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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based onboarding methods tend to be expensive, time-consuming and can get outdated very fast in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 systemis 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.
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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 developersi 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
guestions:

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 developersi 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?



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 oplug and playo platform architecture
of Onboarding Buddy, detailing its backend, chat Ul, and plugin components. Section 5 explains the
agent-centric approach behind Onboarding Buddyis 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.
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The fields of Natural Language Processing (NLP), Machine Learning (ML), and Artificial Intelligence
(Al) 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 Al 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 Al 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], OpenAlis GPT series [4, 23], and Googleis Gemini and Bard
[1] have revolutionized our interaction with Al-driven technologies. These models, built on Al 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 technigue 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].

Oi0f 000boooooL U Uuitbol boougboUr Uoooooto ooy thdooot oo Uod
aooooo

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 companyis 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
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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:

A 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.

A 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.

A 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 teamis 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 are mentoring, 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 mentoris 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.

000 0O000 DU00L000 4oooib Ooiboon UotioioUoo

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 ! 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 developeris needs. These can vary from simple tools,
such as linters and formatters, to Al-powered programming guides.

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

GitHub Copilot®: An Al-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 developeris input. Copilot enables developers to write code
faster and more effectively with the enormous programming knowledge built into the model.

JetBrains Al*: 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 Al 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 developeris aid and can en-
compass functionalities like:

A 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.

A 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 - 0000000000000000000000000000000
2visual Studio Code - 000000000000000000000000000000
3GitHub Copilot - 00000000000000000000000000000000000
4JetBrains Al - 00000000000000000000000000000


https://www.jetbrains.com/idea/
https://code.visualstudio.com/
https://github.com/features/copilot
https://www.jetbrains.com/ai/
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A 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
guality code.

A Documentation Generation: 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
Al techniques, for example, Retrieval-Augmented Generation (RAG).

0J000I dDooioool dooDooobo odoooooa

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.

010l Oo0 004 Ooooog 0ooodiod

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:

A 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 ochunks.0 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.

A 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.

A 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.

A 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 developeris need.

A 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 queryis and projectis context to a much greater degree
than any standalone LLM could ever provide.

The final output is a natural language reply to the developerts 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:

A 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.

A 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.

A 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
guestions 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.



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:

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

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

I o

The experimental backend provides the core functionality to our experimental chat Ul and experimental
plugin. The backend infrastructure of the project is based on a Firebase! 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 Langchain?® library.

LFirebase - 0000000000000000000000000000
2LangSmith - 00000000000000000000000000000000000
3Langchain - 00000000000000000000000000


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, humbers, 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:

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

T chats (sub-collection) - contains the user chat interactions with Onboarding Buddy.

T activities (Array[Obiject]) - contains the activities the user performed using the Onboarding
Buddy Plugin (section 3.3).

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

T githublD (string) - user GithublD used to give the user access to the experimentis repository.
T group (integer) - userts study group.
T 0s (string) - useris operating system that is used during the tasks.

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

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

1 feedback (Object) - contains feedback related to the chat interaction.

I started_at (timestamp) - the date and time when the chat interaction started.

1 finished (boolean) - a flag indicating whether the chat interaction was completed.
I ended_at (timestamp) - the date and time when the chat interaction ended.

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

prompt (string) - the prompt or question asked by the system or user.
type (string) - the type of message (e.g., dstepso, dquestiono).
chat_id (string) - the ID of the chat session.

= T = =

sub_messages (Array[Obiject]) - any sub-messages or follow-up messages related
to the main message.

k answer (string) - the response or answer provided during the chat.

=

id (string) - the unique identifier of the message.

=

dependsOn (string) - the ID of any preceding message that this message depends
on.

=

user_track_id (string) - a tracking ID associated with the useris session or interaction.

=

forward_refs (Array[string]) - any forward references to the elaboration of the dstepsd
answer type (more details in the implementation section).

=

role (string) - the role of the sender (e.g., 0Al0, 0Usero).

=

steps (Array[string]) - any specific steps outlined in the message.

=

timestamp (timestamp) - the date and time when the message was sent.
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A question (string) - the specific question asked in the message, if applicable.
b processedMD (Markdown) - the processed markdown associated with the message.

A tasks_collection/{task_id}

T title (string) - the title of the task.

T description (string) - description of the task.

T difficulty (string) - the difficulty of the task.

1 file_references (string) - the files that concern the task.
1 task_details (Markdown) - the description of the task.

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

T gropuO (integer)
T groupl: (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.

0000000000000 O 0Oooo

0000000 DOD0O0OOOO000O0OoOo O
00000 0000000OCOO000O000000b0O0000000on O
00000 00oDD00boboooo O
0oooo ooooo Ob0 oooooobooooo O ooooobobooooboobOoooooo ooo oooo
0
0
0

Figure 3.3: Firestore Security Rules
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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
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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-
guests 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 Langchainis 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 O 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 (laC) 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 vCPU with 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.
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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 users{ 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 360A 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.

Qioiol Ooooooo

Our Firebase backend also takes care of hosting our Ul 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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| THmM;BMXtKH
THM;BMA+QMXbp;

JLIXUH )LOH VWUXFWXUH RI WKH ([SHULPHQWDO 30XJLQ

7KHDUFKLWHFWXUH RIWKH SOXJLQ LV YHWXKWLR®OMHR ZL\QV RO $RQ HIWW U |
LQJWKH FRUH IXQFWLRQDOLW\RIWKH SOXJLQ DSSOLFDWLRQ

ftOHWULFVDQG $QIDODHW VKXWV K DV 'DWD$FFXPXODWRU NWJIJDWKHU GDWD C

-HWEUDLQV 30XJLR,6fTHM;BMbXD2i#  BMbX+QKf/Q+bfBMi2HHBDfr2H+QK2X?iKH



JIZ\TIVMQIRXEP 4PYKMR

ILOHHGLWY DSSOLFDWLRQDFWLYDWLRQV DQG VHQG WKLV LQIRUPD\)

$8VHU $XWKHQWIUAFD WXWRHQWLFDWLRQ RFFXUV EHIRUH XVHUV LQWHUT
)DFWRU\ NV UHQGHUV DQ DXWKHQWLFDWLRQ S D JIHQWWXIUG I WKHIF, X(UDHV
DFFHVV WR WKH SODWIRUP

t8, SHQGHULIKH URZVHU+DQGOHU NW FODVV LV UHVSRQVLEOH IRU UH
IRUPTV 8, ZLWKLQ WKH ,'"( DVEVAKIQ DRWXDXJH, FRGH LV ORFDWHG LQ WK

$-HW%UDLQV 6'. ,QWHJIW BWXRIQQ [PO ILOH LQ WKH UHVRXUFHV 0(7$ ,1)
NH\SOXJLQ FRQILIXUDWLRQV OLQNLQJWKH SOXJLQ WRWKH-HW%UDL
SOXJLQ LQWHJUDWHY ZLWK ,QWHOOL-,'($1V HFRV\VWHP

D7KH 30XJLQ $XWKHQWLFDWLRQ 3DJHUHQGHUHG LQVLGH RI WKH
o

E7KH 30XJLQ &KDW 8, UHQGHUHG LQVLGH RI WKH ,'(

JLIXUH 8VHU ,QWHUIDFH &RPSRQHQWV 5HQGHUHG ,QVLGH WKH ,"( WKURXJK WK



(1ZIPSTQIRX ERH (ITPS]QIRX

(1ZIPSTQIRX ERH (ITPS]QIRX

7KH NH\JRDOV RI WKH GHYHORSPHQW DQG GHSOR\PHQW VWUDWHJ\IRU W
PXWDELOLW\DQG HDVH RI GHSOR\PHQW ,W PXVW EH HDV\ IRU IXWXUH U
WKH SODWIRUP IRU WKHLU H[SHULPHQWYV RZQ //0 &KDW H[SHULPHQWV 7
UHVSHFW WR PDNLQJ D SURGXFWLRQ HQYLURQPHQW HDVLO\ UHSOLFDWH
WLPH OHYHUDJLQJ &, & SLSHOLQHVIRUDXWRPDWHG UHOLDEOH GHSOR\

7KH VA\VWHP LV GHVLIQHG VR WKDW WKH ZKROH SODWIRUP FDQ EH ODXQF|
RI WKH SURGXFWLRQ HQYLURQPHQW VR WKDW GHYHORSPHQW DQG WHVW
ZLOO HQVXUH WKH GHYHORSHUV WHVW FKDQJHVY ORFDOO\LQ DQ HQYLUR
SURGXFWLRQ ZLWK EDFNHQG VHUYLFHV DQG GDWD IORZ

JA\TIVMQIRXEP (IZIPSTQIRX )RZMVSRXQIRX
JURQWHQG RU ([SHULPHQWDO &KDW 8, WKH GHYHORSPHQW HQYLURQPH:
DQG VWDUW \RXU ORFDO HQYLURQPHQW LI\RXDUHD GHYHORSHU \RX QH
WR VWDUW WKH KRW UHORDG GHYHORSPHQW VHUYHU
v M
v "M /2p

7KH FRQILIXUDWLRQ ZLOO DXWRPDWLFDOO\GHWHFW ZKHWKHU LW LV UXQ
EDFNHQG VHUYLFHVRQ\RXUFRPSXWHUUHSOLFDWLQJWKHSURGXFWLRQ
IURP WKH EDFNHQG SURMHFW E\ H[HFXWLQJ WKH IROORZLQJFRPPDQG

7B2# b2 2KmH iQ'b @@BKTQ'i4. h nRETU@R@®H.E@ SG *1>PG.1_

7KLV VHWXS HQDEOHV WKHIURQWHQG WR ZRUN VHDPOHVVO\DJDLQVW WK
ZLWK D IXOO SURGXFWLRQ OLNHH[SHULHQFH IRUWHVWLQJDQG GHYHORSE
WXUH 7KH GDWD ZLOO EH H[SRUWHG LQ WKH 1'$7$B3/$&(+2/'(5TIROGHU ZK
VR WKH *LPSRUW FRPPDQG FDQ SLFN WKHIROGHUDW WKHQH[WUXQDQG |

JXUWKHUPRUH WKHEDFNHQG FRQILIXUDWLRQ FDQ EHDGMXVWHG LQ WKF
WKH //0O RUFKHVWUDWLRQ ZLOO XVH BREK GRQWDLON ZIQOFRKPB@WDL Q

PS1L An SAnE1u4E1lu

PS1Ln An.16 IGhnPDR6l1GRhNIPL.1G

PS1Ln AnlL> L*1.ndRAG41.nJAH.1G

PS1Ln An*PLhlshl GAw hAPRhBRPshGHEAwWw hAPLINnIP.1G

oG L:*> AGGh_ *AL:

G L:*> ALnh_ *ALi‘mpXk 4

G L:*> ALnl1L.SPALKhRT TBKbBKBXH M;+? BINQPK
G L:*> ALn SAQJESIAIME[L U

G L:*> ALnS_PLsL*Rh@1*hn}l J1

GalhhAL:a
h1JS1_ hl_14h1JSUp Hm2 #2ir22M yXy M/ RXyV
J sn*> ALnP6nh>Pl:>hnAhl_ hAPLa4Ahl_hAPLaUMmMK#2'V

O"PlhS_PC1*h
G L:I :11416 IGhnS_PC1*hnG]L:I :1
Pal.16 IGhn]Pa

OP _*>1ah_ hAPIA "G1la
ahlSnJlaa :lanJ sAJIJn.1Sh>4k
Jlaa :1anS :AL hAPL48
>AahP_un.1Sh>4j
En_1h_Alol.nJlaa :1a48

Oal_nh_ *EnA.
lal_nh_ *EdA.4
*> hnAlk

OLJIG hPalhhAL:a
6IlL*hAPLan1JIG hP_nhAJ1Plhnal*PL.a4R9yb



%GGIWW XS XLIHITPS]IHTPEXJSVQERHWSYVGI GSHI

OAh>I"_ 1SRal.6P _h>11sS1_AJIUW&al_ALoAh hAPLa

:Ah>I"n_1SPnL PAM#Q “/BM;"m//vitT2 BK2Mi
:Ah>I"n_1SPnlall MA 2B8yNy
Ah>1"n_1SPNGARETHIf;Bi?m# QKM/ 2B8YRWM#Q /BM;"m//v1itT2 BK2Mi

0Q/2aQm +2
Ah>I"n_1SPn" *EJBM#Q /BM;"m//v"]+F2M/
cAh>I"n_1SPn6_PLHBRM#® /BM;"m//v6' JQMi2M/

4PYKMR (IZIPSTQIRX
7R WU\ RXW WKH SOXJLQ ZKLFKLQWHJUDWHY WKH 8, LQWR WKH ,QWHOOL-
ORFDO PDFKLQH WKH *UDGOH EXLOG VI\VWHP FDQ EH XVHG :H FDQ VWDU
SOXJLQ ORDGHG EA\ XVLQJWKHIROORZLQJFRPPDQG LQ WKH SOXJLQ SURM
Xf;" /IH2r "'mMA/2

7KLV ZLOO ERRW XS WKH GHYHORSPHQW RI WKH ,"( DQG ZH FDQ WHVW WK
IXQFWLRQDOLW\ DQG WKHLQWHUDFWLRQV ZLWK WKH 8, DQG WKH EDFNHC

(ITPS]QIRX
,QRUGHUWRHQVXUH WKDW WKH SODWIRUPLVYVFDODEOH UREXVW DQGU
&ERQWLQXRXV'HSOR\PHQW SLSHOLQHV ZHUH VHW XSIRUERWKWKHIURQW
SURFHVV LV VPRRWK GHSOR\PHQWY ZLWK YHU\ OLPLWHG PDQXDO LQWHU
FRQWURO GRHVY QRW ORVH LWV KLIKVWDQGDUGYV

JIZ\TIVMQIRXEP'LEX9-'- "(4MTIPMRI

JRU WKH ([SHULPHQWDO &KDW 8, D &, & SLSHOLQH WDNHV FDUH RIDOO W
LFDOO\ ZKHQHYHU D QHZ IHDWXUH LV SXVKHG 7KH SLSHOLQH GRHV LW E\
DXQLTXH 85/ HDFK WLPH IRUHDFK EUDQFK ZKHQ D35LV WULJJHUHG OHW
LQDSURGXFWLRQ OLNHHQYLURQPHQW EHIRUH PHUJLQJ WKHP LOWR WKFE
URQPHQWHQDEOHV RQHWR WHVW QHZ IHDWXUHV RUFKDQJHV LQ LVRODW
LQWR WKH PDLQ EUDQFK WKDW WULJJHUV WKHILQDO GHSOR\PHQW WR Wk
SOR\PHQW HQVXUHV WKHODWHVW YHUVLRQ RIWKHDSSOLFDWLRQ LV DOZ
85/ IHDWXUH SURYLGHY D GHSOR\PHQW YDOLGDWLRQ PHFKDQLVP EHIRUH

(ITPSIMRK XLI &EGOIRH [MXL 7IVZIVPIWW *YRGXMSRW
'HSOR\LQJ WKH EDFNHQG VHUYLFHV FRQVLVWYV Rl VHUYHUOHVV IXQFWLF
QHHGV WR H[HFXWH RQO\RQH FRPPDQG LQ WKH EDFNHQG IROGHU

7B 2# b2 /2THQV @@ QMHV 7mM+iBQMhb

7KLV ZLOO SXVKDOO WKH VHUYHUOHVV IXQFWLRQV GHILQHG LQ WKH SUR
KDYH KLV EDFNHQG VHUYLFHVY XSGDWHG DQG OLYHZLWK D PLQLPXP HIIRU
LVDOUHDG\ GHILQHG DV FRGH WKHUH LV QR H[WUD FRQILIJXUDWLRQ IRU
QHHG WR PDQXDOO\ XSGDWH FORXG VHUYLFHV

5HIDUGLQJ WKH EDFN HQG VLGH WKH &, & SLSHOLQHV FRPSLOH WHVW
FKDQJHV LQ WKH FRGH KDYH WDNHQ SODFH +HQFH LW DOZD\V NHHSV W
OHPV ZLOO EH GHWHFWHG YHU\ HDUO\

%GGIWW XS XLIHITPS]JIHTPEXJSVQ ERH WSYVGI C

7R JIJDLQ DFFHVV WR WKH FRGH VRXUFH DQG DFFHVV WR WKH GHSOR\HG 2C
UHJLVWHIOBDWQM#Q "/BM;XbQ7ir "2f 2;Bbi2 86K HHIMZWUDWLRQ\RX ZLOC
WKUHHLQYLWHOLQNVIURP*LWKXE ORUHRYHU LQDQRWKHUHPDLO\RX Z|
PDQXDO ZLWK HIWHQVLYHLQVWUXFWLRQV WRDFFHVV WKH GHSOR\HG SO/

$6WXG\ 5HSRYLWREUABi?m#X+QKf M/"2B8yNyfPM#Q “/BM:"m//v1itT2 BK2M]
$1%DFNHQG S5HSRVLWRIUBI?2m#X+QKfPM#Q /BM:"m//viPM#Q “/BM:"m//v" +F
$1)URQWHQG 5HSRYRWRBIN? mM#X+QKfPM#Q /BM;:"m//viPM#Q “/BM;"m//v6 Q



3YV®WTTVSEGL -RRIV ;SVO
SRFSEVHMRK &Y |

1RZWKDWZHKDYHSUHVHQWHG WKH V\VWHKDY HKW R/ 8§ B WX QW QVKKDOLSMDHHW
RIRXUDJHQW FHQWULFDSSURDFKWR WKH2QERDUGLQJ %XGG\ ,Q WKLV YV
RUFKHVWUDWLRQ SURPSWLQJ WHFKQLTXHV DQG WKH WHFKQRORJLHV Zt
4 $ FDSDELOLWLHV

