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Utilizing Machine Learning Methods for Usability Evaluation in Learn-
ing Management Systems

Richard A. Torres Molina

(ABSTRACT)

The concept of usability refers to a user’s capability to interact with a system to fulfill

goals in terms of task completion (effectiveness), time measurement (efficiency), and positive

attitude (satisfaction). The strategy for usability evaluation in software systems usually

involves questionnaires, user testing, and heuristics. Although these methods have been

widely used due to several benefits, there are challenges related to time consumption and

embedded bias. In response to these challenges, this work proposes a hybrid approach

based on usability questionnaire answers and machine learning algorithms to predict usability

scores. We describe three different experiments with features extracted from a Learning

Management System. These features were applied in the Machine Learning algorithms Linear

Regression, Decision Trees, Random Forest, and Neural Networks in three experiments.

Random Forest produces the best performance of average mean square error and root mean

square error among machine learning algorithms. The results are promising, though there

are alternatives for improvements for better performance of the System Usability Scale and

UseLearn scores prediction. This approach has potential as a reliable predictive tool for

usability scores, which would help create software systems that better satisfy users’ needs.



Utilizing Machine Learning Methods for Usability Evaluation in Learn-
ing Management Systems

Richard A. Torres Molina

(GENERAL AUDIENCE ABSTRACT)

Instructors and students have used online platforms known as Learning Management Systems

(LMSs) to improve learning and satisfaction. Students need to achieve their learning goals

by interacting with these systems. To achieve these goals, usability evaluation involves

ensuring that LMSs attain effectiveness (task completion), efficiency (time measurement),

and satisfaction (positive attitude). Usability evaluation usually follows questionnaires, user

testing of the LMS, and expert reviews. Although these methods are widely used due

to several benefits, they face challenges related to trying these software systems multiple

times until the system satisfies student needs and human subjectivity perception. To face

these challenges, promote student engagement with the system, and create a better design

in the LMS courses, we propose a hybrid approach based on data, questionnaire answers,

and machine learning algorithms to predict usability scores. We evaluated this approach

through a case study with data collected from undergraduate students at Virginia Tech.

The results showed different advantages and drawbacks of machine learning performance.

The approach contributes to the engineering and computing education field by providing a

reliable predictive tool for usability scores to improve the student learning experience and

the features of the LMS.
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This thesis presents a hybrid usability evaluation approach based on user logging data, quan-

titative usability questionnaire answers, and Machine Learning (ML) techniques to predict

usability scores for a Learning Management System (LMS). The approach provides a novel

strategy as a predictive tool for usability scores, which would help the research community

create LMSs that satisfy users’ needs.

Usability evaluation (UE) is crucial for the quality of software systems to promote user goal

achievement based on effectiveness, efficiency, and satisfaction. The subjective methods are

the current methodology for UE: questionnaires, user testing, heuristics, and focus groups.

This evaluation helps find usability issues. However, they present gaps for improvement.

These gaps are the time needed to test a software system multiple times until the system

satisfies user needs and human subjectivity perception. Also, they lack the capability for

real-time configurations to customize different software systems. An objective quantitative

analysis is required to provide better software systems that satisfy user needs in the long term.

This analysis is a narrow research area with user logging data and ML. However, there is no

standard automatic objective identification tool for UE with ML where the score predictions

will help the software developers and User Experience (UX) designers to improve Learning

1
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Management System (LMS) software over time after corrections. A potential alternative is

automatic detection tools.

There are automatic detection tools for UE but with a scarce overview of user log activity

data and data-driven machine learning (ML) techniques. There are still open questions

about ML embedded in UE. For example, which interactions (features) between a user and a

software system are required to predict positive overall usability and which issues in software

systems usability can be predicted with ML. The features selected for the ML algorithms in

the previous state of the art are task duration, clicks, keystrokes, URL (Uniform Resource

Locator), event type, and among others to classify usability issues or predict a general score.

These features are extracted after the users finish certain tasks depending on the software

system. UE is crucial to creating software systems that fulfill user goals. In the educational

field, LMS is a software system used by students daily. UE should be considered to create

better learning experiences. Therefore, this thesis shows a hybrid approach based on user

logging data, usability questionnaire answers, and ML techniques to predict usability scores

for the Moodle LMS. This approach provides a potential strategy for UE, which would help

researchers, software developers, and UX designers create LMS software systems that satisfy

their users’ needs.

In this thesis, I present an alternative UE methodology for usability score prediction based on

user interaction with a LMS software system, usability questionnaires, and ML algorithms.

The two research questions are:

1. Are supervised machine learning algorithms able to predict usability scores in LMSs?
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2. What features should be employed to predict usability scores in LMSs?

