H�U�R�X�V
�I�X�Q�G�L�Q�J �D�W �W�K�H �R�X�W�V�H�W��

�0�R�U�H �W�K�D�Q �D �G�H�F�D�G�H �O�D�W�H�U�� �W�K�H �*�&�6 �K�D�V �\�H�W �W�R �I�X�O�O�\ �U�H�D�O�L�]�H �W�K�L�V �Y�L�V�L�R�Q�� �:�K�L�O�H �H�Q�J�L�Q�H�H�U�V �F�D�Q �G�H�V�F�U�L�E�H �D�Q�G
�D�V�V�H�V�V �F�K�D�Q�J�H�V �F�R�O�O�D�E�R�U�D�W�L�Y�H�O�\ �L�Q �S�U�L�Q�F�L�S�O�H�� �W�K�H�V�H �D�F�W�L�Y�L�W�L�H�V �U�H�P�D�L�Q �O�R�F�D�W�L�R�Q���G�H�S�H�Q�G�H�Q�W�� �)�R�U �H�[�D�P�S�O�H��
�X�S�R�Q �O�R�J�J�L�Q�J �L�Q�W�R �W�K�H �V�\�V�W�H�P�� �X�V�H�U�V �P�X�V�W �V�H�O�H�F�W �W�K�H�L�U �V�L�W�H�� �D�V �W�K�H �V�\�V�W�H�P �K�D�V �E�H�H�Q �F�X�V�W�R�P�L�]�H�G �W�R �P�H�H�W
�O�R�F�D�O �U�H�T�X�L�U�H�P�H�Q�W�V�� �$�V �D �U�H�V�X�O�W�� �W�K�H �L�Q�W�H�Q�G�H�G �J�O�R�E�D�O �S�U�R�F�H�V�V �K�D�V �Q�R�W �U�H�S�O�D�F�H�G �W�K�H �H�[�L�V�W�L�Q�J �O�R�F�D�O �R�Q�H�V��

�7�R �X�Q�G�H�U�V�W�D�Q�G �Z�K�\ �W�K�H �V�\�V�W�H�P �K�D�V �Q�R�W �H�Y�R�O�Y�H�G �W�R �P�H�H�W �L�W�V �R�U�L�J�L�Q�D�O �J�R�D�O�V�� �L�W �L�V �K�H�O�S�I�X�O �W�R �H�[�D�P�L�Q�H �W�K�H
�F�K�D�O�O�H�Q�J�H�V �H�Q�F�R�X�Q�W�H�U�H�G �D�Q�G �W�K�H �G�H�F�L�V�L�R�Q�V �P�D�G�H �G�X�U�L�Q�J �L�W�V �G�H�Y�H�O�R�S�P�H�Q�W�� �7�K�H�V�H �D�U�H �F�O�R�V�H�O�\ �W�L�H�G �W�R �N�H�\
�S�U�R�M�H�F�W �P�L�O�H�V�W�R�Q�H�V�� �L�O�O�X�V�W�U�D�W�H�G �L�Q�)�L�J�X�U�H �������� �D�Q�G �W�R �W�K�H �S�U�R�M�H�F�W�¶�V �X�Q�G�H�U�O�\�L�Q�J �N�Q�R�Z�O�H�G�J�H �W�U�D�Q�V�I�H�U �S�U�R�F�H�V�V��
�V�K�R�Z�Q �L�Q�)�L�J�X�U�H ��������

�3�U�R�M�H�F�W �&�K�D�O�O�H�Q�J�H�V�7�K�H �I�L�U�V�W �F�K�D�O�O�H�Q�J�H �H�P�H�U�J�H�G �G�X�U�L�Q�J �W�K�H �S�U�R�M�H�F�W�¶�V �L�G�H�D�W�L�R�Q �S�K�D�V�H�� �V�S�H�F�L�I�L�F�D�O�O�\ �L�Q
�H�D�U�O�\ �D�O�L�J�Q�P�H�Q�W �Z�R�U�N�V�K�R�S�V �E�H�W�Z�H�H�Q �W�K�H �1�R�U�W�K �$�P�H�U�L�F�D�Q �D�Q�G �(�X�U�R�S�H�D�Q �S�U�R�M�H�F�W �W�H�D�P�V�� �7�K�H�V�H �Z�R�U�N��
�V�K�R�S�V �D�L�P�H�G �W�R �G�H�I�L�Q�H �W�K�H �V�\�V�W�H�P�¶�V �I�H�D�W�X�U�H �V�H�W �D�Q�G �U�H�V�X�O�W�H�G �L�Q �D �I�H�D�W�X�U�H �U�R�D�G�P�D�S �R�X�W�O�L�Q�L�Q�J �Z�K�L�F�K �O�H�J�D�F�\

����
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�$ �P�D�M�R�U �G�L�V�S�X�W�H �D�U�R�V�H �G�X�U�L�Q�J �W�K�H�V�H �Z�R�U�N�V�K�R�S�V �U�H�J�D�U�G�L�Q�J �W�K�H �Y�H�U�V�L�R�Q�L�Q�J �V�W�U�D�W�H�J�\ �I�R�U �R�E�M�H�F�W�V �L�Q �W�K�H �*�&�6��
�7�K�H �(�X�U�R�S�H�D�Q �W�H�D�P �D�G�Y�R�F�D�W�H�G �I�R�U �Y�H�U�V�L�R�Q�L�Q�J �W�R �P�D�L�Q�W�D�L�Q �F�R�Q�W�U�R�O �R�Y�H�U �F�K�D�Q�J�H�V �D�Q�G �H�Q�D�E�O�H �U�R�O�O�E�D�F�N �R�I
�S�R�W�H�Q�W�L�D�O�O�\ �K�D�U�P�I�X�O �X�S�G�D�W�H�V�� �7�K�L�V �D�S�S�U�R�D�F�K �Z�D�V �V�K�D�S�H�G �E�\ �S�D�V�W �Q�H�J�D�W�L�Y�H �H�[�S�H�U�L�H�Q�F�H�V �D�W �W�K�H �P�D�Q�X�I�D�F��
�W�X�U�L�Q�J �V�L�W�H�� �,�Q �F�R�Q�W�U�D�V�W�� �W�K�H �1�R�U�W�K �$�P�H�U�L�F�D�Q �W�H�D�P �R�S�S�R�V�H�G �D�G�G�L�Q�J �F�R�P�S�O�H�[�L�W�\�� �D�V �W�K�H�L�U �F�K�D�Q�J�H �S�U�R�F�H�V�V
�Z�D�V �D�O�U�H�D�G�\ �D�Q �L�P�S�U�R�Y�H�G �Y�H�U�V�L�R�Q �R�I �W�K�H �(�X�U�R�S�H�D�Q �R�Q�H �D�Q�G �K�D�G �Q�R�W �H�Q�F�R�X�Q�W�H�U�H�G �V�L�P�L�O�D�U �L�V�V�X�H�V�� �:�L�W�K
�Q�R �G�H�V�L�J�Q�D�W�H�G �P�H�G�L�D�W�R�U �W�R �U�H�V�R�O�Y�H �V�X�F�K �F�R�Q�I�O�L�F�W�V�� �D�Q�G �Q�R �V�X�F�K �U�R�O�H �F�U�H�D�W�H�G �V�L�Q�F�H �²�� �W�K�H �G�L�V�D�J�U�H�H�P�H�Q�W
�O�H�G �W�R �D�Q �H�D�U�O�\ �I�D�O�O�R�X�W �E�H�W�Z�H�H�Q �W�K�H �W�Z�R �V�L�W�H�V��

�7�K�H �Q�H�[�W �V�L�J�Q�L�I�L�F�D�Q�W �P�L�O�H�V�W�R�Q�H �Z�D�V �D �F�R�Q�W�H�V�W �E�H�W�Z�H�H�Q �W�Z�R �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q �V�W�U�D�W�H�J�L�H�V�� �L�Q�W�H�U�Q�D�O�O�\ �U�H�I�H�U�U�H�G
�W�R �D�V �D �³�E�D�N�H���R�I�I�´�� �2�Q�H �R�S�W�L�R�Q �Z�D�V �W�R �R�X�W�V�R�X�U�F�H �G�H�Y�H�O�R�S�P�H�Q�W �W�R �D�Q �H�[�W�H�U�Q�D�O �V�X�S�S�O�L�H�U�� �S�R�W�H�Q�W�L�D�O�O�\ �P�D�N�L�Q�J
�W�K�H �V�\�V�W�H�P �D�Y�D�L�O�D�E�O�H �W�R �R�W�K�H�U �F�R�P�S�D�Q�L�H�V�� �7�K�L�V �Z�R�X�O�G �U�H�G�X�F�H �L�Q�W�H�U�Q�D�O �U�H�V�S�R�Q�V�L�E�L�O�L�W�\ �I�R�U �G�H�Y�H�O�R�S�P�H�Q�W �D�Q�G
�P�D�L�Q�W�H�Q�D�Q�F�H �E�X�W �O�L�P�L�W �F�R�Q�W�U�R�O�� �7�K�H �D�O�W�H�U�Q�D�W�L�Y�H �Z�D�V �W�R �E�X�L�O�G �W�K�H �V�\�V�W�H�P �L�Q���K�R�X�V�H�� �R�I�I�H�U�L�Q�J �I�X�O�O �F�R�Q�W�U�R�O �D�W
�W�K�H �F�R�V�W �R�I �D�V�V�X�P�L�Q�J �D�O�O �G�H�Y�H�O�R�S�P�H�Q�W �D�Q�G �P�D�L�Q�W�H�Q�D�Q�F�H �U�H�V�S�R�Q�V�L�E�L�O�L�W�L�H�V�� �7�K�H �L�Q���K�R�X�V�H �D�S�S�U�R�D�F�K �Z�D�V
�X�O�W�L�P�D�W�H�O�\ �F�K�R�V�H�Q �I�R�U �L�W�V �V�X�S�H�U�L�R�U �I�O�H�[�L�E�L�O�L�W�\��

�7�K�L�V �G�H�F�L�V�L�R�Q �K�D�G �O�D�V�W�L�Q�J �F�R�Q�V�H�T�X�H�Q�F�H�V�� �,�W �W�L�H�G �S�U�R�M�H�F�W �S�U�R�J�U�H�V�V �G�L�U�H�F�W�O�\ �W�R �W�K�H �D�Y�D�L�O�D�E�L�O�L�W�\ �R�I �L�Q�W�H�U�Q�D�O
�G�H�Y�H�O�R�S�P�H�Q�W �U�H�V�R�X�U�F�H�V�� �7�K�L�V �Z�R�X�O�G �Q�R�W �K�D�Y�H �E�H�H�Q �W�K�H �F�D�V�H �I�R�U �W�K�H �V�X�S�S�O�L�H�U �P�R�G�H�O�� �Z�K�L�F�K �Z�R�X�O�G �K�D�Y�H
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�$�I�W�H�U�Z�D�U�G�V�� �W�K�H �W�H�D�P �U�H�O�H�D�V�H�G �W�K�H �I�L�U�V�W �Y�H�U�V�L�R�Q �R�I �W�K�H �*�&�6 �L�Q�W�R �S�U�R�G�X�F�W�L�R�Q�� �$�O�W�K�R�X�J�K �O�L�P�L�W�H�G �L�Q �I�X�Q�F��
�W�L�R�Q�D�O�L�W�\�� �W�K�L�V �U�H�O�H�D�V�H �V�H�U�Y�H�G �D�V �D �S�U�R�R�I �R�I �F�R�Q�F�H�S�W�� �G�H�P�R�Q�V�W�U�D�W�L�Q�J �W�K�H �I�H�D�V�L�E�L�O�L�W�\ �R�I �E�X�L�O�G�L�Q�J �D �J�O�R�E�D�O
�V�\�V�W�H�P�� �+�R�Z�H�Y�H�U�� �L�W �D�O�V�R �U�H�Y�H�D�O�H�G �S�H�U�V�L�V�W�H�Q�W �L�V�V�X�H�V �V�X�F�K �D�V �G�H�O�D�\�H�G �U�H�O�H�D�V�H �W�L�P�H�O�L�Q�H�V �D�Q�G �O�H�Q�J�W�K�\
�W�H�V�W�L�Q�J �F�\�F�O�H�V�� �7�K�H�V�H �F�K�D�O�O�H�Q�J�H�V �Z�R�X�O�G �F�R�Q�W�L�Q�X�H �W�R �D�I�I�H�F�W �W�K�H �S�U�R�M�H�F�W �W�K�U�R�X�J�K�R�X�W �L�W�V �G�X�U�D�W�L�R�Q��

