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Summary

Effective onboarding in software engineering is critical yet challenging due to the rapid evolution of
technologies, languages, frameworks, and tools. Traditional exploration, documentation and workshop-
based onboarding methods tend to be expensive, time-consuming and can get outdated very fast in
large, complex projects.

In this thesis, we introduce a novel solution: the Onboarding Buddy system which uses large language
models (LLMs) and retrieval augmented generation (RAG), enhanced by an automated approach for
chain-of-thought (CoT) that improves onboarding for new and existing developers. It integrates natu-
ral language explanations available in the development environment with relevant information, code
explanations, and project-specific guidance. The system architecture is agent-centric, including con-
textualization, onboarding agents, instruction step processors and message enhancement agents that
cooperate in delivering comprehensive, customized support with minimal reliance on human mentors.

While effective in supporting the completion of tasks and reducing stress related to onboarding, feed-
back also revealed some areas for improvement, like better context awareness, explicit instructions, im-
proved technical stability, and UX adjustments. In general, Onboarding Buddy is an excellent promise
to smoothen the onboarding process and therefore increase developer productivity and job satisfaction.

The experimental results demonstrated the systemôs effectiveness: participants spent an average of
175 minutes actively engaged in the IDE, completed tasks with nearly 100% accuracy, and gave high
helpfulness ratings (3 out of 4). Task completion times averaged 50 minutes, with simpler tasks taking
around 28 minutes and complex ones requiring 67 minutes. User feedback showed high satisfaction
(3.35/4 for understanding, 3.15/4 for accuracy) and strong interest in such solutions (7.75/10). Inter-
estingly, more experienced developers spent more time on tasks, suggesting a deeper exploration of
the codebase. A strong positive correlation (0.70) between system usage frequency and perceived
helpfulness indicated that increased engagement led to better outcomes.

In other words, while there are areas for improvement, such as context awareness and processing
complex tasks, this research proves that LLM-based onboarding solutions are feasible and can have
significant positive impacts on the software engineering onboarding process, thus laying the foundation
for future progress in automated developer support and knowledge sharing for software development.

i



Contents

Summary i

Nomenclature v

1 Introduction 1

2 Background 3
2.1 Introduction to Large Language Models (LLMs) . . . . . . . . . . . . . . . . . . . . . . . 3
2.2 Onboarding - Current Approach, Relevant Case Studies and Research . . . . . . . . . 3
2.3 Large Language Models Virtual Assistants . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.3.1 Retrieval Augmented Generation . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.3.2 How RAG Usually Operates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.3.3 Advantages of RAG in Software Development . . . . . . . . . . . . . . . . . . . 7

3 Plug And Play Experimental Set-Up - The Onboarding Buddy Platform Architecture 8
3.1 Experimental Backend . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

3.1.1 Firestore Database . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
3.1.2 Blob Storage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
3.1.3 Business Logic - Serverless Functions . . . . . . . . . . . . . . . . . . . . . . . . 13
3.1.4 LLM Tracing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
3.1.5 Hosting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
3.1.6 Email Services . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

3.2 Experimental Chat UI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
3.3 Experimental Plugin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
3.4 Development and Deployment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3.4.1 Experimental Development Environtment . . . . . . . . . . . . . . . . . . . . . . 21
3.4.2 Plugin Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
3.4.3 Deployment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

3.5 Access to the deployed platform and source code . . . . . . . . . . . . . . . . . . . . . 22

4 Our Approach - Inner Workings of Onboarding Buddy 23
4.1 Contextualization Agent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
4.2 Onboarding Agent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

4.2.1 Memory Storage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
4.2.2 Retrieval Tools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
4.2.3 Planning Scratchpad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
4.2.4 Tracking intermediate results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
4.2.5 Record Reasoning Steps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
4.2.6 Debugging Tool . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
4.2.7 Onboarding Agent Wrapping Up . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

4.3 Step Processor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
4.4 Message Enhancer Agent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

5 The Onboarding Buddy Study 34
5.1 Choice of software project . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
5.2 Choice of Onboarding Tasks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

5.2.1 Set-up Task . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
5.2.2 New Payment Option Task . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
5.2.3 Questionnaire Duplication Task . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

5.3 Task Feedback . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

ii



Contents iii

6 Results 40
6.1 User Engagement and Activity Patterns . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
6.2 Time Allocation in the Development Environment . . . . . . . . . . . . . . . . . . . . . . 41
6.3 Task Performance Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
6.4 User Feedback and System Helpfulness . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
6.5 Impact of Coding Experience and Tool Familiarity . . . . . . . . . . . . . . . . . . . . . . 43

6.5.1 Coding Experience . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
6.5.2 Familiarity with IntelliJ IDE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

6.6 Correlation Between System Usage and Perceived Helpfulness . . . . . . . . . . . . . . 44
6.7 Perspectives on Accuracy, Understanding, and Ease of Onboarding . . . . . . . . . . . 44
6.8 Activity Types and File Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
6.9 Breaks and Productivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
6.10 Interest in Onboarding Solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
6.11 Common Challenges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
6.12 Research Questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

6.12.1 RQ1: Impact on Efficiency and Task Completion . . . . . . . . . . . . . . . . . . 46
6.12.2 RQ2: Perceived Usefulness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
6.12.3 RQ3: User Satisfaction and Engagement . . . . . . . . . . . . . . . . . . . . . . 48
6.12.4 RQ4: Feasibility of Onboarding Buddy as an LLM-Assisted Solution . . . . . . . 48

7 Conclusion 49

8 Future Work 50

References 51

A Experiment Manual 53

B Mini-Study on Embedding performance in RAG 60
B.1 Framework . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

B.1.1 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
B.1.2 Preprocessing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
B.1.3 Embedding creation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
B.1.4 Retrieval System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
B.1.5 Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
B.1.6 Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

B.2 Experiments and Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
B.2.1 Dataset Selection and Preprocessing . . . . . . . . . . . . . . . . . . . . . . . . 63
B.2.2 Embedding and Retrieval Pipeline . . . . . . . . . . . . . . . . . . . . . . . . . . 63
B.2.3 Retrieval system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
B.2.4 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
B.2.5 Insights and possible causes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

B.3 Threats To Validity and Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

C Choices of Study Tasks 66



List of Figures

3.1 Onboarding Buddy System Architecture Diagram . . . . . . . . . . . . . . . . . . . . . . 9
3.2 File structure of the Experimental Backend project. . . . . . . . . . . . . . . . . . . . . . 10
3.3 Firestore Security Rules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
3.4 Blob Storage Security Rules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
3.5 Python Serverless Function definition to register a user with specific settings and key

secrets. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
3.6 File structure of the UI project . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3.7 The Main Chat-Related UI Components . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
3.8 File structure of the Experimental Plugin . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
3.9 User Interface Components Rendered Inside the IDE through the plugin . . . . . . . . . 20

4.1 Onboarding Buddy Overall Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
4.2 Onboarding Agent Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
4.3 Example answer of the ôOnboarding Agentô generating a chain of thought planning to

achieve a task. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
4.4 Example answer of the Onboarding Agent generating steps for duplicating a question-

naire that is used in the Step Processor. . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

5.1 Example of a breadcrumb hint left to the participating users inside the repository. . . . . 36

6.1 Number of activities per user . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
6.2 Distribution of user activities by hour of the day . . . . . . . . . . . . . . . . . . . . . . . 41
6.3 Time spent inside and outside the IDE . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
6.4 Average adjusted task duration per task . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
6.5 Average adjusted task duration per task per user . . . . . . . . . . . . . . . . . . . . . . 42
6.6 Average helpfulness rating per task . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
6.7 Average task duration by coding experience . . . . . . . . . . . . . . . . . . . . . . . . . 43
6.8 Task Duration by IntelliJ Usage - the black lines represent the standard deviation . . . . 44
6.9 Self-Perceived Ease Of Onboarding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
6.10 Correlation between frequency of use and helpfulness rating . . . . . . . . . . . . . . . 46
6.11 Distribution of activity types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
6.12 Number of breaks per user . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

B.1 Top Languages on GitHub 2023 retrieved from Octoverse [6] - the state of open source
software . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

iv



Nomenclature

Abbreviation Definition

API Application Programming Interface
AWS Amazon Web Services
CoT Chain of Thought
HR Human Resources
HTTP Hypertext Transfer Protocol
IaC Infrastructure as Code
IDE Integrated Development Environment
JSON JavaScript Object Notation
JWT JSON Web Token
LLM Large Language Model
ML Machine Learning
NLP Natural Language Processing
PDF Portable Document Format
RAG Retrieval Augmented Generation
SDK Software Development Kit
SoC Separation Of Concerns
UI User Interface

v



1
Introduction

Software engineering is an intricate and varying field where engineers need to be highly dynamic and
ready for frequent learning. The software developer has to understand and operate technologies, lan-
guages, frameworks, and tools, with which he most probably collaborates with other developers and
stakeholders. This poses a significant challenge for new hires, who have to quickly familiarize them-
selves with the codebase, the project requirements, the development environment, and the team cul-
ture. In addition to this, software engineering is a moving discipline, and new trends, innovations, and
best practices change very often. Therefore, a good developer is compelled to keep themselves up-
dated, and their knowledge and skills refreshed [3, 14]. A viable solution for these challenges can
be a well-established onboarding system with good training features for both new developers and the
enrichment of existing developersô performance.

However, enabling such environments for even large and complex projects, which might include pro-
prietary libraries or tools is costly in terms of time and resources needed to maintain such systems [2].
Furthermore, traditional methods, such as documentation and workshops, may no longer be useful,
codebase exposure being a more important factor in understanding a project [9]. For instance, the doc-
umentation may be out-of-date, lacking, or hard to follow, videos may be too long, too general, or too
specific, or the workshops too few, too inconvenient, or irrelevant. There is hence the need to bring in-
novation in orienting and training software developers. With recent developments in LLMs, intelligence
systems can quickly forward relevant advice to each developer [21].

Natural language generation is an aspect of artificial intelligence that focuses on the production and
synthesis of human language. These, when combined, can enable the creation of intelligent and inter-
active systems for communication with software developers in a natural language, assisting them with
relevant and useful information, explanations, feedback, and guidance. In this paper, we present the
design, implementation and empirical evaluation through an explorative user study of such a system,
which we call Onboarding Buddy.

To guide our research and evaluation of the Onboarding Buddy system, we focus on four key research
questions:

RQ1: What patterns of efficiency and task completion emerge when developers use Onboarding Buddy
for software onboarding tasks, as measured by time spent in the IDE, number of file operations,
and task completion rates?

RQ2: What relationships exist between developersô perceived usefulness of Onboarding Buddy and
their task completion patterns?

RQ3: What is the relationship between user satisfaction with Onboarding Buddy and their engagement
levels in effectively completing onboarding tasks?

RQ4: How feasible is the implementation of Onboarding Buddy as an LLM-based assistant for onboard-
ing tasks?

1
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Onboarding Buddy is a language description system that can provide natural language explanations
for software projects integrated with a development environment, considering the onboarding of new
employees and the creation of training materials through a chat-like interface. Buddy uses state-of-
the-art language models like GPT-4 [23] or Gemini [1] to enable the provision of short but extensive
statements to developers about what the code intends to do. Onboarding Buddy also uses Retrieval
Augmented Generation (RAG), which combines the benefits of retrieval-based models and generative
models. RAG can retrieve relevant documentation or code snippets when a new team member asks
a question, and provide them as context to the language model, which generates a response. This
can be particularly useful for answering project-specific questions that a generic language model might
struggle with. On top of that, Buddy uses an automated chain-of-thought (CoT) paradigm to guide
the user through the learning process. The onboarding buddy can adapt to various domains, across
multiple languages and programming styles. It can also show appropriate examples with references,
wherever required. The Onboarding Buddy solution is developed to bring together the language model,
RAG, and MLOps components as a cohesive solution. New team members will be able to interact with
Onboarding Buddy via a chat interface to ask questions on a software project and its documentation.
In response, the Onboarding Buddy would carry out retrievals of relevant documents using advanced
RAG and a CoT answering and prompting technique to respond to those questions using a language
model.