The thesis is structured as follows: Chapter 2 presents the literature review about the inter-

section between usability evaluation and ML in software systems to show the current state

of the art and potential research directions. Chapter 3 explains the methods for automatic

usability evaluation of a LMS based on user logging data, questionnaires, and ML. Chapter

4 details the case study results with the ML algorithms. Chapter 5 discusses the results.

Chapter 6 presents conclusions and future work.



Usability is an essential part of human-computer interaction research and a relevant com-

ponent for quality User Experience (UX) [5]. The International Organization for Standard-

ization (ISO) established the usability definition in ISO 9241-11 [6]. The concept refers to

user goals achievement with a product considering different factors: task completion (effec-

tiveness), time measurement (efficiency), and positive attitude (satisfaction). Jakob Nielsen

[7] extended these factors to easy to learn (learnability), easy to remember (memorability),

and low error rate (errors). Considering this perspective, usability evaluation (UE) methods

have emerged to evaluate the usability of software systems to guarantee quality [8].

1

Usability evaluation (UE) uses different methods and the complexity increases when selecting

the best strategy for a specific software system. According to Andreas et al. [10], usability

evaluation methods are classified into inspection (experts) and test methods (users). Figure

2.1 depicts a broader classification, where usability evaluation methods are divided into user

testing, inspection, inquiry, analysis modeling, and simulation [1]. User testing methods are
1

4
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think-aloud, question-asking protocol, performance measurement, log analysis, and remote

testing. Inspection methods are heuristic evaluation, cognitive walkthrough, perspective-

based inspection, and guideline review. Inquiry methods are questionnaires, interviews, and

focus groups. Analytic modeling involves cognitive tasks analysis, task environment analysis,

and rules analysis. Simulation methods utilize agents or algorithms to replicate user behavior.

All the methods converge and apply in multiple ways according to the context of the usability

evaluation in software systems.

Figure 2.1: Usability Evaluation Methods Classification [1].

The UE methods can be classified as subjective and objective. The subjective methods are

the current methodology for UE: questionnaires [11], user testing [12], heuristics [13], focus

groups [14], and among others. Questionnaires include questions that measure usability. User
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testing takes a list of pre-defined tasks on the screen, touch, or voice interaction between

the user and the system. Heuristics are a set of guidelines where experts evaluate software’s

usability. Meanwhile, the focus group is an open discussion to evaluate potential usability

issues in the platform with a small sample size. Although these UE methods have been

broadly utilized, there are challenges related to embedded bias, time investment, and lack

software systems adaptability after live updates. A potential alternative is an objective

evaluation limited to logging user data, analytical tools, and Machine Learning (ML).

Questionnaires include a set of questions measuring the usability of a software system. The

questionnaires [11] are usually performed as pre-tests and post-tests to obtain information

about the user and the interaction with the software system. It is recommended to apply

standard questionnaires for reliability purposes. These questions’ answers can be quantitative

or qualitative. It is quantitative when the answers are on Likert scales. It is qualitative when

the questions have open answers.

The standard questionnaires are SUS (System Usability Scale) [15, 16, 17, 18], After-Scenario

Questionnaire (ASQ), Post-Study System Usability Questionnaire (PSSUQ) [19], User Ex-

perience Questionnaire (UEQ) [17], USE (Usefulness, Satisfaction, and Ease of use) [20, 21],

Computer System Usability Questionnaire (CSUQ) [22], Usability Metric for User Experience

Lite (UMUX-Lite) [23], UseLearn checklist [24], among others. Non-standard questionnaires

have been created to address researcher’s needs for different studies such as the e-learning

platform Blackboard [25] on user student experience, UniStudium [26] (e-learning interface

for learning analytics), Context-Aware Mobile Learning System (CAMLS) [27], academic

websites [28], and an e-learning platform [29] for a programming course. Modern question-
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naires are Model Usability Evaluation (MUsE) [30] and Voice Usability Scale (VUS) [31].

Usability evaluation in software systems research - including ML systems - is mostly with

the questionnaire SUS [32, 33, 34, 35, 36, 37, 38]. SUS has been applied in the software

industry with more interest by the research community in healthcare and education.

SUS in healthcare has been applied in different software products such as 1) relapse risk pre-

diction in melanoma patients [32], 2) hand recognition system [33] for a surgical procedure,

3) Automated Clinical Trial Eligibility Screener (ACTES) [34], and 4) Autoscreen [35] for

autism spectrum disorder (ASD) detection. The former is composed of the Observational

Medical Outcomes Partnership (OMP) common data model independent of the electronic

health record (EHR). The software user interface is composed of three main components:

1) input patient identification to load the data, 2) the patient data display, and 3) HTML

(HyperText Markup Language) iframe with the user prediction. The second software system

was implemented because computed tomography (CT) scans and magnetic resonance imag-

ing (MRI) are crucial in the preoperative planning surgical plan. ACTES extracts patient

demographics and clinical assessments from structured electronic health records (EHR) data

and checks patients’ conditions with unstructured narratives. The latter Autoscreen has a

landing page, tutorial, screening activities, scoring form, and risk assessment.