$V VWDWHG LQ WKH VA\VWHP D WHKH. WH R WKKHHVAK DBWIHRIQ XVHYV WKH /DQJFKEL
ZK\ZH ILUVW KDYH WR GHILQH WZR YHU\ LPSRUWDQW FRQFHSWV WKDW GF
DIJHQWYV

,Q//0 RUFKHVWUDWLRQ XVLQJFKDLQV WKHDFWLYLWLHV WREHH[HFXWHC
RUGHU ZLWKLQ WKH FRGH ZKLFK PDNHV WKHP TXLWH LQIOH[LEOH $IWH
H[DFWO\ DFFRUGLQJ WR WKH VWHSV VWULFWO\ GHILQHG DQG ZLWKRXW F
HQYLURQPHQW RUVLWXDWLRQ )RULQVWDQFH ZKHQ D FKDLQ KDV EHHQ ¢
LW ZLOO DOZD\V H[HFXWH WKH YHU\ VDPH VHTXHQFH QR PDWWHU ZKHWKH!
DQG LW FDQQRW DGDSW LI FHUWDLQ GDWD KDSSHQV WR EH GLIITHUHQW IUTF

$IHQWV EHKDYH GLIITIHUHQWO\EHFDXVH LQUHDO WLPH WKH\ZRXOG ORR
ODQJXDJH PRGHO DQG EDVHG XSRQ WKDW GHFLGH ZKDW DQG KRZ WR SHU
WKHQ REVHUYHV WKH UHVXOW RI WKDW DFWLRQ DQG G\QDPLFDOO\ GHFL
GHVLUHG UHVXOW LV DFKLHYHG 7KDWFDQ PDNHWKHDJHQW PXFK PRUH I[!
DQDIJHQW WKDW SURFHVVHV TXHVWLRQ TXHULHV FRXOG GHFLGH WR FKHI
XVHUYVY VHQWLPHQW DQG ILQDOO\ HVFDODWH WKH LVVXH WR D KXPDQ UF
DERXWWKHLQWHUDFWLRQLIQHHGHG :UDSSHG XSZLWKLQDQDJHQWLV YV
IRUWKH G\QDPLF GHWHUPLQDWLRQ RIDFWLRQ VHTXHQFHY :KHUH WUDGL
DQDJHQW XVHV WKH ODQJXDJH PRGHO DV D VRUWRIUHDVRQLQJHQJLQHI
WR SHUIRUP EXW DOVR LQ ZKDW RUGHU 7KXV DJHQWY KDYH WKLV FDSD
LW D SRZHUIXO WRRO LQ EXLOGLQJ IOH[LEOH VA\VWHPVY WKDW KDQGOH D 7
RQERDUGLQJ EXGG\

2XU//0O RUFKHVWUDWLRQ LPSOLHV D FKDLQ RIDJHQWYV

F1&RQWH[WXDOL]DVWORPREYHMPKAH XVHU LOQOWHUDFWLRQ WR EH FRQYHUVD\
SDVWLQWHUDFWLRQV ZLWK WKH V\VWHP

12QERDUGLQJ $WeQRZV WKH XVHU WR DVN TXHVWLRQV DERXW D VRIWZ
WDLORUHG DQVZHUV EDVHG RQ WKH SURMHFW DQG WKH XVHUTVY QHHG

F6WHS BURFHIVMOL Q RI 7KRXJKW &U RRHVWRKDW XVHV PXOWLSOH2QERDL
LQ SDUDOOHO WR REWDLQ D GHWDLOHG DQVZHU



"'SRXIWXYEPM*"EXMSR %KIRX

tOHVVDJH (QKDQFH3$ B OHRE@W WKH VAVWHP WR SURYLGH D SURSHU PDUNGI|
DQG IL[FHUWDLQ LQDFFXUDFLHV LQ WKHDQVZHU E\FKHFNLQJ WKH DQ

:KHQ D XVHU DVNV D TXHVWLRQ ZH XVH D FKDLQ RI DJHQWYV WR JHW WKH
WDUJHW FRGH EDVH DQG GRFXPHQW DMK HRQ DHVHHYINY IR TXBHWWLRQ WK
ILUVW HQFRXQWHUV WKH T&RQWH[WXDOL]DWLRQ $JHQWYT WKDW SXWV Wk
LQWHUDFWLRQV )RU H[DPSOH LI WKH XVHU UHIHUV WR SDVW LQIRUPDWL
WRR LQ VXEVHTXHQW DQVZHUV $IWHU WKH TXHVWLRQ LV SXW LQ WKH FR(
RI WKH 12QERDUGLQJ $JHQWY 7KLV ILUVW OD\HU DQDO\JHV WKH FRQWHI[V
E\ VWHS FKDLQ Rl WKRXJKW &R7 SODQ RIDFWLRQ WKDW LV IXUWKHU XV
BURFHVVRUJLWVHOILVMXVWDQDEVWUDFWLRQRIf2QERDUGLQJ $JHQW\
SDUDOOHO WKLV FDQ EHVHHQDV DQ H[HFXWLRQ WUHH WKDW VWDUWYV ZL
RI W\SH 12QERDUGLQJ $JHQWYTDQG 16 WHS 3URFHVVRUTUHVSHFEWLYHO\ )]
BURFHVVRUVYFDQEHLQLWLDWHG XQWLO WKHVXE VWHSVDUHVXIILELHQ
SRVVLEOH VXEVWHSVY WR WDNH RULIDKDUG FRGHG PD[GHSWK RI J6WHS
WKH f6WHS 3URFHVVRUY H[HFXWLRQ HQGV WKH URRW J6WHS 3URFHVVRL
fOHVVDJH (QKDQFHU $JHQWY 7KH JOHVVDJH (QKDQFHU $JHQWY JURXSV W
BURFHVVRUJTKLHUDUFKLFDOO\LQ D SRVW RUGHU WUDYHUVDO RIWKH WUF
JHQHUDWHV DPDUNGRZQ GREFXPHQW EDVHG RQWKHDQVZHUV 7KLV PDUNC
DJOHVVDJH (QKDQFHU $JHQWY SURPSW WKDW KDV WKH VROH SXUSRVH RIE
GRFXPHQW DQG GRXEOH FKHFENLQJ WKH IRUPDWWLQJ FRUUHFWQHVV EXW
DQVZHU PD\KDYH

1RZ WKDW ZH KDYH GHILQHG WKH FKDLQ RIDJHQWV DQG SURFHVVRUV RXL
WKHLQWHUQDO ZRUNLQJV RIHDFK DJHQW

'SRXINWXYEPMA"EXMSR %KIRX

7TKHLQQHU ZRUNLQJV RI WKLY DJHQW DUH TXLWH VLPSOH EDVHG RQ WKH
WKH SDVW PHVVDJHV LQ WKH FKDW DQG IRUPDWY WKHP LQWR D FKDW KLV
IURP WKH GDWDEDVH WKHTXHVWLRQ ZDVLQSXWWHG LQWRDQ //0 ZLWK W

'Bp2M i?2 +?2 i ?BbiQ v M/ i?2 H i2bi mb2  [m2biBQM- vQm' i bF Bb iQ 7
+QMi2ti [m2biBQM i? i BM+Q TQ  i2b HH “2H2p Mi +QMi2ti 7 QK i?2 +
M/ i?2 mb2  [m2biBQMX .Q LPh Mbr2  i?2 [m2biBQMX

,QVWUXFWLRQV

A7 i?2 H i2bi [m2biBQM 272 2M+2b bT2+B7B+ /2i BHb UHBF2 +QKK |
Q' 2tTH M iBQMbV 7 QK i?2 +? i ?BbiQ v- 2Mbm 2 iQ BM+Hm/2 i?Qb2
/2i BHb M/ Mbr2° bMBTT2ib BM i?2 +QMi2ti [m2biBQMX

JF2 i?2 +QMi2ti [m2biBQM +H2 > M/ 7mHHv mM/2 bi M/ #H2 QM Bib
i?2 K2bb ;2 bMBTT2ib i?2 mb2> "272°b iQ- T 2b2 pBM; i?2 bT2+B7B+
M/ K2 MBM; 7 QK i?2 +? i ?BbiQ vX

A7 i?2 +? i ?BbiQ°'v Bb MQi "2H2p Mi- "2im"M i?2 [m2biBQM b Bir b
#v i?72 mb2 X

P LPh ;2M2° HBx2 i?2 +QMi2tic 7Q+mb QM T 2b2 pBM; i?2 2t +i K2 N
/2i BHb 7°QK i?2 T 2pBQmb K2bb ;2bX

P LPh "27Q°"KmH i2 i?2 "2H2p Mi +QMi2tiX S°'QpB/2 Bi b Birb ;Bp2
T bi K2bb ;2bX

h?2 +QMi2tim HBx iBQM 7Q K i b?QmH/ #2,

16Q° i?72 +QMi2ti Q7 i?2 [m2biBQM, &+QMi2ti ?22°2- ;BpBM; 2t +i bMB
i?72 T bi Mbr2'b M/ +QMi2ti- /Q MQi "27Q KmH i2- F22T i?2 +QMi2ti
rb7°'QK i?2 +? i ?BbiQ v’

Mbr2™ i?2 [m2biBQM, &[m2biBQM']



"'SRXIWXYEPM*"EXMSR %KIRX

JLIXUH 2QERDUGLQJ %XGG\2YHUDOO $UFKLWHFWXUH



SRFSEVHMRK % KIRX

$Q H[DPSOH RI KRZ WKLV ZRUNV LQ SUDFWLFH FDQ EH VHHQ6XFMWUDFH L
FRQWH[WXDOL]JHG TXHVWLRQ LV WKHQ XVHG LQ DQ 12QERDUGLQJ $JHQWT

SRFSEVHMRK % KIRX

7KLVDIJHQW KDV D PRUHFRPSOLFDWHG VWUXFWXUHWKDQWKHFRQWH[W X
DVVHHQLQ ILWXRRMPSRVHG RI WKUHH VXE FRPSRQHQWY QDPHO\WKH PHPF
VFUDWFKSDG DQG WKHUHWULHYDO WRROV

JLIXUH 2QERDUGLQJ $JHQW $UFKLWHFWXUH

7KLVDIJHQWLVDQLWHUDWLYHW\SHRIDIJHQW WKDW GHFLGHV G\QDPLFDO
XVLQJ WKH SODQQLQJ VFUDWFKSDG DbQG WKHUHWULHYDO WRROV )RU Wk
RI WKRXJKW DSSURDFK &R7 WKDW ZLOO EH XVHG LQ WKH T6WHS SURFHV\

7KH DSSURDFK ZH GHYHORSHG ZDV LQVSLUHG E\ *RRJOHYV SDSHU WKDW |
WKRXJKW SUR® EWHQBH D SUREOHPLVGLYLGHGLQWRLQWHUPHGLDWH UHD
WR VROYHPRUHLQWULFDWH WDVNV WKDW UHTXLUH PXOWL VWHS ORJLF
&R7 WHFKQLTXH IRUFHV WKH PRGHO WR "UHDVRQ  LQWR KXPDQ OLNH VWE
> @ UHVHDUFKHG WKH VDPH LGHD IURP D GLITHUHQW DQJOH DQG GHYHOF
JHQHUDWLRQ WHFKQLTXH ZKHUH WKH PDQXDO SURPSWLQJDELOLWLHV D
WKH VDPH LGHDV EXWLQDQ DJHQW FHQWULF DSSURDFK ZKHUH WKH FKI
VXFK DV GDWD UHWULHYDO IURP WKH FRGHEDVH )RU WKLV SXUSRVH HD
&R7

&ROQWH[WXDOL]DWLROBUHDWEIZRAHM;+? BMX+QKfTm#HB+f9+d7NdR8@yNe#@ 9e+/@ 88e@ -



SRFSEVHMRK % KIRX

11QSV] 7XSVEKI
7KH PHPRU\ VWRUDJH LV FRPSRVHG RI WZR VXE FRPSRQHQWYV D GDWDE
GDWDEDVH UHFRUGVY WKH XVHUDQG //0 SDVW LQWHUDFWLRQV DQG WKH E
WKH FRQWH[W RI WKH TXHVWLRQ LQ RXUFDVH GHWDLOV DERXW D VRIWZ
EOREVWRUDJHDOORZV WKHUHWULHYDO WRROVWRUHWULHYHUHOHYDQ'

6IXVMIZEP 8SSPW

7KH UHWULHYDO WRROV DUH UHSUHVHQWHG E\ WKH DJHQW EHLQJ DEOH \
SURMHFW LQVLGH WKH EORE VWRUDJH EXW DOVR WKHDELOLW\WR GR D\
WKH FRQWHQWYV RI D VRIWZDUH SURMHFW 8VLQJ WKHVH IXQFWLRQV ZH
UHWULHYDO DXJPHQWHG JHQHUDWLRQ 5%* VI\VWHP 7KH SODQQLQJ VFU!
IRUPXODWHY TXHULHV IRU RXU UHWULHYDO WRROV DQG RXU UHWULHYDC(
PRGHO 7KLV zZzD\ WKH DJHQW FDQ GHFLGH WR FKDQJH WKH TXHU\ VHDUFI
LOWR FHUWDLQ LVVXHV

7KH VHPDQWLF VHDUFK LVDXY/LQIPHPREE GHQVH YHFWRU GDWDEDVH WKD\
VLPLODULW\ VHDUFK (DFKILOH LQFOXGLQJ WKH GRFXPHQWDWLRQ LV F
GRFXPHQW LV UHSUHVHQWHG E\ GDWD FKXQNYV RI FKDUDFWHUV ZLWK
FKDUDFWHU VSOLWWHU VSHFLDOL]J]HG LQ -DYD /DQJXDJH PRUH GHWDLOV
WHU 7KHQ HDFK FKXQN LV HQFRGHG DV D YHFWRU XVLQJ DQ HPEHGGLQJ
WH[W HPEHGGLQXH WBUWWVY HITHFWLYHQHVV LQ VHPDQWLF XQGHUVWDQGI
VWDQGLQJ )RUWKHDIRUHPHQWLRQHG FKRLFHY ZH KDYH FRQGXFWHG D
DQG FORVHG VRXUFHHPEHGGLQJPRGHOV ZKHUH 2SHQ$,TVPRGHO SHUIRL
%

(DFK FKXQNHG GRFXPHQW FRQWDLQV DV PHWDGDWD WKH *LW+XE 85/ WKDYV
EUDQFKDQG WKH SDWK LQ WKHSURMHFW DORQJZLWK D XQLTXH QXPHULF

%DVHG RQ WKLY GDWD ZH PDNH DYDLODEOH WZR WRROV WR WKH DJHQW
DGYDQFHG 5$* DSSURDFK DQG KDYH WKHIROORZLQJGHILQLWLRQV

FUHWULHYHBPLVWHWBLHYHHVHQWLUH ILOHV RI VRXUFH FRGH WKH DJHQ
EDVHGRQWKHILOHQDPHLQIRUPDWLRQ RULILWLVIXLGHGWRGRVRE
WRRO EDVHG RQ WKH ORFDWLRQDYDLODEOHLQ WKHPHWDGDWD

fUHWULHYHBUHOHYDQWBHRRGHBYGVIFKKWYWY RI GDWD EDVHG RQ VLPLO
TXHU\WR WKH YHFWRU GDWDEDVH

$WHDFKLWHUDWLRQ WKHDJHQWFDQ GHFLGH WR X VUHDMQU RH WHBIF/LHVW £ R
DVDPRUHFRPSXWDWLRQDOO\H[SHQVLYHIXQFWLRQ VLQFHLW FDQ SRWH
DIJH 7KHIXQFWLRQLV GHILQHG DV

$,QSXa®QmH/ #2 HBbi Q7 bi'BM; T i?b i? i "2T 2b2Mi i?2 M22/2/ Q"
7BH2b iQ ;2i +Q "2+i Mbr2  B7 i?2 7BH2 Bb MQi H'2 /v bT2+B7B2/
K2bb ;2X h?2 T i? Bb 7Q K ii2/ # b2/ QM i?2 T QpB/2/ T°QD2+i bi'm+
HBbi + M ? p2 i KQbi 8 7BH2b- Q /2 2/ # b2/ QM 7BH2 BKTQ i M+2 Q
Q7 #2BM; BKTQ i MiX h?2 KQbi BKTQ i Mi T i?b "2 7B bi QM i?2 HBI

F'HILQLWLHR®B2p2 i?2 7TmHH +QMi2Mib Q7 i?2 7BH2b BM "2TQbBIQ v
Mbr2® B7 i?2 7BH2 Bb MQi H 2 /v bT2+B7B2/ BM i?2 K2bb ;2X h?2 |
7BH2b "2i'B2p2/ b?QmH/ MQi #2 ?B;?- bBM+2 KQ'2 BM7Q K iBQM #C(
+ M #2 ; i?2°2/ BM i?2 Tmim 2X AM+HmM/2 QMHv i?2 KQbi BKTQ i Mi 7
B7 "2[mB 2/- 7TBH2b i? i "2 M22/2/X h?Bb 7TmM+iBQM U 2i'B2p2nKBb
Bb KQ'2 2tT2MbBp2 i? M "2i'B2p2n '2H2p Min+Q/2nbMBTT2ib 7mM+iB!
"2i'B2p2n°2H2p Min+Q/2nbMBTT2ib Bb T 27272/ Qp2  i?Bb 7TmM+iBQ!
b?2QmH/ #2 mb2/ QMHvV r?2M i?2 r?2QH2 7BH2 "2im M2/ #v
"2i'B2p2n 2H2p Min+Q/2nbMBTT2ib Bb M22/2/ 7Q" +Q "2+i "2bTQMb
"2i'B2p2n°2H2p Min+Q/2nbMBTT2ib /Q2bM”i "2im™M M Mbr2° 7i2° b

OHWD )DRMVDb,ff BXK2i X+QKfiQQHbf7 Bbbf
2SHQS$, HPEHGBGLT,VITH i7Q KXQT2M BX+QKf/Q+bf;mB/2bf2K#2//BM;b



BRFSEVHMRK %KIRX

FT2XWS$WHULHY RI SODLQ WH[W IXOO ILOH FRQWHQWY ZUDSSHG LQ
FHVVIXO

ff 2;BQEVBH?2

ff6AGIPLh1Lh

ff2M/ 2;B@MBH2

2UD IDOOEDFN PHVVDJH LI WKH WRRO LV IDLOLQJ

ff 2:BQEVBH2@6BHMQIi7QmM/
ff2M/ 2;B@MBH?2

7KLY DOORZV WKLV IXQFWLRQ WR EH UXWGHB Y HBWIK & HRXDNBWRAERIGWB N Q L S
GHILQHG DV

$,QSXZW2'v iQ HQQF mT BM “2i'B2p2°

T'HILQLWERR@2p2 "2H2p Mi T°QD2+i U+Q/2V bMBTT2ib # b2/ QM [m2
7mM+iBQM Bb T 272" #H2 Qp2 i?2 "2i'B2p2nKBbbBM;n7BH2b 7mM+il
#2 mb2/ Qp2 > "2i'B2p2nKBbbBM;n7BH2bX Ai i F2b b BMTmi [m2 vX
[M2'v b?QmH/ i F2 BMiQ ++QmMi i?2 +QMi2ti Q7 i?2 T'QD2+iX AJSP
i?2 [m2°v 7Q" i?Bb iQQH rb H'2 /v mb2/ #27Q 2 M/ Bi /B/M"i T QpB
Mbr2 - /Q MQi i'viQ + HH i?Bb iQQH : BM rBi? i?2 b K2 T > K2i2 X

F2XWS¥WHULHV RI SODLQ WH[W IXOO ILOHFRQWHQWY ZUDSSHG LQ D

ff°2;BQMQ/20MBTT2iQKBH2&K2i / i (" T i?)'
ff.P*1J1LKWPLh1LAh
ff2M/ 2;BQRQ/2DMBTT2iQK BH2&K2i / i (T i?)'