�$�V �G�H�Y�H�O�R�S�P�H�Q�W �S�U�R�J�U�H�V�V�H�G�� �W�K�H �W�H�D�P �D�W�W�H�P�S�W�H�G �W�R �L�P�S�O�H�P�H�Q�W �L�Q�F�U�H�D�V�L�Q�J�O�\ �F�R�P�S�O�L�F�D�W�H�G �F�K�D�Q�J�H �S�U�R��
�F�H�V�V�H�V�� �7�K�L�V �H�I�I�R�U�W �H�[�S�R�V�H�G �O�L�P�L�W�D�W�L�R�Q�V �L�Q �W�K�H �V�\�V�W�H�P�¶�V �D�U�F�K�L�W�H�F�W�X�U�H�� �Z�K�L�F�K �F�R�X�O�G �Q�R�W �V�X�S�S�R�U�W �P�D�Q�\ �R�I �W�K�H
�Q�H�Z �U�H�T�X�L�U�H�P�H�Q�W�V�� �&�R�Q�V�H�T�X�H�Q�W�O�\�� �D �P�D�M�R�U �F�R�G�H�E�D�V�H �U�H�I�D�F�W�R�U�L�Q�J ���U�H�V�W�U�X�F�W�X�U�L�Q�J�� �Z�D�V �X�Q�G�H�U�W�D�N�H�Q�� �O�D�V�W��
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�D�Q�D�O�\�V�W�V �O�H�I�W �W�K�H �S�U�R�M�H�F�W�� �U�H�V�X�O�W�L�Q�J �L�Q �D �V�L�J�Q�L�I�L�F�D�Q�W �O�R�V�V �R�I �N�Q�R�Z�O�H�G�J�H�� �6�R�P�H �U�R�O�H�V �Z�H�U�H �R�X�W�V�R�X�U�F�H�G �W�R
�H�[�W�H�U�Q�D�O �V�H�U�Y�L�F�H �S�U�R�Y�L�G�H�U�V�� �E�X�W �K�L�J�K �W�X�U�Q�R�Y�H�U �D�P�R�Q�J �W�K�H�V�H �S�U�R�Y�L�G�H�U�V �K�D�V �Q�H�F�H�V�V�L�W�D�W�H�G �U�H�S�H�D�W�H�G �W�U�D�L�Q�L�Q�J��
�I�X�U�W�K�H�U �V�W�U�D�L�Q�L�Q�J �S�U�R�M�H�F�W �F�R�Q�W�L�Q�X�L�W�\��
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�P�D�W�L�R�Q �U�H�D�G�L�Q�H�V�V���� �W�K�H �Y�L�V�L�R�Q �D�Q�G �L�W�V �E�H�Q�H�I�L�W�V �F�R�X�O�G �K�D�Y�H �E�H�H�Q �V�K�D�U�H�G �P�R�U�H �H�I�I�H�F�W�L�Y�H�O�\�� �S�R�W�H�Q�W�L�D�O�O�\
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�V�S�H�F�W�L�Y�H�V �I�R�U �W�K�H �S�H�R�S�O�H �Z�K�R�V�H �M�R�E�V �Z�R�X�O�G �E�H �F�X�W ���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �U�H�D�G�L�Q�H�V�V�� �Z�R�X�O�G �K�D�Y�H �L�Q�F�U�H�D�V�H�G
�D�F�F�H�S�W�D�Q�F�H �R�I �W�K�H �S�U�R�M�H�F�W ���D�F�F�H�S�W�D�Q�F�H����
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�O�R�Z���O�H�Y�H�O �G�H�W�D�L�O�V�� �Z�K�L�F�K �P�D�N�H �X�S �W�K�H �G�L�I�I�H�U�H�Q�F�H�V �E�H�W�Z�H�H�Q �S�U�R�G�X�F�W�L�R�Q �V�L�W�H�V�� �H���J�� �P�D�Q�X�I�D�F�W�X�U�L�Q�J �V�L�W�H �F�R�Q��
�I�L�J�X�U�D�W�L�R�Q�� �P�R�G�H�O�L�Q�J�� �H�W�F�� ���K�L�V�W�R�U�L�F�D�O �G�L�I�I�H�U�H�Q�F�H�V���� �:�K�H�Q �G�H�F�L�V�L�R�Q�V �D�U�H �S�X�V�K�H�G �E�\ �J�O�R�E�D�O �P�D�Q�D�J�H�P�H�Q�W��
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���S�U�R�M�H�F�W �D�Z�D�U�H�Q�H�V�V�� �E�H�F�D�X�V�H �W�K�H�U�H �Z�D�V �Q�R �S�U�H�V�V�L�Q�J �E�X�V�L�Q�H�V�V �Q�H�H�G �I�R�U �W�K�H �S�U�R�M�H�F�W �L�Q �W�K�H �1�R�U�W�K �$�P�H�U�L�F�D�Q
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�P�D�G�H �K�H�D�G�F�R�X�Q�W �U�H�G�X�F�W�L�R�Q�V �V�H�H�P �L�P�S�R�V�V�L�E�O�H ���F�X�O�W�X�U�D�O �G�L�I�I�H�U�H�Q�F�H�V���� �+�R�Z�H�Y�H�U�� �R�Q�F�H �U�H�G�X�F�W�L�R�Q�V �E�H�F�D�P�H
�I�H�D�V�L�E�O�H�� �W�K�H �V�L�W�H �S�U�L�R�U�L�W�L�]�H�G �O�R�F�D�O �I�H�D�W�X�U�H�V �W�R �R�I�I�V�H�W �Z�R�U�N�I�R�U�F�H �O�R�V�V�H�V�� �7�K�L�V �V�K�L�I�W �O�H�G �W�R �S�H�U�F�H�S�W�L�R�Q�V �R�I
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�P�H�Q�W�D�O�L�W�L�H�V �E�H�W�Z�H�H�Q �V�L�W�H�V �F�U�H�D�W�H�G �W�H�Q�V�L�R�Q ���F�X�O�W�X�U�D�O �G�L�I�I�H�U�H�Q�F�H�V���� �7�K�H �(�X�U�R�S�H�D�Q �V�L�W�H �S�U�H�I�H�U�U�H�G �W�K�R�U�R�X�J�K
�S�U�H�S�D�U�D�W�L�R�Q�� �Z�K�L�O�H �W�K�H �1�R�U�W�K �$�P�H�U�L�F�D�Q �V�L�W�H �I�D�Y�R�U�H�G �U�D�S�L�G �L�W�H�U�D�W�L�R�Q�� �$ �Q�H�X�W�U�D�O �S�D�U�W�\ �F�R�X�O�G �K�D�Y�H �K�H�O�S�H�G
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�W�K�U�R�X�J�K �W�K�H �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �.�3�,�� �,�W �Z�L�O�O �E�H �S�U�H�V�H�Q�W�H�G �L�Q �P�R�U�H �G�H�W�D�L�O �L�Q�V�X�E�V�H�F�W�L�R�Q ������������

�7�R �D�G�G�U�H�V�V �H�P�H�U�J�H�Q�W �E�D�U�U�L�H�U�V�� �D�Q�G �W�K�X�V �W�K�H �W�K�L�U�G �S�U�L�Q�F�L�S�D�O �F�D�X�V�H�� �W�K�H �V�W�U�D�W�H�J�\ �P�D�N�H�V �I�R�X�U �F�K�D�Q�J�H�V �W�R
�V�S�H�F�L�I�L�F �D�V�S�H�F�W�V �R�I �W�K�H �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �F�\�F�O�H�� �7�K�H�\ �D�U�H ���D�� �G�H�F�R�X�S�O�L�Q�J �R�I �G�H�Y�H�O�R�S�P�H�Q�W �D�Q�G �W�H�V�W�L�Q�J�� ���E��
�L�Q�F�U�H�D�V�L�Q�J �W�K�H �Y�L�V�L�E�L�O�L�W�\ �R�I �W�K�H �G�H�Y�H�O�R�S�P�H�Q�W �S�K�D�V�H�� ���F�� �F�K�D�Q�J�L�Q�J �W�K�H �I�R�F�X�V �R�I �W�K�H �D�O�L�J�Q�P�H�Q�W �P�H�H�W�L�Q�J�� �D�Q�G
���G�� �H�Q�V�X�U�L�Q�J �V�\�V�W�H�P �D�G�R�S�W�L�R�Q�� �7�K�L�V �L�V �W�K�H �F�R�U�H �R�I �W�K�H �V�W�U�D�W�H�J�\ �E�H�F�D�X�V�H �L�W �D�G�G�U�H�V�V�H�V �W�K�H �P�R�V�W �L�Q�I�O�X�H�Q�W�L�D�O
�I�D�F�W�R�U�V �$�F�F�H�S�W�D�Q�F�H �D�Q�G �6�R�I�W�Z�D�U�H �/�L�I�H�F�\�F�O�H�� �,�W �Z�L�O�O �E�H �S�U�H�V�H�Q�W�H�G �L�Q �P�R�U�H �G�H�W�D�L�O �L�Q�V�X�E�V�H�F�W�L�R�Q ������������

�7�K�H �O�D�V�W �S�U�L�Q�F�L�S�D�O �F�D�X�V�H �L�V �D�G�G�U�H�V�V�H�G �E�\ �F�R�Q�W�L�Q�X�R�X�V�O�\ �U�H�I�O�H�F�W�L�Q�J �R�Q �2�'�7�5 �D�V�V�H�V�V�P�H�Q�W �X�V�L�Q�J �W�K�H �3�)�2�7�(
�I�U�D�P�H�Z�R�U�N ���V�X�E�V�H�F�W�L�R�Q �������������� �7�K�L�V �F�R�P�H�V �Z�L�W�K �W�Z�R �E�H�Q�H�I�L�W�V�� �)�L�U�V�W�� �2�'�7�5 �D�V�V�H�V�V�P�H�Q�W �F�D�Q �E�H �L�P�S�U�R�Y�H�G
�E�D�V�H�G �R�Q �W�K�H �L�G�H�Q�W�L�I�L�F�D�W�L�R�Q �R�I �Z�H�D�N �S�R�L�Q�W�V�� �6�H�F�R�Q�G�� �W�K�H �R�U�J�D�Q�L�]�D�W�L�R�Q�¶�V �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�I �2�'�7�5 �L�P�S�U�R�Y�H�V
�R�Y�H�U �W�L�P�H�� �D�O�O�R�Z�L�Q�J �G�H�O�L�E�H�U�D�W�H �D�G�D�S�W�D�W�L�R�Q �R�I �W�K�H �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �V�W�U�D�W�H�J�\�� �6�H�H�V�X�E�V�H�F�W�L�R�Q �����������I�R�U �P�R�U�H
�G�H�W�D�L�O�V��

�������������8�V�E�R�W�J�S�V�Q�E�X�M�S�R �+�S�Z�I�V�R�E�R�G�I
�7�R �D�O�L�J�Q �G�L�J�L�W�D�O �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �H�I�I�R�U�W�V �Z�L�W�K �E�X�V�L�Q�H�V�V �V�W�U�D�W�H�J�\�� �D �J�O�R�E�D�O �J�R�Y�H�U�Q�D�Q�F�H �V�W�U�X�F�W�X�U�H �L�V �H�V�W�D�E��
�O�L�V�K�H�G�� �7�K�L�V �V�W�U�X�F�W�X�U�H �L�V �F�H�Q�W�H�U�H�G �D�U�R�X�Q�G �D �S�U�R�M�H�F�W �P�D�Q�D�J�H�P�H�Q�W �R�I�I�L�F�H ���3�0�2���� �Z�K�L�F�K �P�D�Q�D�J�H�V �D �S�R�U�W��
�I�R�O�L�R �R�I �G�L�J�L�W�D�O �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �S�U�R�M�H�F�W�V�� �7�K�H �3�0�2 �D�F�W�V �D�V �D �F�H�Q�W�U�D�O �S�U�D�F�W�L�W�L�R�Q�H�U�� �F�R�R�U�G�L�Q�D�W�L�Q�J �V�W�U�D�W�H�J�L�F
�H�[�H�F�X�W�L�R�Q �D�F�U�R�V�V �W�K�H �R�U�J�D�Q�L�]�D�W�L�R�Q�� �6�H�H�)�L�J�X�U�H ���������I�R�U �D�Q �R�Y�H�U�Y�L�H�Z �R�I �W�K�H �J�R�Y�H�U�Q�D�Q�F�H �V�W�U�X�F�W�X�U�H��
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�)�L�J�X�U�H �����������6�W�U�D�W�H�J�\ �2�Y�H�U�Y�L�H�Z