In the education industry, SUS also has been applied in the following studies. Gates et al. [36]

show the assessment of three software systems Abstractkr, DistillerSR, and RobotAnalyst in

systematic reviews (SR). Each software system can predict the record’s relevance. Another

work was RobotReview [37], an open-source system that automatically extracts data from

clinical trials for risk of bias in SRs. The RobotReviewer web interface has a PDF viewer

and a summary of the automatic Cochrane Risk of Bias (RoB) tool. SUS was applicable

in the adaptive learning system AdaptLearn [38]. This system is adaptive based on learner

knowledge and learning style. SUS has been adopted in different e-learning systems [15, 16,
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17] as well as higher education levels [18]. Other questionnaires such as UseLearn checklist

[24], USE [21], ASQ [19], PSSUQ [19], CSUQ [22], and UMUX-Lite [23] have been tested

on adaptive [38], and non-adaptive platforms (Coursera, OpenLearning, Moodle, and Open

Education).

Newly proposed questionnaires in usability evaluation are Model Usability Evaluation (MUsE)

and Voice Usability Scale (VUS). MUsE [30] is a combination of “New ISO Standards for

Usability, Usability Reports and Usability Measures” and “Usability Meanings and Interpre-

tations in ISO Standards”. In this area, it was applied in the explainable artificial intelligence

(xAI) framework LIME (Local Interpretable Model Agnostic Explanations). On the other

hand, VUS [31] is an empirical approach with 10 questions on 7-point Likert scale for voice

assistants - tested by Amazon Alexa. This was created because SUS is more suitable for

graphical user interfaces (GUI) than voice assistants.

User testing [12] is applied to users with a list of pre-defined tasks according to the software

system. This testing [11] must consider real users without any relation with the expert or

moderator to avoid bias. The task should be realistic, unambiguous, and time-specific to

evaluate the system features. The testing is conducted anywhere, whether in a controlled

environment or remotely with instructions [37]. A moderator presence is up to the researchers

and the experiment design. There is an explanation about the test session to the users. Some

experiments apply the thinking-aloud method where users express their thoughts while using

the software system. The final results describe the issues and problems in the session(s).

User testing has been used in e-learning systems from various universities around the world

[20, 28, 29]. User testing [15, 18, 38] takes place with different users following tasks according
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�2�`�`�Q�`�b�- ���M�/ �R�y�V �>�2�H�T ���M�/ �/�Q�+�m�K�2�M�i���i�B�Q�M�X
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�7�`���K�2�r�Q�`�F �(�8�k�) �B�M �2�@�H�2���`�M�B�M�; �b�v�b�i�2�K�b �;�B�p�2�M �l�1 �K�2�i�?�Q�/�b�X �a�+�?�Q�H���`�b �b�m�;�;�2�b�i �2�@�H�2���`�M�B�M�; �b�v�b�i�2�K�b

�7�Q�+�m�b �Q�M �� �b�T�2�+�B�7�B�+ �2�M�;���;�2�/ �m�b�2�`�- �7�Q�` �� �i�v�T�2 �Q�7 �i���b�F �r�B�i�? �� �b�T�2�+�B�7�B�+ �i�v�T�2 �Q�7 �i�2�+�?�M�Q�H�Q�;�v�X

�>�Q�r�2�p�2�`�- �i�2�+�?�M�Q�H�Q�;�B�+���H �l�1 �K���v �M�Q�i �#�2 ���#�H�2 �i�Q ���+�+�Q�m�M�i �7�Q�` �� �K�m�H�i�B�/�B�K�2�M�b�B�Q�M���H ���M�/ �+�Q�K�T�H�2�t

�2�M�p�B�`�Q�M�K�2�M�i�X �h�?�2 �m�b���#�B�H�B�i�v �Q�7 �2�@�H�2���`�M�B�M�; �i�2�+�?�M�Q�H�Q�;�B�2�b �B�b �K�Q�`�2 �+�Q�M�M�2�+�i�2�/ �i�Q �?�B�;�?�2�` �2�/�m�+���i�B�Q�M���H

�+�Q�M�i�2�t�i�b�X

�k�X�j �J���+�?�B�M�2 �G�2���`�M�B�M�;