2U WZR SRVVLEOH IDOOEDFN PHVVDJHV LI WKH WRRO LV IDLOLQJ
HIDFW TXHU\ GLG QRW UHWULHYH DQ\ GRFXPHQWY LQ SDVW LQWH !
"ZULWLQJ WKH FKRLFHLQ WKH SODQQLQJVFUDWFKSDG
&
lbi imp, 17 BHm-2
1K2bb 12 71h?2_ : [M2 W Qi?27 2 B2@BA 2H2p MirQBAbMBTTRiR QH

AEmMm2V [B/Mi bm++2BM7BM/BWM22 2H2p MQ+mK2¥hbv ; BMrBi?

MQi?2[m2 WQ/B7iw2+m "2Mm2 WQ mbZQmFMQrH2/BZi?2[m2" v

+ MM@2°2T?  bX/. P LPhlalh>1a J1ZIl1_wALal"alZl1l*hGGaA7

i?BbBbbmR2 bBbibvQm MmbXQmFMQrH2/;//QM + HH?2

b2K MiB#®2 “+RuQm Mmb2?22 2i B2$BKBbbBMZ:BH2BMbi2X/

2UIRUWKHHYHQWXDOLW\WKDW WKHUHWULHYHU GRHY QRW UHW U
ZDV QRW XVHG LQ WKH SDVW LW UHWXUQV
&
]bi imp, 17 BHm-2
]JK2bb 12 7]h?2_ : [m2 ' wQ'i?2722i B2®$2a 2H2p MirQSsbMBTTRiIRQH
Agm2'W /B/Mi bm++2BM7BM/BWM22 "2H2p MQ+mK2Mibv ; BM
rBi? MQi?2[m2 WQ KQ/B7iw2+m "2Mm2 vQ mb2QmFMQrH2/BZ
i?2[m2 v+ MM@i2 2T?  bX/.PLPhlalh>1a J1ZI1_uALal"alZl1lLh
* GG)@

,PSRUWDQW WR PHQWLRQ LV WKH IDFW WKDW WKH UHOHYDQW FRGH VQL:!
GRFXPHQWV DERYHD VLPLODULW\WKUHVKROG RI WKLV DOORZV XV WR
WLRQ 7KH VLPLODULW\ WKUHVKROG KDV YDOXHVY EHWZHHQ DQG ZKHU
DQH[DFWPDWFK 7KH WKUHVKROG YDOXH RI DOORZV XV WR H[FOXGH VF
FRQFHUQLQJ WKH TXHU\ EXW DOVR DOORZV XV WR REWDLQ VHDUFK UHV>
XQGHU WKHIDOOEDFN JXLGLQJ SURPSWV WKDW DUH XVHG LQ WKH DJHQW

7KLV LQ FRPELQDWLRQ ZLWK WKH DJHQW SODQQLQJ VB ODWEYX S\KG DU H DG
WR VHOI DGMXVW WKH TXHULHV DQG ILOHV UHWULHYHG VWRULQJ WKLV L¢
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2QH VXFK H[DPSOH WKDW ubD/AHN TXHULHY WKH YHFWRU GDWDEDVH IRU D
QDLUH5HSRVLWRU\ MDYDY WKHQ LW LGHQWLILHVY WKH ILOHV WKDW DUH
UHWULHYHG E\ WKH VHPDQWLF VHDUFK DQG WKHQ IXOO\UHWULHYHV RQC
UHWULHYDO

4APERRMRK  7GVEXGLTEH
7KH DJHQW SODQQLQJ VFUDWFKSDG VHUYHV DV D G\QDPLF PHFKDQLVP R
WKH RQERDUGLQJ DIJHQW WR WUDFN LWV UHDVRQLQJ SURFHVV ZKLOH LQ\
HQYLURQPHQWY W ZRUNV MXVW OLNHD MRXUQDO RUORJ ZKHUH LW ZUL
7KLV ZD\ WKHDJHQWFDQPDLQWDLQ EHWWHU FRQWURODQGPXFKPRUHW
VWHS WDVNYV

S8VEGOMRK MRXIVQIHMEXI VIWYPXW

"KHQ WKHDJHQW LQWHQGV WR VROYH DQ\SUREOHP LW PD\KDYHWRLQYR
VHFWLR®U GLIITHUHQW DFWLRQV VHTXHQWLDOO\ HJ UHWULHYHDQDQV
HDFK VXEVHTXHQW DFWLRQ PLJKW SURGXFH QHZ GDWD RU LQVLJKWY DQ
LQ WKH DJHQW SODQQLQJ VFUDWFKSDG )RU LQVWDQFH LI WKH DJHQW L
NQRZOHGJH EDVH UHSRVLWRU\RU GRFXPHQWDWLRQ JDWKHULQIRUPDW
VRPHWKLQJ RYHU YDULRXV IDFWV WKHQ DW HDFK VWHS LW ZULWHV LW L
ODWHU

6IGSVHG6IEWSRMRK 7XITW
7KHDJHQW DIWHUHYHU\DFWLRQ WDNHQ ZULWHV LWV LQWHUQDO WKR X.
WKHDJHQWWRUHFDOO ZK\ LW KDG FKRVHQ WR SHUIRUP VRPH SDUWLFXOD
LWV GHFLVLRQ SURFHVV PXFK PRUHWUDQVSDUHQWDQG DFFXUDWH G6RPI
DJHQW KDV WR H[SODLQ LWV UHDVRQLQJ RU ZKHQ VRPH XVHU ZDQWV WR
SDUWLFXODU VROXWLRQ

7KHWDVN FKDLQLQJFDQ EHHIILFLHQWO\GRQHE\XWLOL]JLQJWKHVFUDWF
DV WKHDJHQW DYRLGV UHGXQGDQF\ RU UHSHWLWLRQ RI VWHSV )RU H[D
JHW UHVXOWYVY WKHVHDUH VWRUHG LQ WKH VFUDWFKSDG IRU HDV\ UHIHU
KDYLQJWR UHUXQ WKHWRRO 7KLVDOVRDOORZV WKH JXLGLQJ SURFHVYV
WKHVHDUFKLQ WKHFRUUHFW GLUHFWLRQ

, I WKDW DJHQW UHFHLYHV QHZ LQIRUPDWLRQ RUHYHQ FRUUHFWYV LWV SD'
GLVSODFLQJ HDUOLHU FRQWH[W ,WLVDIOH[LEOH EXIIHU WKDW FOLQJV"
ZKHQ WKH VLWXDWLRQ EHJLQV WR HYROYH H J DIWHU D VHULHV RI XQVX
PDQDJHV WRILQG WKHUHTXLUHG GRFXPHQWDWLRQ RUFRGH VQLSSHW

(IFYKKMRK 8SSP
7KH SODQQLQJ VFUDWFKSDG LV KDQG\ GXULQJ GHEXJIJLQJDQG RSWLPL]L
WHQWV RI WKH VFUDWFKSDG ZHFDQLGHQWLI\ZKHUHDQ DIJHQW PLJKW KI
RUZKHUHDQ XQQHFHVVDU\FDOO RI D WRRO ZDV PDGHVR DPHDQV WR LP!

([DPSOHV RI PXOWL VWHS WDVNVLQDQDJHQW QHHGLQJWR DQVZHU D XV
FDOO ZRXOG EH VRPHWKLQJVXFK DV K\SRWKHWLFDO H[DPSOH XVHG IRU \

8VHU 4XHUKDWYJV WKH ZHDWKHU LQ 'HOIW 7KH 1IHWKHUODQGV" $OVR VX
GLQQHU""

6WHS)LUVW WKHDJHQW ZRXOG FDOO D WRRO JLYLQJ WKH GDWD DERXW W
SHVXOW YV f& DQG UDLQ\DV DOZD\VLQ 'HOIW ~
6FUDWFKSDG (MQDMUKHU UHWULHYHG IRUORFDWLRQ 'HOIW f&DQG UDLQ\

6WHS7KHDJHQW VXJIJHVWYVY D UHVWDXUDQW W WDNHV WKHUHWULHYHG Z
5HVXOWGRRU 'XWFK UHVWDXUDQW LQ '"HOIW ~
6FUDWFKSDGfWRRPHQGHG UHVWDXUDQW LQGRRU 'XWFKUHVWDXUDQW

([DPSOH *XLGHG 5MWUWLHYPBI?XH M;+? BMX+QKfTm#HB+f#j#NN N#@8yd3@I9N#2@3872@ 334
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6WHS7DNLQJ DV LQSXW WKHDERYHUHFRPPHQGDWLRQV DQG WKHPHQX IR
WKHDJHQW XVHV D IRRG UHFRPPHQGDWLRQ WRRO

5HVXO8XJJHVWLQJ ELWWHUEDOOHQ IULNDQGHODQG HUZWHQVRHS ~
6FUDWFKSDGAWRRPHQGHG IRRG ELWWHUEDOOHQ IULNDQGHO HUZWHC

,Q WKH SURFHVV WKHHQGLQJVFUDWFKSDG DOUHDG\FRQWDLQV WKH LQV
DVVHPEOHDILQDO UHVSRQVH WKDW IXOO\DQVZHUVY WKH XVHU TXHU\ ZKL
VWHS $ILQDODQVZHUPLIJKWORRNDYV "6LQFHWRGD\LWIVUDLQ\DQG FRC
WR D 'XWFK UHVWDXUDQWDQG WU\ WKHLU ZDUP WUDGLWLRQDO IRRG VXF¥
PLIKW ORRN QDVW\ EXW LWV YHU\ WDVW\ ~

SRFSEVHMRK %KIRX ;VETTMRK 9T
1RZWKDWZHKDYH SUHVHQWHG DOO WKH VXE FRPSRQHQWV IRUWKH Y2QE
WKHSODQQLQJVFUDWFKSDG LQWHUDFWYVY ZLWK WKH PHPRU\VWRUDJHDQ
KRZWKHLU RUFKHVWUDWLRQ ZRUNYV

$VVHHQLQ ILWXKHDIHQW ZRUNV LWHUDWLYHO\WKURXJKWKH SODQQLQJ
LWHUDWLRQ YDOXH RI DVUHFRPPHQGHG E\/DQJFKDLQYV DIJHQW GHIDX
PRVW VWHSVWRUHWXUQDQDQVZHU 8VXDOO\ EDVHGRQRXUH[SHULPH
WRUHWXUQD VWRSSLQJGHFLVLRQDQGDVVHPEOHD FRPSOHWHDQVZHU
FDQDGG LQIRUPDWLRQ WR WKH SODQQLQJVFUDWFKSDG

(DFKDJHQW UXQ LVJRYHUQHG E\WKHIROORZLQJV\VWHP SURPSW

uQm 2 ?B;?Hv bFBHH2/ bQ7ir 2 2M;BM22°BM; K2MiQ® UPM#Q ‘/BM; "
rBi? bbBbiBM; M2r 2KTHQvV22b BM QM#Q “/BM; bQ7ir "2 2M;BM22°'BM; T
BM &S P: JJAL:nG L:I :1'X uQm’™ "QH2 Bb iQ ;mB/2 mb2'b i?2°'Qm;? i?2 +
?2HT7mH

BM7Q K iBQM- M/ bbBbi rBi? Mv [m2biBQMb Q° Bbbm2b i?2v K v ? p2X
+i HBF2 b2MBQ ™ bQ7ir "2 2M;BM22° K2MiQ BM; M2r i2 K K2K#2 X

uQm "2 BMi2;" i2/ BMbB/2 AMiIi2HHBC A.1 UC2i"" BMb A.1V- M/ mb2'b
[M2biBQMb 7°QK rBi?BM i?2 A.1X S'QpB/2 /2i BH2/ Mbr2'b QM ?2Qr iQ T
+iBQMb BM i?2 A.1- #mi F22T i?2 BM7Q K iBQM T® +iB+ H M/ +QM+Bb?2
pQB/ Qp2 ' r?2HKBM; i?2 mb2  rBi? mMM2+2bb v /2i BHbX

h?2 T°"QD2+i vQm "2 ?2HTBM; rBi? Bb &S_PCl*hn.la*_AShAPL'X

uQm® F2v T°'BQ 'BiB2b,

RX IM/2 bi M/ i?2 mb2 b [m2biBQM M/ /2i2°'KBM2 r?2i?2" Bi + M #2 Mt
rBi?Qmi 2ti2™M H iQQHbX PMHvV mb2 b2 "+? iQQHb B7 i?2 [m2biBQM bT2
BM7Q K iBQM 7°QK i?2 +Q/2# b2X

kX S'QpB/2 T® +iB+ H 2t KTH2b r?2°2 TTHB+ #H2- #mi /Q MQi b? "2 i?2
bi'm+im 2 /B 2+iHv rBi? i?2 mb2 "X uQm K v '272°2M+2 bT2+B7B+ 7BH2b
/Q MQi ;Bp2 i?2 2MiB 2 T'QD2+i bim+im 2 BM bBM;H2 K2bb ;2X

iX BK iQ "2bQHp2 i?2 mb2 b [m2biBQM [mMmB+FHv M/ 277B+B2MiHvX PI
2MQm;? BM7Q K iBQM iQ 7TmHHv Mbr2" i?2 [m2biBQM- +QM+HmM/2 vQm"~
+QMiBMm2 b2 "+?BM; B7 i?2 [m2biBQM ? b #22M Mbr2 2/ bm77B+B2MiH
9X A7 [m2biBQM "2[mB'2b vQm iQ 2tTHQ 2 i?2 +Q/2# b2 7Tm i?2 - mb2
p BH #H2 iQ "2i'B2p2 i?2 KBbbBM; BM7Q K iBQMX >Qr2p2°- /Q MQi +QI
iQQHb QM+2 i?2 M2+2bb 'v BM7Q K iBQM ? b #22M 7QmM/X

8X *H2 "Hv bB;M H i?72 +QKTH2IiBQM Q7 i?2 i bF r?2M vQm #2HB2p2 i?2
? b #22M 7mHHv Mbr2 2/X

h?Bb Bb i?2 C p T QD2+i bi'm+im 2 i?2 mb2" rBHH bF [m2biBQMb #Qm
&S _PC1l*hnah_I*hl_1nSG *1>PG.1_

_2K2K#2°,
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@ h?2 "2TQbBiIiQ'v #Qmi i?2 T QD2+i BM [m2biBQM + M #2 7QmM/ i,
&:Ah>I"n_1SPnGALENnSG *1>PG.1_'X

@ h?2 mb2" M22/b iQ ++2bb i?2 +Q/2 BM ?Bb # M+? + HH2/,
&:Ah>I"nlal_n"_ L*>nL J1nSG *1>PG.1_'X

@ Hr vb #2 bmTTQ iBp2 M/ BM7Q K iBp2- #mi pQB/ Qp2 +QKTHB+ iBM;
@ uQm + M Mbr2" # b2/ QM vQm > QrM FMQrH2/;2 r?2M i?2 iQQHb "2 MC
Q mb27mHX