The thesis is organized as follows: Section 2 introduces the topic of software engineering onboard-
ing challenges and presents Onboarding Buddy as a potential solution. Section 3 covers background
material including LLMs, current onboarding practices with case studies, and virtual assistants with a
focus on RAG technology. Section 4 presents the experimental òplug and playò platform architecture
of Onboarding Buddy, detailing its backend, chat UI, and plugin components. Section 5 explains the
agent-centric approach behind Onboarding Buddyôs functionality, covering its contextualization agent,
onboarding agent, step processor, and message enhancer components. Section 6 details the study
setup, describing the chosen software project and the three onboarding tasks that participants com-
pleted. Section 7 presents comprehensive results on user engagement, task performance, feedback,
and research questions related to efficiency, usefulness, satisfaction and overall feasibility. Section 8
provides conclusions, and Section 9 outlines potential future work. Supporting appendices provide the
experiment manual, a study of embedding performance in RAG, and additional task details.



2
Background

The fields of Natural Language Processing (NLP), Machine Learning (ML), and Artificial Intelligence
(AI) have witnessed significant advancements over the decades. From the early conceptualization of
languages as systems, we have now entered an era where Large Language Models (LLMs) are a
reality, transforming how we interact with technology. This journey has been marked by milestones,
such as the emergence of NLP and ML in the 1950s, the AI winter in the 1970s [26], a resurgence of
ML research in the 1980s, and the shift towards data-centric approaches in the 1990s [13]. The 2000s
saw the widespread adoption of unsupervised ML techniques, leading to the rise of deep learning and
generative AI from the 2010s onwards.

In the past three years, LLMs have taken centre stage, particularly within big-tech companies. Models
like BERT [7], LLaMA 1 and 2 [24, 25], OpenAIôs GPT series [4, 23], and Googleôs Gemini and Bard
[1] have revolutionized our interaction with AI-driven technologies. These models, built on AI principles
and neural networks, possess the ability to understand and generate human language, making them
invaluable across various domains.

The rapid development of LLMs is evident in the number of models released in recent years. Between
2019 and 2021, more than 200 LLMs were published, covering 109 languages and 28 domains [22, 29].
This surge reflects the growing interest and investment in LLMs, driven by their potential to perform a
wide range of NLP tasks with remarkable accuracy. A key factor enabling this rapid development is
the ability of LLMs to perform zero-shot and few-shot learning. Zero-shot learning allows models to
handle tasks without any specific training data [15], while few-shot learning enables them to generalize
from just a few examples or instructions [4]. These capabilities reduce the need for extensive dataset
collection and annotation, making LLMs highly adaptable and versatile.

Natural language prompting, a technique that leverages the rich semantic and syntactic knowledge
embedded in LLMs, has further expanded their applicability. By providing natural language instruc-
tions, users can elicit desired behaviours from these models without the need for code modifications or
retraining. This has proven effective for a variety of tasks, including text classification, translation, and
summarization [29].

To understand what problems this thesis tries to tackle, we first have to analyze what onboarding is,
and how is it used in practice by software companies.

In Human Resources (HR), onboarding is the process from the job offer, which sets a new employee
into the companyôs affairs, culture, procedures, technical setup, and team dynamics. In software en-
gineering, it also refers to getting familiar with the codebase and any proprietary technologies that the

3
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company may use. Onboarding starts from the job offer and continues until the new hire is fully inte-
grated, to contribute effectively as an individual or within the team. Through this paper, when referring
to onboarding at a software engineering project level:

Onboarding is generally understood as getting to know a new project, to which a new team member
has not worked before, and its structure, business logic, architecture, deployment, cloud resources,

and other important aspects are not known by the onboarded.

In the case study by Ju et al. [14], the scholars highlighted that the onboarding experience of a devel-
oper directly relates to productivity and job satisfaction, among other outcomes, in either the short or
the long term but has a strong emphasis on learning, confidence-building, and socialization. The
same conclusion was drawn from an interview with 32 new developers entering a team of software
engineers and engineering managers at one big-tech company, namely Microsoft.

They noted three predominant strategies for onboarding based on the interviews:

Å Simple-Complex Strategy It involves a progressive increase in task complexity with time. A
new software engineer will be assigned simple tasks that will ease him or her into the tools,
processes, and code base used by their team. As the developers become more comfortable and
knowledgeable, they will be assigned tasks of increasing complexity over time. In this regard, it
is important to note that the success of this strategy depends on the support accorded by the
team, mentors, and managers in the provision of guidance and feedback. This assures easy
passage through increasingly challenging assignments and further maintains assurance with a
steady learning curve.

Å Priority-First Strategy This assigns tasks based on their priority within the project, and hence,
new developers can start contributing immediately to critical areas. This approach demands
strong communication and support on the part of the team so that new developers do not become
overwhelmed by the complexity or importance of these tasks. Frequent check-ins with supportive
feedback from the experienced members of the group or mentors will help new developers work
through high-priority tasks successfully and effectively integrate into the team dynamics.

Å Exploration-Based Strategy Focus on the assignment of ill-defined tasks characterized by high
levels of uncertainty and encourage new developers to explore and define the scope of their
work. This strategy works best for senior developers or teams in which innovation and flexibility
are key features. The teamôs support is crucial, and it requires a lot of discussion, processes of
brainstorming, and a culture that welcomes inquiries and the sharing of knowledge. This open
communication serves to mitigate the risks of working with uncertainty and facilitates a creative,
shared and social working environment.

The authors conclude that onboarding is a long-term process because it is not the complexity of tasks,
uncertainties, and contexts that shape the onboarding. Other tasks that have higher uncertainties
might either facilitate the learning and improve the communication within your team or can delay the
process of onboarding when the support is absent. Furthermore, the authors provide some guidelines
on how the onboarding process should look like, together with the recommendations, they state that
the productivity, stress, and happiness of a new developer can be managed through good onboarding
strategies and possibly automated support.

In another study, Buchan et al. [5], authors conducted research into Agile Software Development teams
using surveys on software practitioners from eight different organisations, Repertory Grid Technique
to map the contributions of various onboarding techniques to specific onboarding goals and literature
review. Similarly with the study conducted in Microsoft by Ju et al. [14], the authors observed that the
main pillars of onboarding in the software engineering field arementoring, peer support, socializing
activities, training and workshops and practical engagement.

In a similar case study discussing the onboarding of software engineers, Britto, et al. [3] analyzed the
process in three globally distributed legacy projects. Similarly to the cases above, the short-term out-
comes associated with adaptation to new jobs by new employees were explored by the authors. More-
over, they analyzed self-efficacy, role clarity, and social integration, but also knowledge of the culture
the employee is expected to have after finishing the onboarding. In this study, the scholars conclude
that globally distributed projects are challenging and require long, hands-on mentoring periods with
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peer-assigned colleagues to assist the new employee. Coaching and mentoring are essential but they
set back a mentorôs productivity. The authors also concluded that the current onboarding techniques
need enhancement since job orientation is usually neglected, especially in distributed teams.

In a subsequent study, Britto et al. [2] analyze, evaluate, and strategize the onboarding of software
developers in large-scale globally distributed projects. The present paper resumes the study published
in 2018 by the same authors [3], where the performance of the onboarding strategies was evaluated in a
real-life scenario. For example, the authors conducted a case study of Ericsson with a 20-year project
in production by analyzing the newcomers in remote working sites. The academics note again how
mentor proximity, training approaches, task allocation, and team stability are the poles of successful
onboarding in large-scale distributed projects. The study also identified that remote mentoring, training
approaches not aligned with cultural expectations, complex tasks early in the onboarding process, and
team instability impacted newcomer performance negatively.

The current onboarding method in software engineering is mentor-focused, which heavily burdens the
mentor with additional responsibilities that often reduce the productivity of the mentor. Our proposed
solution to tackle that is to transition from human peer-assigned mentors to an autonomous chatbot,
the Onboarding Buddy. The chatbot should be made capable of handling routine queries and support
functions so that the mentors keep busy with their productive roles while new hires get the necessary
guidance and hand-holding to onboard seamlessly.

Large language models like GPT-4, and Gemini, are trained over massive amounts of textual data
and learn effective ways to understand and generate text in a human-like manner. In this regard,
these models have been repurposed to understand the rate and analyse code, which has made them
indispensable in the field of software development.

Virtual assistants powered by LLMs are generally implemented as plugins to IDEs, such as IDEA IntelliJ
IDEs 1 or Visual Studio Code 2. A plugin is a software add-on that increases the functionality of an
application. In software development, plugins are commonly used in extending the features of the IDE,
making it more powerful and appropriate to the developerôs needs. These can vary from simple tools,
such as linters and formatters, to AI-powered programming guides.

Some plugins that work like an AI virtual assistant in software development include:

GitHub Copilot3: An AI-driven plugin integrated into IDEs, such as Visual Studio Code, from GitHub.
It provides context-aware code suggestions and autocompletion, and at times, even generates whole
functions or code snippets based on the developerôs input. Copilot enables developers to write code
faster and more effectively with the enormous programming knowledge built into the model.

JetBrains AI4: An intelligent assistant provided within JetBrains IDEs like IntelliJ IDEA and PyCharm.
Some of these include smart code completion, code explanation, and real-time code quality analysis.
JetBrains AI is designed to understand the code context in a bid to provide actionable insights to de-
velopers, easing their job of debugging and improving the quality of their code over time.

These plugins are generally easy to install and configure within IDE, so that developers may instantly
leverage all productivity tools with code generation and project navigation utilities.

In this manner, the virtual assistant extends the scope of functions for a developerôs aid and can en-
compass functionalities like:

Å Autocompletion: LLMs can predict and suggest completions of code within the context of the
current file, further saving developers time typing and even reducing potential syntax errors.

Å Code Explanation: The developers can ask for explanations regarding specific pieces of code.
The LLM would produce an explanation regarding the goals and expected results of the code that
is human-friendly.

1IDEA IntelliJ -
2Visual Studio Code -
3GitHub Copilot -
4JetBrains AI -

https://www.jetbrains.com/idea/
https://code.visualstudio.com/
https://github.com/features/copilot
https://www.jetbrains.com/ai/
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Å Bug Detection and Fixes: Some advanced LLM-based assistants are capable of detecting po-
tential bugs or vulnerabilities in the code and proposing fixes, which can help in writing better
quality code.

Å DocumentationGeneration: LLMs can generate documentation in the codebase, including com-
ments and README files, improving project maintainability.

Despite their performance, traditional LLM-based assistants may underperform in the case of domain-
specific complex problems or when needed information is distributed across sources. This has resulted
in many recent advances in more sophisticated systems that combine the strengths of LLMs with other
AI techniques, for example, Retrieval-Augmented Generation (RAG).

Retrieval-augmented generation (RAG) is an approach that empowers generative language models by
interposing a retriever capable of scanning and adding relevant external information to the generative
process to make it possible to produce both accurate and context-sensitive responses [10, 16]. RAG
will retrieve relevant documents, code snippets, or another kind of resource which can provide more
context to the LLM.

In a more general sense, the RAG process goes through several critical processes that allow a system
to extract and manipulate the information required. These steps are as follows: document chunking,
embedding, and storing in a vector database:

Å Document and Code Chunking: The first step in implementing RAG is to break down the
available documents, codebases, and other relevant resources into smaller, manageable pieces
known as òchunks.ò This chunking process is essential because it allows the system to retrieve
specific parts of a document or code that are relevant to the query rather than retrieving entire
documents that might contain a lot of irrelevant information. For example, one can chunk a long
technical document into paragraphs or sections, or a codebase can be chunked into functions,
classes, or even individual lines of code.