���`�i�B�7�B�+�B���H �A�M�i�2�H�H�B�;�2�M�+�2 �U���A�V �(�j�) �B�b �� �m�M�B�p�2�`�b���H �7�B�2�H�/ �i�?���i �B�M�+�Q�`�T�Q�`���i�2�b �+�?���`���+�i�2�`�B�b�i�B�+�b �7�`�Q�K �+�Q�;�@

�M�B�i�B�p�2 �b�+�B�2�M�+�2�- �+�Q�K�T�m�i�2�` �b�+�B�2�M�+�2�- �K���i�?�2�K���i�B�+�b�- ���M�/ �+�Q�M�i�`�Q�H �i�?�2�Q�`�v�X ���A �r���b �#�Q�`�M �B�M �R�N�8�e

�/�m�`�B�M�; �� �b�m�K�K�2�` �r�Q�`�F�b�?�Q�T ���i �.���`�i�K�Q�m�i�? �*�Q�H�H�2�;�2 �Q�`�;���M�B�x�2�/ �#�v �C�Q�?�M �J�+�*���`�i�?�v�X ���A �i�`�B�2�b �i�Q



�R�k �+�Ñ�ž�ÿ���¶�� �l�Y �H�Ô���¶���ž�������¶ ���¶�&�Ô�¶�'

�`�2�T�H�B�+���i�2 �?�m�K���M �B�M�i�2�H�H�B�;�2�M�+�2 �i�?�`�Q�m�;�? �B�M�i�2�H�H�B�;�2�M�i ���;�2�M�i�b�X �� �b�m�#�7�B�2�H�/ �Q�7 ���A �B�b �J���+�?�B�M�2 �G�2���`�M�B�M�;

�U�J�G�V�X �h�Q�K �J�B�i�+�?�2�H�H �(�8�j�) �/�2�7�B�M�2�b �B�i ���b �� �+�Q�K�T�m�i�2�` �T�`�Q�;�`���K �i�?���i �H�2���`�M�b �#�v ���+�+�Q�K�T�H�B�b�?�B�M�; ��

�b�T�2�+�B�7�B�+ �i���b�F �r�B�i�? �� �K�2���b�m�`�2 �i�Q �B�K�T�`�Q�p�2 �B�i�b �T�2�`�7�Q�`�K���M�+�2 �Q�p�2�` �i�B�K�2�X �J�G �B�b �b�m�#�/�B�p�B�/�2�/ �B�M�i�Q

�R�V �b�m�T�2�`�p�B�b�2�/ �H�2���`�M�B�M�;�- �k�V �m�M�b�m�T�2�`�p�B�b�2�/ �H�2���`�M�B�M�;�- ���M�/ �j�V �`�2�B�M�7�Q�`�+�2�K�2�M�i �H�2���`�M�B�M�; �(�8�9�)�X �a�m�@

�T�2�`�p�B�b�2�/ �H�2���`�M�B�M�; �B�b �#���b�2�/ �Q�M �� �/���i���b�2�i �r�B�i�? �H���#�2�H�2�/ �/���i�� �/�B�p�B�/�2�/ �B�M�i�Q �i�`���B�M�B�M�; ���M�/ �i�2�b�i�B�M�;�-

�r�?�2�`�2 �T�2�`�7�Q�`�K���M�+�2 �B�b �K�2���b�m�`�2�/�X �l�M�b�m�T�2�`�p�B�b�2�/ �H�2���`�M�B�M�; �/�Q�2�b �M�Q�i �`�2�[�m�B�`�2 �� �i�`���B�M�B�M�; �/���i���b�2�i�-

�#�m�i �� �+�H�m�b�i�2�` �B�b �H���#�2�H�2�/ �#�v ���M �2�t�T�2�`�i�X �_�2�B�M�7�Q�`�+�2�K�2�M�i �H�2���`�M�B�M�; �`�2�7�2�`�b �i�Q ���M ���;�2�M�i �B�M ���M �2�M�p�B�@

�`�Q�M�K�2�M�i �r�?�Q �H�2���`�M�b �i�?�`�Q�m�;�? �i�`�B���H ���M�/ �2�`�`�Q�`�X �A�M �i�?�B�b �T�`�Q�+�2�b�b�- �� �`�2�r���`�/ �B�b �+���H�+�m�H���i�2�/ �i�Q �H�2���`�M

�� �T�Q�H�B�+�v�X �J�G �(�8�8�) �?���b �/�B�7�7�2�`�2�M�i ���T�T�H�B�+���i�B�Q�M�b �B�M �i�?�2�b�2 �i�v�T�2�b �Q�7 �H�2���`�M�B�M�;�X �a�m�T�2�`�p�B�b�2�/ �H�2���`�M�B�M�;