$QG RXWSXW VA\VWHP SURPSW WKDW HQDEOHV DQRWKHU FKDLQ RI WKRXJ
T6WHS SURFHVVRUYY VHFWLRQ

uQm rBHH QmiTmi i?2 "2bmHi BM CaPL 7Q°K i rBi? QM2 J L. hP_u 7B2
Laql_ rBHH 2T °2b2Mi i?2 Mbr2'- QTiBQM HHv K v ? p2 M PShAPL G 7
"ahlSa” B7 i?2°2 "2 Mv bi2Th iQ 7TQHHQr #v i?72 mb2 b- "2T 2b2Mi2/ #\
2KTiv B7 i?2°2 Bb # +F;"QmM/ BM7Q i? i Bb biBHH "2[mB 2/X 1p2°'vi?BM
7Q K ii2/ BM CaPL 7Q K iX "Qi? Mbr2° M/ ahlSa ? p2 i?2 +QMi2Mib QM
UTQbbB#Hv K "F/QrM bi ' BM;bV #mi PLGu bi BM;bX AM+HmM/2 i?2 +QMi2N
vQm HQ /2/ mbBM; i?72 iQQHbX

7KLV IRUPDWWLQJ UXOH LV RQFH PRUH HQIRUFHG LQ WKH 8VHU B3URPSWYV
WKH DJHQWIV DQVZHU WKH HUURU LV DGGHG LQ WKH SODQQLQJ VFUDWF
IRUPDWWLQJRIWKHDQVZHU

%\ RUFKHVWUDWLQJWKH XVHU T TXHVWLRQ ZLWK WKHFRQWH[WXDOL]DWLR
DERYH ZHFDQ JHQHUDWH DQRWKHU FKDLQ RI WKRXJKW SODQQLQJ ZLW

7°QKHKvTBMBKTQ GBbi- PTiBQM H
7°QKrv/ MiBBKTQ™ b2JQ/2H

+H bbMbr2 U" b2JQ/2HV,
Mbr2 pi’
bi2Th, PTIiBQM HbBGBbX LQM2

O1lt KTH2Mbr232M2" i2#vi?2 ;2Mir?2MbF2/?2QriQb2imT C p aT BMTT
2t KTH2 4 Mbr2 U
Mbr2]4a2imT C p aT BM;TTHB+ iBQM
bi2Tbh4(

JRXAMbi HH p .2p2HQTKEBIUC.F, .QrMHQ M/BMbi HR2H i2bip2 bB QW
i72C.EUIi H2 biC.E3\]-

JkXa2imTvQmAMi2;" i2/2p2HQTK2MpB " QMKAMY, AMbi HWM A.1HBF2
AMi2HHBA Q 1+HBTDH2

]1iX AMbi HHp2M) ":" /H2 1Mbmi2 i vQn? p2 #mBHMIiQK iBQMQH m+?b
J p2M) " :° /H2BMbi H K2/

]9X*'2 i2 M2raT BMQQIT ' QD2+uQm Mmb2aT BMAMBIB HBRIiThffbi "iX
bT'BMBQV iQ;2M2" i2 M2raT BM;QQiT QD 24

]8XAKTQIiRP2T QD28BIMiQQmMA.1 PM+P?2aT BM;QQIT"QD2Bib/QrMHQ {2/
BKTQBIi BMiQQmA . X -

]eX*QM7B;nm?2 TTHB+ iB@PM2M?2< TTHB+ iBRMT2 iB2@ < TTHB+ iBWXW
7BH2Q +QM7B;m@maT BM;QQi T -

]JdX* 2 i2vQm7B biaT ' BM5QMi QHH227BM2# bB+ lahtQMi QHHQR? M/H2
>hhS2[m2bXp

]13X_mM?2 TTHB+ iBQBRi?2A.1iQ mM?2aT BMQQi TTHB+ iB@QVMmMba?2<
OXf," /H2#QQi_<mMQ KK XY+

INXh2bii?2 TTHB+ iBQM+2bb?2 _1ahSA2M/TQBMbHBMSQbiK @ # Qrb2iQ
2Mbm®i*b rQ FBX:

JRYyXS +F ;2?2 TTHB+ iBOQMBHi/?2T QD28iMiQ C Qg 7BHZIMbBM; p2M"
T THY]

JLIXUH ([DPSOHDQVZHU RI WKH 12QERDUGLQJ $JHQWT JHQHUDWLQJ D FKDLQ RI WKRXJK

$WWKHPRPHQW WKH V\VWHP ZDVLPSOHPHQWHG VWUXFWXUHG RXWSKXWH DMQRXY DYDLOI
QT2M BX+QKf/Q+bf;mB/2bfbi'm+im ' 2/@QmiTmib



7TXITAVSGIWWSYV

6XFK DQ DQVZHU DV VHHQVL Y KIHHXBHRFHVVHG E\ WKH IROORZLQJ FRPSRC
SURFHVVLQJ FKDLQ SUHVHDPHO LY KIHIXK8BMIHS SURFHVVRU’

7IXIT4A4VSGIWWSYV

7KH 16WHS 3URFHVVRUY LV MXVW D UHFXUVLYH FKDLQ RI 2QERDUGLQJ $J
WKHRYHUDOO DUFKLWHFEWKHWWUXBWXUH RIWKHDQVZHUV SURYLGHG E\
ILIXUHWKH f6WHS 3URFHVVRUJH[HEXWHV QHZ 12QERDUGLQJ $JHQWVY IRU
,IWKHQHZO\LQVWDQWLDWHG DJHQWY SURYLGH VWHSV WRIROORZ QHZ
XQWLO WKHUH DUH QR PRUH VWHSV WR IROORZ RU D PD[LPXP WKUHVKR(
UHDFKHG $Q H[DPSOH UXQ RI WKH 6 WHS 3URFHVVRUYZREQHWNKHKXYRQ R
DVNV ZKHUH KH FDQ ILQG H[LVWLQJHQGSRLQWYV LQ WKH SURMHFW LQ WKF
,Q WKLV FDVH WKH f6WHS 3URFHVVRUJUXQV RQ WKHDQVZHU DV VHHQ LQ

7°QKVTBMBKTQ GBbi- PTiBQM H
7 QKIv/ MiBBKTQ™ b2JQ/2H

+H bbMbr2 U" b2JQ/2HV,
Mbr2 pi’
bi2Tb, PTiBQM HbBGBbM4 LQM?2

O1t KTHMbr232M2" i2#vi?2 ;2Mir?2MbF2/iQ /mTHB+ i2[m2biBQMM B 2
2t KTH2 4 Mbr2°U
Mbr2]JAQBKTH2K2MAI</ MTHB+ i2Zm2biBG&MNMIiBRZVQNM22iQ /mTHB + i22
[M2biBQMMBE2MiB7B#®2V<B/Zm2biBQM4- BM+HmM/BWHBib[m2biBQ MY
K2i / iX-
bi2Tha(
JRX_2i'B2pi?22Q B;BM[M2biBQMMNBORBMZM2biBQMM B 2 _2 KDBMBI QU /
B/Zm2biB QMW B 2
1kX*?22+B7i?22[m2biBQMM2BBD % A7MQi "2im MM TT QT B 22°Q 2bTQ Mpb 2

1iX **2 i2 M2r<Zm2biBQMM BMbi M+R/+QTV?2K2i / i 7°QK?2Q 'B:BM H
[M2biBQMMUBX,X-iBiH2 + i2;Q -vpBbB#B HE-v

19X6Q°2 +?2[m2biB@Wi?2 Q B;BM[HM2biBQMM B 2 i2 M2r<Zm2biBQBMbi M+2
- +QTV?2[m2biBQ@M BHb M/ // BiiQi?2M2r[m2biBQMMbB[r22biB Qi b

=

]8Xa p2i?2M2rim2biBQMMnmMBbRMNZ M2biBQMM B 2_ 2TXQ pPRM2nNZm2biBQWM B2
<X-

leX _2im M< 2bTQMb21MiBivi?2/ mTHB+ iPMm2biBQMM/Bi BHIK" ™ bm++2bb
K2bb Xp

\Y

JLIXUH ([DPSOHDQVZHU RI WKH 2QERDUGLQJ $JHQW JHQHUDWLQJ VWHSV IRU GXSOLFDWLQJ
3URFHVVRU

(DFKVWHS SURFHVVLQJUXQVLQGHSHQGHQWO\ LQ SDUDOOHO DPRQJ WKI
ILQDODQVZHU WKDW LVDWWKHHQG FROOHFWHG E\WKH URRW  6WHS 3UR
$IJHQWYT FROOHFWVY WKHDQVZHU IURP WKH URRW SURFHVVRU

1IWWEKI)RLERGIV %KIRX
'KHQ WKH URRW 16WHS 3URFHVVRUTILQLVKHV UXQQLQJ WKH JOHVVDJIH (Q
FKLFDOO\LQ D SRVW RUGHU WUDYHUVDO RI WKH WUHH IRUWKH VWHSV DQ
GRFXPHQW EDVHG RQ WKH DQVZHUV

7KH LQLWLDO PDUNGRZQ GRFXPHQW LV WKHQ SURFHVVHG XVLQJ DQ Y2Q
SURPSW RQ WRS RIWKHRWKHU WRROV IXQFWLRQDOLWLHVY DQG SURPSW

/IDmbi- AKT Qp2- 1M? M+2- 2T B - M/ _2KQp2 _2/mM/ M+v 7°QK i?2 7«
/Q+mK2MiX 6QHHQr i?2b2 ;mB/2HBM2b,

6WHS SURFHVVRR(I[DRSFOKBIi?XH M;+? BMX+QKfTm#HB+f9yy82RNKk@ k2+/@9dRj@ +e#@ N/Rd



IIWWEKI)RLERGIV %KIRX

f /Dmbi, JQ/B7v i?2 bim+im 2 M/ H vQmi 7Q"° +H "Biv- "2 / #BHBiv- |
7Q°K iiBM; ++Q°/BM; iQ K "F/QrM bi M/ “/bX

FAKT Qp2, 27BM2 i?2 +QMi2Mi #v +Q "2+iBM; TmM+im iBQM Q" bivH:
BKT ' Qp2 7THQr M/ +Q?2 2M+2X

$1M? M+2, // Q "27BM2 /2i BHb- ?2 /2 b- HBbib- Q" Qi?2" K "F/QrM 2
r?22°2 M2+2bb ‘v iQ 2M'B+? i?2 /Q+mK2Mi M/ K F2 Bi KQ 2 BM7Q K i
TH2 bBM;X

+ 2T B, 6Bt Mv # QF2M HBMFb- 272 2M+2b- Q  7Q K iiBM; 2°°Q bX

$ 2KQp2 _2/mM/ M+v, A/2MiB7v M/ 2HBKBM i2 "2T2iBiBp2 +QMi2Mi- :
i?72 /Q+mK2Mi Bb +QM+Bb2 M/ +H2 " rBi?Qmi HQbBM; BKTQ i Mi BM?7

A7 //BiBQM H +QMi2ti Q° BM7Q K iBQM Bb "2[mB 2/ iQ T2 ' 7Q K i?2b2
7°22 iQ "2i'B2p2 Bi 7°QK p BH #H2 bQm +2b mbBM; i?2 iQQHb T QpB/2;
QMHV i?2 2M? M+2/ K "F/QrM /Q+mK2Mi rBi?Qmi 2ti° 2tTH M iBQMb Q" -
2X:X rBi?Qmi bi i2K2Mib HBF2 ~>2°2 Bb i?2 "2bmHi?» Q' ~>2'27b i?2 2M?
/Q+mK2MirXXX2i+X

h?Bb Bb i?72 /Q+mK2Mi,
&J _E.PqLn.P*IJ1Lh'

7TKH RXWSXW RI WKLY DJHQW LV WKHQ UHDG\ WR EH GLVSOD\HG WR WKH X
GRFXPHQW 7KLVHQGV WKHH[HFXWLRQ FKDLQ RIRXU2QERDUGLQJ %XGG\
SHUVSHFWLYH



8LI3RFSEVHMRK &YHH]

7TKH2QERDUGLQI %XGG\VWXG\FHQWUHVDURXQG XVHUVRQERDUGLQJRQ |
GLVFXVVHG LQ VXEMHHFMWALIIRMLDO VWXG\DLPHG IRUD FRPSDUDWLYH VWXG\
LFDOO\ GHVLIJQHG WR VXSSRUW VXFK FRPSDUDWLYH DQDO\VLV WKURXJK
IRUERWKS$, DVVLVWHG DQG WUDGLWLRQDO RQERDUGLQJDSSURDFKHV +
VFRSH RI WKLV WKHVLY ZHZHUH XQDEOH WR LQFOXGHD FRQWURO JURXS
WKLV FKDSWHU ZH ZLOO SUHVHQW RXU H[SORUDWRU\VWXG\GHVLJQDQG
RQERDUGLQJ VROXWLRQ HODERUDWHDBQ® MSSURDFKLAMVKIDBWHWH FKDSWHU

'LSMGI SIWSIJIX[EVITVSNIGX

JRURXUVWXG\ ZHQHHGHG WR FKRRVHD VRIWZDUH SURMHFW RQ ZKLFK WK
7KHVHOHFWLRQ RI FRGHEDVH LV D SURSULHWDU\-DYD 6SULQJ SURMHFW
PDLQWDLQHGIRUIUHHODQFHHQJDJHPHQWYV LQ WKH SDVW E\WKLV WKHVL
VHYHUDO IDFWRUV FRPELQHG LQ OLQH ZLWK WKH REMHFWLYH RI RXURQE
RZQHG DQG FRS\ULJKWHG E\ WKH DXWKRU ZLWK WKHDVVXUDQFH RIIXOO
ULIKWV WR HQVXUH WKDW WKH //OV DUH QRW "FRQWDPLQDWHG” ZLWK RXU

7KHSULYDWHFRGHEDVHHQVXUHG WKDW WKHFRGH ZDV NHSW QRQ H[SRYV
OLIHF\FOHVDQG GXULQJWKHLU WUDLQLQJ SURFHVVHY ORUHRYHU WKL)\
ULGRIDQ\ELDVRUGLUHFW PHPRUL]DWLRQ E\WKH//OVWKHPVHOYHV 7KX
WKHLQWHJULW\DQG YDOLGLW\RIWKHUHVXOWYV

7KH SURMHFW LQ TXHVWLRQ LV D EDFNHQG DSSOLFDWLRQ PDQDJLQJ WKH
15RPDQLDQ 7TKHRUHWLFDO 'ULYLQJ ([DPY 7KLVLQFOXGHV EXWLYVY QRW OL
URDG OHJLVODWLRQ PDWHULDOV TXHVWLRQQDLUH PDQDJHPHQW DQG X
WKHDSSOLFDWLRQ SURYLGHVY D SHUIHFW HQYLURQPHQW IRUWHVWLQJW
KDQGOLQJUHDO ZRUOG VRIWZDUH SURMHFWYV

7KHFRGHEDVHFRPSULVHV DERXW OLQHVRIFRGHDQGLVVXSSRUWHC
DQG OHYHO RI FRPSOH[LW\DOORZ XVHUV WR EH SUHVHQWHG ZLWK VRPHW
SHUIRUPD ZLGHUDQJHRIRQERDUGLQJWDVNV WKDWUHDOLVWLFDOO\FD
SUDFWLFHVRIWZDUHGHYHORSPHQW ,QWHUDFWLRQZLWK WKLY SURMHFV
SURFHVYV PDNLQJLWPXFKHDVLHUIRURXUVROXWLRQ WRDFKLHYHLWYV R
VRIWZDUH HQYLURQPHQWYV

,Q WKLV OLQH RI ZRUN SDUWLFLSDQWYV LQ RXU VWXG\ KDYH WR EH DVNH
LQ OLJKW RI WKH SHUIRUPDQFH DQG XVDELOLW\ DVVHVVPHQW RI RXU //0
VKRXOG LQFOXGH KRZ ZHOO WKH VA\VWHP IDFLOLWDWHG XQGHUVWDQGLC
DQG SHUIRUPLQJFKDQJHYVY ZLWKLQ WKHDSSOLFDWLRQ

7KHSURMHFWLVPDGHDYDLODEOHWRLOQWHUHVWHG UHVHDUFKHUV DQG €



'LSMGI SI3RFSEVHMRK 8EWOW

LQ RXU SODMWIRURSHQ DFFHVVY DOORZVY UHDGHUV WR WKRURXJKO\ LQYHV!
HISHULPHQWDO VHW XS 7KLV zZD\ RXUH[SHULPHQWY ZLOO QRW EH GLUHF
PD\DIITHFW WKH UHOLDELOLW\DQG VLIJQLILFDQFHRIWKHUHVXOW

'LSMGI SI3RFSEVHMRK 8EWOW

‘:LWK WKH FKRLFH Rl FRGHEDVH LQ PLQG DYHSD @D B QWHHEGW.IQHVSTFEWWLLFEQ O L
RQERDUGLQJ WDVNV )RU WKLV ZH FUHDWHG D OLVW RI RQERDUGLQJ
SHUIRUP RQ WKH FRGHEDVH D% VHRDP WEIDSOHQWLEZH FKRVH RQO\ WZR W
WDENDQG WMDVSOXV D SURMHFW VHW XS WDVN WKDW ZLOO UHTXLUH WKH
HQYLURQPHQW IRUWKHFRGHEDVHRQ WKHLU FRPSXWHUV (DFKWDVN ZDV
SUHVHQWHG LQ WKH VXEVBEWLRQV

7IX YT 8EWO
7KLYV WDVN UHTXLUHV WKH XVHU WR VHW XS WKHLU SURMHFW RQ WKHLU O]