Å Embedding the Chunks: After chunking, each chunk is embedded into a high-dimensional vec-
tor representation. Normally this can be done by using a pre-trained model like BERT [7] or
using a fine-tuned embedding model trained on some related data of interest, for example, code-
specific embeddings. Embedding is done in a process to represent the semantic content such
that it allows the system to be easily compared with other chunks and, specifically, the query
itself. These vectors capture the meaning of the text or code, therefore helping the system make
efficient retrievals based on semantic similarity.

Å Storing in a Vector Database: The embedded chunks are then stored in a vector database.
A vector database is a specialized database optimized for the storage and retrieval of high-
dimensional vectors (e.g. FAISS [8]). The database is indexed so that when a query comes,
the database can quickly search for the most similar chunks with nearest neighbour searches.
This step is important to guarantee that the system can quickly retrieve relevant information at
need.

Å Query Understanding and Retrieval: When the system receives a query from a developer, it
first processes the question to have an understanding of the given intention and then creates an
embedded vector for the representation of the question. This vector is compared to vectors in the
vector database to identify the most relevant chunks. The system fetches such chunks, which are
the most semantically similar to the query, thus ensuring a very high relevance of the information
retrieved to the developerôs need.

Å Contextual Response Generation: The retrieved chunks feed a generative language model of
the kind of GPT-4, which uses the context given by these chunks to come up with a response.
Such a response will be tailored to the queryôs and projectôs context to a much greater degree
than any standalone LLM could ever provide.

The final output is a natural language reply to the developerôs question, rich with project-specific infor-
mation and relevant details, which are extracted from the documents or code snippets.
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RAG has been validated as an industry standard [10] in terms of LLMs because of the following reasons:

Å Project-Specific Responses: The retrieval mechanisms of RAG enable it to generate highly
project-specific responses, considering project-specific features of the codebase, documentation,
and development environment.

Å Dynamic and Fresh Information: Since RAG queries to retrieve the freshest and most relevant
information available in the stored chunks, it ensures responses will be contextualized within the
actual state of affairs for the project, so there will be little risk that they are outdated or on irrelevant
advice.

Å Better Performance on Complex Queries: Since more than one piece of information can be in-
tegrated into a single output representation, RAG is well fit for answering complex or multifaceted
questions by generating holistic answers that cover multiple aspects of the query.

As mentioned in the section 2.2 the typical onboarding system in software development requires static
documentation, video tutorials, and in-person training sessions. That is to say, while these can be
highly effective ways to achieve onboarding, they get time-consuming and may not adapt to the unique
needs of individual developers or projects.

Virtual assistants are more personalized, interactive, and dynamic combined with RAGs. Through such
systems, personal guidance can be obtained, with instant explanations and relevant information that
provides for a significant portion of the onboarding process to be automated. For this purpose, a new
developer will be able to communicate with an assistant using the chat interface for inquiries into a
project, codebase, or anything else that may be of concern. In case new information needs to be
gathered from RAG, it can query it for what it needs to know and obtain a helpful, informative response
in return.

Moreover, such aides may continuously adapt to the evolving nature of the software project and keep
updating responses or suggestions as new features are added or the codebase changes. This contin-
uous learning capability ensures that the information developers receive is relevant and up to date.



3
Plug And Play Experimental Set-Up -

The Onboarding Buddy Platform
Architecture

Along with the stated goal to create an Onboarding Buddy, we also wanted to provide the research
community with a plug-and-play experimental set-up platform that can be adjusted, deployed and used
in future LLM chat studies without any major effort. This is why we provide our experimental platform
with features such as easy set-up and deployment for all the sub-components, scopes and purposes.
For this, we divided the project into two entry points; the Onboarding Buddy Web platform and the
Onboarding Buddy IDE platform. This allows us to use the platform from inside an IDE, but also from
just a web browser, allowing the app to be accessed on any device with internet access. This chap-
ter presents only the architecture and architecture choices of the system and does not dive into the
details about how the system works, these details being presented in chapter 4. The overall system
architecture can be observed in figure 3.1 and the details of each sub-component will be elaborated in
this chapter. This plug-and-play set-up is composed of 3 different main components:

Å Experimental Backend - responsible for data processing, LLM orchestration, tracing and data
storage.

Å Experimental Chat UI - responsible for user interaction, task presentation and data collection.
Å Experimental Plugin - responsible for UI wrapping, and user interaction tracking (telemetry).

The experimental backend provides the core functionality to our experimental chat UI and experimental
plugin. The backend infrastructure of the project is based on a Firebase1 like architecture as seen in
the project structure in Figure 3.2. This ensures a stable, scalable, and secure environment. On top of
that, this allows the developer to use the Firebase Emulators to access a 1on1 replica of the deployed
services locally, in the development environment. Each functionality is defined as a containerized
serverless cloud container with its corresponding infrastructure as code definition (IaC).

Firebase offers a full suite of backend tools that easily integrate with Google Cloud services; there-
fore, the setup is very flexible and efficient at the same time. The indispensable components of the
backend are the Firestore NoSQL database, Google Cloud Functions for serverless computation, Blob
Storage for large data objects, and LLM tracing through LangSmith 2. This infrastructure supports our
application to auto-scale. Furthermore, this architecture allows us to facilitate the system architecture
interaction with a custom orchestrated Large Language Model using the Langchain3 library.

1Firebase -
2LangSmith -
3Langchain -

8

https://firebase.google.com/
https://www.langchain.com/langsmith
https://www.langchain.com/
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Figure 3.1: Onboarding Buddy System Architecture Diagram
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Figure 3.2: File structure of the Experimental Backend project.
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The Firestore database is a NoSQL, document-oriented database provided by Firebase. Being a
NoSQL in nature, Firestore allows flexibility in data structure; data are saved in documents that are
grouped into collections. Each document holds some fields containing strings, numbers, arrays, or
even nested objects.

Very useful with this setup is the real-time sync of Firestore: it would automatically update all connected
clients instantly, a feature that is required for a live LLM chat. This becomes a critical feature in ensuring
that the data remains consistent when multiple users or processes interact with the same data. In
addition, Firestore, along with Firebase Authentication, ensures secure access to the data, allowing
only authorized users to conduct read or write activities.

The database has three different purposes managing users, managing tasks, and managing study
groups with the following structure:

Å users/{user_id} - contains the user data along with their chat history.

ï chats (sub-collection) - contains the user chat interactions with Onboarding Buddy.
ï activities (Array[Object]) - contains the activities the user performed using the Onboarding
Buddy Plugin (section 3.3).

ï demographics (Object) - contains the user demographics submitted when starting interacting
with Onboarding Buddy.

ï githubID (string) - user GithubID used to give the user access to the experimentôs repository.
ï group (integer) - userôs study group.
ï os (string) - userôs operating system that is used during the tasks.

One very important mention is the structure of the subcollection chats under each user:

Å users/{user_id}/chats/{chat_id} - contains the user interaction with the chat and the feedback
associated with the chat session.

ï feedback (Object) - contains feedback related to the chat interaction.
ï started_at (timestamp) - the date and time when the chat interaction started.
ï finished (boolean) - a flag indicating whether the chat interaction was completed.
ï ended_at (timestamp) - the date and time when the chat interaction ended.

* messages (sub-collection) - contains individual messages exchanged during the chat
session.

Ā prompt (string) - the prompt or question asked by the system or user.
Ā type (string) - the type of message (e.g., òstepsò, òquestionò).
Ā chat_id (string) - the ID of the chat session.
Ā sub_messages (Array[Object]) - any sub-messages or follow-up messages related
to the main message.

Ā answer (string) - the response or answer provided during the chat.
Ā id (string) - the unique identifier of the message.
Ā dependsOn (string) - the ID of any preceding message that this message depends
on.

Ā user_track_id (string) - a tracking ID associated with the userôs session or interaction.
Ā forward_refs (Array[string]) - any forward references to the elaboration of the òstepsò
answer type (more details in the implementation section).

Ā role (string) - the role of the sender (e.g., òAIò, òUserò).
Ā steps (Array[string]) - any specific steps outlined in the message.
Ā timestamp (timestamp) - the date and time when the message was sent.
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Ā question (string) - the specific question asked in the message, if applicable.
Ā processedMD (Markdown) - the processed markdown associated with the message.

Å tasks_collection/{task_id}

ï title (string) - the title of the task.
ï description (string) - description of the task.
ï difficulty (string) - the difficulty of the task.
ï file_references (string) - the files that concern the task.
ï task_details (Markdown) - the description of the task.

Å groups/{groupCounts} - contains data about the total number of users assigned to an experi-
mental group.

ï gropu0 (integer)
ï group1: (integer)

The access to the Firestore can be configured into the .firestorerules file. This allows a high level of
customization of the security rules. For example, our backend uses rules that allow only read access to
the database from the users, up until a certain date, and write access only to the elevated environments
such as the serverless functions presented in the subsection 3.1.3. These rules can be observed in
figure 3.3.
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Figure 3.3: Firestore Security Rules

Blob storage is used to handle and store big objects like repository snapshots, vector database snap-
shots derived from these repositories, and user manuals. Firebase integrates directly with Google
Cloud Storage, which provides a way of storing large data files in an easily scalable and secure man-
ner. This system allows for efficient retrieval and management of data, something that is critically
important, considering the size and complexity of the files at stake.

Having the repository snapshots stored within Blob Storage is important for recording the history of
the state of the repository at any given time. These snapshots are used also to populate the vector
database with data to perform several machine-learning tasks such as similarity search. Storing these
snapshots in Blob Storage enables them to be accessed easily and allows for quick retrieval when
needed.

Similarly to the Firestore security rules, the access to the blob storage can be configured into the
storage .rules file. This allows a high level of customization of the security rules. For example, our
backend uses rules that block all external access to the blob storage, allowing only access from inside
the serverless functions as seen in figure 3.4.
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Figure 3.4: Blob Storage Security Rules

Google Cloud Functions implement the backend logic; they are serverless computing services provided
via Firebase. This means functions can be triggered by an HTTP request, a potential change occurring
in the database, or a state change.

All our serverless functions are written in Python and make use of the Flask framework for HTTP re-
quests that are interpreted as containerized serverless functions. Flask is a very lightweight web frame-
work that includes tools to easily create web applications and APIs. Flask allows us to set up RESTful
endpoints, which help facilitate interactions between the frontend and backend, so communication and
data interchange go smoothly.

The orchestration of the Large Language Model-based functions is enabled through Langchainôs inte-
gration. Langchain provides tools to handle and interact with large language models, thereby enabling
the backend to process complex language tasks. This orchestration capability is vital since the appli-
cation largely depends on LLMs for its core capabilities. More details about the LLM-based functions
are presented in the chapter 4.

Serverless functions are able to auto-scale, being represented by docker containers that are provi-
sioned to the users when needed. In other words, a function can run with 0 to a predefined number
of instances at the same time. When there is no traffic, the functions will scale to 0, with no billing
occurring. This allows us to create a highly scalable and maintainable backend at very low costs.

This serverless architecture corresponds to a highly decoupled system corresponding to the principle
of separation of concerns (SoC). Each function runs independently of the other function in terms of data
access, code execution and environment. Furthermore, each function is defined as Infrastructure as
Code (IaC) thus being able to pre-configure the size of each function instance. For example, the LLM-
based functions in our backend are assigned 1GiB of memory and 0.583 vCPUwith a 4 minutes timeout
and the low computation functions such as database writes are assigned only 256 MiB of memory and
0.167vCPU with 30 seconds timeout. If the functions do not finish executing before the timeout is
reached, the instance will automatically deprovision the resources. One such function definition can be
seen defined throughout the on_call annotation in the code snippet presented in figure 3.5 that handles
the user registration in our backend.
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Figure 3.5: Python Serverless Function definition to register a user with specific settings and key secrets.

Langsmith is used for tracing interactions with our Language Model orchestration. This tracing serves
a dual purpose: to analyze how users interact with the LLM and assistance in evaluating the orchestra-
tion.