�B�b �2�K�T�H�Q�v�2�/ �B�M �b�T���K �7�B�H�i�2�`�B�M�;�- �?���M�/�r�`�B�i�B�M�; �`�2�+�Q�;�M�B�i�B�Q�M�- �7���+�2 �`�2�+�Q�;�M�B�i�B�Q�M�- �b�T�2�2�+�? �`�2�+�Q�;�M�B�i�B�Q�M�-

�b�Q�7�i�r���`�2 �2�M�;�B�M�2�2�`�B�M�;�- ���M�/ �7�B�M���M�+�2�X �l�M�b�m�T�2�`�p�B�b�2�/ �H�2���`�M�B�M�; �B�b ���T�T�H�B�+���#�H�2 �B�M �;�2�M�Q�K�B�+�b�- �b�Q�+�B���H

�M�2�i�r�Q�`�F ���M���H�v�b�B�b�- �K���`�F�2�i �b�2�;�K�2�M�i���i�B�Q�M�- ���M�/ �+�Q�K�T�m�i���i�B�Q�M���H �#�B�Q�H�Q�;�v�X �_�2�B�M�7�Q�`�+�2�K�2�M�i �H�2���`�M�B�M�;

�B�b �?���M�/�H�2�/ �B�M �i�`���7�7�B�+ �b�B�;�M���H �+�Q�M�i�`�Q�H�- �;���K�B�M�;�- ���M�/ �b�i�Q�+�F �K���`�F�2�i ���M���H�v�b�2�b �(�8�e�)�X ���H�H �i�?�2 ���T�@

�T�H�B�+���i�B�Q�M�b �K�2�M�i�B�Q�M�2�/ �+���M �2�K�T�H�Q�v �� �K�B�t�i�m�`�2 �Q�7 �b�m�T�2�`�p�B�b�2�/�- �m�M�b�m�T�2�`�p�B�b�2�/�- ���M�/ �`�2�B�M�7�Q�`�+�2�K�2�M�i

�H�2���`�M�B�M�;�X �A�M �i�?�B�b �+�Q�M�i�2�t�i�- ���H�H �i�?�2�b�2 ���T�T�H�B�+���i�B�Q�M�b �/�2�K���M�/ �b�Q�7�i�r���`�2 �T�`�Q�/�m�+�i�b �B�M �?�B�;�? �b�+���H�2

�/�2�K���M�/�X �h�?�m�b�- �J�G �B�b ���T�T�H�B�2�/ �B�M �i�?�2 �b�Q�7�i�r���`�2 �/�2�p�2�H�Q�T�K�2�M�i �+�v�+�H�2 �(�8�9�)�- �r�B�i�? �i�?�2 �K�Q�b�i �T�Q�T�m�@

�H���` �i�2�+�?�M�B�[�m�2�b �H�B�F�2 �L�2�m�`���H �L�2�i�r�Q�`�F�b �U�L�L�b�V�- �`���M�/�Q�K �7�Q�`�2�b�i�b�- �/�2�+�B�b�B�Q�M �i�`�2�2�b�- �a�m�T�T�Q�`�i �o�2�+�i�Q�`

�J���+�?�B�M�2�b �U�a�o�J�b�V�- ���M�/ �M���B�p�2 �"���v�2�b �(�8�d�)�X

�k�X�j�X�R �J�G �h�2�+�?�M�B�[�m�2�b �B�M �l�b���#�B�H�B�i�v �1�p���H�m���i�B�Q�M �7�Q�` �a�Q�7�i�r���`�2 �a�v�b�i�2�K�b

�l�b���#�B�H�B�i�v �2�p���H�m���i�B�Q�M �#���b�2�/ �Q�M �Q�#�D�2�+�i�B�p�2 �2�p���H�m���i�B�Q�M �+�Q�M�b�B�/�2�`�b �[�m���M�i�B�7�B���#�H�2 �K�2�i�`�B�+�b �Q�M �b�Q�7�i�r���`�2

�b�v�b�i�2�K�b�X �h�?�2 �K�2�i�`�B�+�b ���`�2 �7�`�Q�K �m�b�2�` �B�M�i�2�`���+�i�B�Q�M �r�B�i�? �i�?�2 �b�v�b�i�2�K �U�+�H�B�+�F�b�- �b�2�b�b�B�Q�M �i�B�K�2�- �i���b�F

�i�B�K�2�- �2�i�+�X�V�X �A�M �i�?�B�b �+�Q�M�i�2�t�i�- �i�?�2 �m�b�2�` �B�b �m�M���r���`�2 �Q�7 �i�?�2�b�2 �B�M�i�2�`���+�i�B�Q�M�b�X �h�?�2�b�2 �B�M�i�2�`���+�i�B�Q�M�b