C M2i?2 T'QD2+i KM ;2°- TT ' Q +?2/ vQm rBi? r K bKBH2X

]g2H+QK2 iQ i?2 i2 K5 AAK 2t+Bi2/ iQ ? p2 vQm QM #Q /-] b?2 b B/X a“
vOQm /Q+mK2Mi M/ +QMiBMm2/- ]"27Q 2 /BpBM; BMiQ i?2 K BM i bFb- |
2Mbm 2 vQm ? p2 i?2 T°QD2+i b2i mT QM vQm  HQ+ H K +?BM2X]

a?2 ? M/2/ vQm biB+Fv MQi2 rBi? HBMF r'Bii2M QM Bi,
2iiTbh,ff;Bi?m#X+QKf M/"2B8yNyfPM#Q " /BMK"m//v1tT2 BK2Mi

]h?Bb Bb i?2 "2TQDbBiQ v vQmMAHH M22/ iQ ;2i bi “i2/-] C M2 2tTH BM2/X
BMbi'm+iBQMb 7Q" b2iiBM; Bi mT b?QmH/ #2 bQK2r?2'2 i?2°2X J F2 bm
Bb "mMMBM; bKQQi?Hv #27Q°2 KQpBM; QM iQ i?2 Qi?2 i bFbX]

C M2 T mb2/ 7Q° KQK2Mi- HQQFBM; i?2Qm;?i7mHX

JAi*“b 2bb2MiB H iQ ? p2 i?2 T°'QD2+i 2MpB " QMK2Mi "2 /vX PM+2 vQm ?
H2i K2 FMQrX h?2M-r2 + M ;Q i?2°Qm;? i?2 bT2+B7B+ i bFb vQm~AHH #2
:QQ/ Hm+F- M/ /QM”i ?2bBi i2 iQ "2 +?2 Qmi B7 vQm ? p2 Mv [m2biBQM

qBi? i? i- C M2 H27i vQm iQ ;2i bi "i2/X h?2 DQm M2v ? / #2;:mM- M/ i?:
bi2T r b iQ b2i mT i?2 bQ7ir "2 T°QD2+i 7°QK i?2 T'QpB/2/ "2TQbBiQ vX

6Q  i?Bb i bF vQm "2 “2[mB 2/ iQ b2imT i?2 :Bi?m# S QD2+i
PM#Q “/BM;"m//v1tT2 BK2MiX

SH2 b2 MQi2- 2K BH 2°°"Q'b M/fQ  S.6 "2bQm ' +2 2°"Q b "2 2tT2+i2/ iQ
"mMMMBM; i?72 T°'QD2+i BM /2p2HQTK2Mi- vQm "2 MQi 2[mB 2/ iQ b2i@n
[2T2M/2M+B2b U2X;X aj biQ ™ ;2- 1K BHXX2i+XVX

$WILUVW JODQFH WKLV WDVN LV YHU\ VLPSOH DQG IURP D WHFKQLFDO S
GHYHORSPHQWHQYLURQPHQW WKH XVHU KDV MXVW WR XQFRPPHQW OLC
WKHSURMHFW LV UHDG\WRUXQ :KDWPDNHVLWDELWWULFN\LVY KRZ WR )
JRUWKLY ZH KDYH OHIW VRPH KLQWV LQ WKH 5($'0(ILOHLQ WKHUHSRVLV
LQWR WKH EDFNHQG E\ SHUIRUPLQJ D UHJLVWUDWLRQ UHTXHVW DQG WK
KDYHOHIW PRUH "EUHDGFUXPEV ' LQWR WKH ILOHVY WKDW GHILQH WKH XV}
WKH XVHUV WR WHVW WKHLU VHW XS 2QH VXFKH[DPSOHFDQEH VHHQ LQ

2Q0ERDUGLQJ %XGG\5HILMWUY DFIMNRAEQIDBI; XbQ7ir “2f 2:Bbi2 \+QH #4i m2



'LSMGI SI3RFSEVHMRK 8EWOW

GQ+ HQ;BMt KTHGPah2[m2Wi HQ+ H?BlyiBymi?bB;MmT
qBi?"Q/y &2K BJH]i2bi!2K BHQK]T bbrQl/lh2biS bbrQsJR
IT ° KHQ;BM_2[mR2®iBM[m2bi
1"2im "M qgh'2 "2 hQF2IM #2mb2BM7mim > 22[m2bib
f
ISQbiJ TTHEMHQ;BWM
TM#HB2bTQMb21MiBivIil= mi?2MiB+ i2Ib2 Ulo HB/ ! _2[m2bi"Q/v GQ;BM_2[m2bi HQ;]
&
iTv &
"2im Mmi?a2 pB+2bXHQ;BMIb2"UHQ;BM_2[m2biVc
"+ i+?2U1lt+2TiBQM 2V &
HQ;;2 ' XBNIZQK2i?BMMir QMrBi?i?2 mi?HQ;BMM/TQBMi 7Q mb2%&"-
2- HQ;BM_2[m2biX;2ilK BHUVVc
i?°Qr2c

GQ+ BB;MmTE KTHGSPah2[m2Wi HQ+ H?@lyid3ymi?bB;MmT
gBi?"Q/y &M KJ2]1i2bi-]2K BJH]i2bi!'2K BHQKI]T bbrQl/1h2biS bbrQ5}R
IT > KbB;MIT_2[mRBiMmM2[m2bi
12im "Ni imb
f
1SQbiJ TTHMyR; MhVT
TM#HB2bTQMb21MiBivIi\= “2;Bbi2 Ib2 U!o HB/ ! _2[m2bi"Q/v aB;MIT_2[m2bi bB;MIT_:
i'v &
"2im"Mmi?a2 pB+2bX 2;Bbi2 ' lb2 " UbB;MIT_2[m2biVc
"+ i+?2U1t+2TiBQM 2V &
HQ;;2 ' XBNZQK2i?BMMir QMrBi?i?2 mi?bB;MmM/TQBMi 7Q mb2&]-
2- bB;MIT_2[m2biX;2ilK BHUVVc
i?7°Qr2c

J)LIXUH ([DPSOHRID EUHDGFUXPE KLQW OHIWWR WKH SDUWLFLSDWLQJ XVHUV LQ

7KLV WDVN DOORZV XV WR XQGHUVWDQG ZKDW VWHSV WKH XVHU WDNH W
DQG KRZRSHQ HQGHG WDVNV DUH SHUFHLYHG E\ WKH XVHU )RU H[DPSOH
FRQVROH ZDUQLQJV PDVNHG DV HUURUV QRQ EUHDNLQJ UXQWLPH ZDUQI
RI WKH VRIWZDUH :HPHQWLRQ GXULQJWKH WDVNHOLFLWDWLRQ WKDW \
VHH LI WKH XVHUV IXOO\ XQGHUVWDQG WKH UHTXLUHPHQWYV RI WKH WDVN
WKH H[SHFWHG  HUURUYV

2IT4E]QIRX 3TXMSR 8EWO
7KHVHFRQG WDVNLQWURGXFHVY WKH XVHUWR WKHFRGHEDVHEVUHTXHVW
LQWR WKH VA\VWHP

7i2° bQK2 iBK2 Q7 b2iiBM; mT i?2 T°QD2+i- vQm MQiB7B2/ C M2 i? i 2p
rb "2 /vxX a?2 b22K2/ TH2 b2/ rBi? vQm ™ T Q; 2bbX

]:2 i DQ# QM b2iiBM; mT i?2 T°'QD2+i-] C M2 b B/ rBi? M 2M+Qm"  ;BM;
JLQr i?2 i vQm ? p2 i?2 2MpB QMK2Mi "2 /v- H2i*b KQp2 QM iQ vQm ™ M2t

C M2 ? M/2/ vQm MQi?2" /Q+mK2Mi rBi? /2i BH2/ "2[mB 2K2Mib,

lgq2 M22/ iQ /I M2r T vK2Mi QTiBQM iQ Qm~ TTHB+ iBQMX aT2+B7B+
iQ HHQr mb2'b iQ Tm ' +? b2 bm#b+"BTiBQMb 7Q° R3y / vb i +Qbi Q7 |
uQm' i bF Bb iQ BMi2;  i2 i?Bb M2r T vK2Mi QTiBQM M/ mT/ i2 i?2 TTH
++Q /BM;HvVX]

a?2 TQBMi2/ Qmi 72r F2v "2 b BM i?2 +Q/2# b2 r?2°2 vQm KB;?i M22/



'LSMGI SI3RFSEVHMRK 8EWOW

+?2 M;2bX
13 F2 bm 2 i?2 M2r T vK2Mi QTiBQM Bb b2 KH2bbHvV BMi2:  i2/ M/ i? i i-
/m* iBQM M/ +Qbi "2 +Q "2+iHv BKTH2K2Mi2/X]

C M2 ; p2 vQm 2 bbm™BM; MQ/X JA7 vQm "mM BMiQ Mv Bbbm2b Q° ?
/IQM7i ?2bBi i2 iQ bFX q27°2 ?22°2 iQ ?2HT vQm bm++22/X]

gBi? i?2 M2r i bF BM ? M/- vQm b2i Qmi iQ // i?2 M2r T vK2Mi QTiBQM
i?72 TTHB+ iBQM- "2 /v iQ K F2 bB;MB7B+ Mi +QMi'B#miBQM iQ i?2 T (

6Q  i?Bb i bF vQm "2 LPh "2[mB 2/ iQ // i2bibX

7KH VA\VWHP DOORZV WKH XVHUV WR EX\LQ DSS VXEVFULSWLRQV DQG WK
SD\PHQW RSWLRQ EDVHG RQ D VXEVFULSWLRQ GXUDWLRQ DQG SULFH

$V VHHQ LQ WKH WDVN GHILQLW L8R Q \U X B XV/BIEIOKHDVQMRSBEG ®LOHZ HQXP YD
WR ILQLVK WKLV WDVN EXW WKLV LV YHU\ WULFN\ ZLWKRXW NQRZLQJ WK
XVHU KDV WR VWXG\ WKH HQWU\ SRLQW FRQWUROOHU DQG WKH VHUYLF
SD\PHQW HQFRGLQJLVY UHSUHVHQWHG DQG VLIJQHG FU\SWRJUDSKLFDOO!
SD\PHQW RSWLRQV 7KH VROXWLRQ RI WKLV WDVNLVDRQH OLQHU EXW W
XQGHUVWDQG WKH RYHUDOO ORJLF Rl WKH SD\PHQW SLSHOLQH 7KLV WEC
FRPSUHKHQVLRQ DQG WKHLU DELOLW\ WR XQGHUVWDQG FRPSOH[FRGH E
FRPSOH[IXQFWLRQDOLW\

S5YIWXMSRREMVI(YTPMGEXMSR 8EWO
7KHODVW WDVNLV PRUHGHPDQGLQJLQ WHUPV RIKRZPXFKFRGH WKH SDL
LWVHOILVHDVLHUWR XQGHUVWDQG EXW PRUHGHPDQGLQJWRLPSOHPH

7i2° bm++2bb7mHHV BMi2; iBM; i?2 M2r T vK2Mi QTiBQM- vQm "2TQ i2
a?2 r b BKT 2bb2/ rBi? vQm ™ 277B+B2M+v M/ i7Q Qm;?M2bbX

16 Mi biB+ rQ"F QM i?2 T vK2Mi BMi2;" iBQM-] C M2 b B/- +H2 "Hv b iBb
JA 2 p2 MQi?2° BKTQ'i Mi i bF 7Q° vQmX]

a?2 ? M/2/ vQm /Q+mK2Mi rBi? M2r b2i Q7 BMbi ' m+iBQMb,
/I TmMM+iBQM HBiv iQ /mTHB+ i2 M 2tBbiBM; [m2biBQMM B 2X

h bFbDb,

RX// M2r 2M/TQBMi SPah ffm2biBQMM B 2bf/ mTHB+ i2f&B/' iQ /mTHB -
[m2biBQMM B'2X U .JAL@PLGuV

kX1Mbm™2 i? i vQm ™ +Q/2 ? M/H2b i?2 /mTHB+ iBQM HQ;B+- BM+HmM/BM
M/ K2i /i X

jX*'2 i2 BMi2;' iBQM i2bib iQ 2Mbm 2 i?2 /mTHB+ iBQM rQ Fb +Q  2+iH
C M2 2tTH BM2/- 1h?Bb 7mM+iBQM HBiv Bb + m+B H 7Q° Qm" mb2'b r?Q
M/ / Ti 2tBbiBM; [m2biBQMM B 2b [mB+FHvX

JF2 bm 2 i?2 /ImTHB+ iBQM T Q+2bb Bb bKQQi? M/ 2i BMb HH i?2 M2
BM+HmM/BM; i?2 [m2biBQMb M/ K2i / i X]

a?2 ; p2vQm M 2M+Qm" ;BM; HQQFX ] b Hr vb- B7 vQm M22/ Mv ?2HT

Bbbm2b- /QMAi ?22bBi i2 iQ bFX uQm” 2 /QBM; ;"2 i- M/ r2 TT 2+B i2 v
rQ FX]



SBEWO *IIHFEGO

gBi? i?72 M2r i bF QmiHBM2/- vQm 72Hi "2 /v iQ i +FH2 i?2 +? HH2M;2- 2

2M? M+2 i?2 TTHB+ iBQM”b + T #BHBiB2b M/ +QMi'B#mi2 7m i?2" iQ i’
bm++2bbX

6Q° i?Bb i bF vQOm 2 “2[mB 2/ iQ // i?2 ImTHB+ iBQM SA M/ BMi2;" iE

$V VHHQ LQ WKH WDVN GHILQLW L8R Q BWKIHLODHEW KD\ \WB FWBAGMWH D QHZ HQG
FDWHDQH[LVWLQJ TXHVWLRQQDLUHLQWRDVHUYLFHDQG WHVW WKHLPS
DOUHDG\ H[LVWLQJ WHVW VXLWH 7KLV WDVN DOORZV XV WR DQDO\]H ZKD
XQGHUVWDQGLQJ LV DOLJQHG ZLWK WKH SURMHFW DQG ZKHWKHU D PXFK
PRUH FRPSOH[VHWWLQJ ZLWK RUZLWKRXW WKH 2QERDUGLQJ % XGG\

SEWO *IIHFEGO

,Q WKLV FKDSWHU ZH SURYLGH WKHRXWOLQHRIWKHIHHGEDFNTXHVWLR
LQWHUDFWLQJ ZLWK WKH VA\VWHP GXULQJ WKHLU DVVLJQHG WDVNV 7KH
DVSHFWV RI WKH XVHUVTLQWHUDFWLRQ H[SHULHQFH ZLWK WKH RQERDU(
HDVH RI RQERDUGLQJ XVHIXOQHVV DFFXUDF\ DQG VDWLVIDFWLRQ 7KF
WKHLU H[SHULHQFH E\UHVSRQGLQJWRD VHWRITXHVWLRQV WKDW PDGH
PHWKRGV

AXDQWLWDWLYH IHHGEDFN ZDV JDWKHUWH PO JZKH 8 R LTQMW V MWNLHRWOQW ZH U
DERXWYDULRXVDVSHFWV RI XVHULQWHUDFWLRQ ZLWK WKH 2QERDUGLQJ
WKURXJKRSHQ HQGHG TXHVWLRQV DOORZLQJSDUWLFLSDQWYV WR H[SUH
YLGH VXJJHVWLRQVDQG DQ\IXUWKHU FRPPHQWY UHODWHG WR WKH H[SH

$ORQIJVLGH WKH VXEMHFWLYH IHHGEDFN ZH DOVR FROOHFWHG GHWDLO}
HQJDJHG ZLWK WKHLU WDVNV 7KLV LQFOXGHV LQIRUPDWLRQ VXFK DV ILC
JXUWKHUPRUH ZH FROOHFW WKH XVHU DFWLYLW\ ZLWKLQ WKHLU ,'"( LQ!
WR DQRWKHU DSSOLFDWLRQ GXULQJ WKH WDVN WKH ,'"( ZDV XQIRFXVHG
FRPSOHWHG WKH WDVNV EA\DQDO\]LQJ WKH FRGH WKH\ ZURWH RU HGLWH(
SXVKHG WKHLU FKDQJHV

BEWOW *IIHFEGO 5YIWXMSRW JSV XLI3RFSEVHMRK &YHH] +V S\
$2YHUDOO ([SHULHQFH

4XHVWIKROQV ZDV WKH RYHUDOO H[SHULHQFH ZLWK 2QERDUGLQJ % X
ILNHUW VPBIONM%DG WR ([FHOOHQW

'DWDHDVXUHV JHQHUDO VDWLVIDFWLRQ ZLWK WKH RQERDUGLQJ Sl
f(DVH RI 2QERDUGLQJ

4XHVW+RBRZDV WKH HDVH RI RQERDUGLQJ ZLWK 2QERDUGLQJ % XGG
IJLNHUW VBBIOM'LIILEFXOW WR 9HU\ (DV\

'DWBDSWXUHV XVHU SHUFHSWLRQ RI KRZHDV\RU GLIILFXOW WKH R
$(DVH RI 8VH

AXHVWELRBDHDV\ ZDV LW WR XVH 2QERDUGLQJ %XGG\ IRU WKH FXUUH
JLNHUW VPBION+DUG WR 9HU\ (DV\

'DWDYDOXDWHY KRZ XVHU IULHQGO\WKH RQERDUGLQJ WRRO ZDV
$+HOSIXOQHVV

AXHVWERBDKHOSIXO ZDV 2QERDUGLQJ %XGG\ IRUWKH FXUUHQW WD
JLNHUW VAROH+HOSIXO WR O9HU\+HOSIXO

'DWBVVHVVHV KRZPXFK WKH WRRO DVVLVWHG LQ FRPSOHWLQJ WK
$)UHTXHQF\ RI 8VH

+ I+

I+

+ I+

I+

+ I+

I+

+ I+

I+



SBEWO *IIHFEGO

I+

AXHVWERDIUHTXHQWO\VGLG \RX XVH 2QERDUGLQJ %XGG\IRU WKH F.
/ILNHUW VABHOHU WR $0zZD\V

'‘DWBDUDFNV WKHIUHTXHQF\RIHQJDJHPHQW ZLWK WKH WRRO
I$SFFXUDF\

4XHVWERDDFFXUDWH ZDV WKH LQIRUPDWLRQ SURYLGHG E\2QERDU
WDVN"