Langsmith shows us how users interact with the system and with the LLM, thereby capturing important
data at each touch point. In turn, we can trace user inputs with corresponding model outputs to find
out what exactly a system was being used for, what kinds of queries are common, and if the model-
generated responses meet user expectations. This data will enable us to have a better understanding
of user behaviors, identify patterns of interaction, and enhance usersô experiences by fine-tuning LLM
responses or improving the user interface based on real-world usage.

The same kind of tracing can also prove helpful in tracking how relevant the outputs of the LLM are
in terms of accuracy and can thereby help identify more clearly the areas in which it might be further
trained or tuned. For example, if users quite often reformulate or specify their queries, this means a
symptom that the initial answers of LLM can be unclear and too general, and this will give us specific
feedback that can be implemented to orchestrate better precision.

In addition to all this, an orchestration layer managed by Langchain might offer extra insights such as
how often the LLM used certain tools (e.g. RAG), time to first token or cost analysis. By monitoring each
step of the orchestration process, its LLM invocation, and interaction among the different components,
we can estimate efficiency and performance. This is an important test for ensuring that serverless
functions, Firestore database, and Blob Storage all work together in the best possible way, and that
orchestration logic efficiently uses the LLM functionalities.

This helps to pinpoint in orchestration any potential bottleneck, performance issues, or inefficiency. For
example, we can monitor the latency of requests, the load on the system, and how resources are being
allocated during usage. Based on such information, we optimize the orchestration pipeline in a way
that reduces latencies further and lowers resource consumption while maintaining scalability with rising
demands.

Langsmith then brings together these user interaction insights with orchestration performance data to
provide a 360Á view of how the LLM is doing in the broad backend landscape. This enables us to
constantly tune, not only the user experience but also the technical architecture of our system.

Our Firebase backend also takes care of hosting our UI presented in section 3.2. The main advantage
of this hosting choice is the automatic provision of SSL/TLS certificates and the automatic integration
with the aforementioned Firebase service (e.g. request authenticity verification).
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�9�X�H���M�V �L�V �D �S�U�R�J�U�H�V�V�L�Y�H �-�D�Y�D�6�F�U�L�S�W �I�U�D�P�H�Z�R�U�N �I�R�U �F�U�H�D�W�L�Q�J �X�V�H�U �L�Q�W�H�U�I�D�F�H�V�� �,�W �K�D�V �W�K�H �U�H�S�X�W�D�W�L�R�Q �R�I �E�H�L�Q�J
�V�L�P�S�O�H �\�H�W �S�R�Z�H�U�I�X�O�� �Z�K�L�F�K �P�D�N�H�V �L�W �F�R�Q�V�L�G�H�U�D�E�O�\ �V�F�D�O�D�E�O�H�� �%�\ �Q�R�Z�� �L�W �K�D�V �E�H�F�R�P�H �Y�H�U�\ �S�R�S�X�O�D�U �Z�L�W�K
�G�H�Y�H�O�R�S�H�U�V �D�Q�G �K�D�V �P�R�U�H �W�K�D�Q �������������� �V�W�D�U�V �R�Q �*�L�W�+�X�E���� �� �0�R�U�H�R�Y�H�U�� �L�W �L�V �W�K�H �W�K�L�U�G �P�R�V�W �V�W�D�U�U�H�G �S�U�R�M�H�F�W
�R�Y�H�U�D�O�O �R�Q �*�L�W�+�X�E �I�R�U �W�K�H �7�\�S�H�V�F�U�L�S�W �F�D�W�H�J�R�U�\ �>���� �@�� �9�X�H �L�V �R�Q�H �R�I �W�K�H �P�R�V�W �V�W�D�U�U�H�G �-�D�Y�D�V�F�U�L�S�W���E�D�V�H�G �8�,
�I�U�D�P�H�Z�R�U�N�V �R�Q �*�L�W�+�X�E�� �Z�K�L�F�K �U�H�S�U�H�V�H�Q�W�V �Z�L�G�H�V�S�U�H�D�G �X�V�H�� �D�F�W�L�Y�H �V�X�S�S�R�U�W �D�Q�G �D�F�W�L�Y�H �P�D�L�Q�W�H�Q�D�Q�F�H��

�9�X�H �Z�D�V �F�K�R�V�H�Q �I�R�U �W�K�H �F�X�U�U�H�Q�W �D�S�S�O�L�F�D�W�L�R�Q �E�D�V�H�G �R�Q �D �F�R�P�S�R�Q�H�Q�W���E�D�V�H�G �D�U�F�K�L�W�H�F�W�X�U�H �D�Q�G �U�H�D�F�W�L�Y�H �G�D�W�D
�E�L�Q�G�L�Q�J �W�K�D�W�� �L�Q �W�X�U�Q�� �H�D�V�H�V �D�S�S�O�L�F�D�W�L�R�Q �G�H�Y�H�O�R�S�P�H�Q�W �R�Q �S�U�R�M�H�F�W�V �Q�R �P�D�W�W�H�U �W�K�H�L�U �V�F�D�O�H�� �,�W �D�O�V�R �H�I�I�H�F�W�L�Y�H�O�\
�P�D�Q�D�J�H�V �X�S�G�D�W�L�Q�J �R�I �W�K�H �'�2�0 �E�\ �X�V�L�Q�J �Y�L�U�W�X�D�O �'�2�0�� �Z�K�L�F�K �D�F�W�X�D�O�O�\ �F�R�P�S�X�W�H�V �W�K�H �F�K�D�Q�J�H�V �D�Q�G �W�K�H�Q
�X�S�G�D�W�H�V �R�Q�O�\ �W�K�H �Q�H�F�H�V�V�D�U�\ �S�D�U�W�V �R�I �W�K�H �D�F�W�X�D�O �'�2�0�� �,�Q �W�K�D�W �Z�D�\�� �X�V�H�U �L�Q�W�H�U�I�D�F�H �U�H�V�S�R�Q�V�L�Y�H�Q�H�V�V �D�Q�G
�S�H�U�I�R�U�P�D�Q�F�H �D�U�H �J�X�D�U�D�Q�W�H�H�G�� �K�H�Q�F�H �F�U�L�W�L�F�D�O �I�R�U �D �U�H�D�O���W�L�P�H �D�S�S�O�L�F�D�W�L�R�Q �O�L�N�H �W�K�H �(�[�S�H�U�L�P�H�Q�W�D�O �&�K�D�W �8�,��

�:�H �I�X�U�W�K�H�U �L�Q�W�H�J�U�D�W�H�G �9�X�H�W�L�I�\�� �Z�K�L�F�K �L�V �D�Q �D�G�Y�D�Q�F�H�G �I�X�O�O���I�H�D�W�X�U�H�G �F�R�P�S�R�Q�H�Q�W �O�L�E�U�D�U�\ �I�R�U �0�D�W�H�U�L�D�O �'�H�V�L�J�Q
�P�D�G�H �H�[�S�O�L�F�L�W�O�\ �I�R�U �9�X�H���M�V�� �J�L�Y�L�Q�J �R�X�U �8�, �H�Q�K�D�Q�F�H�G �G�H�V�L�J�Q �D�Q�G �H�[�S�H�U�L�H�Q�F�H�� �,�W �K�H�O�S�V �X�V �P�D�L�Q�W�D�L�Q �W�K�H
�S�U�L�Q�F�L�S�O�H�V �R�I �0�D�W�H�U�L�D�O �'�H�V�L�J�Q �I�U�R�P �*�R�R�J�O�H�� �D �F�R�Q�V�L�V�W�H�Q�W �D�Q�G �Y�L�V�X�D�O�O�\ �D�S�S�H�D�O�L�Q�J �L�Q�W�H�U�I�D�F�H �W�K�D�W �L�V �D�O�V�R
�K�L�J�K�O�\ �F�X�V�W�R�P�L�]�D�E�O�H�� �0�D�W�H�U�L�D�O �'�H�V�L�J�Q �Z�D�V �L�Q�W�U�R�G�X�F�H�G �L�Q �������� �E�\ �*�R�R�J�O�H �D�Q�G �Z�D�V �D �G�H�V�L�J�Q �O�D�Q�J�X�D�J�H
�I�R�F�X�V�L�Q�J �R�Q �V�L�P�S�O�L�F�L�W�\�� �F�O�D�U�L�W�\�� �D�Q�G �U�H�V�S�R�Q�V�L�Y�H �L�Q�W�H�U�D�F�W�L�R�Q �E�D�V�H�G �R�Q �U�H�D�O���Z�R�U�O�G �P�D�W�H�U�L�D�O�V �V�X�F�K �D�V �S�D�S�H�U
�D�Q�G �L�Q�N���� �� �,�W �J�R�H�V �E�\ �W�K�H�V�H �S�U�L�Q�F�L�S�O�H�V�� �9�X�H�W�L�I�\ �L�V �I�R�O�O�R�Z�L�Q�J �W�K�H�V�H �S�U�L�Q�F�L�S�O�H�V �I�R�U �D �F�R�Q�V�L�V�W�H�Q�W�� �X�V�H�U���I�U�L�H�Q�G�O�\
�8�,��

�2�X�U �H�[�S�H�U�L�P�H�Q�W�D�O �S�O�D�W�I�R�U�P �L�V �H�T�X�L�S�S�H�G �Z�L�W�K �D�Q �L�Q�W�X�L�W�L�Y�H�� �H�I�I�L�F�L�H�Q�W�� �D�Q�G �P�D�L�Q�W�D�L�Q�D�E�O�H �X�V�H�U �L�Q�W�H�U�I�D�F�H�� �%�\
�F�R�P�E�L�Q�L�Q�J �9�X�H���M�V �Z�L�W�K �9�X�H�W�L�I�\ �D�Q�G �9�X�H�)�L�U�H�� �Z�H �K�D�Y�H �F�U�D�I�W�H�G �D �V�W�U�R�Q�J �8�, �I�R�U �R�X�U �H�[�S�H�U�L�P�H�Q�W�D�O �S�O�D�W�I�R�U�P��
�Z�K�L�F�K �D�O�O�R�Z�V �W�K�H �X�V�H�U �W�R �L�Q�W�H�U�D�F�W �V�P�R�R�W�K�O�\ �Z�L�W�K �W�K�H �V�\�V�W�H�P�� �7�K�L�V �V�H�W �R�I �W�R�R�O�V �X�V�H�G �L�Q �W�K�H �I�U�R�Q�W���H�Q�G �S�D�U�W
�D�O�V�R �P�H�D�Q�V �W�K�D�W �W�K�H �S�U�R�M�H�F�W �Z�L�O�O �E�H �Z�H�O�O �S�U�H�S�D�U�H�G �I�R�U �I�X�W�X�U�H �H�[�S�D�Q�V�L�R�Q �D�Q�G �P�D�L�Q�W�H�Q�D�Q�F�H�� �Z�K�L�F�K �W�X�U�Q�V �L�W
�L�Q�W�R �D �Y�D�O�X�D�E�O�H �U�H�V�R�X�U�F�H �I�R�U �W�K�H �V�F�L�H�Q�W�L�I�L�F �F�R�P�P�X�Q�L�W�\��

�7�K�H �S�U�R�M�H�F�W �F�R�Q�W�D�L�Q�V �G�L�I�I�H�U�H�Q�W �9�X�H �F�R�P�S�R�Q�H�Q�W�V �D�Q�G �V�X�E���F�R�P�S�R�Q�H�Q�W�V �W�K�D�W �K�D�Q�G�O�H �X�V�H�U �L�Q�W�H�U�D�F�W�L�R�Q�V�� �)�R�U
�H�[�D�P�S�O�H�� �W�K�H �F�K�D�W �F�R�P�S�R�Q�H�Q�W �L�V �F�R�P�S�R�V�H�G �R�I �� �8�, �V�X�E���F�R�P�S�R�Q�H�Q�W�V �D�V �V�H�H�Q �L�Q �I�L�J�X�U�H�������� �$ �P�D�L�Q �F�K�D�W
�V�H�V�V�L�R�Q �L�V �F�R�P�S�R�V�H�G �R�I �W�K�H �X�V�H�U �V�W�D�U�W�L�Q�J �D �W�D�V�N �D�Q�G �E�H�L�Q�J �S�U�H�V�H�Q�W�H�G �Z�L�W�K �W�K�H �W�D�V�N �S�U�R�P�S�W �D�V �V�H�H�Q �L�Q
�I�L�J�X�U�H�������D�� �$�I�W�H�U �W�K�L�V�� �W�K�H �X�V�H�U �F�D�Q �D�V�N �W�K�H�L�U �T�X�H�V�W�L�R�Q �R�U �D�F�F�H�V�V �D �F�X�U�D�W�H�G �W�R�S�L�F �R�U �T�X�H�V�W�L�R�Q �I�U�R�P �W�K�H