���M�/�f�Q�` �[�m���M�i�B�i���i�B�p�2 �b�m�#�D�2�+�i�B�p�2 ���M�b�r�2�`�b �7�`�Q�K �[�m�2�b�i�B�Q�M�M���B�`�2�b ���`�2 �`�2�H�2�p���M�i �i�Q �J�G �H�2���`�M�B�M�; �i�2�+�?�@

�M�B�[�m�2�b �7�Q�` �m�b���#�B�H�B�i�v �b�+�Q�`�2 �T�`�2�/�B�+�i�B�Q�M�b ���b ���M ���m�i�Q�K���i�B�+ �/�2�i�2�+�i�B�Q�M �i�Q�Q�H�X �h�?�2�`�2�7�Q�`�2�- �i�?�B�b �b�2�+�i�B�Q�M



�l�Y�k�Y �K�ž�«�Ñ�Ô�é�¶ �H�¶�ž���é�Ô�é�Ì �R�j

�B�b ���M �Q�p�2�`�p�B�2�r �Q�7 �� �b�i���M�/���`�/ �J�G �r�Q�`�F�7�H�Q�r ���M�/ �i�?�2 �r�Q�`�F �`�2�H���i�2�/ �i�Q �J�G �2�K�#�2�/�/�2�/ �B�M �m�b���#�B�H�B�i�v

�2�p���H�m���i�B�Q�M �7�Q�` �b�Q�7�i�r���`�2 �b�v�b�i�2�K�b�, �2�@�H�2���`�M�B�M�; �b�v�b�i�2�K�b�- �b�Q�+�B���H �M�2�i�r�Q�`�F�b�- ���M�/ �m�b�2�` �`�2�p�B�2�r�b�X

�k�X�j�X�k �J�G �r�Q�`�F�7�H�Q�r

�J�G �b�Q�7�i�r���`�2 �b�v�b�i�2�K�b �(�8�3�) �7�Q�H�H�Q�r �J�G �i�2�+�?�M�B�[�m�2�b �i�Q �7�B�M�/ �T���i�i�2�`�M�b �B�M �i�?�2 �/���i�� �r�B�i�? �a�Q�7�i�r���`�2

�1�M�;�B�M�2�2�`�B�M�; �U�a�1�V �b�i���M�/���`�/ �T�`�Q�+�2�/�m�`�2�b�X �J�G �b�v�b�i�2�K�b ���`�2 �/�B�7�7�2�`�2�M�i �7�`�Q�K �i�`���/�B�i�B�Q�M���H �b�Q�7�i�r���`�2

�b�v�b�i�2�K�b ���b �i�?�2 �#�2�?���p�B�Q�` �B�b �M�Q�i �2�t�T�H�B�+�B�i�X �h�?�2�`�2 ���`�2 �b�i�B�H�H �+�Q�M�+�2�`�M�b ���#�Q�m�i �i�?�2 �#�2�b�i �T�`���+�i�B�+�2�b �B�M

�J�G �r�Q�`�F�7�H�Q�r �r�B�i�? �i�?�2 �B�M�i�2�;�`���i�B�Q�M �Q�7 ���;�B�H�2 �K�2�i�?�Q�/�b�X �6�Q�` �2�t���K�T�H�2�- �J�B�+�`�Q�b�Q�7�i �7�Q�H�H�Q�r�b �i�?�2 �J�G

�r�Q�`�F�7�H�Q�r �(�8�N�) ���b �`�2�[�m�B�`�2�K�2�M�i�b�- �/���i�� �+�Q�H�H�2�+�i�B�Q�M�- �/���i�� �+�H�2���M�B�M�;�- �/���i�� �H���#�2�H�B�M�;�- �7�2���i�m�`�2 �2�M�;�B�M�2�2�`�@

�B�M�;�- �K�Q�/�2�H �i�`���B�M�B�M�;�- �K�Q�/�2�H �2�p���H�m���i�B�Q�M�- �K�Q�/�2�H �/�2�T�H�Q�v�K�2�M�i�- ���M�/ �K�Q�/�2�H �K�Q�M�B�i�Q�`�B�M�;�X �A�M �(�8�3�)

�i�?�2 ���m�i�?�Q�`�b �b�i���i�2 �i�?���i �J�G �b�Q�7�i�r���`�2 �b�v�b�i�2�K�b �+�?���H�H�2�M�;�2�b ���`�2 �[�m���H�B�i�v ���i�i�`�B�#�m�i�2�b �@ ���/���T�i���#�B�H�B�i�v�-