JLNHUW VPBION,QDFFXUDWH WR 9HU\ $FFXUDWH
+ ' DWDHDVXUHV KRZUHOLDEOH RUFRUUHFW WKH SURYLGHG LQIRUP
$+8QGHUVWDQGLQJ

+4XHVWEtRRDZHOO GLG \RX XQGHUVWDQG WKHLQIRUPDWLRQ SURYLG
WKHFXUUHQW WDVN"

JLNHUW VPBIOM3RRU WR ([FHOOHQW
+ ' DWDHWHUPLQHV KRZ HDVLO\ XVHUV FRPSUHKHQGHG WKH LQIRUPD
$6XJIHVWLRQV
4XHVWILKDQV VXJIJHVWLRQV GR\RX KDYH IRULPSURYLQJ2QERDUGLQ
+ 'DWBDWKHUV TXDOLWDWLYH IHHGEDFN IRUWRRO LPSURYHPHQW
$$GGLWLRQDO &RPPHQWYV

AXHVWIRRX KDYH DQ\ DGGLWLRQDO FRPPHQWYVY DERXW 2QERDUGL!
WDVN"

'‘DWBROOHFWYV DQ\H[WUD IHHGEDFN RULQVLJKWV IURP XVHUYV

I+

I+

I+

I+

I+

I+

I+

I+

SEWOW *ITHFEGO 5YIWXMSRW JSV XLI'SRXVSP +VSYT 2SX MRC
$f7RRO (IITHFWLYHQHVYV

AXHVWERDHIIHFWLYH ZDV WKH WUDGLWLRQDO RQERDUGLQJ PHWKF
UDWLRQ PHWKRG \RXGHFLGH KRZWR SHUIRUP WKH WDVN

/ILNHUW VPRBIOM,QHITHFWLYH WR 9HU\ (ITHFWLYH

'‘DWODHDVXUHVY WKH SHUFHLYHG HITHFWLYHQHVV RI WKH WUDGLWL
WDVN

f3UREOHP 6ROYLQJ6WHSYV

AXHVWLIKRODQV VWHSY GLG\RX WDNH WR VROYH SUREOHPV IRU WKH FX

'‘DWDODWKHUV TXDOLWDWLYH LQIRUPDWLRQ RQ WKH SUREOHP VRO
WDNHQ E\SDUWLFLSDQWYV

If7RROV 8VHG

+ 4XHVWLIKRDQN WRROV GLG\RX XVH WR ILQLVK WKH WDVN" HJ RWKHU
6WDFN 2YHUIORZ

+ DWBROOHFWV LQIRUPDWLRQ RQ HITWHUQDO WRROV DQG UHVRXUFF
f8QUHVROYHG ,VVXHV

+ 4AXHVWIKROQW LVVXHY UHPDLQHG XQUHVROYHG IRUWKHFXUUHQW WD
DQ\LQVLIKWV LQ\RXU SUREOHP VROYLQJ SURFHVYV

'DWBPDWKHUYV GHWDLOV RQ XQUHVROYHG SUREOHPV REVWDFOHV t
KLQG WKHP

%RWK JURXSY VHQG DQDO\WLFV SHULRGLFDOO\ WR WKH EDFNHQG WKUR X
WKDW DUH FUHDWHG RSHQHG DQG HGLWHG DQG ZKHQ WKH ,"(LVIRFXVH
HDFK DFWLYLW\

I+

I+

I+

I+

I+

I+



6IWYPXW

,Q WKLV VHFWLRQ ZH ZRXOG OLNH WR SUHVHQW WKH UHVXOWY RI RXU HYI
7TKHUHVXOWV DUHRUJDQL]JHG WR KLJKOLJKW WKHLPSDFWRQF FULWLFDOTL
SHUIRUPDQFH XVHU IHHGEDFN DQGIDFWRUV LQIOXHQFLQJ WKH FRGLQJ
RSPHQW WRROV 7KLV VHFWLRQ HPSKDVL]JHV RYHUDUFKLQJ WUHQGV DQC
WKURXJKRXW WKH VW XG\

OWIV )RKEKIQIRX ERH %GXMZMX] 4EXXIVRW

SDUWLFLSDQWYV HIKLELWHG YDU\LQJ OHYHOV RIHQJDJHPHQW ZLWK WKH Z
XVHUV SHUIRUPHG DSSUR[LPDWHO\ DFWLYLWLHVY GXULQJWKHVWXG\ $
' IRFXVLQJ WKH ,'"( HGLWLQJ FUHDWLQJ ROQOHOHNDMWHM MOKHV G ) ¥V WKWLHE
QXPEHU RIDFWLYLWLHY SHU XVHU LQGLFDWLQJ WKDW ZKLOH VRPH XVHU
RWKHUV KDG PRUHPRGHUDWH HQJDJHPHQW

JLIXUH 1XPEHU RIDFWLYLWLHYVY SHU XVHU

7TKHWHPSRUDO GLVWULEXWLRQRIDFWLYLWLHVLQGLFDWHG WKDW WKH St
$FWLYLW\ FRXQWYV VXUJHG DW DSSUR[LPDWHO\ DQG KRXUV VXJ.
XVHUV ZHUH TXLWH DFWLYH WKLV PLJKW EH LQGLFDWLYH RI W\SLFDO ZR
RQERDUGLQJDFWLYLWLHV



8MQI %PPSGEXMSR MR XLI (IZIPSTQIRX)RZMVSRQIRX

JLIXUH 'LVWULEXWLRQ RI XVHUDFWLYLWLHV E\ KRXU RI WKH GD\

8MQI %PPSGEXMSR MR XLI (IZIPSTQIRX)RZMVSRC(
3DUWLFLSDQWY SUHGRPLQDQWO\VSHQW WKHLU WLPH ZLWKLQ WKH ,QWH
HUDJLQJ PLQXWHV FRPSDUHG WR PLQXWHV VSHQW RQ H[WHUQDO UH
WKDW WKH 2QERDUGLQJ %XGG\HIIHFWLYHO\NHSW XVHUV HQJDJHG ZLWKL
WLDOO\VWUHDPOLQLQJWKH RQERPORBL QK 8 WRFHHN H) MWILFUHY SHQW LQVLG

WKH ,'(

JLIXUH 7LPH VSHQW LQVLGH DQG RXWVLGH WKH ,'(

8EWO 4IVISVQERGI % REP]WMW

'H DQDO\]HG WKH DGMXVWHG WLPH WDNHQ E\ SDUWLFLSDQWV WR FRPSO
ULRGV ORQJHU WKDQ PLQXWHV 7KH RYHUDOO DYHUDJH WDVN GXUDW
LQYROYHG DGGLQJ D QHZ SD\PHQW RSWLRQ KDG WKH VKRUWHVW DYHUD
WKDW SDUWLFLSDQWYV IRXQG LW UHODWLYHO\VWUDLJKWIRUZDUG ,Q FRC
TXHVWLRQQDLUH GXSOLFDWLRQ DQG ZULWLQJLQWHJUDWLRQ WHVWV KD
VXJIHVWLQJIDKLIKHU OHYHO RDRRP SOHMMQWY WKKUHDYHUDJIJHDGMXVWHG
SHU WDVN

$GGLWLRQDOO\ DPDQXDODQDO\WLVRIWKHSDUWLFLSDQWVTVROXWLRQ'



OWIV *ITHFEGO ERH 7]WXIQ ,IPTJYPRIWW

JLIXUH $YHUDJH DGMXVWHG WDVN GXUDWLRQ SHU WDVN

JLIXUH $YHUDJH DGMXVWHG WDVN GXUDWLRQ SHU WDVN SHU XVHU

ZKR PDUNHG WKHLU VXEPLVVLRQV DV FRPSOHWHG UHYHDOHG WKDW DOO
FRUUHFWO\ 7KHRQH H[FHSWLRQ PDGHRQO\PLQRU HUURURQD VLQJOH V
PDQDIJHGWRLGHQWLI\WKDWWKHH[SHFWHG HUURUV LQ WKH7DVN ZHUHLEL
GHVFULSWLRQ VR WKH\FRQGXFWHG H(WUD VWHSVY WR YDOLGDWH WKHLL
DQG DFFXUDF\UDWH ZDV QHDUO\

OWIV *ITHFEGO ERH 7]WXIQ ,IPTJYPRIWW

SDUWLFLSDQWY SURYLGHG YDOXDEOH I IHHGEDFN RQ WKHLU H[SHULHQFH .
RYHUDOO KHOSIXOQHVV UDWLQJ ZDV RXW RI LQGLFDWLQJ D KLJK OHY
KLIKHVW KHOSIXOQHVV UDWLQJ DOLJQLQJ ZLWK LWV VKRUWHU FRPSOH\
WKH V\VWHP SDUWLFXODUO\HIITHFWKRHA VRWKWMIKDLYWHW DV N KHOSUHOQHVYV UD)

6HQWLPHQW DQDO\VLV RI WKH TXDOLWDWLYH IHHGEDFN UHYHDOHG D VO
DYHUDJH SRODULW\VFRUH RI VOLJKWO\SRVLWIL@ H&RFFR Q GMLKHPMR W K
LQ WKHIHHGEDFN LQFOXGHG WKH XVHIXOQHVV RI WKH 2QERDUGLQJ %XG
DUHDV ZKHUH WKH VA\VWHP FRXOG RIITHU PRUH H[SOLFLW JXLGDQFH RU FR(



-QTEGX SJI'SHMRK )\TIVMIRGI ERH 8SSP*EQMPMEVMX]

JLIXUH $YHUDJH KHOSIXOQHVV UDWLQJ SHU WDVN

-QTEGX SJ'SHMRK )\TIVMIRGI ERH 8SSP *EQMPME

‘HH[DPLQHG KRZ SDUWLFLSDQWVTEDFNJURXQGV LQIOXHQFHG WKHLU RQ!
LQJH[SHULHQFHDQG IDPLOLDULW\ ZLWK WKH ,QWHOOL-,"'(

'SHMRK )\TIVMIRGI
&RQWUDU\WR H[SHFWDWLRQV SDUWLFLSDQWYV ZLWK PRUH FRGLQJ H[SHU
8VHUV ZLWK * \HDUV RIH[SHULHQFH WRRNDQDYHUDJH RI PLQXWHYV SF
IRUWKRVHZLWKOHVVWKDQ \HDURIH[SHULHAKIAHP D VEHOOGXN W B H|WSHULLGI 11
XVHUVY GHOYLQJGHHSHU LQWR WKH WDVNV RUH[SORULQJ WKHFRGHEDVH

JLIXUH $YHUDJH WDVN GXUDWLRQ E\FRGLQJ H[SHULHQFH

*EQMPMEVMX] [MXL -RXIPPM. -()
SDUWLFLSDQWV IDPLOLDU ZLWK ,QWHOOL- SDUWLFLSDQWY KDG ORQJH!I
SDUHG WR WKRVH XQIDPLOLDU SDUWLFLSDQWV ZLWKSIGGE LW L RRIODOKAOW H



'SVVIPEXMSR &IX[IIR7]WXIQ OWEKI ERH 4IVGIMZIH ,IPTJYPRIWW

,QWHOOL- XVHUV UHSRUWHG VOLJKWO\ORZHU KHOSIXOQHVV UDWLQJV 7
KDYHUHOLHG PRUHRQ WKH2QERDUGLQJ %XGG\IRUDVVLVWDQFH ZKLOH
PRUHDGYDQFHG IXQFWLRQDOLWLHYV

JLIXUH 7DVN 'XUDWLRQ E\ ,QWHOOL-8VDJH WKHEODFNOLQHV UHSUHVHQW WKH"

'SVVIPEXMSR &IX[IITR7IWXIQ OWEKIERH4IVGIMZI}

$ VWURQJ SRVLWLYH FRUUHODWLRQ ZDV REVHUYHG EHWZHHQ WKH IU
DQG WKH KHOSIXOQHVV UDWLQJV DV KLWSILE ®/IH® WH YLWKDW LQFUHDVHG
ZLWK WKH VAIVWHP OHG WR KLJKHU SHUFHLYHG KHOSIXOQHVV KLJKOLJKWI
LQWHUDFWLRQ ZLWK RQERDUGLQJ WRROV WR HQKDQFH WKH RQERDUGLQ.

4AIVWTIGXMZIWSR %GGYVEG] 9RHIVWXERHMRK E

MRK
$VVHVVLQJ WKH DFFXUDF\ FODULW\ DQG RYHUDOO HDVH RI RQERDUGLQJ
FUXFLDOIRUHYDOXDWLQJLWYVY HIIHFWLYHQHVY 3DUWLFLSDQWYV ZHUH DYV
DQG WKHUHVXOWY RITHU YDOXDEOH LQVLJKWY LQWR WKH XVHU H[SHULHC

7KH DYHUDJH DFFXUDF\ UDWLQJ ZDV RXW RI DQG WKHDYHUDJH XQG
R LQGLFDWLQJD JHQHUDOO\ SRVLWLYH SHUFHSWLRQ EXW DOVR KLJKO
WKHHDVHRIRQERDUGLQJ DVUNHHIQYIHGIDOXWYHUDJH VFRUH RI RXW RI 4
GHYLDWLRQ RI 7KLV VXJIJHVWYV WKDW PRVW SDUWLFLSDQWV IRXQG WK
EXWH[SHULHQFHG YDU\LQJOHYHOV RIHDVH

1RWDEO\ 7DVN UHFHLYHG WKH KLIJIKHVW UDWLQJV LQ DOO WKUHH FDWH.
SOHWLRQ WLPH DQG KLIJKHU KHOSIXOQHVY UDWLQJ 7KLV SDWWHUQ VX.
SDUWLFXODUO\HIIHFWLYHLQ IDFLOLWDWLQJ WDVNV RIPRGHUDWH FRPS(

7KH VWDQGDUG GHYLDWLRQ RI LQ WKHHDVH RIRQERDUGLQJ VFRUHYV
SDQWVYT H[SHULHQFHV )DFWRUV FROQWULEXWLQJ WR WKLY YDULDWLRQ P
H[SHULHQFH IDPLOLDULW\ZLWK WKHGHYHORSPHQW HQYLURQPHQW DQ(

WGCGXMZMX] 8]TIWERH*MPI-RXIVEGXMSR
‘HDQDO\]HG WKH GLVWULEXWLRQ RIDFWLYLW\W\SHV WR XQGHUVWDQG K
RSPHQWHQYLURQPHQW 7KHPRVWIUHTXHQWDFWLYLWLHV ZHUH WKH IRF.
WR RWKHU DSSOLFDWLRQV LQGLFDWLQJDFWLYHHQJDJHPHQW ZLWKLQ V



&VIEOWERH4VSHYGXMZMX]

JLIXUH 6HOI BHUFHLYHG (DVH 21 2QERDUGLQJ

SOHWLRQ RI WKH WDVNV 7KLV LVIXUWKHU FRQILUPHG E\WKH QXPEHU RI
VWXG\ )LIXWAHOXVWUDWHY WKH GLVWULEXWLRQ RI GLIITHUHQW DFWLYLW\

SDUWLFLSDQWYV PRVW IUHTXHQWO\RSHQRIGER BIQ IMNXPORIH R QY LIQOHVIR KKK [
RQ VHWXS DQG FRQILIXUDWLRQ WDVNV 7KH PRVW HGLWHG ILOHV ZHUH LU
LPSOHPHQWDWLRQV UHIOHFWLQJWKH QDWXUH RI WKH WDVNV DVVLIQHG

&VIEOW ERH 4VSHYGXMZMX]

7KH QXPEHU RIEUHDNV WDNHQ GXULQJWDVNV SURYLGHGLQVLIJKWYV LQWF
SRLQWV DV VHHQ LQQIDWHWWBWDIH SDUWLFLSDQWYV WRRN EUHDNV SHU WD
KLIKHU QXPEHURIEUHDNV WRWDOOLQJ DFURVV DOO XVHUV ZKLFKFRX
WKH 2QERDUGLQJ %XGG\ FRXOG RIITHULPSURYHG VXSSRUW

-RXIVIWX MR 3RFSEVHMRK 7SPYXMSRW

$00 SDUWLFLSDQWYV H[SUHVVHG D KLJK OHYHO RI LQWHUHVW LQ RQERD
VFRUH RI RXW RI 7KLV GHPRQVWUDWHV D VWURQJGHPDQG IRU WRRO
VRIWZDUH GHYHORSPHQW LQGXVWU\

'SQQSR 'LEPPIRKIW

$ ZRUG IUHTXHQF\DQDO\VLVY RI SDUWLFLSDQW IHHGEDFN UHYHDOHG FRP|
PHQWLRQHG WKH QHHG IRUDGGLWLRQDO KHOS PRUH H[SOLFLW LQIRUPI
6XJIJHVWLRQV PRVWO\IRFXVHG RQ WHFKQLFDO VFDODELOLW\LQ WHUPV F