�7�K�H �3�0�2 �U�H�F�H�L�Y�H�V �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �R�E�M�H�F�W�L�Y�H�V �I�U�R�P �W�K�H �F�K�L�H�I �G�L�J�L�W�D�O �R�I�I�L�F�H�U ���&�'�2���� �Z�K�R �G�H�I�L�Q�H�V �V�W�U�D�W�H�J�L�F
�S�U�L�R�U�L�W�L�H�V�� �%�D�V�H�G �R�Q �W�K�H�V�H �S�U�L�R�U�L�W�L�H�V�� �W�K�H �3�0�2 �G�H�F�L�G�H�V �Z�K�L�F�K �S�U�R�M�H�F�W�V �W�R �V�W�D�U�W�� �F�R�Q�W�L�Q�X�H�� �R�U �F�D�Q�F�H�O��
�7�K�H�V�H �G�H�F�L�V�L�R�Q�V �U�H�S�U�H�V�H�Q�W �W�K�H �S�U�D�[�L�V�� �L���H���� �W�K�H �I�O�R�Z �R�I �V�W�U�D�W�H�J�L�F �D�F�W�L�Y�L�W�\�� �W�K�U�R�X�J�K �Z�K�L�F�K �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �L�V
�R�S�H�U�D�W�L�R�Q�D�O�L�]�H�G��

�3�U�D�F�W�L�F�H�V �Z�L�W�K�L�Q �W�K�L�V �J�R�Y�H�U�Q�D�Q�F�H �P�R�G�H�O �L�Q�F�O�X�G�H �S�R�U�W�I�R�O�L�R �P�D�Q�D�J�H�P�H�Q�W �D�Q�G �S�U�R�M�H�F�W �P�D�Q�D�J�H�P�H�Q�W �V�W�D�Q��
�G�D�U�G�V�� �7�K�H�V�H �S�U�D�F�W�L�F�H�V �H�Q�D�E�O�H �F�R�Q�V�L�V�W�H�Q�W �R�Y�H�U�V�L�J�K�W �W�K�U�R�X�J�K �F�R�P�S�D�U�D�E�L�O�L�W�\ �D�F�U�R�V�V �S�U�R�M�H�F�W�V�� �(�D�F�K �S�U�R�M�H�F�W
�L�V �D�V�V�L�J�Q�H�G �D �V�S�R�Q�V�R�U�� �Z�K�R �D�F�W�V �D�V �W�K�H �S�U�R�M�H�F�W �R�Z�Q�H�U �D�Q�G �L�V �D�F�F�R�X�Q�W�D�E�O�H �I�R�U �L�W�V �V�X�F�F�H�V�V�� �7�K�H �S�U�R�M�H�F�W
�W�H�D�P �H�[�H�F�X�W�H�V �W�K�H �Z�R�U�N�� �J�X�L�G�H�G �E�\ �W�K�H �V�W�D�Q�G�D�U�G�V �D�Q�G �V�X�S�S�R�U�W�H�G �E�\ �W�K�H �V�S�R�Q�V�R�U��

�3�U�R�J�U�H�V�V �L�V �W�U�D�F�N�H�G �X�V�L�Q�J �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �.�3�,�V�� �Z�K�L�F�K �P�H�D�V�X�U�H �D�G�Y�D�Q�F�H�P�H�Q�W �W�R�Z�D�U�G �V�W�U�D�W�H�J�L�F �R�E�M�H�F��
�W�L�Y�H�V�� �7�K�H�V�H �.�3�,�V �D�U�H �G�H�I�L�Q�H�G �D�W �W�K�H �V�W�D�U�W �R�I �H�D�F�K �S�U�R�M�H�F�W �D�Q�G �D�U�H �X�V�H�G �W�R �L�Q�I�R�U�P �S�R�U�W�I�R�O�L�R �G�H�F�L�V�L�R�Q�V��
�)�H�H�G�E�D�F�N �I�U�R�P �W�H�D�P�V �D�Q�G �V�W�D�N�H�K�R�O�G�H�U�V �L�V �L�Q�F�R�U�S�R�U�D�W�H�G �L�W�H�U�D�W�L�Y�H�O�\�� �D�O�O�R�Z�L�Q�J �W�K�H �3�0�2 �W�R �D�G�M�X�V�W �S�U�D�F�W�L�F�H�V
�D�Q�G �P�D�L�Q�W�D�L�Q �D�O�L�J�Q�P�H�Q�W �Z�L�W�K �R�U�J�D�Q�L�]�D�W�L�R�Q�D�O �Q�H�H�G�V��

�,�Q�I�R�U�P�D�O �V�W�U�D�W�H�J�L�]�L�Q�J �H�I�I�R�U�W�V�� �P�H�D�Q�L�Q�J �L�Q�L�W�L�D�W�L�Y�H�V �W�K�D�W �H�P�H�U�J�H �R�X�W�V�L�G�H �I�R�U�P�D�O �F�K�D�Q�Q�H�O�V�� �D�U�H �H�Y�D�O�X�D�W�H�G
�E�\ �W�K�H �3�0�2 �D�Q�G �S�L�W�F�K�H�G �W�R �W�K�H �&�'�2�� �,�I �G�H�H�P�H�G �E�H�Q�H�I�L�F�L�D�O�� �W�K�H�\ �D�U�H �L�Q�W�H�J�U�D�W�H�G �L�Q�W�R �W�K�H �S�R�U�W�I�R�O�L�R�� �7�K�L�V
�D�S�S�U�R�D�F�K �H�Q�V�X�U�H�V �D�J�L�O�L�W�\ �D�Q�G �U�H�V�S�R�Q�V�L�Y�H�Q�H�V�V�� �N�H�H�S�L�Q�J �W�K�H �J�R�Y�H�U�Q�D�Q�F�H �V�W�U�X�F�W�X�U�H �F�O�R�V�H �W�R �W�K�H �R�U�J�D�Q�L�]�D��
�W�L�R�Q�¶�V �H�Y�R�O�Y�L�Q�J �F�R�Q�W�H�[�W��

�7�K�H �S�U�R�S�R�V�H�G �J�R�Y�H�U�Q�D�Q�F�H �V�W�U�X�F�W�X�U�H �D�G�G�U�H�V�V�H�V �W�Z�R �R�I �W�K�H �H�L�J�K�W �I�D�F�W�R�U�V �I�R�X�Q�G �L�Q�V�H�F�W�L�R�Q �������� �)�L�U�V�W��
�W�K�H �I�D�F�W�R�U�*�R�Y�H�U�Q�D�Q�F�H�L�V �D�G�G�U�H�V�V�H�G �E�\ �H�V�W�D�E�O�L�V�K�L�Q�J �D �J�O�R�E�D�O �V�W�U�X�F�W�X�U�H �Z�K�L�F�K �D�O�L�J�Q�V �G�L�J�L�W�D�O �W�U�D�Q�V�I�R�U�P�D��
�W�L�R�Q �H�I�I�R�U�W�V �D�F�U�R�V�V �P�D�Q�X�I�D�F�W�X�U�L�Q�J �V�L�W�H�V�� �6�H�F�R�Q�G�� �W�K�H �J�R�Y�H�U�Q�D�Q�F�H �V�W�U�X�F�W�X�U�H �H�Q�V�X�U�H�V �F�R�Q�W�L�Q�X�H�G�3�U�R�M�H�F�W
�$�Z�D�U�H�Q�H�V�V�W�K�U�R�X�J�K �U�H�J�X�O�D�U �D�V�V�H�V�V�P�H�Q�W �R�I �S�U�R�M�H�F�W�V �D�Q�G �F�R�Q�W�L�Q�X�H�G �V�X�S�S�R�U�W�V �W�K�U�R�X�J�K �S�U�R�M�H�F�W �V�S�R�Q�V�R�U�V��
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�$�F�W�L�R�Q�D�E�O�H �6�X�P�P�D�U�\ �± �'�L�J�L�W�D�O �7�U�D�Q�V�I�R�U�P�D�W�L�R�Q �*�R�Y�H�U�Q�D�Q�F�H �6�W�U�X�F�W�X�U�H�7�R �L�P�S�U�R�Y�H �D�O�L�J�Q�P�H�Q�W �R�I
�G�L�J�L�W�D�O �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �R�E�M�H�F�W�L�Y�H�V �Z�L�W�K �E�X�V�L�Q�H�V�V �V�W�U�D�W�H�J�\�� �D�Q �R�U�J�D�Q�L�]�D�W�L�R�Q���Z�L�G�H �J�R�Y�H�U�Q�D�Q�F�H �V�W�U�X�F�W�X�U�H �I�R�U
�G�L�J�L�W�D�O �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �V�K�R�X�O�G �E�H �H�V�W�D�E�O�L�V�K�H�G�� �7�K�H �J�R�Y�H�U�Q�D�Q�F�H �V�W�U�X�F�W�X�U�H �L�V �V�K�R�Z�Q �L�Q�)�L�J�X�U�H ���������� �%�H�O�R�Z��
�W�K�H �D�V�V�R�F�L�D�W�H�G �R�E�M�H�F�W�L�Y�H �D�Q�G �N�H�\ �U�H�V�X�O�W�V ���2�.�5�V���� �S�U�D�F�W�L�W�L�R�Q�H�U�V�� �S�U�D�F�W�L�F�H�V�� �D�Q�G �S�U�D�[�L�V �Z�L�O�O �E�H �S�U�H�V�H�Q�W�H�G��

�2�E�M�H�F�W�L�Y�H�(�Q�V�X�U�H �D�O�L�J�Q�P�H�Q�W �E�H�W�Z�H�H�Q �V�W�U�D�W�H�J�L�F �S�U�L�R�U�L�W�L�H�V �D�Q�G �G�L�J�L�W�D�O �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �H�I�I�R�U�W�V��

�.�H�\ �5�H�V�X�O�W�V� �$�O�O �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �S�U�R�M�H�F�W�V �D�U�H �H�Y�D�O�X�D�W�H�G �T�X�D�U�W�H�U�O�\ �W�R �G�H�W�H�U�P�L�Q�H �V�W�U�D�W�H�J�L�F �I�L�W��
� �$�W �O�H�D�V�W ������ �R�I �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �.�3�,�V �V�K�R�Z �L�P�S�U�R�Y�H�P�H�Q�W��
� �,�Q�I�R�U�P�D�O �L�Q�L�W�L�D�W�L�Y�H�V �D�U�H �H�Y�D�O�X�D�W�H�G �E�\ �W�K�H �&�'�2 �Z�L�W�K�L�Q ���� �G�D�\�V��

�7�K�H �S�U�L�P�D�U�\�S�U�D�F�W�L�W�L�R�Q�H�U�V�R�I �W�K�H �J�R�Y�H�U�Q�D�Q�F�H �V�W�U�X�F�W�X�U�H �D�U�H �W�K�H �F�K�L�H�I �G�L�J�L�W�D�O �R�I�I�L�F�H�U ���&�'�2���� �W�K�H �S�U�R�M�H�F�W
�P�D�Q�D�J�H�P�H�Q�W �R�I�I�L�F�H ���3�0�2���� �S�U�R�M�H�F�W �V�S�R�Q�V�R�U�V�� �D�Q�G �S�U�R�M�H�F�W �W�H�D�P�V�� �7�K�H �3�0�2 �I�X�Q�F�W�L�R�Q�V �D�V �W�K�H �F�H�Q�W�U�D�O
�F�R�R�U�G�L�Q�D�W�R�U�� �W�D�V�N�H�G �Z�L�W�K �P�D�Q�D�J�L�Q�J �W�K�H �S�U�R�M�H�F�W �S�R�U�W�I�R�O�L�R�� �H�Q�I�R�U�F�L�Q�J �S�U�R�M�H�F�W �P�D�Q�D�J�H�P�H�Q�W �V�W�D�Q�G�D�U�G�V�� �D�Q�G
�D�F�T�X�L�U�L�Q�J �S�U�R�M�H�F�W �V�S�R�Q�V�R�U�V�� �7�K�H �&�'�2 �V�H�W�V �V�W�U�D�W�H�J�L�F �S�U�L�R�U�L�W�L�H�V �I�R�U �S�R�U�W�I�R�O�L�R �P�D�Q�D�J�H�P�H�Q�W �D�Q�G �U�H�Y�L�H�Z�V
�L�Q�I�R�U�P�D�O �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �L�Q�L�W�L�D�W�L�Y�H�V �I�R�U �L�Q�F�O�X�V�L�R�Q �L�Q �W�K�H �S�U�R�M�H�F�W �S�R�U�W�I�R�O�L�R�� �7�K�H �S�U�R�M�H�F�W �V�S�R�Q�V�R�U�V �D�V�V�X�P�H �U�H��
�V�S�R�Q�V�L�E�L�O�L�W�\ �I�R�U �W�K�H �S�U�R�M�H�F�W�V�� �7�K�H�\ �S�L�F�N �W�K�H �S�U�R�M�H�F�W �W�H�D�P �D�Q�G �V�X�S�S�O�\ �W�K�H�P �Z�L�W�K �W�K�H �Q�H�F�H�V�V�D�U�\ �U�H�V�R�X�U�F�H�V��

�7�K�H �N�H�\�S�U�D�F�W�L�F�H�V�R�I �W�K�H �J�R�Y�H�U�Q�D�Q�F�H �V�W�U�X�F�W�X�U�H �D�U�H �S�R�U�W�I�R�O�L�R �P�D�Q�D�J�H�P�H�Q�W�� �S�U�R�M�H�F�W �P�D�Q�D�J�H�P�H�Q�W �V�W�D�Q��
�G�D�U�G�V�� �D�Q�G �L�W�H�U�D�W�L�Y�H �H�Y�D�O�X�D�W�L�R�Q �R�I �S�U�R�M�H�F�W�V�� �3�R�U�W�I�R�O�L�R �P�D�Q�D�J�H�P�H�Q�W �U�H�I�O�H�F�W�V �W�K�H �3�0�2�¶�V �D�E�L�O�L�W�\ �W�R �V�W�D�U�W��
�V�W�R�S�� �R�U �F�D�Q�F�H�O �S�U�R�M�H�F�W�V �E�D�V�H�G �R�Q �V�W�U�D�W�H�J�L�F �I�L�W �D�Q�G �S�H�U�I�R�U�P�D�Q�F�H�� �,�W �D�O�V�R �L�Q�F�O�X�G�H�V �V�S�R�Q�V�R�U �D�F�T�X�L�V�L�W�L�R�Q��
�3�U�R�M�H�F�W �P�D�Q�D�J�H�P�H�Q�W �V�W�D�Q�G�D�U�G�V �H�Q�V�X�U�H �F�R�P�S�D�U�D�E�L�O�L�W�\ �R�I �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �S�U�R�M�H�F�W�V�� �,�W�H�U�D�W�L�Y�H �S�U�R�M�H�F�W �H�Y�D�O��
�X�D�W�L�R�Q �L�V �E�D�V�H�G �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �.�3�,�V �D�V �F�R�U�H �P�H�D�V�X�U�H�P�H�Q�W �S�U�D�F�W�L�F�H�V �I�R�U �S�U�R�M�H�F�W �V�X�F�F�H�V�V�� �$�G�G�L�W�L�R�Q�D�O�O�\��
�I�H�H�G�E�D�F�N �O�R�R�S�V �Z�L�W�K �S�U�R�M�H�F�W �W�H�D�P�V �D�Q�G �S�U�R�M�H�F�W �V�S�R�Q�V�R�U�V �H�Q�V�X�U�H �W�K�D�W �S�U�R�M�H�F�W�V �U�H�P�D�L�Q �U�H�V�S�R�Q�V�L�Y�H��

�$�V �D �U�H�V�X�O�W�� �W�K�H �S�U�D�[�L�V �R�I �W�K�H �J�R�Y�H�U�Q�D�Q�F�H �L�V �D�Q �R�Q�J�R�L�Q�J �I�O�R�Z �R�I �V�W�U�D�W�H�J�L�F �D�F�W�L�Y�L�W�\�� �Z�K�L�F�K �L�V �F�R�R�U�G�L�Q�D�W�H�G
�E�\ �W�K�H �3�0�2�� �7�U�D�Q�V�I�R�U�P�D�W�L�R�Q �R�E�M�H�F�W�L�Y�H�V �D�U�H �D�O�L�J�Q�H�G �Z�L�W�K �E�X�V�L�Q�H�V�V �V�W�U�D�W�H�J�\ �W�K�U�R�X�J�K �S�U�R�M�H�F�W �V�H�O�H�F�W�L�R�Q��
�F�R�Q�V�L�V�W�H�Q�W �R�Y�H�U�V�L�J�K�W�� �D�Q�G �D�G�D�S�W�L�Y�H �P�D�Q�D�J�H�P�H�Q�W�� �7�K�H �S�U�D�[�L�V �L�V �L�Q�K�H�U�H�Q�W�O�\ �I�O�H�[�L�E�O�H�� �H�Y�R�O�Y�L�Q�J �Z�L�W�K �I�R�U�P�D�O
�V�W�U�D�W�H�J�\�� �L�Q�I�R�U�P�D�O �L�Q�L�W�L�D�W�L�Y�H�V �D�Q�G �L�W�H�U�D�W�L�Y�H �I�H�H�G�E�D�F�N��



�������� �7�X�V�E�X�I�K�] ����

�������������8�V�E�R�W�J�S�V�Q�E�X�M�S�R �/�4�-
�7�K�H �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �.�3�, �L�V �L�Q�V�S�L�U�H�G �E�\ �W�K�H �O�D�Z �R�I �G�L�P�L�Q�L�V�K�L�Q�J �U�H�W�X�U�Q�V �L�Q �H�F�R�Q�R�P�L�F�V�� �,�W �V�W�D�W�H�V �³�W�K�D�W �L�Q �D
�S�U�R�G�X�F�W�L�Y�H �S�U�R�F�H�V�V�� �L�I �D �I�D�F�W�R�U �R�I �S�U�R�G�X�F�W�L�R�Q �F�R�Q�W�L�Q�X�H�V �W�R �L�Q�F�U�H�D�V�H�� �Z�K�L�O�H �K�R�O�G�L�Q�J �D�O�O �R�W�K�H�U �S�U�R�G�X�F�W�L�R�Q
�I�D�F�W�R�U�V �F�R�Q�V�W�D�Q�W�� �D�W �V�R�P�H �S�R�L�Q�W �D �I�X�U�W�K�H�U �L�Q�F�U�H�P�H�Q�W�D�O �X�Q�L�W �R�I �L�Q�S�X�W �Z�L�O�O �U�H�W�X�U�Q �D �O�R�Z�H�U �D�P�R�X�Q�W �R�I �R�X�W�S�X�W�´
���6�D�P�X�H�O�V�R�Q �	 �1�R�U�G�K�D�X�V���������� ���� �,�Q �W�K�H �F�R�Q�W�H�[�W �R�I �D �G�L�J�L�W�D�O �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�� �L�W �P�H�D�Q�V �W�K�D�W �H�D�F�K �G�L�P�H�Q�V�L�R�Q
�R�I �W�K�H �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �Z�L�O�O �U�H�V�X�O�W �L�Q �G�L�P�L�Q�L�V�K�L�Q�J �U�H�W�X�U�Q�V �D�W �V�R�P�H �S�R�L�Q�W��

�7�R �R�S�H�U�D�W�L�R�Q�D�O�L�]�H �W�K�L�V �L�G�H�D�� �W�K�H �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �.�3�, �Z�L�O�O �F�R�Q�V�L�V�W �R�I �V�H�Y�H�U�D�O �V�X�E���.�3�,�V�� �Z�K�L�F�K �U�H�S�U�H�V�H�Q�W
�G�L�I�I�H�U�H�Q�W �G�L�P�H�Q�V�L�R�Q�V �R�I �W�K�H �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�� �%�\ �V�H�W�W�L�Q�J �W�K�H �Y�D�O�X�H �R�I �W�K�H �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �.�3�, �W�R �W�K�H �O�R�Z�H�V�W
�Y�D�O�X�H �R�I �W�K�H �V�X�E���.�3�,�V�� �W�K�H �P�R�V�W �H�I�I�H�F�W�L�Y�H �P�H�D�V�X�U�H�V �D�U�H �W�D�N�H�Q �I�L�U�V�W�� �0�D�W�K�H�P�D�W�L�F�D�O�O�\ �V�S�H�D�N�L�Q�J�� �W�K�L�V �U�H�V�X�O�W�V
�L�Q �W�K�H �I�R�O�O�R�Z�L�Q�J �J�H�Q�H�U�D�O �G�H�I�L�Q�L�W�L�R�Q �R�I �W�K�H �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �.�3�,

� trans := min f � 1; : : : ; � n g; n 2 N; ����������

�Z�K�H�U�H� 1; : : : ; � n �U�H�S�U�H�V�H�Q�W �W�K�H �V�X�E���.�3�,�V�� �$�V �D �U�H�V�X�O�W �R�I �W�K�L�V �L�G�H�D�� �W�K�H �S�U�R�M�H�F�W �W�H�D�P �F�D�Q �G�H�F�L�G�H �Z�K�H�U�H
�W�R �I�R�F�X�V �W�K�H�L�U �H�I�I�R�U�W�V��

�5�H�J�D�U�G�L�Q�J �W�K�H �*�&�6 �S�U�R�M�H�F�W�� �W�K�H �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �Z�L�O�O �E�H �W�U�D�F�N�H�G �E�D�V�H�G �R�Q �I�R�X�U �.�3�,�V�� �X�V�D�J�H �R�I �W�K�H �Q�H�Z
�V�\�V�W�H�P�� �U�H�G�X�F�W�L�R�Q �R�I �X�V�D�J�H �R�I �W�K�H �R�O�G �V�\�V�W�H�P�� �U�H�P�R�Y�D�O �R�I �G�X�S�O�L�F�D�W�H �V�\�V�W�H�P�V�� �D�Q�G �D�O�L�J�Q�P�H�Q�W�� �7�K�H�\ �Z�L�O�O
�E�H �G�H�V�F�U�L�E�H�G �L�Q �P�R�U�H �G�H�W�D�L�O �E�H�O�R�Z�� �,�W �L�V �L�P�S�R�U�W�D�Q�W �W�R �Q�R�W�H �W�K�D�W �W�K�H �R�Y�H�U�D�O�O �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �.�3�, �D�V �Z�H�O�O �D�V
�W�K�H �I�R�X�U �V�X�E���.�3�,�V �V�K�R�X�O�G �E�H �W�U�D�F�N�H�G �W�U�D�Q�V�S�D�U�H�Q�W�O�\�� �7�K�L�V �Z�D�\�� �W�K�H �H�Q�W�L�U�H �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �S�U�R�F�H�V�V �F�D�Q �E�H
�W�U�D�F�N�H�G �W�U�D�Q�V�S�D�U�H�Q�W�O�\ �W�U�D�F�N�H�G �E�\ �D�O�O �V�W�D�N�H�K�R�O�G�H�U�V��

�7�R �L�P�S�U�R�Y�H �F�R�P�S�D�U�D�E�L�O�L�W�\ �E�H�W�Z�H�H�Q �V�X�E���.�3�,�V�� �H�D�F�K �R�I �W�K�H�P �V�K�R�X�O�G �S�U�H�V�H�Q�W �W�K�H �S�U�R�J�U�H�V�V �W�R�Z�D�U�G�V �D
�V�S�H�F�L�I�L�H�G �W�D�U�J�H�W�� �7�K�X�V�� �D �W�D�U�J�H�W �Y�D�O�X�H �I�R�U �H�D�F�K �.�3�, �V�K�R�X�O�G �E�H �G�H�I�L�Q�H�G �D�W �W�K�H �V�W�D�U�W �R�I �W�K�H �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q
�S�U�R�M�H�F�W�� �%�D�V�H�G �R�Q �W�K�H �G�H�V�L�U�H�G �W�D�U�J�H�W�� �W�K�H �S�U�R�J�U�H�V�V �W�R�Z�D�U�G�V �W�K�H �W�D�U�J�H�W �F�D�Q �E�H �W�U�D�F�N�H�G �E�\ �G�L�Y�L�G�L�Q�J �W�K�H
�F�X�U�U�H�Q�W �.�3�, �Y�D�O�X�H �E�\ �W�K�H �W�D�U�J�H�W �Y�D�O�X�H��

�%�D�V�H�G �R�Q�(�T�X�D�W�L�R�Q �������� �W�K�H �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �.�3�,� trans �L�V �G�H�I�L�Q�H�G �D�V

� trans := min
�

� n

� n;f
;

� o

� o;f
;

� d

� d;f
;

� a

� a;f

�
; ����������

�Z�K�H�U�H� n �L�V �W�K�H �X�V�D�J�H �R�I �W�K�H �Q�H�Z �V�\�V�W�H�P��� o �L�V �W�K�H �X�V�D�J�H �R�I �W�K�H �R�O�G �V�\�V�W�H�P��� d �L�V �W�K�H �U�H�P�R�Y�D�O �R�I
�G�X�S�O�L�F�D�W�H �V�\�V�W�H�P�V�� �D�Q�G� a �L�V �W�K�H �D�O�L�J�Q�P�H�Q�W�� �7�K�H �L�Q�G�H�[f �L�Q�G�L�F�D�W�H�V �W�K�H �W�D�U�J�H�W �Y�D�O�X�H �I�R�U �H�D�F�K �.�3�,�� �7�K�H
�I�U�D�F�W�L�R�Q �U�H�S�U�H�V�H�Q�W �W�K�H �S�U�R�J�U�H�V�V �W�R�Z�D�U�G�V �W�K�H �G�H�V�L�U�H�G �W�D�U�J�H�W �Y�D�O�X�H��

�8�V�D�J�H �R�I �W�K�H �1�H�Z �6�\�V�W�H�P�7�K�H �I�L�U�V�W �.�3�, �L�V �L�Q�W�H�Q�G�H�G �W�R �W�U�D�F�N �K�R�Z �P�X�F�K �W�K�H �Q�H�Z �V�\�V�W�H�P �L�V �X�V�H�G �E�\
�H�D�F�K �V�L�W�H�� �7�K�L�V �L�V �G�R�Q�H �E�\ �F�R�P�S�D�U�L�Q�J �W�K�H �Q�X�P�E�H�U �R�I �U�H�T�X�H�V�W�V �L�Q �W�K�H �V�\�V�W�H�P �Z�L�W�K �W�K�H �W�R�W�D�O �Q�X�P�E�H�U �R�I
�U�H�T�X�H�V�W�V�� �L���H��

� n :=
requestsnew

requeststotal
=

requestsnew

requestsnew + requestsold
: ����������

�7�K�H �.�3�, �V�K�R�X�O�G �E�H �W�U�D�F�N�H�G �R�Q �D �U�H�J�X�O�D�U �E�D�V�L�V�� �H���J�� �Z�H�H�N�O�\�� �W�R �W�U�D�F�N �K�R�Z �X�V�D�J�H �F�K�D�Q�J�H�V �R�Y�H�U �W�L�P�H�� �,�I
�R�Q�O�\ �W�K�H �W�R�W�D�O �Q�X�P�E�H�U �R�I �U�H�T�X�H�V�W�V �Z�R�X�O�G �E�H �W�U�D�F�N�H�G��� n �F�R�X�O�G �Q�H�Y�H�U �U�H�D�F�K ����������

�7�R �J�L�Y�H �D �S�U�D�F�W�L�F�D�O �H�[�D�P�S�O�H �R�I �W�K�H �.�3�,�¶�V �X�V�D�J�H�� �L�P�D�J�L�Q�H �W�K�H �(�X�U�R�S�H�D�Q �P�D�Q�X�I�D�F�W�X�U�L�Q�J �V�L�W�H�V �P�D�G�H ��
�U�H�T�X�H�V�W�V �L�Q �W�K�H �Q�H�Z �V�\�V�W�H�P �D�Q�G ���� �U�H�T�X�H�V�W�V �L�Q �W�K�H �R�O�G �V�\�V�W�H�P �L�Q �W�K�H �O�D�V�W �Z�H�H�N�� �7�K�H �U�H�V�X�O�W�L�Q�J �X�V�D�J�H �R�J
�W�K�H �Q�H�Z �V�\�V�W�H�P� n �Z�R�X�O�G �E�H0:1�� �L���H����10%��

�5�H�G�X�F�W�L�R�Q �R�I �8�V�D�J�H �R�I �W�K�H �2�O�G �6�\�V�W�H�P���V���$�W �W�K�L�V �S�R�L�Q�W��� n �F�D�Q �E�H �D�U�W�L�I�L�F�L�D�O�O�\ �L�Q�I�O�D�W�H�G �E�\ �P�D�N�L�Q�J �D�V
�P�D�Q�\ �U�H�T�X�H�V�W�V �L�Q �W�K�H �Q�H�Z �V�\�V�W�H�P �D�V �S�R�V�V�L�E�O�H�� �E�X�W �F�D�Q�F�H�O�L�Q�J �P�R�V�W �R�I �W�K�H�P �D�I�W�H�U�Z�D�U�G�V�� �Z�K�L�O�H �W�K�H �P�D�M�R�U�L�W�\
�R�I �F�K�D�Q�J�H�V �L�V �V�W�L�O�O �P�D�G�H �L�Q �W�K�H �R�O�G �V�\�V�W�H�P�� �7�K�X�V�� �D �V�H�F�R�Q�G �.�3�, �L�V �Q�H�H�G�H�G �W�R �W�U�D�F�N �W�R �Z�K�D�W �H�[�W�H�Q�W �W�K�H
�X�V�D�J�H �R�I �W�K�H �R�O�G �V�\�V�W�H�P �L�V �U�H�G�X�F�H�G�� �7�K�L�V �F�D�Q �E�H �D�F�K�L�H�Y�H�G �E�\ �F�R�P�S�D�U�L�Q�J �W�K�H �F�X�U�U�H�Q�W �X�V�D�J�H �R�I �W�K�H �R�O�G
�V�\�V�W�H�P �W�R �W�K�H �D�Y�H�U�D�J�H �X�V�D�J�H �S�U�L�R�U �W�R �W�K�H �V�W�D�U�W �R�I �W�K�H �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�� �J�L�Y�L�Q�J �W�K�H �I�R�O�O�R�Z�L�Q�J �G�H�I�L�Q�L�W�L�R�Q��
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�7�K�H �G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q �W�K�H �L�Q�L�W�L�D�O �X�V�D�J�H �D�Q�G �W�K�H �F�X�U�U�H�Q�W �X�V�H �L�V �G�L�Y�L�G�H�G �E�\ �W�K�H �L�Q�L�W�L�D�O �X�V�D�J�H �W�R �J�H�W �D
�U�H�O�D�W�L�Y�H �U�H�G�X�F�W�L�R�Q�� �Z�K�L�F�K �E�D�O�D�Q�F�H�V �G�L�I�I�H�U�H�Q�F�H�V �L�Q �X�V�D�J�H �R�I �W�K�H �R�O�G �V�\�V�W�H�P �E�H�W�Z�H�H�Q �P�D�Q�X�I�D�F�W�X�U�L�Q�J �V�L�W�H�V��
�$�V �D �U�H�V�X�O�W�� �W�K�H �.�3�,�V �D�U�H �F�R�P�S�D�U�D�E�O�H �E�H�W�Z�H�H�Q �P�D�Q�X�I�D�F�W�X�U�L�Q�J �V�L�W�H�V�� �6�L�P�L�O�D�U �W�R �W�K�H �S�U�H�Y�L�R�X�V �.�3�,�� �W�K�H
�X�V�D�J�H �R�I �W�K�H �R�O�G �V�\�V�W�H�P �V�K�R�X�O�G �E�H �W�U�D�F�N�H�G �R�Q �D �U�H�J�X�O�D�U �E�D�V�L�V �W�R �W�U�D�F�N �F�K�D�Q�J�H�V �R�Y�H�U �W�L�P�H��

�7�R �J�L�Y�H �D �S�U�D�F�W�L�F�D�O �H�[�D�P�S�O�H�� �L�P�D�J�L�Q�H �W�K�H �R�O�G �V�\�V�W�H�P �Z�D�V �X�V�H�G ������ �W�L�P�H�V �S�H�U �Z�H�H�N �S�U�L�R�U �W�R �W�K�H �W�U�D�Q�V�I�R�U��
�P�D�W�L�R�Q �S�U�R�M�H�F�W�� �7�R�G�D�\�� �W�K�H �V�\�V�W�H�P �L�V �R�Q�O�\ �X�V�H�G ���� �W�L�P�H�V �S�H�U �Z�H�H�N�� �7�K�H �U�H�V�X�O�W�L�Q�J �U�H�G�X�F�W�L�R�Q� o �Z�R�X�O�G
�E�H0:82 �R�U82%��

�5�H�P�R�Y�D�O �R�I �'�X�S�O�L�F�D�W�H �6�\�V�W�H�P�V�$ �P�D�M�R�U �E�H�Q�H�I�L�W �R�I �D�O�L�J�Q�L�Q�J �R�Q �D �F�R�P�P�R�Q �V�\�V�W�H�P �L�V �W�K�H �D�E�L�O�L�W�\ �W�R
�P�D�N�H �R�O�G �V�\�V�W�H�P�V �R�E�V�R�O�H�W�H�� �Z�K�L�F�K �U�H�G�X�F�H�V �P�D�L�Q�W�H�Q�D�Q�F�H �D�Q�G �V�D�Y�H�V �F�R�V�W�� �$�G�G�L�W�L�R�Q�D�O�O�\�� �L�I �W�K�H �U�H�P�R�Y�D�O �R�I
�G�X�S�O�L�F�D�W�H �V�\�V�W�H�P�V �L�V �P�R�Q�L�W�R�U�H�G �� �V�L�W�H�V �D�U�H �L�Q�F�H�Q�W�L�Y�L�]�H�G �W�R �L�Q�W�H�J�U�D�W�H �W�K�H �Q�H�Z �V�\�V�W�H�P �D�Q�G �G�L�V�U�H�J�D�U�G �R�O�G
�V�\�V�W�H�P�V�� �7�K�L�V �.�3�, �L�V �G�H�I�L�Q�H�G �D�V

� d :=
duplicatesremoved

duplicatestotal
: ����������
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�W�K�H�V�H �V�\�V�W�H�P�V �� �K�D�Y�H �E�H�H�Q �U�H�P�R�Y�H�G �V�R �I�D�U�� �7�K�L�V �Z�R�X�O�G �U�H�V�X�O�W �L�Q� d = 0 :29 �R�U29%��

�$�O�L�J�Q�P�H�Q�W�$ �E�O�L�Q�G �V�S�R�W �U�H�P�D�L�Q�V �Z�K�H�Q �U�H�O�\�L�Q�J �V�R�O�H�O�\ �R�Q �W�K�H �W�K�U�H�H �.�3�,�V �G�H�I�L�Q�H�G �V�R �I�D�U�� �:�K�L�O�H �W�K�H �Q�H�Z
�V�\�V�W�H�P �L�V �L�Q�W�H�Q�G�H�G �W�R �I�X�Q�F�W�L�R�Q �D�V �D �X�Q�L�I�L�H�G �S�O�D�W�I�R�U�P�� �L�W �P�D�\ �L�Q �S�U�D�F�W�L�F�H �F�R�Q�V�L�V�W �R�I �V�H�S�D�U�D�W�H�� �V�L�W�H���V�S�H�F�L�I�L�F
�V�X�E�V�\�V�W�H�P�V�� �,�Q �V�X�F�K �F�D�V�H�V�� �X�V�D�J�H �R�I �W�K�H �Q�H�Z �V�\�V�W�H�P�� �U�H�G�X�F�H�G �X�V�D�J�H �R�I �O�H�J�D�F�\ �V�\�V�W�H�P�V�� �D�Q�G �W�K�H
�H�O�L�P�L�Q�D�W�L�R�Q �R�I �G�X�S�O�L�F�D�W�H�V �P�L�J�K�W �E�H �K�L�J�K �D�F�U�R�V�V �D�O�O �P�D�Q�X�I�D�F�W�X�U�L�Q�J �V�L�W�H�V�� �+�R�Z�H�Y�H�U�� �W�K�H �R�U�L�J�L�Q�D�O �S�X�U�S�R�V�H
�R�I �K�D�Y�L�Q�J �D �V�L�Q�J�O�H �V�\�V�W�H�P �Z�R�X�O�G �Q�R�W �E�H �D�F�K�L�H�Y�H�G��

�7�K�X�V�� �W�K�L�V �.�3�, �W�U�D�F�N�V �W�K�H �D�O�L�J�Q�P�H�Q�W �E�H�W�Z�H�H�Q �P�D�Q�X�I�D�F�W�X�U�L�Q�J �V�L�W�H�V �E�\ �F�R�P�S�D�U�L�Q�J �W�K�H �Q�X�P�E�H�U �R�I �I�H�D�W�X�U�H�V
�Z�K�L�F�K �D�U�H �V�S�H�F�L�I�L�F �W�R �D �V�L�Q�J�O�H �V�L�W�H �W�R �W�K�H �W�R�W�D�O �Q�X�P�E�H�U �R�I �I�H�D�W�X�U�H�V�� �6�L�P�L�O�D�U �W�R �W�K�H �V�H�F�R�Q�G �.�3�,�� �L�W �L�V �G�H�I�L�Q�H�G
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�Z�K�H�U�Hn �L�V �W�K�H �Q�X�P�E�H�U �R�I �V�L�W�H�V �D�Q�Gfeaturesi �U�H�S�U�H�V�H�Q�W�V �W�K�H �Q�X�P�E�H�U �R�I �I�H�D�W�X�U�H�V �V�S�H�F�L�I�L�F�D�O�O�\ �G�H�V�L�J�Q�H�G
�I�R�U �V�L�W�Hi ��

�&�R�Q�V�L�G�H�U �W�K�H �I�R�O�O�R�Z�L�Q�J �H�[�D�P�S�O�H�� �R�X�W �R�I �W�K�H �W�R�W�D�O �Q�X�P�E�H�U �R�I ���� �I�H�D�W�X�U�H�V�� �V�L�W�H �$ �K�D�V �U�H�F�H�L�Y�H�G �� �V�L�G�H��
�V�S�H�F�L�I�L�F �I�H�D�W�X�U�H�V �D�Q�G �V�L�W�H �% �K�D�V �U�H�F�H�L�Y�H�G ���� �7�K�H �U�H�P�D�L�Q�L�Q�J �I�H�D�W�X�U�H�V �Z�H�U�H �J�H�Q�H�U�D�O �I�H�D�W�X�U�H�V�� �7�K�L�V �Z�R�X�O�G
�U�H�V�X�O�W �L�Q �D �Y�D�O�X�H �R�I� a = 0 :75�� �P�H�D�Q�L�Q�J �W�K�D�W �D�O�L�J�Q�P�H�Q�W �E�H�W�Z�H�H�Q �V�L�W�H�V �L�V �D�W75%��

�,�W �L�V �L�P�S�R�U�W�D�Q�W �W�R �Q�R�W�H �W�K�D�W �W�K�L�V �.�3�, �L�V �V�K�D�U�H�G �E�\ �D�O�O �V�L�W�H�V �E�H�F�D�X�V�H �L�W �W�U�D�F�N�V �W�K�H �Q�X�P�E�H�U �R�I�W�R�W�D�O�V�L�W�H���V�S�H�F�L�I�L�F
�I�H�D�W�X�U�H�V�� �7�K�L�V �K�D�V �W�Z�R �D�G�Y�D�Q�W�D�J�H�V�� �2�Q �W�K�H �R�Q�H �K�D�Q�G�� �W�K�H �V�L�W�H�V �D�U�H �P�R�W�L�Y�D�W�H�G �W�R �L�Q�F�O�X�G�H �D�V �O�L�W�W�O�H �V�L�W�H��
�V�S�H�F�L�I�L�F �I�H�D�W�X�U�H�V �D�V �S�R�V�V�L�E�O�H�� �L�Q�F�H�Q�W�L�Y�L�]�L�Q�J �W�K�H�P �W�R �V�W�U�X�F�W�X�U�H �W�K�H�L�U �O�R�F�D�O �H�Q�Y�L�U�R�Q�P�H�Q�W �D�U�R�X�Q�G �W�K�H �V�\�V�W�H�P��
�2�Q �W�K�H �R�W�K�H�U �K�D�Q�G�� �D�O�L�J�Q�P�H�Q�W �L�V �D �S�U�R�S�H�U�W�\ �Z�K�L�F�K �L�V �V�K�D�U�H�G �E�\ �D�O�O �V�L�W�H�V �L�Q�Y�R�O�Y�H�G �L�Q �W�K�H �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q
�S�U�R�F�H�V�V�� �7�K�L�V �V�K�R�X�O�G �E�H �U�H�I�O�H�F�W�H�G �E�\ �D �F�R�P�P�R�Q �.�3�, �I�R�U �D�O�O �V�L�W�H�V��

�'�X�U�L�Q�J �W�K�H �I�H�H�G�E�D�F�N �V�H�V�V�L�R�Q�V�� �W�K�H �L�G�H�D �R�I �D �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �.�3�, �Z�D�V �Z�H�O�O���U�H�F�H�L�Y�H�G�� �3�D�U�W�L�F�L�S�D�Q�W�V �U�H�S�R�U�W�H�G
�W�K�D�W �W�K�H �F�U�H�D�W�L�R�Q �R�I �V�X�F�K �D �.�3�, �V�L�P�S�O�L�I�L�H�V �G�H�F�L�V�L�R�Q���P�D�N�L�Q�J�� �2�X�W �R�I �W�K�H �I�R�X�U �S�U�R�S�R�V�H�G �V�X�E���.�3�,�V�� �R�Q�O�\ �W�K�H
�O�D�V�W �R�Q�H �Z�D�V �G�H�E�D�W�H�G�� �6�R�P�H �S�D�U�W�L�F�L�S�D�Q�W�V �U�H�I�O�H�F�W�H�G �W�K�D�W �L�W �F�R�X�O�G �E�H �P�D�Q�L�S�X�O�D�W�H�G �E�\ �F�R�P�E�L�Q�L�Q�J �V�L�W�H��
�V�S�H�F�L�I�L�F �W�L�F�N�H�W�V �W�R �U�H�G�X�F�H �W�K�H�L�U �W�R�W�D�O�� �2�W�K�H�U�V �V�X�J�J�H�V�W�H�G �W�K�D�W �W�K�H �.�3�, �V�K�R�X�O�G �X�V�H �D �P�R�U�H �F�R�P�S�O�L�F�D�W�H�G
�P�H�W�U�L�F�� �H���J���� �D �P�H�D�V�X�U�H�P�H�Q�W �R�I �D�F�W�X�D�O �S�U�R�F�H�V�V �D�O�L�J�Q�P�H�Q�W��
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�$�F�W�L�R�Q�D�E�O�H �6�X�P�P�D�U�\ �± �7�U�D�Q�V�I�R�U�P�D�W�L�R�Q �.�3�,�7�R �H�Q�V�X�U�H �W�K�D�W �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �H�I�I�R�U�W�V �I�R�F�X�V �R�Q �W�K�H �D�U�H�D�V
�Z�L�W�K �W�K�H �K�L�J�K�H�V�W �V�W�U�D�W�H�J�L�F �L�P�S�D�F�W�� �D �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �.�3�, �L�V �L�Q�W�U�R�G�X�F�H�G �I�R�U �H�D�F�K �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �S�U�R�M�H�F�W��
�7�K�L�V �.�3�, �I�R�O�O�R�Z�V �W�K�H �H�F�R�Q�R�P�L�F �S�U�L�Q�F�L�S�O�H �R�I �G�L�P�L�Q�L�V�K�L�Q�J �U�H�W�X�U�Q�V �D�Q�G �I�R�F�X�V�H�V �H�I�I�R�U�W�V �R�Q �W�K�H �G�L�P�H�Q�V�L�R�Q �Z�L�W�K
�W�K�H �O�R�Z�H�V�W �S�U�R�J�U�H�V�V�� �%�H�O�R�Z�� �W�K�H �D�V�V�R�F�L�D�W�H�G �R�E�M�H�F�W�L�Y�H �D�Q�G �N�H�\ �U�H�V�X�O�W�V ���2�.�5�V���� �S�U�D�F�W�L�W�L�R�Q�H�U�V�� �S�U�D�F�W�L�F�H�V��
�D�Q�G �S�U�D�[�L�V �Z�L�O�O �E�H �S�U�H�V�H�Q�W�H�G��

�2�E�M�H�F�W�L�Y�H�'�L�U�H�F�W �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �H�I�I�R�U�W�V �W�R�Z�D�U�G�V �W�K�H �P�R�V�W �L�P�S�D�F�W�I�X�O �G�L�P�H�Q�V�L�R�Q�V��

�.�H�\ �5�H�V�X�O�W�V� �(�Q�V�X�U�H �W�K�D�W �D�O�O �P�D�Q�X�I�D�F�W�X�U�L�Q�J �V�L�W�H�V �U�H�S�R�U�W �Z�H�H�N�O�\ �Y�D�O�X�H�V �I�R�U �D�O�O �.�3�, �G�L�P�H�Q�V�L�R�Q�V��
� �'�H�I�L�Q�H �D�Q�G �S�X�E�O�L�V�K �W�D�U�J�H�W�V �I�R�U �H�D�F�K �.�3�, �G�L�P�H�Q�V�L�R�Q �D�W �W�K�H �V�W�U�D�W �R�I �W�K�H �S�U�R�M�H�F�W��
� �$�F�K�L�H�Y�H �D�W �O�H�D�V�W ������ �S�U�R�J�U�H�V�V �R�Q �W�K�H �O�R�Z�H�V�W �.�3�, �G�L�P�H�Q�V�L�R�Q �Z�L�W�K �H�D�F�K �L�W�H�U�D�W�L�R�Q��

�7�K�H �S�U�L�P�D�U�\�S�U�D�F�W�L�W�L�R�Q�H�U�V�R�I �W�K�L�V �S�L�O�O�D�U �D�U�H �W�K�H �S�U�R�M�H�F�W �W�H�D�P�V�� �V�L�W�H �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H�V�� �W�K�H �3�0�2�� �D�Q�G �W�K�H
�&�'�2�� �3�U�R�M�H�F�W �W�H�D�P�V �D�U�H �U�H�V�S�R�Q�V�L�E�O�H �I�R�U �L�P�S�O�H�P�H�Q�W�L�Q�J �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �H�I�I�R�U�W�V �D�Q�G �U�H�S�R�U�W�L�Q�J �S�U�R�J�U�H�V�V��
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�D �U�H�O�H�D�V�H�� �7�K�L�V �G�H�Y�L�D�W�L�R�Q �H�Q�D�E�O�H�V �W�K�H �G�H�Y�H�O�R�S�P�H�Q�W �R�I �V�H�S�D�U�D�W�H�� �V�L�W�H���V�S�H�F�L�I�L�F �V�X�E�V�\�V�W�H�P�V�� �X�Q�G�H�U�P�L�Q��
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�V�W�U�X�F�W�X�U�H �W�R �V�X�S�S�R�U�W �S�U�D�F�W�L�F�H �D�O�L�J�Q�P�H�Q�W �L�V �V�K�R�Z�Q �L�Q�)�L�J�X�U�H ����������
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�W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �F�\�F�O�H �I�U�R�P �L�Q�G�L�Y�L�G�X�D�O �V�L�W�H�V �W�R �W�K�H �S�U�R�M�H�F�W �W�H�D�P�� �3�U�H�Y�L�R�X�V�O�\�� �V�L�W�H�V �K�D�G �W�R �S�X�V�K �W�K�H �F�\�F�O�H
�I�R�U�Z�D�U�G �E�\ �F�R�Q�W�U�L�E�X�W�L�Q�J �S�U�D�F�W�L�F�H�V�� �R�I�W�H�Q �Z�R�U�N�L�Q�J �D�J�D�L�Q�V�W �V�W�U�X�F�W�X�U�D�O �U�H�V�L�V�W�D�Q�F�H�� �,�Q �W�K�H �Q�H�Z �P�R�G�H�O�� �W�K�H
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A
Case Study Protocol

This case study is conducted as a joint effort between Delft University of Technology and the company1.
TU Delft is a globally leading technical university located in the Netherlands, aiming to research and
develop groundbreaking technologies with human-centric designs, to move towards a sustainable so-
ciety (TU Delft, 2025b). The company is a leading semiconductor foundry with manufacturing sites in
Europe, Asia, and North America.

Multinational corporations like the company find it difficult to execute global, digital transformation
projects in cross-cultural settings. The contradiction between local requirements and global demands
keeps the parties involved from reaching a consensus on the extent and contents of the digital trans-
formation. At the same time, cross-cultural differences complicate the collaboration between teams,
sites, and regions. By looking at the specific case of the Global Change System (GCS) project, this
study aims to develop and rank a set of factors which influence the outcome of cross-cultural, digital
transformation projects in multinational corporations. Based on these findings, the study will propose
a strategy to facilitate future transformation projects in similar settings.

The findings of the case study will be aimed both at researchers as well as practitioners. Through the
collection, validation, and evaluation of factors of influence, the study aims to contribute to the academic
knowledge on cross-cultural, digital transformation. At the same time, the proposed strategy will help
practitioners to implement cross-cultural, digital transformation more deliberately.

The companyôs geographical dispersion makes it an ideal context for studying cross-cultural phenom-
ena. Compared to companies which organically grew into globalization from their traditional headquar-
ters, the company was a global company from the beginning. Since it was founded, the company
acquired and built manufacturing as well as operational sites across Europa, Asia, and North Amer-
ica. Thus, cross-cultural collaboration is deeply rooted in the companyôs daily business, rendering it a
valuable context for studying cross-cultural phenomena.

As the company operates in a capital-intensive, high-tech market, digital transformation projects at the
company offer valuable cases to study. Changes to the established production infrastructure are limited
by existing production tools, or connected to high investments because of the companyôs capital inten-
sity. Moreover, these infrastructural constraints differ between sites because of the different historical
purposes of the companyôs locations. For digital transformation projects, these local infrastructural con-
straints are particularly important because they are constraints for global digital transformation projects
as well, complicating consensus creation.