���$�P�D�]�R�Q �6�(�6 ���?�i�i�T�b�,�f�f���r�b�X���K���x�Q�M�X�+�Q�K�f�b�2�b�f
�� �*�R�R�J�O�H �6�H�F�U�H�W �0�D�Q�D�J�H�U ���?�i�i�T�b�,�f�f�+�H�Q�m�/�X�;�Q�Q�;�H�2�X�+�Q�K�f�b�2�+�m�`�B�i�v�f�T�`�Q�/�m�+�i�b�f�b�2�+�`�2�i�@�K���M���;�2�`�\�?�H�4�2�M
�� �%�D�F�N�H�Q�G �5�H�S�R�V�L�W�R�U�\ ���Q�H�H�G�V �U�H�J�L�V�W�U�D�W�L�R�Q�� ���?�i�i�T�b�,�f�f�;�B�i�?�m�#�X�+�Q�K�f�P�M�#�Q���`�/�B�M�;�"�m�/�/�v�f�P�M�#�Q���`�/�B�M�;�"�m�/�/�v�"���+�F�2�M�/
�� �&�K�D�W�*�3�7 ���?�i�i�T�b�,�f�f�+�?���i�;�T�i�X�+�Q�K�f
���9�X�H���M�V ���?�i�i�T�b�,�f�f�p�m�2�D�b�X�Q�`�;�f
���9�X�H�W�L�I�\ ���?�i�i�T�b�,�f�f�p�m�2�i�B�7�v�D�b�X�+�Q�K�f�2�M�f

���� �9�X�H�I�L�U�H ���?�i�i�T�b�,�f�f�p�m�2�7�B�`�2�X�p�m�2�D�b�X�Q�`�;�f
���� �9�X�H���M�V �*�L�W�K�X�E ���?�i�i�T�b�,�f�f�;�B�i�?�m�#�X�+�Q�K�f�p�m�2�D�b�f�p�m�2
���� �0�D�W�H�U�L�D�O �'�H�V�L�J�Q ���?�i�i�T�b�,�f�f�K�k�X�K���i�2�`�B���H�X�B�Q�f�/�2�b�B�;�M�f�B�M�i�`�Q�/�m�+�i�B�Q�M
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�´�+�R�Z �F�D�Q �, �K�H�O�S�"�´ �P�H�Q�X �L�Q �I�L�J�X�U�H�������E�� �$�I�W�H�U �W�K�H �X�V�H�U �D�V�N�V �D �T�X�H�V�W�L�R�Q�� �W�K�H �D�Q�V�Z�H�U �L�V �S�U�R�F�H�V�V�H�G �D�Q�G �W�K�H
�X�V�H�U �L�V �U�H�W�X�U�Q�H�G �D�Q �D�Q�V�Z�H�U �W�K�U�R�X�J�K �R�X�U �F�X�V�W�R�P �P�D�U�N�G�R�Z�Q �U�H�Q�G�H�U�L�Q�J �F�R�P�S�R�Q�H�Q�W �D�V �V�H�H�Q �L�Q �I�L�J�X�U�H�������F��
�0�R�U�H �G�H�W�D�L�O�V �D�E�R�X�W �W�K�H �L�Q�W�H�U�Q�D�O �Z�R�U�N�V �R�I �W�K�H �2�Q�E�R�D�U�G�L�Q�J �%�X�G�G�\ �D�U�H �S�U�H�V�H�Q�W�H�G �L�Q �F�K�D�S�W�H�U����

�)�X�U�W�K�H�U�P�R�U�H�� �W�K�H �E�X�V�L�Q�H�V�V �O�R�J�L�F �L�V �O�R�F�D�W�H�G �D�Q�G �V�W�U�X�F�W�X�U�H�G �D�V �P�X�O�W�L�S�O�H �3�L�Q�L�D �6�W�D�W�H �0�D�Q�D�J�H�U�V���� �D�O�O�R�Z�L�Q�J
�X�V �W�R �V�W�U�X�F�W�X�U�H �W�K�H �F�R�G�H �E�\ �S�X�U�S�R�V�H ���H���J�� �&�K�D�W �6�W�R�U�H�� �7�D�V�N �6�W�R�U�H�������H�W�F������

�)�R�U �P�R�U�H �G�H�W�D�L�O�V �D�E�R�X�W �F�R�G�H �V�W�U�X�F�W�X�U�H �D�Q�G �D�U�F�K�L�W�H�F�W�X�U�H �L�Q�W�U�L�F�D�F�L�H�V�� �\�R�X �F�D�Q �D�F�F�H�V�V �W�K�H �8�, �U�H�S�R�V�L�W�R�U�\���� ��

���� �3�L�Q�L�D �6�W�D�W�H �0�D�Q�D�J�H�U�?�i�i�T�b�,�f�f�T�B�M�B���X�p�m�2�D�b�X�Q�`�;�f
���� �8�, �5�H�S�R�V�L�W�R�U�\ ���Q�H�H�G�V �U�H�J�L�V�W�U�D�W�L�R�Q�� ���?�i�i�T�b�,�f�f�;�B�i�?�m�#�X�+�Q�K�f�P�M�#�Q���`�/�B�M�;�"�m�/�/�v�f�P�M�#�Q���`�/�B�M�;�"�m�/�/�v�6�`�Q�M�i�2�M�/�f
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�L�V �D�O�U�H�D�G�\ �G�H�I�L�Q�H�G �D�V �F�R�G�H�� �W�K�H�U�H �L�V �Q�R �H�[�W�U�D �F�R�Q�I�L�J�X�U�D�W�L�R�Q �I�R�U �I�X�U�W�K�H�U �H�Q�Y�L�U�R�Q�P�H�Q�W�V�� �Q�R�U �L�V �W�K�H�U�H �D�Q�\
�Q�H�H�G �W�R �P�D�Q�X�D�O�O�\ �X�S�G�D�W�H �F�O�R�X�G �V�H�U�Y�L�F�H�V��

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

���������%�G�G�I�W�W �X�S �X�L�I �H�I�T�P�S�]�I�H �T�P�E�X�J�S�V�Q �E�R�H �W�S�Y�V�G�I �G�S�H�I
�7�R �J�D�L�Q �D�F�F�H�V�V �W�R �W�K�H �F�R�G�H �V�R�X�U�F�H �D�Q�G �D�F�F�H�V�V �W�R �W�K�H �G�H�S�O�R�\�H�G �2�Q�E�R�D�U�G�L�Q�J �%�X�G�G�\ �S�O�D�W�I�R�U�P �\�R�X �F�D�Q
�U�H�J�L�V�W�H�U �D�W���?�i�i�T�b�,�f�f�Q�M�#�Q���`�/�B�M�;�X�b�Q�7�i�r���`�2�f�`�2�;�B�b�i�2�`�\�+�Q�H���#�4�i�`�m�2�� �8�S�R�Q �U�H�J�L�V�W�U�D�W�L�R�Q �\�R�X �Z�L�O�O �U�H�F�H�L�Y�H
�W�K�U�H�H �L�Q�Y�L�W�H �O�L�Q�N�V �I�U�R�P �*�L�W�K�X�E�� �0�R�U�H�R�Y�H�U�� �L�Q �D�Q�R�W�K�H�U �H�P�D�L�O �\�R�X �Z�L�O�O �U�H�F�H�L�Y�H �W�K�H �D�F�F�H�V�V �F�R�G�H �D�Q�G �W�K�H �V�W�X�G�\
�P�D�Q�X�D�O �Z�L�W�K �H�[�W�H�Q�V�L�Y�H �L�Q�V�W�U�X�F�W�L�R�Q�V �W�R �D�F�F�H�V�V �W�K�H �G�H�S�O�R�\�H�G �S�O�D�W�I�R�U�P��

�‡�6�W�X�G�\ �5�H�S�R�V�L�W�R�U�\ ���?�i�i�T�b�,�f�f�;�B�i�?�m�#�X�+�Q�K�f���M�/�`�2�B�8�y�N�y�f�P�M�#�Q���`�/�B�M�;�"�m�/�/�v�1�t�T�2�`�B�K�2�M�i
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�3�R�F�S�E�V�H�M�R�K �&�Y�H�H�]

�1�R�Z �W�K�D�W �Z�H �K�D�Y�H �S�U�H�V�H�Q�W�H�G �W�K�H �V�\�V�W�H�P �D�U�F�K�L�W�H�F�W�X�U�H �L�Q �F�K�D�S�W�H�U���� �Z�H �K�D�Y�H �W�R �S�U�H�V�H�Q�W �W�K�H �L�Q�Q�H�U �Z�R�U�N�L�Q�J�V
�R�I �R�X�U �D�J�H�Q�W���F�H�Q�W�U�L�F �D�S�S�U�R�D�F�K �W�R �W�K�H �2�Q�E�R�D�U�G�L�Q�J �%�X�G�G�\�� �,�Q �W�K�L�V �V�H�F�W�L�R�Q �Z�H �Z�L�O�O �H�O�D�E�R�U�D�W�H �R�Q �W�K�H �W�K�H �/�/�0
�R�U�F�K�H�V�W�U�D�W�L�R�Q�� �S�U�R�P�S�W�L�Q�J �W�H�F�K�Q�L�T�X�H�V �D�Q�G �W�K�H �W�H�F�K�Q�R�O�R�J�L�H�V �Z�H �X�V�H�G �W�R �F�U�H�D�W�H �W�K�H �2�Q�E�R�D�U�G�L�Q�J �%�X�G�G�\
�4�	�$ �F�D�S�D�E�L�O�L�W�L�H�V��

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

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

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

�2�X�U �/�/�0 �R�U�F�K�H�V�W�U�D�W�L�R�Q �L�P�S�O�L�H�V �D �F�K�D�L�Q �R�I �D�J�H�Q�W�V��

�‡�&�R�Q�W�H�[�W�X�D�O�L�]�D�W�L�R�Q �$�J�H�Q�W�� �$�O�O�R�Z�V �W�K�H �X�V�H�U �L�Q�W�H�U�D�F�W�L�R�Q �W�R �E�H �F�R�Q�Y�H�U�V�D�W�L�R�Q�D�O�� �W�D�N�L�Q�J �L�Q�W�R �D�F�F�R�X�Q�W
�S�D�V�W �L�Q�W�H�U�D�F�W�L�R�Q�V �Z�L�W�K �W�K�H �V�\�V�W�H�P��

�‡�2�Q�E�R�D�U�G�L�Q�J �$�J�H�Q�W�� �$�O�O�R�Z�V �W�K�H �X�V�H�U �W�R �D�V�N �T�X�H�V�W�L�R�Q�V �D�E�R�X�W �D �V�R�I�W�Z�D�U�H �S�U�R�M�H�F�W �D�Q�G �S�U�R�Y�L�G�H�V
�W�D�L�O�R�U�H�G �D�Q�V�Z�H�U�V �E�D�V�H�G �R�Q �W�K�H �S�U�R�M�H�F�W �D�Q�G �W�K�H �X�V�H�U�¶�V �Q�H�H�G�V��

�‡�6�W�H�S �3�U�R�F�H�V�V�R�U�� �$ �&�K�D�L�Q �R�I �7�K�R�X�J�K�W �S�U�R�F�H�V�V�R�U �>���� �@ ���&�R�7�� �W�K�D�W �X�V�H�V �P�X�O�W�L�S�O�H �2�Q�E�R�D�U�G�L�Q�J �$�J�H�Q�W�V
�L�Q �S�D�U�D�O�O�H�O �W�R �R�E�W�D�L�Q �D �G�H�W�D�L�O�H�G �D�Q�V�Z�H�U��

����



�������� �'�S�R�X�I�\�X�Y�E�P�M�^�E�X�M�S�R �%�K�I�R�X ����

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

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

�3�D�U�W�L�F�L�S�D�Q�W�V�¶ �T�X�D�O�L�W�D�W�L�Y�H �I�H�H�G�E�D�F�N �V�K�H�G �I�X�U�W�K�H�U �O�L�J�K�W �R�Q �W�K�H�L�U �H�[�S�H�U�L�H�Q�F�H�V�� �:�K�L�O�H �P�D�Q�\ �X�V�H�U�V �D�S�S�U�H�F�L�D�W�H�G
�W�K�H �J�X�L�G�D�Q�F�H �S�U�R�Y�L�G�H�G�� �V�R�P�H �Q�R�W�H�G �W�K�D�W �W�K�H �2�Q�E�R�D�U�G�L�Q�J �%�X�G�G�\ �F�R�X�O�G �L�P�S�U�R�Y�H �L�Q �R�I�I�H�U�L�Q�J �P�R�U�H �G�H�W�D�L�O�H�G
�H�[�S�O�D�Q�D�W�L�R�Q�V�� �H�V�S�H�F�L�D�O�O�\ �I�R�U �F�R�P�S�O�H�[ �W�D�V�N�V �O�L�N�H �7�D�V�N ���� �Z�K�L�F�K �L�Q�Y�R�O�Y�H�G �G�X�S�O�L�F�D�W�L�Q�J �T�X�H�V�W�L�R�Q�Q�D�L�U�H�V �D�Q�G
�K�D�Q�G�O�L�Q�J �Q�H�V�W�H�G �G�D�W�D �V�W�U�X�F�W�X�U�H�V�� �7�K�L�V �R�F�F�D�V�L�R�Q�D�O�O�\ �O�H�G �W�R �F�R�Q�I�X�V�L�R�Q �D�Q�G �U�H�T�X�L�U�H�G �S�D�U�W�L�F�L�S�D�Q�W�V �W�R �L�Q�Y�H�V�W
�D�G�G�L�W�L�R�Q�D�O �H�I�I�R�U�W �W�R �R�Y�H�U�F�R�P�H �W�K�H�V�H �F�K�D�O�O�H�Q�J�H�V��
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�)�L�J�X�U�H �����������&�R�U�U�H�O�D�W�L�R�Q �E�H�W�Z�H�H�Q �I�U�H�T�X�H�Q�F�\ �R�I �X�V�H �D�Q�G �K�H�O�S�I�X�O�Q�H�V�V �U�D�W�L�Q�J

�����������6�I�W�I�E�V�G�L �5�Y�I�W�X�M�S�R�W
�7�K�L�V �V�H�F�W�L�R�Q �G�H�W�D�L�O�V �W�K�H �N�H�\ �U�H�V�H�D�U�F�K �T�X�H�V�W�L�R�Q�V �J�X�L�G�L�Q�J �R�X�U �U�H�V�H�D�U�F�K �L�Q�W�R �W�K�H �H�I�I�H�F�W�L�Y�H�Q�H�V�V �R�I �W�K�H�2�Q��
�E�R�D�U�G�L�Q�J �%�X�G�G�\�W�R�R�O �L�Q �I�D�F�L�O�L�W�D�W�L�Q�J �V�R�I�W�Z�D�U�H �R�Q�E�R�D�U�G�L�Q�J �I�R�U �G�H�Y�H�O�R�S�H�U�V�� �:�H �Z�D�Q�W �W�R �H�[�S�O�R�U�H �K�R�Z �L�Q�I�O�X��
�H�Q�F�H�V �L�Q �X�V�L�Q�J �W�K�H �W�R�R�O �U�H�O�D�W�H �W�R �H�I�I�L�F�L�H�Q�F�\ �D�Q�G �F�R�P�S�O�H�W�L�R�Q �R�I �W�D�V�N�V�� �K�R�Z �S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V �U�H�O�D�W�H�V �W�R
�W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �W�K�H �G�H�Y�H�O�R�S�H�U�V�� �L�I �X�V�H�U �V�D�W�L�V�I�D�F�W�L�R�Q �L�V �S�R�V�L�W�L�Y�H�O�\ �U�H�O�D�W�H�G �W�R �X�V�H�U �H�Q�J�D�J�H�P�H�Q�W �O�H�Y�H�O�V
�D�Q�G �W�D�V�N �F�R�P�S�O�H�W�L�R�Q �U�D�W�H�V�� �D�Q�G �O�D�V�W�O�\�� �W�K�H �R�Y�H�U�D�O�O �I�H�D�V�L�E�L�O�L�W�\ �R�I �W�K�H �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q �R�I �W�K�H�2�Q�E�R�D�U�G�L�Q�J
�%�X�G�G�\�W�R�R�O �D�V �D �O�D�U�J�H �O�D�Q�J�X�D�J�H �P�R�G�H�O���E�D�V�H�G �V�R�O�X�W�L�R�Q�� �:�H �K�R�S�H �W�K�D�W �D�Q�V�Z�H�U�V �W�R �W�K�H�V�H �T�X�H�V�W�L�R�Q�V �Z�L�O�O
�S�U�R�Y�L�G�H �D �F�R�P�S�O�H�W�H �S�L�F�W�X�U�H �R�I �K�R�Z �W�K�L�V �W�R�R�O �F�R�Q�W�U�L�E�X�W�H�V �W�R �D �E�H�W�W�H�U �R�Q�E�R�D�U�G�L�Q�J �H�[�S�H�U�L�H�Q�F�H��

���������������6�5���� �;�L�E�X �T�E�X�X�I�V�R�W �S�J �I�J�h�G�M�I�R�G�] �E�R�H �X�E�W�O �G�S�Q�T�P�I�X�M�S�R �I�Q�I�V�K�I �[�L�I�R �H�I�Z�I�P��
�S�T�I�V�W �Y�W�I �3�R�F�S�E�V�H�M�R�K �&�Y�H�H�] �J�S�V �W�S�J�X�[�E�V�I �S�R�F�S�E�V�H�M�R�K �X�E�W�O�W�� �E�W �Q�I�E�W�Y�V�I�H
�F�] �X�M�Q�I �W�T�I�R�X �M�R �X�L�I �-�(�)�� �R�Y�Q�F�I�V �S�J �h�P�I �S�T�I�V�E�X�M�S�R�W�� �E�R�H �X�E�W�O �G�S�Q�T�P�I�X�M�S�R
�V�E�X�I�W�#

�7�K�H �2�Q�E�R�D�U�G�L�Q�J �%�X�G�G�\ �L�Q�I�O�X�H�Q�F�H�V �R�Q�E�R�D�U�G�L�Q�J �H�I�I�L�F�L�H�Q�F�\ �D�Q�G �W�K�H �F�R�P�S�O�H�W�L�R�Q �R�I �W�D�V�N�V �P�H�D�V�X�U�H�G �Z�L�W�K
�V�H�O�I���D�V�V�H�V�V�H�G �P�H�W�U�L�F�V �D�Q�G �W�K�H �G�D�W�D �F�R�O�O�H�F�W�H�G�� �$�Q �D�Y�H�U�D�J�H �R�I ������ �P�L�Q�X�W�H�V �Z�D�V �V�S�H�Q�W �L�Q�V�L�G�H �W�K�H �,�'�(��
�V�K�R�Z�L�Q�J �K�L�J�K �H�Q�J�D�J�H�P�H�Q�W �Z�L�W�K �W�K�H �G�H�Y�H�O�R�S�P�H�Q�W �H�Q�Y�L�U�R�Q�P�H�Q�W �Y�L�D �W�K�H �2�Q�E�R�D�U�G�L�Q�J �%�X�G�G�\�� �$�Y�H�U�D�J�H
�D�F�W�L�Y�L�W�L�H�V �S�H�U �X�V�H�U �Z�H�U�H �D�W �D�E�R�X�W �������� �G�H�V�F�U�L�E�L�Q�J �D�Q �D�F�W�L�Y�H �L�Q�W�H�U�D�F�W�L�R�Q �Z�L�W�K �W�K�H �F�R�G�H�E�D�V�H �F�R�Q�F�H�U�Q�L�Q�J �I�L�O�H
�H�G�L�W�V�� �F�U�H�D�W�L�R�Q�V�� �D�Q�G �R�S�H�Q�L�Q�J�V�� �7�K�H�L�U �S�H�U�I�R�U�P�D�Q�F�H �\�L�H�O�G�V �D�O�P�R�V�W �������� �D�F�F�X�U�D�F�\�� �Z�K�L�F�K �L�Q�G�L�F�D�W�H�V �W�K�D�W
�D�O�O �W�K�H �U�H�T�X�L�U�H�G �W�D�V�N�V �Z�H�U�H �S�H�U�I�R�U�P�H�G �F�R�U�U�H�F�W�O�\�� �7�K�H �P�R�V�W �F�R�Q�V�L�G�H�U�D�E�O�H �D�Y�H�U�D�J�H �W�L�P�H �W�D�N�H�Q �W�R�Z�D�U�G �W�K�H
�F�R�P�S�O�H�W�L�R�Q �R�I �W�K�H�V�H �W�D�V�N�V �Z�D�V ���� �P�L�Q�X�W�H�V�� �$�P�R�Q�J �W�K�H�V�H�� �7�D�V�N ���� �D�G�G�L�Q�J �D �Q�H�Z �S�D�\�P�H�Q�W �R�S�W�L�R�Q�� �Z�D�V
�W�K�H �R�Q�H �U�H�V�R�O�Y�H�G �L�Q �X�Q�G�H�U ���� �P�L�Q�X�W�H�V �E�H�L�Q�J �D�W ���� �P�L�Q�X�W�H�V �R�Q �D�Y�H�U�D�J�H�� �7�K�X�V�� �L�W �P�D�\ �E�H �L�Q�I�H�U�U�H�G �W�K�D�W
�2�Q�E�R�D�U�G�L�Q�J �%�X�G�G�\ �G�R�H�V �V�X�S�S�R�U�W �I�D�V�W�H�U �S�H�U�I�R�U�P�D�Q�F�H �R�I �W�D�V�N�V�� �H�V�S�H�F�L�D�O�O�\ �I�R�U �P�H�G�L�X�P���F�R�P�S�O�H�[�L�W�\ �W�D�V�N�V��

�$�O�W�K�R�X�J�K �Z�H �F�D�Q�Q�R�W �G�U�D�Z �D�Q�\ �F�R�P�S�D�U�D�W�L�Y�H �G�D�W�D �I�U�R�P �W�K�H �S�D�U�W�L�F�L�S�D�Q�W�V �I�R�U �R�W�K�H�U �R�Q�E�R�D�U�G�L�Q�J �S�U�D�F�W�L�F�H�V
�G�X�H �W�R �W�K�H �O�L�P�L�W�D�W�L�R�Q �R�I �W�K�H �V�W�X�G�\�� �I�U�R�P �D �V�H�O�I���D�V�V�H�V�V�P�H�Q�W �P�H�W�U�L�F �Y�L�H�Z�S�R�L�Q�W�� �L�W �V�H�H�P�V �W�K�D�W �W�K�H �X�V�H�U�V �I�H�O�W
�W�K�H �2�Q�E�R�D�U�G�L�Q�J �%�X�G�G�\ �Z�D�V �H�I�I�H�F�W�L�Y�H �L�Q �H�Q�K�D�Q�F�L�Q�J �W�K�H�L�U �R�Q�E�R�D�U�G�L�Q�J �H�I�I�L�F�L�H�Q�F�\�� �0�R�U�H�R�Y�H�U�� �O�D�U�J�H �S�H�U�L�R�G�V
�R�I �,�'�( �H�Q�J�D�J�H�P�H�Q�W �D�Q�G �V�X�F�F�H�V�V�I�X�O �F�R�P�S�O�H�W�L�R�Q �R�I �W�D�V�N�V �V�X�S�S�R�U�W �W�K�H �F�R�Q�F�O�X�V�L�R�Q �W�K�D�W �W�K�H �2�Q�E�R�D�U�G�L�Q�J
�%�X�G�G�\ �S�R�V�L�W�L�Y�H�O�\ �L�P�S�D�F�W�V �R�Q�E�R�D�U�G�L�Q�J �H�I�I�L�F�L�H�Q�F�\ �D�Q�G �W�D�V�N �F�R�P�S�O�H�W�L�R�Q �U�D�W�H�V��
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�)�L�J�X�U�H �����������'�L�V�W�U�L�E�X�W�L�R�Q �R�I �D�F�W�L�Y�L�W�\ �W�\�S�H�V