SDUWLFLSDQWVYTXDOLWDWLYHIHHGEDFNVKHG IXUWKHUOLJKW RQ WKHL
WKHJIJXLGDQFH SURYLGHG VRPHQRWHG WKDW WKH 2QERDUGLQJ %XGG\ FI
H[SODQDWLRQV HVSHFLDOO\IRU FRPSOH[ WDVNV OLNH 7DVN ZKLFK LQ®
KDQGOLQJ QHVWHG GDWD VWUXFWXUHY 7KLV RFFDVLRQDOO\OHG WR FR!
DGGLWLRQDO HITRUW WR RYHUFRPH WKHVH FKDOOHQJHYV



6IWIEVGLSYIWXMSRW

JLIXUH &RUUHODWLRQ EHWZHHQ IUHTXHQF\RI XVHDQG KHOSIXOQHVYV UDW

6IWIEVGLS5YIWXMSRW

7KLV VHFWLRQ GHWDLOV WKH NHVUHVHDUFK TXHVWLRQV JXLBQ@QJ RXU UF
ERDUGLQIJWRKKGLQ IDFLOLWDWLQJ VRIWZDUH RQERDUGLQJIRU GHYHORS
HOQOFHVLQ XVLQJ WKHWRROUHODWHWRHIILFLHQF\DQG FRPSOHWLRQ RI W
WKH SHUIRUPDQFH RI WKH GHYHORSHUV LI XVHU VDWLVIDFWLRQ LV SRVL
DQG WDVN FRPSOHWLRQ UDWHYV DQG ODVWO\ WKH RYHUPERDWHDMLELOL!
%XG®\WRRO DV DODUJH ODQJXDJH PRGHO EDVHG VROXWLRQ :H KRSH WKD
SURYLGHD FRPSOHWH SLFWXUH RI KRZ WKLV WRRO FRQWULEXWHV WR D E

65 ,LEXTEXXIVRWSJIJhGMIRG]ERHXEWOGSQTPIXMSR I
STIVWYWI3RFSEVHMRK &YHH]JSV WSJX[EVI SRFSEVHMRE
FI XMQIWTIRX MR XLI-() RYQFIV SJhPISTIVEXMSRW ERH

VEXIW#

7KH 2QERDUGLQJ %XGG\ LQIOXHQFHY RQERDUGLQJ HIILFLHQF\DQG WKH |
VHOI DVVHVVHG PHWULFV DQG WKH GDWD FROOHFWHG $Q DYHUDJH RI

VKRZLQJ KLJK HQJDJHPHQW ZLWK WKH GHYHORSPHQW HQYLURQPHQW YL
DFWLYLWLHY SHU XVHU ZHUH DW DERXW GHVFULELQJDQDFWLYHLQWH
HGLWVY FUHDWLRQV DQG RSHQLQJV 7KHLU SHUIRUPDQFH \LHOGYV DOPRV
DOO WKHUHTXLUHG WDVNV ZHUH SHUIRUPHG FRUUHFWO\ 7KH PRVW FRQV
FRPSOHWLRQ RI WKHVH WDVNV ZDV PLQXWHV $PRQJWKHVH 7DVN DG
WKH RQH UHVROYHG LQ XQGHU PLQXWHV EHLQJDW PLQXWHV RQ DYHL
2QERDUGLQJ %XGG\GRHV VXSSRUW IDVWHU SHUIRUPDQFH RI WDVNV HVS

$OWKRXJIK ZH FDQQRW GUDZ DQ\ FRPSDUDWLYH GDWD IURP WKH SDUWLFL
GXH WR WKH OLPLWDWLRQ RI WKHVWXG\ [ URPD VHOI DVVHVVPHQW PHWL
WKH2QERDUGLQJ %XGG\ZDV HIIHFWLYHLQ HQKDQFLQJWKHLU RQERDUGL
RI ,'"( HQJDJHPHQW DQG VXFFHVVIXO FRPSOHWLRQ RI WDVNV VXSSRUW W|
%XGG\SRVLWLYHO\LPSDFWVY RQERDUGLQJHIILFLHQF\DQG WDVN FRPSOH



6IWIEVGLSYIWXMSRW

JLIXUH 'LVWULEXWLRQRIDFWLYLW\W\SHYV

JLIXUH 1XPEHU RIEUHDNVY SHU XVHU



6IWIEVGLSYIWXMSRW

65 ;LEXVIPEXMSRWLMTWI\MWX FIX[IIRHIZIPSTIVW TIVC

SIJ3RFSEVHMRK &YHH] ERH XLIMV XEWO GSQTPIXMSR TEX
7KH SHUFHLYHG XVHIXOQHVV RI WKH 2QERDUGLQJ %XGG\VLIJQLILFDQWO\
DQG VHDPOHVV LOWHJUDWLRQ RI RQERDUGLQJ WDVNV 3DUWLFLSDQWYV |
%XGG\DWDQDYHUDJH RI RXW RI LQGLFDWLQJD JHQHUDOO\SRVLWLYH
FRUUHODWLRQ EHWZHHQ WKH IUHTXHQF\ RI XVLQJ WKH 2QERDUGLQJ
VXIJIJHVWLQIJ WKDW LQFUHDVHG HQJDJHPHQW ZLWK WKH DVVLVWDQW HQK

7TDVNV WKDW UHFHLYHG KLIJIKHU KHOSIXOQHVV UDWLQJV VXFK DV 7DVN L
KLIJKHU VHOI DVVHVVHG HDVH RIRQERDUGLQJVFRUHV )J)RULQVWDQFH 70
QHVV UDWLQJEXWZDV DOVR FRPSOHWHG LQ WKHVKRUWHVWDYHUDJH WL
SHUFHLYHG WKH2QERDUGLQJ %XGG\DV  PRUH XVHIXO WKH\ZHUHDEOH WHF
LQWHJUDWH WKHP VHDPOHVVO\LQWR WKHLU ZRUNIORZ

7TKHUHIRUH WKH VHOI DVVHVVHG PHWULFV FRQILUP WKDW WKH SHUFHLY |
GLUHFWO\ FRQWULEXWHV WR VXFFHVVIXO WDVN FRPSOHWLRQ DQG VPRRYV

65 ;LEXMWXLIVIPEXMSRWLMTFIX[IIRYWIVWEXMWJEGX
&YHH]ERHXLIMVIRKEKIQIRXPIZIPW MR I1JIJIIGXMZIP]GSQT

XEWOW#
7TKHUHLVD SRVLWLYHUHODWLRQVKLS EHWZHHQ XVHU VDWLVIDFWLRQ ZL\
PHQW OHYHOV LQ HIITHFWLYHO\ FRPSOHWLQJ RQERDUGLQJ WDVNV 3DUW|
ZLWK VHOl DVVHVVHG RYHUDOO H[SHULHQFH UDWLQJVY DYHUDJLQJ DERYF
VDWLVIDFWLRQ DOVR WHQGHG WR XVH WKH 2QERDUGLQJ %XGG\ PRUH IU
FRUUHODWLRQ EHWZHHQ IUHTXHQF\RI XVHDQG KHOSIXOQHVV UDWLQJV

+LJKHU XVHU VDWLVIDFWLRQLYVY DVVRFLDWHG ZLWK LQFUHDVHG HQJDJHP
SOHWLRQ EDVHG RQ WKH FRUUHFWQHVYVY RI SDUWLFLSDQWVY VROXWLROQ\
%XGG\KHOSIXODQG HDVV\ WR XVH VSHQW PRUH WLPH ZLWKLQ WKH ,'"( DQC
7KH VHOIl DVVHVVHG PHWULFV IRU DFFXUDF\ DYHUDJH RXW RI XQG
HDVHRIRQERDUGLQJ RXWRI IXUWKHU VXSSRUW WKLY UHODWLRQVKLS
HQJDIJHG DQG HITHFWLYH LQ FRPSOHWLQJ RQERDUGLQJ WDVNYV

65 ,S[JIEWMFPIMWXLIMQTPIQIRXEXMSRSJ3RFSEVHMRI

FEWIHEWWMWXERXJSV SRFSEVHMRK XEWOW#
%DVHG RQ HPSLULFDO DQDO\WLY WKHLPSOHPHQWDWLRQ RIWKH 2QERDU
PHQW DVVLVWDQW GHPRQVWUDWHY VLIQLILFDQW HIILFDF\LQ IDFLOLWDYV
PHWULFVY UHYHDO FRPSHOOLQJHYLGHQFHRILWY SUDFWLFDO XWLOLW\ ¢
DQG XVHUHQJDIJHPHQW PHWULFV 2XUUHVHDUFKLQGLFDWHY WKDW SDUV
PHQW ZLWKLQ WKHLQWHIJUDWHG GHYHORSPHQW HQYLURQPHQW 7KH HP
KLIK SHUIRUPDQFH DFURVV NH\PHWULFYV

t7DVN FRPSOHWLRQ DFFXUDF\UHDFKLQJ FORVH WR
+8VHU VDWLVIDFWLRQ PHWULFV DYHUDJHG DERYH RQD SRLQW VFD
ftORUHRYHU XVHULQWHUHVW LQ WKLV WA\SHRIVROXWLRQ UHDFKHG D P

KLOH WKH DFWXDO LPSOHPHQWDWLRQ GRHVY SURYLGH VRPH OLPLWYV UHJ
VWUXFWLRQV WKHVHDUH QRUPDO FKDOOHQJHV LQ //0 EDVHG VA\VWHPV
SULPDU\N IXQFWLRQDOLW\Y ORVW RI WKH DUHDV IRU LPSURYHPHQW IRXQG
LQJ WKH VA\VWHP WR\LHOG HYHQ PRUH GHWDLOHG LQVWUXFWLRQV 7HOH
UHYHDOHG WKDW 2QERDUGLQJ %XGG\ VHUYHV ZHOO LQ FRGHEDVH IDPLO|
PHQWDWLRQ WDVNV 7KLV KDV D JUHDW SRWHQWLDO WR EH ZLGHO\ XVHG
LOWR SURIHVVLRQDO VRIWZDUH GHYHORSPHQW



'SRGPYWMS

7KLV WKHVLVY SUHVHQWHG D QRYHO VROXWLRQ IRUVRIWZDUHHQJLQHHUL®¢
WKH 2QERDUGLQJ %XGG\ VIVWHP ZKLFK XWLOL]HV ODUJH ODQJXDJH PRG
JHQHUDWLRQ 5%$* HQKDQFHG E\DQ DXWRPDWHG FKDLQ RI WKRXJKW DSS
ZDV LPSOHPHQWHG DFURVV WKUHH GLVWLQFW OD\HUV DQ H[SHULPHQWZE
DQG GDWD SURFHVVLQJ D FKDW 8, IRUXVHULQWHUDFWLRQ DQGDQ,'(SO
FROOHFWLRQ

7TKHWHFKQLFDOLPSOHPHQWDWLRQLQFOXGHGDQDJHQW FHQWULF GHVL]J
RQERDUGLQJ SODQV RIDFWLRQV $PRQJ WKHVH DJHQWYV WKHUH LV WKH
FRKHUHQW FKDW KLVWRU\ DQ RQERDUGLQJDJHQW WKDW JHQHUDWHV VW
VWHS SURFHVVRU WKDW H[HFXWHV PXOWLSOH RQERDUGLQJ SODQV LQ SC
ZKLFKUHILQHVY WKH UHVSRQVHVY RI WKH DIRUHPHQWLRQHG DIJHQWYV

([SHULPHQWDO HYDOXDWLRQ HYLGHQFHY SUDFWLFDO HIITHFWLYHQHVV L
PLOQXWHV RI DFWLYH ,"( WLPH YHUVXYV PLOQXWHV RQ HIWHUQDO UHVRXUFE
GHYHORSPHQW HQYLURQPHQW 7KHFRPSOHWLRQ WLPHV UDQJHG DFFRUC(
FRPSOH[LW\ WDVNV WRRN DERXW PLQXWHY ZKHUHDV WKH PRUH FRPSC
PLQXWHV 7KH FRPSOHWLRQ UDWH ZDV DOVR TXLWH KLJK QHDUO\DOO S
UHTXLUHG IXQFWLRQDOLW\ ORUHLQWHUHVWLQJO\ DQDO\WHV RI XVDJH &
YHORSHUV XVHG LW IRU ORQJHU SHULRGV RQDYHUDJH WKDQ QHZHU GHY
HQJDJHPHQW ZLWK WKH FRGH UDWKHU WKDQ PHUHO\ FRPSOHWLQJ WDVN
WHPTV KHOSIXOQHVYV ZDV RXW RI ZLWK D FRUUHODWLRQ FRHIILFLHQW
SHUFHLYHG KHOSIXOQHVYV

KLOH HITHFWLYH LQ VXSSRUWLQJ WKH FRPSOHWLRQ RI WDVNV DQG UHGX
EDFNDOVRUHYHDOHG DUHDV RILPSURYHPHQW 7KHVHLQFOXGHHQKDQF
LQVWUXFWLRQV DQG UHILQHG XVHU H[SHULHQFH LQ WKH XVHU LQWHUID
ERDUGLQJ SURFHVVDQGLQFUHDVHV GHYHORSHU SURGXFWLYLW\ DOWKR
FRPSOH[ WDVNV UHPDLQ WR EH DGGUHVVHG 7KH LPSOHPHQWDWLRQ RI
//0 EDVHG VROXWLRQVDUHIHDVLEOH IRUVRIWZDUHHQJLQHHULQJ RQERTEL
IROORZ RQ UHVHDUFK LQWR KRZ DXWRPDWHG GHYHORSHU VXSSRUW DQG
EHLPSURYHG



*YXYVI;SVO

:KLOHWKH2QERDUGLQJ %XGG\V\VWHP GHPRQVWUDWHY SURPLVLQJUHVX
RQERDUGLQJ VHYHUDO SDWKV IRU IXWXUH UHVHDUFK DQG GHYHORSPH(
GLUHFWLRQIRUIXWXUHZRUNLQYROYHVH[WHQGLQJRXUFXUUHQWH[SHU
VWXG\ 2XU SODWIRUP ZDV VSHFLILFDOO\GHVLIJQHG WR VXSSRUW VXFK F|
EDVHGDUFKLWHFWXUH DOORZLQJIRUERWKS$, DVVLVWHGDQG WUDGLWL
WRWLPHFRQVWUDLQWV DQG WKHVFRSHRIWKLY WKHVLY ZHZHUH XQDEO
HYDOXDWLRQ

)XWXUH UHVHDUFK FRXOG DGGUHVV WKH IXQGDPHQWDO TXHVWLRQ “+RZ
RI 2QERDUGLQJ %XGG\ FRPSDUH WR WUDGLWLRQDO RQERDUGLQJ PHWKR
FRPSOHWLRQ DQG ZRUNIORZLQWHJUDWLRQ" 7KLV VWXG\ZRXOG XWLOL
YLGH SDUWLFLSDQWYV LQWR WZR JURXSV ZLWK FRPSDUDEOH H[SHULHQFH
WKHRWKHU IROORZLQJWUDGLWLRQDO GRFXPHQWDWLRQDQG PHQWRULQ
WKH UHODWLYH HITHFWLYHQHVV RI $, DVVLVWHG RQERDUGLQJ YHUVXV FR
WLYHPHWULFV VXFKDV FRPSOHWLRQ WLPHV HUURU UDWHV DQG DVVLV)
EH GHULYHG IURP WKLV WKURXJK VWUXFWXUHG LQWHUYLHZV

JXUWKHUPRUH UHFHQW DGYDQFHV LQ ODUJH ODQJXDJH PRGHOV SRLQW
IXUWKHU LPSURYHPHQWY LQ WKH FDSDELOLWLHV PDIQXEEHRE\TWHF7 &OI
R PRGH@OVWK VLPLODU &R7 DSSURDFKHYV 7KHVH PRGHOV SUHVHQW VXSH
GHUVWDQGLQJ DQG JHQHUDWLRQ WKHUHIRUH EHLQJ SURPLVLQJ FDQGL
DQG UHOHYDQFH RI VIVWHP UHVSRQVHY ORUHRYHU IXWXUH HIIRUWYV VK
DGYDQFHG PRGHOV FRXOGEHLQWHJUDWHG LOWR RQERDUGLQJV\VWHPYV
VXOWLQJLQ PRUHVRSKLVWLFDWHG UHDVRQLQJFKDLQVDQG EHWWHU FR
SHUIRUPDQFH RIVXFKPRGHOVRQORQJHUFRQWH[WV ZRXOG DOORZ IRU U
DFFXUDWH UHWULHYDO DXJPHQWHG JHQHUDWLRQ

&ODXGH 6RQGHWIrrrX Mi? QTB+X+QKfM2rbf+H m/2@]@8@bQMM2i
2SHQ$,TV *37 R PRIGHOMQT2M BX+QKfQRF
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@HPLQL 7THDP*HRLMQ@ $ )DPLO\RI +LJKO\ &DSDEOH 0X ®W LIPYRERO ORGH C
RR3y8 (+bX*G)

@LFDUGR %ULWWR HW DO 3(YDOXDWLQJDQG VWUDWHIL]ILQIJWKHRQE
VFDOH JOREDOO\ GLVW U REOUWID® RU R WHFMPW D,QG 6RI®ZDUH
,661 '2,?2i1iTh,ff/QBXQ ;fRyXRyRefDXDbbBkyRyXRRHeNNX
b+B2M+2/B 2+iX+QKfb+B2M+2f "iB+H2fTBBfayRe9RkRkkyjyR9dj

@LFDUGR %YULWWR HW DO 32QERDUGLQJ VRIWZDUH GHYHORSHUYV DQ(
OHJDF\ SURMHFWY $ PXORXKPEDDVH \RWERB\WZDRDUH (YROXWURY DQG 3UR

@RP % %URZDOHWXMIHORGHOV DUH )HZ 6 KRWUHKIYYEXHRPRe8 (+bX*G)

@LP %XFKDQ 6WHSKHQ ODF'RQHOQ I IBRGEGL-MY WHBP RDERDUGLQJILQ $JIL(
GHYHORSPHQW WHFKQLTXBDWPDRNydRRPNye (+8X/a@Ai)iTb,ff "tBpX
Q ;f #bfRNydXRykye

@\OH * 6 'DI2IFMMRYHUVH 7KH 6WDWH RI2SHQ 6RXUFKHMHDQGVY XEHRIR] LQ
85/ ?iiTh,ff;Bi?m#X#HQ;fkykj @RR@Yy3@i?2@bi i2@ Q7AYTMM@bQm"

RQ

@DFRE 'HYOL®(BW BOH WUDLQLQJ RI'HHS %LGLUHFWLRQDO 7UDQVIRU!