�b�+���H���#�B�H�B�i�v�- �b���7�2�i�v�- ���M�/ �T�`�B�p���+�v �@ �B�M �i�2�`�K�b �Q�7 �/���i�� ���+�[�m�B�b�B�i�B�Q�M�- �i�`���B�M�B�M�;�- �2�p���H�m���i�B�Q�M�- ���M�/ �/�2�T�H�Q�v�@

�K�2�M�i�X �.���i�� ���+�[�m�B�b�B�i�B�Q�M �?���b �H�B�K�B�i�2�/�- �B�M�+�Q�K�T�H�2�i�2�- ���M�/ �/�B�b�Q�`�;���M�B�x�2�/ �/���i�� �T�`�Q�#�H�2�K�b�X �h�`���B�M�B�M�;

�B�b �i�B�K�2�@�+�Q�M�b�m�K�B�M�;�- ���M�/ �+�Q�K�T�H�2�t�B�i�v �B�M�+�`�2���b�2�b �#�2�i�r�2�2�M �7�2���i�m�`�2�b ���M�/ �T�`�2�/�B�+�i�B�Q�M�b�X �1�p���H�m���i�B�Q�M

�r�B�i�? �i�`���/�B�i�B�Q�M���H �U�Q�7�7�H�B�M�2�V �J�G �K�2�i�`�B�+�b �+���M �#�2 �B�M�+�Q�M�b�B�b�i�2�M�i �r�B�i�? �i�?�2 �b�v�b�i�2�K�ö�b �T�2�`�7�Q�`�K���M�+�2 �m�M�@

�/�2�` �T�`�Q�/�m�+�i�B�Q�M�X �.�2�T�H�Q�v�K�2�M�i �Q�7 �M�2�r �/���i�� �+���M �T�`�Q�/�m�+�2 �#�B���b ���M�/ �H���i�2�M�+�v �B�b�b�m�2�b�X ���+�+�Q�`�/�B�M�; �i�Q

�(�8�3�)�- �i�?�2 �T�Q�i�2�M�i�B���H �b�Q�H�m�i�B�Q�M�b ���`�2 �Q�M�H�B�M�2 ���f�" �J�G �K�Q�/�2�H �2�t�T�2�`�B�K�2�M�i�b�- �i�`���M�b�7�2�` �H�2���`�M�B�M�;�- ���M�/

�b�v�M�i�?�2�i�B�+ �/���i���X �h�?�2�b�2 �b�Q�H�m�i�B�Q�M�b ���`�2 �7�Q�` �B�K�T�`�Q�p�B�M�; �J�G �b�Q�7�i�r���`�2 �b�v�b�i�2�K �/�2�p�2�H�Q�T�K�2�M�i�X �>�Q�r�@

�2�p�2�`�- �i�?�2�`�2 ���`�2 �b�i�B�H�H �Q�T�2�M �[�m�2�b�i�B�Q�M�b ���#�Q�m�i �J�G �2�K�#�2�/�/�2�/ �B�M �m�b���#�B�H�B�i�v �2�p���H�m���i�B�Q�M �B�M �b�Q�7�i�r���`�2
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���M���H�v�b�B�b�- �J�G �K�Q�/�2�H�b �i�Q ���m�i�Q�K���i�B�+���H�H�v �+�H���b�b�B�7�v �l�l�s �B�b�b�m�2�b�f�b�i�`�2�M�;�i�?�b�- ���M�/ �B�M�7�Q�`�K���i�B�Q�M �p�B�b�m�@

���H�B�x���i�B�Q�M�X �h�?�2 �J�G �K�Q�/�2�H �+�?�Q�b�2�M �r���b �a�o�J �r�B�i�? �� �T�Q�T�m�H���` �K�m�H�i�B�H���#�2�H �b�Q�H�m�i�B�Q�M �F�M�Q�r�M ���b �i�?�2

�#�B�M���`�v �`�2�H�2�p���M�+�2 �K�2�i�?�Q�/ �U�"�_�V�X �h�?�2 �+�H���b�b�B�7�B�2�` �r���b �i�`���B�M�2�/ �r�B�i�? �� �K���M�m���H �H���#�2�H�2�/ �+�Q�H�H�2�+�i�B�Q�M

�U�l�l�s �/�B�K�2�M�b�B�Q�M�b�V �Q�7 �b�Q�7�i�r���`�2 �`�2�p�B�2�r�b�X �h�?�2 �/���i�� �B�M�T�m�i �i�Q �i�?�2 �+�H���b�b�B�7�B�2�` �r���b ���+�+�Q�K�T�H�B�b�?�2�/