�)�L�J�X�U�H �����������1�X�P�E�H�U �R�I �E�U�H�D�N�V �S�H�U �X�V�H�U
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���������������6�5���� �;�L�E�X �V�I�P�E�X�M�S�R�W�L�M�T�W �I�\�M�W�X �F�I�X�[�I�I�R �H�I�Z�I�P�S�T�I�V�W�� �T�I�V�G�I�M�Z�I�H �Y�W�I�J�Y�P�R�I�W�W
�S�J �3�R�F�S�E�V�H�M�R�K �&�Y�H�H�] �E�R�H �X�L�I�M�V �X�E�W�O �G�S�Q�T�P�I�X�M�S�R �T�E�X�X�I�V�R�W�#

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

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

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

���������������6�5���� �;�L�E�X �M�W �X�L�I �V�I�P�E�X�M�S�R�W�L�M�T �F�I�X�[�I�I�R �Y�W�I�V �W�E�X�M�W�J�E�G�X�M�S�R �[�M�X�L �3�R�F�S�E�V�H�M�R�K
�&�Y�H�H�] �E�R�H �X�L�I�M�V �I�R�K�E�K�I�Q�I�R�X �P�I�Z�I�P�W �M�R �I�J�J�I�G�X�M�Z�I�P�] �G�S�Q�T�P�I�X�M�R�K �S�R�F�S�E�V�H�M�R�K
�X�E�W�O�W�#

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

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

���������������6�5���� �,�S�[ �J�I�E�W�M�F�P�I �M�W �X�L�I �M�Q�T�P�I�Q�I�R�X�E�X�M�S�R �S�J �3�R�F�S�E�V�H�M�R�K �&�Y�H�H�] �E�W �E�R �0�0�1��
�F�E�W�I�H �E�W�W�M�W�X�E�R�X �J�S�V �S�R�F�S�E�V�H�M�R�K �X�E�W�O�W�#

�%�D�V�H�G �R�Q �H�P�S�L�U�L�F�D�O �D�Q�D�O�\�V�L�V�� �W�K�H �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q �R�I �W�K�H �2�Q�E�R�D�U�G�L�Q�J �%�X�G�G�\ �D�V �D�Q �/�/�0���E�D�V�H�G �G�H�Y�H�O�R�S��
�P�H�Q�W �D�V�V�L�V�W�D�Q�W �G�H�P�R�Q�V�W�U�D�W�H�V �V�L�J�Q�L�I�L�F�D�Q�W �H�I�I�L�F�D�F�\ �L�Q �I�D�F�L�O�L�W�D�W�L�Q�J �R�Q�E�R�D�U�G�L�Q�J �S�U�R�F�H�V�V�H�V�� �7�K�H �T�X�D�Q�W�L�W�D�W�L�Y�H
�P�H�W�U�L�F�V �U�H�Y�H�D�O �F�R�P�S�H�O�O�L�Q�J �H�Y�L�G�H�Q�F�H �R�I �L�W�V �S�U�D�F�W�L�F�D�O �X�W�L�O�L�W�\�� �S�D�U�W�L�F�X�O�D�U�O�\ �L�Q �W�H�U�P�V �R�I �W�D�V�N �F�R�P�S�O�H�W�L�R�Q �U�D�W�H�V
�D�Q�G �X�V�H�U �H�Q�J�D�J�H�P�H�Q�W �P�H�W�U�L�F�V�� �2�X�U �U�H�V�H�D�U�F�K �L�Q�G�L�F�D�W�H�V �W�K�D�W �S�D�U�W�L�F�L�S�D�Q�W�V �P�D�L�Q�W�D�L�Q�H�G �V�X�E�V�W�D�Q�W�L�D�O �H�Q�J�D�J�H��
�P�H�Q�W �Z�L�W�K�L�Q �W�K�H �L�Q�W�H�J�U�D�W�H�G �G�H�Y�H�O�R�S�P�H�Q�W �H�Q�Y�L�U�R�Q�P�H�Q�W�� �7�K�H �H�P�S�L�U�L�F�D�O �G�D�W�D �G�H�P�R�Q�V�W�U�D�W�H�V �F�R�Q�V�L�V�W�H�Q�W�O�\
�K�L�J�K �S�H�U�I�R�U�P�D�Q�F�H �D�F�U�R�V�V �N�H�\ �P�H�W�U�L�F�V��

�‡�7�D�V�N �F�R�P�S�O�H�W�L�R�Q �D�F�F�X�U�D�F�\ �U�H�D�F�K�L�Q�J �F�O�R�V�H �W�R ����������

�‡�8�V�H�U �V�D�W�L�V�I�D�F�W�L�R�Q �P�H�W�U�L�F�V �D�Y�H�U�D�J�H�G �D�E�R�Y�H ������ �R�Q �D �����S�R�L�Q�W �V�F�D�O�H��

�‡�0�R�U�H�R�Y�H�U�� �X�V�H�U �L�Q�W�H�U�H�V�W �L�Q �W�K�L�V �W�\�S�H �R�I �V�R�O�X�W�L�R�Q �U�H�D�F�K�H�G �D �P�H�D�Q �V�F�R�U�H �R�I ����������������

�:�K�L�O�H �W�K�H �D�F�W�X�D�O �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q �G�R�H�V �S�U�R�Y�L�G�H �V�R�P�H �O�L�P�L�W�V �U�H�J�D�U�G�L�Q�J �W�K�H �F�R�Q�W�H�[�W�X�D�O �D�Z�D�U�H�Q�H�V�V �R�I �L�Q��
�V�W�U�X�F�W�L�R�Q�V�� �W�K�H�V�H �D�U�H �Q�R�U�P�D�O �F�K�D�O�O�H�Q�J�H�V �L�Q �/�/�0���E�D�V�H�G �V�\�V�W�H�P�V�� �V�X�F�K �O�L�P�L�W�D�W�L�R�Q�V �K�D�Y�H �Q�R�W �D�I�I�H�F�W�H�G �L�W�V
�S�U�L�P�D�U�\ �I�X�Q�F�W�L�R�Q�D�O�L�W�\�� �0�R�V�W �R�I �W�K�H �D�U�H�D�V �I�R�U �L�P�S�U�R�Y�H�P�H�Q�W �I�R�X�Q�G �L�Q�Y�R�O�Y�H �H�Q�K�D�Q�F�H�P�H�Q�W�V �W�R�Z�D�U�G �D�O�O�R�Z��
�L�Q�J �W�K�H �V�\�V�W�H�P �W�R �\�L�H�O�G �H�Y�H�Q �P�R�U�H �G�H�W�D�L�O�H�G �L�Q�V�W�U�X�F�W�L�R�Q�V�� �7�H�O�H�P�H�W�U�\ �G�D�W�D �J�D�W�K�H�U�H�G �D�Q�G �X�V�H�U �I�H�H�G�E�D�F�N
�U�H�Y�H�D�O�H�G �W�K�D�W �2�Q�E�R�D�U�G�L�Q�J �%�X�G�G�\ �V�H�U�Y�H�V �Z�H�O�O �L�Q �F�R�G�H�E�D�V�H �I�D�P�L�O�L�D�U�L�]�D�W�L�R�Q�� �Q�D�Y�L�J�D�W�L�R�Q �W�D�V�N�V �D�Q�G �L�P�S�O�H��
�P�H�Q�W�D�W�L�R�Q �W�D�V�N�V�� �7�K�L�V �K�D�V �D �J�U�H�D�W �S�R�W�H�Q�W�L�D�O �W�R �E�H �Z�L�G�H�O�\ �X�V�H�G �I�R�U �R�Q�E�R�D�U�G�L�Q�J �/�/�0���D�V�V�L�V�W�H�G �V�R�O�X�W�L�R�Q�V
�L�Q�W�R �S�U�R�I�H�V�V�L�R�Q�D�O �V�R�I�W�Z�D�U�H �G�H�Y�H�O�R�S�P�H�Q�W��
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�7�K�L�V �W�K�H�V�L�V �S�U�H�V�H�Q�W�H�G �D �Q�R�Y�H�O �V�R�O�X�W�L�R�Q �I�R�U �V�R�I�W�Z�D�U�H �H�Q�J�L�Q�H�H�U�L�Q�J �R�Q�E�R�D�U�G�L�Q�J �W�K�U�R�X�J�K �W�K�H �G�H�Y�H�O�R�S�P�H�Q�W �R�I
�W�K�H �2�Q�E�R�D�U�G�L�Q�J �%�X�G�G�\ �V�\�V�W�H�P�� �Z�K�L�F�K �X�W�L�O�L�]�H�V �O�D�U�J�H �O�D�Q�J�X�D�J�H �P�R�G�H�O�V ���/�/�0�V�� �D�Q�G �U�H�W�U�L�H�Y�D�O �D�X�J�P�H�Q�W�H�G
�J�H�Q�H�U�D�W�L�R�Q ���5�$�*�� �H�Q�K�D�Q�F�H�G �E�\ �D�Q �D�X�W�R�P�D�W�H�G �F�K�D�L�Q���R�I���W�K�R�X�J�K�W �D�S�S�U�R�D�F�K�� �7�K�H �V�\�V�W�H�P�¶�V �D�U�F�K�L�W�H�F�W�X�U�H
�Z�D�V �L�P�S�O�H�P�H�Q�W�H�G �D�F�U�R�V�V �W�K�U�H�H �G�L�V�W�L�Q�F�W �O�D�\�H�U�V�� �D�Q �H�[�S�H�U�L�P�H�Q�W�D�O �E�D�F�N�H�Q�G �K�D�Q�G�O�L�Q�J �/�/�0 �R�U�F�K�H�V�W�U�D�W�L�R�Q
�D�Q�G �G�D�W�D �S�U�R�F�H�V�V�L�Q�J�� �D �F�K�D�W �8�, �I�R�U �X�V�H�U �L�Q�W�H�U�D�F�W�L�R�Q�� �D�Q�G �D�Q �,�'�( �S�O�X�J�L�Q �I�R�U �,�'�( �L�Q�W�H�J�U�D�W�L�R�Q �D�Q�G �W�H�O�H�P�H�W�U�\
�F�R�O�O�H�F�W�L�R�Q��

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

�(�[�S�H�U�L�P�H�Q�W�D�O �H�Y�D�O�X�D�W�L�R�Q �H�Y�L�G�H�Q�F�H�V �S�U�D�F�W�L�F�D�O �H�I�I�H�F�W�L�Y�H�Q�H�V�V �L�Q �V�H�Y�H�U�D�O �N�H�\ �D�U�H�D�V�� �X�V�H�U�V �D�Y�H�U�D�J�H ������
�P�L�Q�X�W�H�V �R�I �D�F�W�L�Y�H �,�'�( �W�L�P�H �Y�H�U�V�X�V ���� �P�L�Q�X�W�H�V �R�Q �H�[�W�H�U�Q�D�O �U�H�V�R�X�U�F�H�V�� �V�K�R�Z�L�Q�J �H�Q�J�D�J�H�P�H�Q�W �Z�L�W�K �W�K�H
�G�H�Y�H�O�R�S�P�H�Q�W �H�Q�Y�L�U�R�Q�P�H�Q�W�� �7�K�H �F�R�P�S�O�H�W�L�R�Q �W�L�P�H�V �U�D�Q�J�H�G �D�F�F�R�U�G�L�Q�J �W�R �W�K�H �W�D�V�N�¶�V �F�R�P�S�O�H�[�L�W�\�� �P�H�G�L�X�P
�F�R�P�S�O�H�[�L�W�\ �W�D�V�N�V �W�R�R�N �D�E�R�X�W ���� �P�L�Q�X�W�H�V�� �Z�K�H�U�H�D�V �W�K�H �P�R�U�H �F�R�P�S�O�H�[ �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�V �W�R�R�N �X�S �W�R ����
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Jo dpmmbcpsbujpo xjui UV Efmgu- KfuCsbjot Tpguxbsf Fohjoffsjoh Sftfbsdi Efqbsunfou jt
dpoevdujoh b tuvez up foibodf pocpbsejoh tpmvujpot gps tpguxbsf efwfmpqfst/

Xfmdpnf up uif Pocpbsejoh Cveez fyqfsjnfou/ Cz qbsujdjqbujoh- zpv xjmm hbjo bddftt up
Pocpbsejoh Cveez- bo joopwbujwf uppm eftjhofe up pggfs obuvsbm mbohvbhf fyqmbobujpot boe
hvjebodf ejsfdumz xjuijo zpvs efwfmpqnfou fowjsponfou/ Uijt uppm jt tqfdjfidbmmz ubjmpsfe up
bttjtu jo pocpbsejoh ofx efwfmpqfst up tpguxbsf qspkfdut/

Xibu Pocpbsejoh Cveez Pggfst;

ǒ Tufq.cz.Tufq Fyqmbobujpot; Sfdfjwf efubjmfe- tufq.cz.tufq hvjebodf bcpvu tpguxbsf
qspkfdut cbtfe po zpvs tqfdjfid rvftujpot/

ǒ Gpdvt po Voefstuboejoh; Fnqibtj{ft voefstuboejoh uif (IPX( sbuifs uibo kvtu uif (EP(-
qspwjejoh b effqfs dpnqsfifotjpo pg uif efwfmpqnfou qspdftt/

ǒ DibuHQU.mjlf Fowjsponfou; Joufsbdu xjui uif uppm jo bo fowjsponfou tjnjmbs up DibuHQU-
nbljoh ju vtfs.gsjfoemz boe jouvjujwf/
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Xf bsf fyqfsjnfoujoh up dpnqbsf uif pocpbsejoh qfsgpsnbodf pg vtfst vujmj{joh pvs Pocpbsejoh
Cveez tpmvujpo wfstvt uiptf xip ep opu/ Uijt fyqfsjnfou bjnt up efufsnjof uif vtfgvmoftt boe
sfmjbcjmjuz pg tvdi uppmt jo sfbm.xpsme tdfobsjpt/ Tqfdjfidbmmz- xf xbou up bttftt xifuifs
Pocpbsejoh Cveez dbo nblf uif pocpbsejoh qspdftt gbtufs boe cfuufs pwfsbmm- foibodjoh uif
fyqfsjfodf gps ofx efwfmpqfst/

Qbsujdjqbout jo uijt fyqfsjnfou xjmm tjnvmbuf uif pocpbsejoh qspdftt pg b tpguxbsf fohjoffs
kpjojoh b ofx qspkfdu boe qpttjcmz b ofx ufbn/ Cz qspwjejoh efubjmfe- obuvsbm mbohvbhf
fyqmbobujpot boe tufq.cz.tufq hvjebodf ejsfdumz xjuijo uif efwfmpqnfou fowjsponfou-
Pocpbsejoh Cveez bjnt up tusfbnmjof uif pocpbsejoh qspdftt/ Qbsujdjqbout xjmm dmpof b
sfqptjupsz- xijdi dpoubjot uif cbdlfoe bqqmjdbujpo gps uif esjwjoh mfhjtmbujpo qspkfdu- boe xjmm cf
bttjhofe uifjs pxo csbodift/ Uifz xjmm vtf Pocpbsejoh Cveez up voefstuboe boe joufsbdu xjui
uif qspkfdu(t wbsjpvt gfbuvsft- gspn vtfs bvuifoujdbujpo up uftu nbobhfnfou boe mfhjtmbujwf
dpoufou bddftt/

Cz dpnqbsjoh uif fyqfsjfodft boe qfsgpsnbodf pg vtfst xjui boe xjuipvu Pocpbsejoh Cveez-
xf ipqf up hbuifs wbmvbcmf jotjhiut joup uif fggfdujwfoftt pg tvdi uppmt jo jnqspwjoh uif
pocpbsejoh fyqfsjfodf gps tpguxbsf fohjoffst/

A
Experiment Manual

Each user was provided with the following experiment manual1 to guide their process into the experi-
ment as seen below:

1Experiment Manual Source -
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Uif qspkfdu jowpmwft b dpnqsfifotjwf cbdlfoe bqqmjdbujpo efwfmpqfe vtjoh Kbwb Tqsjoh-
eftjhofe up tvqqpsu b esjwjoh mfhjtmbujpo bqqmjdbujpo/ Uijt bqqmjdbujpo beesfttft uif uifpsfujdbm
dpnqpofout ofdfttbsz gps esjwjoh fevdbujpo cz gbdjmjubujoh uifpsfujdbm uftut boe qspwjejoh
sftpvsdft gps mfbsofst/ Uif cbdlfoe tztufn jt spcvtu- pggfsjoh gvodujpobmjujft tvdi bt vtfs
bvuifoujdbujpo- nbobhfnfou pg uifpsfujdbm rvftujpot- dsfbujpo pg dvtupn rvftujpoobjsft- boe
benjojtusbujpo pg uifpsfujdbm uftut/ Beejujpobmmz- ju jodmveft b mfhjtmbujpo f.cppl gfbuvsf- fobcmjoh
vtfst up efmwf effqfs joup esjwjoh mbxt boe sfhvmbujpot/ Uijt cbdlfoe jt dsjujdbm gps fotvsjoh uibu
vtfst dbo tfbnmfttmz bvuifoujdbuf- bddftt- boe joufsbdu xjui uif fevdbujpobm dpoufou- uifsfcz
foibodjoh uifjs qsfqbsbujpo gps esjwjoh fybnt/
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Up tff ipx uif pocpbsejoh qspdftt xpslt xjui pvs bqqspbdi- xf bsf vtjoh bo JoufmmjK Qmvhjo
dbmmfe Pocpbsejoh Cveez/ Uijt qmvhjo jt eftjhofe up tusfbnmjof uif jojujbm tfuvq boe joufhsbujpo
gps ofx ufbn nfncfst- fotvsjoh b tnppui boe fffidjfou tubsu/ Ifsfǃt b tufq.cz.tufq hvjef up hfu
zpv tubsufe/

Tufq 2; Jotubmm JoufmmjK JEFB

Uif fistu tufq jt up jotubmm JoufmmjK JEFB- xijdi jt uif Joufhsbufe Efwfmpqnfou Fowjsponfou )JEF*
xf xjmm cf vtjoh/ Jg zpv bmsfbez ibwf JoufmmjK JEFB jotubmmfe- uibu(t hsfbu" Jg opu- zpv dbo epxompbe
ju gspn uif KfuCsbjot xfctjuf/ Gpmmpx uif jotubmmbujpo jotusvdujpot tqfdjfid up zpvs pqfsbujoh
tztufn )Xjoepxt- nbdPT- ps Mjovy*/

Tufq 3; Jotubmm uif Pocpbsejoh Cveez Qmvhjo

Podf zpv ibwf JoufmmjK JEFB jotubmmfe- uif ofyu tufq jt up jotubmm uif Pocpbsejoh Cveez qmvhjo/
Uijt qmvhjo jt bwbjmbcmf po uif JoufmmjK Nbslfuqmbdf boe dbo cf jotubmmfe ejsfdumz uispvhi uif JEF/
Ifsfǃt ipx up ep ju;

2/ Pqfo JoufmmjK JEFB; Mbvodi uif JEF po zpvs dpnqvufs/
3/ Hp up uif Qmvhjot Tfdujpo; Dmjdl po $AD= jo uif upq nfov cbs- uifo tfmfdu 1=LLAF?K )ps

.J=>=J=F;=K po nbdPT*/ Jo uif mfgu.iboe qbof- fioe boe tfmfdu .DM?AFK/
4/ Tfbsdi gps Pocpbsejoh Cveez; Jo uif Qmvhjot xjoepx- hp up uif +9JC=LHD9;= ubc boe

foufs #Pocpbsejoh Cveez# jo uif tfbsdi cbs/
5/ Jotubmm uif Qmvhjo; Gjoe uif Pocpbsejoh Cveez qmvhjo jo uif tfbsdi sftvmut boe dmjdl uif

'FKL9DD cvuupo/
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6/ Sftubsu JoufmmjK JEFB; Bgufs uif jotubmmbujpo jt dpnqmfuf- zpv xjmm cf qspnqufe up sftubsu
JoufmmjK JEFB/ Dmjdl 0=KL9JL '"# up bqqmz uif dibohft/

Bmufsobujwfmz- zpv dbo epxompbe uif qmvhjo ejsfdumz gspn uif KfuCsbjot Qmvhjo Sfqptjupsz boe
jotubmm ju nbovbmmz/

Tufq 4; Bddfqu uif HjuIvc Jowjubujpo

Bgufs jotubmmjoh uif Pocpbsejoh Cveez qmvhjo- fotvsf uibu zpv ibwf bddfqufe uif HjuIvc
jowjubujpo up uif qspkfdu/ Uijt jowjubujpo xbt tfou up zpvs fnbjm bmpoh xjui uijt epdvnfou/ Jg zpv
ibwfoǃu sfdfjwfe uif jowjubujpo- difdl zpvs tqbn gpmefs ps dpoubdu zpvs qspkfdu benjojtusbups/

Up bddfqu uif jowjubujpo;

2/ Pqfo Zpvs Fnbjm; Difdl uif fnbjm bddpvou xifsf uif jowjubujpo xbt tfou/
3/ Gjoe uif Jowjubujpo; Mppl gps bo fnbjm gspn HjuIvc xjui uif tvckfdu #Jowjubujpo up

dpmmbcpsbuf po \Qspkfdu Obnf^#/
4/ Bddfqu uif Jowjubujpo; Pqfo uif fnbjm boe dmjdl uif 4A=O AFNAL9LAGF cvuupo- uifo

dmjdl (GAF po uif HjuIvc qbhf uibu pqfot/

Tufq 5; Foufs Zpvs VtfsJE

Vqpo bddfqujoh uif HjuIvc jowjubujpo- zpv tipvme ibwf sfdfjwfe b VtfsJE jo uif tbnf fnbjm/ Uijt
VtfsJE jt dsvdjbm gps dpofihvsjoh uif Pocpbsejoh Cveez qmvhjo up sfdphoj{f zpvs tfuvq/

Up foufs zpvs VtfsJE;

2/ Pqfo JoufmmjK JEFB; Mbvodi uif JEF jg ju jt opu bmsfbez pqfo/
3/ Pqfo Pocpbsejoh Cveez; Mppl gps uif Pocpbsejoh Cveez jdpo jo uif JoufmmjK uppmcbs/ Dmjdl

po uijt jdpo up pqfo uif qmvhjo joufsgbdf/
4/ Foufs VtfsJE; B dpofihvsbujpo xjoepx xjmm bqqfbs- qspnqujoh zpv up foufs zpvs VtfsJE/

Joqvu uif VtfsJE zpv sfdfjwfe jo uif fnbjm boe dmjdl !GF>AJE

/
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