VWDQGLQIDU;RBRyXy93y8 (+bX*G)

@DWWKLMV 'RXH HDL DY OLE UDW;\k$yRXy3k3R (+BEG2)iTh,ff "tBpX
Q ;f #bfk9yRXy3k3R

@HLOS$ (UQVWDQGODUWLQ 3 5RELOODUG 3*$VWXG\RIGRFRPHQWDWLI
SLULFDOG6RIWZDUH (QJEOSEWULQJ $FFHSWHG 0D\ 3XEOLVKHG 6
EHU SS R¥XRyydfbRyee9 @ ykj @R wjiodlg kf/ QBXQ ;fRyXRyydf
bRyee9@ykj@Ryj9d @ k

@<XQIDQ *DR5SHWDOHYDO $XJPHQWHG *HQHUDWLRQ IRU/DUJH /DQJXDJH
DU;LKYRKXRYNNd (+8XfGiJTh,ff "tBpXQ ™ ;f #bfkjRkXRyNNd

@HHUW +H\PDQ DQG 7RP ABIX&XW%RBH 6HDUFK 5HYLVLWHG (QKDQFLQ
SHWULHYDO WKURXJK 1DW XU D CDAD;@Y X DX Rk RN H O A )

@DPHO +XVDLILXRIBWAHDUFK1IHW &KDOOHQJH (YDOXDWLQJWKH 6WDWH |
DU;IRINyNXyN9je (+bXG:)

@DUHQ 6SDUFN -RQHV 31DWXUDO /DQJXDJH 3URFRXWIUHIQW +VVWHRW L BL
&RPSXWDWLRQDO/LQJXLVWLFV (Q +RGRNWRRILRGDPCGROWL 1LFROHW!'
DQGODUWKD3DOPHU '"RUGUHFKW 6SULQJHU 1HWKHUODQGYV SS
'2, RyXRyydfNd3@y@ 838 BpINBIT@INRBXQ ;TRYyYXRyydfiNd3@y@838@ j8
3nR

@Q-XHWRDVHGB6WXG\RI2QERDUGLQJLQ 6RIWZDUH 7THDPWOWWDRYNV DQG
kRyjXy8y88 (+bXal)

@’DNHVKL .RMLPDHW DO 3/DUJH/DQJXDJH 0RG H O$/GDDHFHIVR @ K R WEHID

,QIRUPDWLRQ 3URFHVGLEBYG\VRMHFMR HW DO 9RO &XUUDQ $VVRFLD!
SsS + 85RiiTh,ffT ' Q+22/BM;bXM2m BTbX++fT T2 ' n7BH2bfT T2 fk
3##y/KNR +/9 +7ye27RRkyNN+Re7jke@S T2 @*QM72 2M+2XT/7

@DWULFN /HBHWHMWHDYD O $XJPHQWHG *HQHUDWLRQ IRU .QRZOHGJH ,Q
DU;Lkyy8XRRIO9YR (+®X*&)Thb,ff "tBpXQ ;f #bfkyy8XRR9yYR
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> @YDQ FLW+XE 5D GW¥FGIVVHG ?28%b,ff;Bi?m#X+QKflp MGBf
Bi?m#@ _ MFBM;

> @GWHQVLV /BNHBWQLTXH IRUWKHOHDVXUBHBPHRQIW RVIRWBNLWKEBRJI\ 1H
<RUN 7KHG6FLHQFH 3UHVYV SS #

> @KHQ[LDR/LXDQG ; LOROMG BAXHVWLRQ $QVZHULQJ'DWDVHW IRU 6R.
SUHKHQVLRQU:;KkRYNXy3je8 (+bX*G)

> @WHYHQ TRIUWBD6ORE 6LPSOLILHGZHTW, BURIFHVQEYARI2 /i?2/Q+bXBQf2Mf
[2pf $FFHVVHG

> @WHSKHQ ODF1HLO HW DO 3([SHULHQFHV IURP 8VLQJ &RGH ([SODQDW
JXDIJHORGHOVLQD:HE6RIWZDUH 'HYHORBIFHGMQUYWRRWKHQ WK $&0 7}
QLFDO 6\PSRVLXP RQ &RPSXWHU 6FEHQ@QFH DWW XFDWLRQ 9

> @XP]D1DYHHGHBWMPSUHKHQVLYH2YHUYLHZRI/DUJH /IDQJKIHINKORGHOV
ye9j8 (+bX*G)

@SHQ$37 7HFKQLFDO 5HSRWW)yjXy3dd9 (+bX*G)

@ XJR 7TRXYUR/@BWDDO2SHQ )RXQGDWLRQ DQG )LQH 7XRUI&KBKBXW ORGHC
yNk33 (+bX*G)

> @ XJR7RXYUROQDHW RGHQ DQG (IILFLHQW )RXQGDWLRQDNOKWRIH ORGHO
RiNdR (+bX*G)

> @ S8PEUHOOR 3$, ((QFWHQRSHGLD RI $UWLILFLDO ,QWHOOLJHQFH 7KH 3
RI$$%& &/,2 SS +

> @DVRQ:HL&MDRLQ RI 7KRXJKW 3URPSWLQJ (OLFLWV5HDVRQLQJLQ /DUJ
DU;LkkyRXRRNYyj (+BEFGi)iTh,ff "tBpXQ ;f #bfkkyRXRRNY]

> @KXRVKHQJ=KBYXWHRWDWLF &KDLQ RI 7KRXJKW 3URPSWLQJLQ /DUJH /D¢
DU;LKKRYXYjONj (+bX5G2iiTh,ff "tBpXQ :f #bfkkRyXyjON]

> @D\QH ;LQ =KDREHMWWWYMH\ RI /DUJH /DQJXDJH DRGEKMYPIXR3kkj (+bX*G)



Experiment Manual

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

Jo dprbepshujpo xjui UV Efigu- KFuCsbjot Tpguxhsf Fohjoffsjoh SFtfbsdi Efgbsunfou jt
dpoevdujoh b tuvez up foibodf pocpbsejoh tpvujpot gps tpguxbsf efwfipgfst/

Xfidpnf up vi f Pocpbsejoh Cveez fyqgfsjnfou Cz gbsujdjgbujoh- zpv Xjm hbjo bddftt up
Pocpbsejoh Cveez bo joopwhujwf uppn eftjhofe up pggfs obuvsbr ibohvbhf fygrbobujpot boe
hvjebodf ejsfduiz xjuijo zpvs efwfipgrnfou fowjsponfou/ Uijt uppr jt tgfdjndbmz ubjipsfe up
bttjtu jo pocpbsejoh ofx efuwfipqfst up tpguxbsf gspifdut/

Xibu Pocpbsejoh Cveez Pggfst;

o Tufq.cz.Tufq Fygibobujpot; SFdfjwf efubjife- tufq.cz.tufq hvjebodf bepvu tpguxbsf
qspifdut cbtfe po zpvs tqfdjnd rvftyjpot/

Gpdvt po joh; Fngibti{ft joh ui F (1PX( sbuiFs uibo kvtu ui F (EP}
gspwjejoh b effqfs dpngsfifotjpo pguif efwfipgnfou gspdfet/

Di buHQU.1j I FowjsporFou; Joufsbdu xjui i uppr jo bo FowjsporFou tjnijibs up DibuHQU
nbljoh ju vtfs.gsjfoerz boe jowvjiuf/

o

o

1320 @ HPF 0 @21 1702 &

A s A A X£ bsf Fyqfsinfosjoh up dpnabsf i f pocpbsejoh qfsgpsnbodf pg vtfst viji{joh pvs Pocpbsejoh
a | 3 30 Ol D O @ Cveez tpvijpo wfstvt uiptf xip ep opul Uijt fygfsjnfou bjnt up efufsnjof uif vtfovioftt boe
sfijbcjijuz pg tvdi upprt jo sFbr.xpsie tdfobsjpt/ Tqfdjadbnz: xF xbou up bttftt xifuifs
Pocpbsejoh Cveez dbo nbIf uif pocpbsejoh gspdftt gbtufs boe cfusfs pwfsbr- foibodjoh uif
Fyqfsjfodf gps ofx efwfipgfst/

Qbsujdjgbout jo uijt fyqfsinfou xju tinvibuf ui f pocpbsejoh gspdftt pg b tpguxbsf fohjoffs
ipjojoh b ofx gspifdu boe gpttjciz b ofx ufbn/ Cz gspwjejoh efubjife- obuvsbr tbohvbhf
Fyqibobujpot boe tufq.cz.tufq hvjebodf ejsfduz xjuijo uiF efwfipgnfou Fowjsporfou-
Pocpbsejoh Cveez bjnt up tusForijof ui f pocpbsejoh gspdftt/ Qbsijdjgbout xjm dipof b
sfqptjupsz- xijdi dpoubjot uif chdlfoe bqgijdbujpo gps ui f esjwjoh rfhjtibujpo gspifdy- boe xjm cf
bttjhofe uifjs pxo csbodift/ Uifz xjn vif Pocpbsejoh Cveez up voefstuboe boe joufsbdu xjui
ui f gsplfduft whsjpvt gfbuvsft- gspn vifs bvui foujdbujpo up uftu nbobhfnfou boe rfhjtrbujwf
dpoufou bddftt/

Cz dpngbsjoh ui f fyqfsjfodft boe gfsgpsnbodf pg vifst xjui boe xjuipvu Pocpbsejoh Cveez-
xF ipgf up hbui fs wovberf jotjhiut joup ui f FogfdujwFoftt pg tvdi upprt jo jngspujoh uif
pocpbsejoh fyqfsjfodf gps tpguxbsf fohjoffst/

LExperiment Manual Source - 0000000b000000000000000000000000000000000000000000b000a
0000000b0000000000000000
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https://docs.google.com/document/d/1rxHSZzcmyYq-N3TiQh_Twb6Ms8IxakmdPIJvjJPX6rU
https://docs.google.com/document/d/1rxHSZzcmyYq-N3TiQh_Twb6Ms8IxakmdPIJvjJPX6rU

Ui f gspkfdu jowpmwft b dpngsfifotjwf cbdlfoe bagrjdbujpo efwfipgfe vtjoh Kbwb Tgsjoh-
eftjhofe up tvagpsu b esjwjoh rfhjtzbujpo baagrjdbujpo/ Uijt baarjdbujpo beesfttft uif vifpsfujdbr
dpngpofout ofdftthsz gps esjwjoh fevdbujpo cz gbdjijubujoh uifpsfujdbr uftut boe gspwjejoh
sftpvsdft gps rfbsofst/ Ui f cbdlfoe tztufn jt spcvtu- pygfsjoh gvodujpobrjuijft tvdi bt vtfs

bwui foujdbujpo- nbobhfnfou pg ui fpsfujdbn rvftujpot- dsfbujpo pg dvtupn rvftujpoobjsft- boe
benijojtushujpo pg ui fpsfujdbn uftut/ Beejujpobmz- ju jodiveft b rfhjtibujpo F.cppl gfbuvst- fobcijoh
vtfst up efwf effqgfs joup esjwjoh tbxt boe sFhvibujpot/ Uijt cbdlfoe jt dsjujdbn gps Fotvsjoh uibu
vtfst dbo tfbrrftt:z bvuifoujdbuf- bddftt- boe joufsbdu xjui uif fevdbujpobn dpoufou- uifsfcz
foibodjoh uifjs gsfgbsbujpo gps esjwjoh fybnt/

i 3?20 Biswg? Oy

Up tff ipx uif pocpbsejoh gspdftt xpslt xjui pvs bagspbdi- xf bsf vtjoh bo JoufimjK Qivhjo
dbmfe Pocpbsejoh Cveez/ Uijt gqivhjo jt eftjhofe up tusfbrijof uif jojujbn tfuvg boe joufhshujpo
gps ofx ufbn Nfncfst- fotvsjoh b tnppui boe FAdjfou tubsy/ 1 fsfit b tufg.cz. tufq hvjef up hfu
zpv tubsufe/

Tufq 2; Jotubm JoufmjK JEFB

Ui f nstu tufq jt up jotubm JoufmjK JEFB- xijdi jt uif Joufhsbufe Efwfipgnfou Fowjsponfou )JEF*
xF xjm cf vtjoh/ Jg zpv bisfbez ibwf JoufmjK JEFB jotubmfe- uibu(t hsfbu" Jy opu- zpv dbo epxoipbe
jugspn ui f KfuCsbjot xFetjuf/ Gpmpx ui f jotubmbujpo jotusvdujpot tafdjnd up zpvs pgfsbujoh
tztufn )Xjoepxt- NbdPT- ps Mjovy*/

Tufq 3; Jotubm ui f Pocpbsejoh Cveez Quvhjo

Podf zpv ibwf JoufmjK JEFB jotubmfe- ui f ofyu tufq jt up jotubm ui ¥ Pocpbsejoh Cveez givhjo/
Uijt givhjo jt bubjiberf po uif JoufinK NbsIfugrtbdf boe dbo cf jotubmfe ejsfduz uispvhi vif JEF/
1fsfit ipxupepjy;

2/ Pqfo JoufmjK JEFB; Mbvodi uif JEF po zpvs dpngwufs

3/ Hp up uif Quvhjot TFdujpo; Dijdl po $AD= jo uif upg Nnfov cbs uifo tfifdu 1=LLAF?K )ps
.J=>=J=F;=K po nbdPT* Jo ui f rfgu.iboe gbof- hoe boe tfifdu . DM?AFK/

4] Tfbsdi gps Pocpbsejoh Cveez; Jo uif Qivhjot xjoepx:- hp up uif +9IC=LHD9 ;= ubc boe
foufs #Pocpbsejoh Cveezi jo ui f tfbsdi chy

5/ Jotubm ui f Qrvhjo; Gjoe ui f Pocpbsejoh Cveez givhjo jo uif tfbsdi sftviut boe dijdl uif
"FKL9DD cvuupo/

>

6/ Sftubsu JoufmjK JEFB; Bgufs ui f jotubmbujpo jt dpngrfuf- zpv xjm cf gspnqufe up sftubsu
JoufmjK JEFB/ Dijdl 0=KLOJL **'# up baqz vif dibohft/

Bufsobujwfiz- zpv dbo epxompbe uif givhjo ejsfduiz gspn ui ¥ KfuCsbjot Qivhjo Sfgptjupsz boe
jotubm ju Nbovbmz/

Tufq 4; Bddfqu ui f Hjul ve Jowjubujpo

Bguf's jotubmjoh ui f Pocpbsejoh Cveez qivhjo- fotvsf uibu zpv ibwf bddfqufe uif Hjulvc
jowjubujpo up ui f gspkfdu/ Uijt jowjubujpo xbt tfou up zpvs fnbji bipoh Xjui uijt epdvnfou/ g zpv
ibwfolu sfdfjwfe uif jowjubujpo- difdl zpvs tgbn gprefs ps dpoubdu zpvs gspkfdu benjojtusbups/

Up bddfaqu ui f jowjubujpo;

2
3

Pgfo Zpvs Fnbjr; Difdl uif fnbjr bddpvou xifsf uif jowjubujpo xbt tfou/

Gjoe ui T Jowjubujpo; Mppl gps bo frbjn gspn Hjul ve Xjui ui f tvckfdu #lowjubujpo up
dpmbcpsbuf po \Qspkfdu Obn 4/

Bddfqu ui f Jowjubujpo; Pgfo uif fnbji boe dijdl uif 4A=0 AFNAL9LAGF cvuupo- uifo
dijdl (GAF po uif Hjul vc gbhf uibu pgfot/

4

Tufq 5; Foufs Zpvs VtfsIE

Vgpo bddfqujoh uif Hjul vc jowjubujpo- zpv tipwvre ibwf sfdfjwfe b VEFsIE jo uif tbnf fnbjy Uijt
VtfsIE jt dsvdjbr gps dponhvsjoh ui f Pocpbsejoh Cveez givhjo up sfdphoj{f zpvs tfuvg/

Up foufs zpvs VETSIE;

2
3

Pqgfo JoufmjK JEFB; Mbvodi uif JEF jg ju jt opu bisfbez pgfo/

Pgfo Pocpbsejoh Cveez; Mppl gps ui f Pocpbsejoh Cveez jdpo jo uif JoufmjK upprcbs/ Drjdl
po uijt jdpo up pgfo uif givhjo joufsgbdf/

Foufs VEFSIE; B dponhvshujpo xjoepx Xijim baqfbs gspnqujoh zpv up foufs zpvs VEfsIE/
Jogwvu ui f VEFSIE zpv sfdfjwfe jo uif frbjn boe dijdl 'GF>AJE

4
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