Moreover, this study represents the first case study of a cross-cultural, digital transformation project
1Due to a non-disclosure agreement, the company cannot be named. Throughout the case study protocol, it will simply be

called ñthe companyò.
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at a semiconductor company, based on an in-depth search of the Scopus data base. This search
consisted of a query combining the terms òcross-culturalò, òdigital transformationò, and òsemiconductor
industryò, as well as synonyms of each of these terms. Two additional queries were made based on
the combinations of òcross-culturalò and òsemiconductor industryò, as well as òdigital transformationò
and òsemiconductor industryò, along with the corresponding synonyms. In total, these three queries
yielded 102 results, of which 13 were considered as partially relevant to the study based on their ab-
stracts. None of the found papers conducted a case study of cross-cultural, digital transformation in
the semiconductor industry, making this a revelatory case.

Based on the companyôs geographical dispersion and the diverse, local production infrastructure, the
study assumes that the outcomes of cross-cultural, digital transformation projects in multinational cor-
porations with high-capital intensity, like the company, are largely influenced by the conflict between
local demands and global requirements.

Nonetheless, there are three rival factors, which offer alternative explanations for the outcomes of dig-
ital transformation projects. First, cultural differences between parties involved in the project could
be a major contributing factor. Second, insufficient stakeholder engagement might have adverse ef-
fects on project outcomes. Finally, improper project management and project governance can have a
considerable impact on the project outcomes.

To establish the most influential factor, the study will answer the following main research question:

How do cross-cultural, digital transformation projects in capital-intensive, multinational cor-
porations diverge from the initially defined project goals?

The broader theoretical relevance of this study can be found in the application of general theories of
cross-cultural, digital transformation to the semiconductor industry. As mentioned above, there is very
little research on cross-cultural, digital transformation projects in the semiconductor industry. This is
not the case for research on cross-cultural digital transformation, or digitilization in general. It remains
interesting to see how these broader theoretical concepts translate to the semiconductor industry.

Case studies are characterized by a low degree of control over the environment studied (Yin, 2014).
To cope with this aspect of case study research, the following precautions have been taken. First, the
author has ensured to have direct and convenient access to the company, stakeholders, and potential
interviewees. This mitigates the risk of delays when scheduling interviews and communicating with
stakeholders. Second, procedures to call for help and guidance have been established, in case the
researcher gets stuck during the study. Third, the researcher has created an extensive project man-
agement plan, to ensure the timely completion of deliverables. This plan is updated weekly and has a
time buffer included, to provide for unanticipated events. Finally, has created and submitted a plan for
protecting humans subjects to TU Delftôs Human Research Ethics Council (HREC).

The author has been given direct access to the company, stakeholders of the GCS project, and poten-
tial interviewees based on the following aspects. First, the author has been granted access to company
infrastructure, both physical and IT, for the duration of the master thesis, including internal communi-
cations such as Microsoft Teams. Second, the author has been given a computer and a dedicated
desk for conducting the study. Finally, the company, TU Delft and the author have signed a graduation
agreement, stating the intent to aid and support the author during the graduation project. Together,
these three aspects ensure that the author has been granted convenient access to stakeholders and
potential interviewees, with continued support from the company and TU Delft.

Guidance is primarily provided by the researcherôs supervisors. In case of academic topics related
to the thesis format, multi-criteria decision making, and general academic guidance, the researcher
will reach out to Jafar Rezaei, the thesisô first supervisor. If there are questions regarding information
and communication technology, the researcher will reach out to Marcela de Tuler Oliveira, the second
supervisor of the thesis. In case of company- and case-related topics, the researcher will reach out
to Mario Richter, the company supervisor. Additionally, the researcher has identified an expert on the
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field of digital transformation in the semiconductor industry, Sophia Keil, which can provide valuable
insights into the main topic of the study.

In principal, there are three major data collection activities: review of archival records, review of docu-
mentation, and interviewing. Of the three, the review of archival records is the least extensive, primarily
focusing on two documents, which give insight into the effectiveness of the GCS over time. This data
is primarily intended for time-series analysis.

In contrast, documentation of the GCS project is quite extensive. The author has been given access to
several data bases, with some documents dating back more than ten years. To manage the amount of
documentation and ensure a timely collection of data, the review will be limited to the following types
of documents, with the years covered given in parentheses:

Å documentation of project vision, as well as initial timeline and deliverables (2013 and 2014)
Å documentation of project stakeholder communications (2016 to 2025),
Å updates to the project timeline and deliverables (2014 to 2025), and
Å the official release notes (2017 to 2022).

During the review of the project documentation, the aim is to create a high level reconstruction of the
GCS project without gaps. In case any gaps or questions arise based on the documents mentioned
above, the aim is to fill these gaps based on the interviews. This is especially relevant for information
regarding the year 2015, which is underrepresented in the documentation.

In total, ten interviews will be conducted with a duration of 240 minutes each. The interviews will be
split into four rounds, each round focusing on different aspects of the study. The first round revolves
around the GCS project itself and is aimed at aiding the reconstruction of the project. Based on the
reconstruction, factors that influenced the GCS project will be derived. These factors will be covered by
the second and third interview round. In the second round, the list of factors will be discussed with the
interviewees to ensure completeness. Continuing, the factors will be ranked in the third round. Finally,
in the fourth round, a strategy that has been developed based on the ranked factors, will be presented
to the interviewees to received feedback and ensure applicability.

Interviewees were chosen based on judgment. The total number of potential interviewees was limited
because the GCS project has been running for a considerable period of time and the author wished
to interview employees who had been with the project from the beginning. In the end, ten intervie-
wees were picked from a total number of 16 potential employees. The aim was to make a balanced
decision based on geographical location, assumed gender, and role2, to represent a broad variety of
perspectives.

Below, Table A.1 details the schedule for the data collection activities, along with the deliverable(s) of
each data collection activity.

Deadline Data Collection Activity Deliverable
2025-04-04 Review of Archival Records Graphs with time-series data
2025-04-11 Review of Documentation High-level reconstruction of the project
2025-04-25 Interview Round 1 Reconstructed project
2025-05-02 Interview Round 2 Revised and extended list of factors
2025-05-16 Interview Round 3 Ranked list of factors
2025-05-30 Interview Round 4 Summary of feedback

Table A.1: Schedule of data collection activities

Based on the project management plan, a risk analysis has been conducted for this study, identifying
three major risks to the timely conclusion of the study: risks to interviewees, delay of interviews, and
interview scheduling difficulties. To provide for unanticipated events and other risks, a buffer of 20% has

2In this case, òroleò is not limited to the formal position in the company. Rather, this dimension is about considering whether
the interviewee was positively or negatively affected by the GCS project.
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been added to each activity of the project management plan. This percentage is based on (McBride,
2016).

To protect human subjects involved in this study, the author has developed an extensive risk manage-
ment plan, with major risks being the re-identification of individual participants and potential damage
to participantôs professional persona. These risks are mitigate through pseudonymization of recorded
data, storing recorded data in a secure location, storing only necessary data, and deleting all data after
the conclusion of the study.

The second risk of a potential delay of the interviews is caused by the long approval loops of TU Delftôs
Human Research Ethics Council (HREC). The interviews can only be conducted, if the HREC has
given its approval. To mitigate this risk, the data collection activities have been largely uncoupled to fill
potential waiting time with the analysis of archival records and documentation.

Finally, due to the geographical dispersion of the interviewees, public holidays, and vacations, schedul-
ing of the interviews is anticipated to be difficult. Generally speaking, the magnitude of this risk can be
reduced by preparing all documents needed for the interviews early, such that no delays arise because
of lacking preparation. Depending on the interview round, this risk is mitigated differently. Interview
rounds 1 and 2 are intended to be individual interviews. Thus, for these two rounds the researcher will
have to allow for maximum flexibility in interview scheduling. Rounds 3 and 4 are intended as group
sessions. Thus, here the researcher will offer several sessions per round to accommodate different
time zones and and availabilities.

For each data collection question, the aim of the question, its potential data sources, and the expected
outcome are given. Unless mentioned otherwise, in this section, òprojectò always refers to the GCS
project.

Question 1: What was the initial aim of the project?

Å Establish the initial objectives and expectations of the project and understand why these specific
aspects were relevant.

Å Collect and compare data from documentation, archival records, and interviews, to develop an
understanding of the projectôs objectives and expectations, as well as the rationale behind them.
Pay close attention to the differences between them, when comparing documentation and stake-
holder statements.

Å Create an overview of similarities and differences regarding the initial objectives of the project.
Specifically cite the source(s) for each similarity or difference.

Question 2: What is the current outcome of the project?

Å Determine what the actual outcomes of the project are. These outcomes can be compared with
the initial objectives of the project.

Å Collect and compare data from documentation, archival records, and interviews, to understand
the actual outcomes of the project. Use documentation and archival records to establish the
formal outcomes. Use interviews to validate formal outcomes and gather informal outcomes. Ex-
amples for formal outcomes could be specific software solutions, changes to business processes,
or reduction of workforce due to automatization. Informal outcomes could be changes to roles,
norms, or power distribution.

Å Create a structured overview of the actual outcomes of the project. For each outcome, specifically
cite the source and relate it to the initial project aims and expectations whenever possible.

Question 3: What were the major milestones of the project?

Å Establish the high-level phases of the project by finding their end points.
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Å Use project stakeholder communications and project progress documentation to establish official
phases of the project. Compare and contrast these official phases with interviewee statements.

Å Develop a high-level timeline of the project phases. If there are contradictions between official
phases and interviewee recollection, provide explanations for the differences. All milestones as
well as explanations shall be backed up by citations.

Question 4: How are the major milestones connected?

Å Understand what happened during the high-level phases of the project. The connections between
milestones should be detailed enough to connect the milestones, but should refrain from going
into too much detail.

Å Collect data from documentation, archival records, and interviews to establish the most important
events of each phase. More specifically, use documentation of stakeholder communications and
project progress documentation to create a connection between the milestones. Use archival
data of KPI time-series data to supplement this chain between the milestones. Finally, use data
gathered from interviews to validate the chain and understand why events unfolded in this specific
pattern.

Å A chain of events that connects the major milestones of the projects together with a rationale for
the chain. Each event of the chain, as well as the corresponding explanation, shall be backed up
by sources.

Question 5: What are the roles, norms, and values of the project?

Å Develop an understanding of the cultural setting of the problematical situation. Roles are the
differences betweenmembers of an organization, which determine their formal and informal social
position (Checkland & Poulter, 2010). Norms are the types of behavior expected of a specific
role (Checkland & Poulter, 2010). Finally, values are the standards by which the behavior of
organizational members in their role is judged (Checkland & Poulter, 2010).

Å Collect preliminary data from documentation to establish formal roles. Extend these preliminary
findings with interview data. Keep in mind that documentation will most likely not provide much
information on informal roles, norms, and values because these data represent tacit knowledge
which usually is not documented. Use interviews as the primary sources for information on infor-
mal roles, norms, and values.

Å Develop a list of roles, either formal or informal. For each role, determine the associated norms
and values. Use this understanding of roles to interpret the different worldviews and purposeful
activity models.

Question 6: What are the commodities of power?

Å Find out what resources and tasks (commodities) that represent power over the outcome of
the project. Develop an understanding of the processes needed to obtain and employ these
resources and tasks.

Å Briefly screen the documentation for information with regards to the commodities of power. Keep
in mind that information on the commodities of power might not be explicitly documented. Use
interviews as major data source.

Å Develop a list of commodities of power, along with information on how to obtain them and how to
employ them.

Question 7: How are the commodities of power distributed?

Å Understand the power structure of the problematical situation by determining how the commodi-
ties of power were distributed.

Å Briefly screen the documentation for information with regards to the power distribution. Keep in
mind that information on the power distribution might not be explicitly documented. Use interviews
as major data source.
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Å Create a representation of the power distribution of the problematical situation. Compare the
representation with chain of events produced earlier. Take note of how the power distribution
might have affected the chain of events of the project as well as its outcomes.

Question 8: Who was able to stop, steer, or influence the project significantly?

Å Determine the owners of the project.
Å Primarily use interviews as data sources for this question because their might be a difference be-
tween the formal owners of the project and the informal owners of the project. Use documentation
to validate the information obtained from the interviews.

Å Create a list of the actors which had significant influence on the project. Compare this list with the
chain of events of the projects. Reflect on how these individuals or groups might have influenced
the project.

Question 9: Who was affected by the project?

Å Determine the customers of the project.
Å Primarily use interviews as data sources for this question because this information might not be
tracked properly in the documentation. Use documentation to validate the information obtained
from the interviews.

Å Create a list of actors which were effected by the project. Determine how they were effected.
Cross-reference the list with the distribution of power and determine whether these actors tried
to influence the project. Check for overlap with project owners.

Question 10: What was the context of the project?

Å Understand which contextual or environmental factors have influenced the project.
Å Screen status report documentation for these factors. Extend the list of these factors during the
interviews. Additionally, use the interviews to determine the implications on the project of the
contextual factors.

Å Create a list of contextual factors which had an effect on the project, together with the effect they
had. Determine the point in time the factors were relevant.

Question 11: What factors influenced the outcome of the project?

Å Determine which factors influenced had an influence on the project outcomes and how each factor
affected the project outcomes.

Å Use the reconstructed project and the associated findings a primary data source for these factors,
as well as their impacts. Supplement the factors which are based on the project reconstruction
with additional factors which came up during the interviews and the review of the project docu-
mentation.

Å Create a list of factors that influenced the project. For each factor, determine how it affected the
project. Keep the list of factors mutually exclusive but collectively exhaustive. Once the list of
factors is created, formulate the factors using theory. Determine the necessary assumptions and
theorized effects. Compare both the assumptions and the theorized effects with the project to
evaluate their applicability.

Question 12: Which factor was most influential?

Å Develop a ranking of the factors, based on stakeholder perception.
Å Conduct interviews with stakeholders to rank the factors using the best-worst method.
Å Create a ranked list of the factors which influenced the outcomes of the GCS project.
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Question 13: How can similar projects be conducted in the future with better adherence to the initial
project goals?

Å Determine what steps can be taken for future cross-cultural, digital transformation projects, in
similar contexts.

Å Use the reconstructed project to determine the prerequisites for the strategy. Build on the ranked
list of factors to address the most influential determinants of project outcomes. Consider major
publications on digital transformation strategies, preferribly for capital-intensive industries.

Å Develop a strategy which can be adopted in similar contexts to facilitate cross-cultural, digital
transformation projects in multinational corporations.

Data Source 1 2 3 4 5 6 7 8 9 10 11 12 13
Documentation x x x x (x) (x) (x) x x (x) (x)
Archival Data x x x

Interviews x x x x x x x x x x (x) x
Project x x

List of Factors x
Literature x x

Table A.2: Connecting data collection question to data sources. The numbers in the topmost row represent the data collection
questions.

The case study report will be directed at a thesis committee. More specifically, the author will hand in the
case study report as a master thesis, which constitutes the final submission of his masterôs programme
of Management of Technology (MOT).

As the case study report is directed at a thesis committee, it will follow the conventional structure
for master thesis. This structure consists of the following major sections: introductions, theoretical
background, methodology, results, discussion, and conclusion. A tentative outline of the case study
report can be found in subsection A.4.1.

The introduction will start with establishing the studyôs background. Continuing, the studyôs research
problem will be defined. In this context, special emphasis will be put on the research gap it addresses,
the scoping of the problem, and its societal as well as scientific relevance. Continuing, the research
objectives and research questions will be detailed. Finally, the study will be related to the MOT pro-
gramme, and an outline of the following sections will be given.

The theoretical background will present the findings of a literature review of the studyôs topic, namely
cross-cultural, digital transformation projects in multinational corporations. More specifically, the review
will be aimed at synthesizing existing knowledge about such transformation projects in the semiconduc-
tor industry, and supplement it with major publications from adjacent fields of research. Based on the
review, the a research gap will be identified and propositions with regards to the research questions
will be made.

The methodology section will start with the research design, which connects the individual methods
employed by the study to derive an answer to the research question. Continuing, the selection of the
stakeholders, which will be interviewed for the case study, will be presented. Additionally, all methods
employed by the study will be presented in detail in the last part of the methodology section.

The results section will consist of four parts, which reflect the research process of the study: the re-
constructed project, the factors that influenced the outcome of the project, the ranking of these factors,
and a strategy, which is applicable to similar projects.

As most of the collected data from the study are confidential, they will be contained in a confidential
appendix, which will be shared with the thesis committee. Unfortunately, it is not possible to include
them in the final thesis report because it will be uploaded to the public TU Delft Repository. Nonetheless,
the evidence will be structured in order of appearance, to reflect the flow of the results section. Each
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piece of evidence will reference its source to allow for traceability of the findings. An overview that sorts
pieces of evidence by source will be given, for the readerôs convenience.

The final sections will consist of a discussion of the results as well as a conclusion to the thesis. Here,
emphasis will be put on interpreting and contextualizing the studyôs findings with respect to the studyôs
construct validity, internal validity, external validity, and reliability. The aim is to understand the limita-
tions of the findings and to discuss their implications.

Based on the formal thesis requirements3, the author will aim to limit the thesis to roughly 25,000 words.
Roughly 10% of the report will be used for the introduction. Around 70% of the report will be used for the
theoretical background, methodology, and results. The remaining 20% are intended for the discussion
and conclusion. The author deliberately chooses this limitation to keep the thesis concise and focused,
and allocate sufficient space for the interpretation and contextualization of the studyôs findings.

3The thesis length should be between 20,000 and 30,000 words (TU Delft, 2025a).
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B
Interview Questionnaire

Below, Table B.1 and Table B.2 display the questions asked during the semi-structured interviews.

# Question Rationale
1 How are you related to the

project?
Aims to find out whether the interviewee was driving the project
or affected by it.

2 What is your perspective on
the project timeline?

This question was not asked directly. Instead, it summarizes
questions 2a to 2d.

2a Do you think that this picture
represents the project?

Prior to the interview, the research prepared a rich picture of
the project, representing the researcherôs understanding of the
project. It was based on documents and archival data the re-
searcher had reviewed. The intention of this question was to
start off the interview with a simple question and to warm up
the interviewee.

2b What were the major mile-
stones of the project?

This question intended to establish the major turning points of
the project.

2c How are these milestones
connected?

Here, the aim was to find out what factors and developments
had led from one turning point to another.

2d Why did the project evolve
this way?

This question intended to understand what potential alterna-
tives were were disregarded at each turning point or whether
there were no alternatives.

3 What is the cultural setting of
the project?

This question summarizes questions 3a to 3c and was not
asked directly.

3a What groups of actors were
involved in the project?

This question intended to find out which roles people acted in
during the project.

3b What kind of behavior was as-
sociated with these groups?

This question intended to understand which norms were con-
nected with the roles.

3c What were the criteria by
which the behavior of groups
got judged?

This question intended to extract the values which were con-
nected with specific roles.

Table B.1: First part of questionnaire for semi-structured interviews
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# Question Rationale
4 What were the politics of the

project?
This question was not aimed at politics in public terms. Rather
it was about the distribution of power among the stakeholders
involved in the project. The question was not asked directly. It
summarizes questions 4a and 4b.

4a What were commodities of
power of the project?

This question was aimed at aspects of the project which repre-
sent power. These aspects are referred to as commodities of
power. Typical examples of commodities of power are access
to information or to decision-makers.

4b Howwere these commodities
of power distributed among
actors?

This question aims to discover differences in power between
stakeholders.

5 What were the specifics of
the project?

This question summarizes 5a to 5h and was not asked directly.

5a Who were the major actors of
the project?

Intended to find out what groups of people were involved in the
project.

5b Who was affected by the
project?

Intended to find out which groups were the customers of the
project, i.e. affected by it.

5c Who had the ability to
stop, steer, or influence the
project?

Intended to find out what groups of people were the owners of
the project.

5d How was this ability exer-
cised?

Intended to find out how the owners of the project exercised
their influence on the project?

5e What contextual factors influ-
enced the project?

Find out what major external events had an effect on the
project.

5f How relevant was the project
in your daily business?

This question was specifically aimed at whether the project was
the participants primary task or not.

5g How did you perceive the
progress of the project?

Intended to find out what informal measures of performance
were used by the participant.

5h What measures or KPIs were
used to formally measure the
progress of the project?

Find out what formal measures of performance were used by
the participants.

Table B.2: Second part of questionnaire of semi-structured interviews



C
Code Book

Below, Table C.1 to Table C.4 give an overview of all codes encountered during the coding phase along
with their definitions. It also shows, the sub-codes for each of the eight factors.

Code Sub-Code Definition
Historical
Differences

Different purposes The project was unsuccessful because the manu-
facturing sites had different business models with
different purposes and were at different lifecycle
stages.

Separate organizations The project was unsuccessful because the organi-
zations of the production sites were too different.

Different systems The project was unsuccessful because it did not
support the local business process(es) and/or the
local modeling standard(s); also includes techni-
cal differences.

Different business needs The project was unsuccessful because the manu-
facturing sites needed the system for purposes.

Several applications The project was unsuccessful because attempts
to make the GCS the single system of truth, i.e.,
only using the GCS despite of other ways to do
the changes, were not consequent enough

Disagreement on BKMs The project was unsuccessful because it did not
implement the local best-known methods (BKM).

Cultural
Differences

Roles The project was unsuccessful because culturally
defined role expectations, such as who is allowed
to make decisions, challenge authority, or take ini-
tiative, were misunderstood by the project team.

Values The project was unsuccessful because culturally
defined values, such as attitudes toward hierar-
chy, collaboration, innovation, or risk, were mis-
understood by the project team.

Norms The project was unsuccessful because culturally
defined norms, such as expectations around com-
munication styles, decision-making processes,
and conflict resolution, were misunderstood by
the project team.

Table C.1: Code book ï first part
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Code Sub-Code Definition
Transformation
Readiness

High-level executive support The project was unsuccessful because
there was no high-level executive that
provided cross-site project support.

Corporate culture The project was unsuccessful because
the organizationôs corporate culture was
detrimental for digital transformation,
e.g., rigid and risk-averse.

Transformational competencies The project was unsuccessful because
the company did not have sufficient trans-
formation competencies, i.e., there was
no change management or no assess-
ment of skills needed prior, during, and
after digital transformation.

Acceptance Neglected local requirements The project was unsuccessful because
the local requirements were not consid-
ered during development

Limited functionality The project was unsuccessful because it
did not offer all the features the current
local system had or limited users in doing
their tasks.

Preferential treatment The project was unsuccessful because
another production site had their features
implemented earlier.

Negative sentiment The project was unsuccessful because
the purpose, objectives, implications or
status of the project were not communi-
cated adequately. Addtionally, personal
differences and disputes negatively af-
fected the reputation of the system.

GCS equals headcount reduction The project was unsuccessful because
employees associated it with headcount
reduction.

Governance Alignment The project was unsuccessful because
the objectives, efforts, etc. of all parties
were not aligned properly, i.e. there was
no common, shared and guided under-
standing of the project.

Balancing party The project was unsuccessful because
there was no party that actively de-
escalated conflict and had the purpose of
balancing the interests between different
actors.

Table C.2: Code book ï second part
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Code Sub-Code Definition
Software
Lifecycle

New technologies The project was unsuccessful because it made
use of technologies the organization was not
familiar with yet.

Large scope The project was unsuccessful because the
scope was too large for the available time and
resources.

Complicated design The project was unsuccessful because its de-
sign was too complicated for the desired intent.

Language barrier The project was unsuccessful because a lan-
guage barrier kept participants from sharing
their ideas and collaborating effectively.

Incomplete discussion The project was unsuccessful because the dis-
cussion of the proposed solution was incom-
plete due to time constraints, procedural chal-
lenges and time differences between manufac-
turing sites (geographical distance).

Development time The project was unsuccessful because the de-
velopment of the system took too long.

Reduced quality assurance The project was unsuccessful because quality
assurance efforts were reduced to save time.

Application errors The project was unsuccessful because the re-
leased iterations of the application had errors.

Project Awareness Results The project was unsuccessful because
decision-makers lost interest once the project
started showing results.

Loss of executive support The project was unsuccessful because it was
deprioritized, i.e., top-level support of the
project was lost over time, leading to a lost
sense of urgency.

Resource cuts The project was unsuccessful because the bud-
get was too tight, e.g., development resources
or external resources were cut too early.

Loss of knowledge The project was unsuccessful because too
much knowledge about the project was lost due
to outsourcing, workforce reduction (automa-
tion techniciants and developers), and employ-
ees quitting.

Resource conflicts The project was unsuccessful because devel-
opment and business analyst resources were
not employed with a common goal. Rather,
they were split between several aspects of the
solution, leading to several solutions contained
in one.

Increased pressure The project was unsuccessful because em-
ployees were expected to perform the same
amount of work, even though the number of
full-time employees on the project was reduced.
This resulted in pressure and people leaving
the organization.

Table C.3: Code book ï third part
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Code Sub-Code Definition
Contextual Factors Change of shift system The project was unsuccessful because automation

technicians could not contribute the their knowledge
due to a change in the shift system.

Change of KPI The project was unsuccessful because the KPIs
of manufacturing sites were changed during the
course of the project, making it a challenge to work
towards a consistent goal.

Change of MES The project was unsuccessful because the manu-
facturing executions system (MES) was changed or
updated during the course of the project.

Table C.4: Code book ï fourth part



D
Factor Ranking

This chapter contains the supplementary materials concerning the factor ranking. First, section D.1
displays the Credal rankings. Then, section D.2 shows the form used for the factor ranking.

Figure D.1: Credal ranking ï overall
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