�#�v �i�?�2 �7�Q�H�H�Q�r�B�M�; �T�`�2�T�`�Q�+�2�b�b�B�M�; �b�i�2�T�b�, �R�V �B�/�2�M�i�B�7�v ���M�/ �`�2�K�Q�p�2 �b�i�Q�T �r�Q�`�/�b �U�L���i�m�`���H �G���M�;�m���;�2

�h�Q�Q�H�F�B�i �H�B�#�`���`�v�V �(�e�R�)�- �k�V �`�2�/�m�+�2 �r�Q�`�/�b �i�Q �;�`���K�K���i�B�+���H �`�Q�Q�i�b �U�b�M�Q�r�#���H�H �b�i�2�K�K�B�M�; ���H�;�Q�`�B�i�?�K�V

�(�e�k�)�- �j�V �i�`���M�b�7�Q�`�K �i�?�2 �i�2�t�i �B�M�i�Q �� �#���; �Q�7 �r�Q�`�/�b�- ���M�/ �9�V �#�2�b�i �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M �U�*�?�B�@�a�[�m���`�2�/

�K�2�i�`�B�+�V�X �h�?�B�b ���T�T�`�Q���+�? �+���M �?�2�H�T �/�2�p�2�H�Q�T�2�`�b ���M�/ �l�l�s �/�2�b�B�;�M�2�`�b �/�2�i�2�+�i �r�?�B�+�? �T���`�i �Q�7 �i�?�2

�b�Q�7�i�r���`�2 ���T�T�H�B�+���i�B�Q�M �K�m�b�i �#�2 �+�Q�`�`�2�+�i�2�/ �Q�` �B�K�T�`�Q�p�2�/�X



�*�?���T�i�2�` �j

�J�2�i�?�Q�/�Q�H�Q�;�v

�A �T�`�Q�T�Q�b�2�/ �� �K�2�i�?�Q�/�Q�H�Q�;�v �i�Q �T�`�2�/�B�+�i �m�b���#�B�H�B�i�v �#���b�2�/ �Q�M �J�G �i�2�+�?�M�B�[�m�2�b �Q�M �� �b�Q�7�i�r���`�2 �b�v�b�i�2�K

�F�M�Q�r�M ���b �J�Q�Q�/�H�2 �(�e�j�)�X �6�Q�` �i�?�2 �J�Q�Q�/�H�2 �+�Q�m�`�b�2�- �i�?�2 �/���i�� �+�Q�H�H�2�+�i�2�/ �B�b �7�`�Q�K �m�M�/�2�`�;�`���/�m���i�2

�b�i�m�/�2�M�i�b�X �h�?�2 �/���i�� �+�Q�H�H�2�+�i�2�/ �7�`�Q�K �i�?�2 �b�i�m�/�2�M�i�b ���`�2 �i�?�2 �m�b�2�` �B�M�i�2�`���+�i�B�Q�M �r�B�i�? �i�?�2 �J�Q�Q�/�H�2

�+�Q�m�`�b�2 ���M�/ �m�b���#�B�H�B�i�v �[�m�2�b�i�B�Q�M�M���B�`�2�b �B�M�i�2�;�`���i�2�/ �B�M�i�Q �J�Q�Q�/�H�2�X �h�?�2 �[�m���M�i�B�i���i�B�p�2 �Q�#�D�2�+�i�B�p�2 �/���i��

�B�b �7�`�Q�K �i�?�`�2�2 �i���b�F�b �U�Z�m�B�x�- �6�Q�`�m�K�- ���M�/ ���b�b�B�;�M�K�2�M�i�V�X �1���+�? �Q�M�2 �r�B�i�? �/�B�7�7�2�`�2�M�i �m�b�2�` �B�M�i�2�`���+�i�B�Q�M�b

�B�b �b���p�2�/ ���M�/ �T�`�Q�+�2�b�b�2�/�X �.���i�� �T�`�Q�+�2�b�b�B�M�; �+���H�+�m�H���i�2�b �7�2���i�m�`�2�b �7�`�Q�K �2���+�? �i���b�F�X �h�?�2�b�2 ���`�2 �i�?�2

�B�M�T�m�i �B�M �J�G �K�Q�/�2�H�b �i�Q �#�2 �i�`���B�M�2�/ �m�b�B�M�; �� �i�?�`�2�2�@�7�Q�H�/ �+�`�Q�b�b�@�p���H�B�/���i�B�Q�M �T�`�Q�+�2�/�m�`�2 �i�Q �T�`�2�/�B�+�i

�m�b���#�B�H�B�i�v �b�+�Q�`�2�b �/�2�`�B�p�2�/ �7�`�Q�K �a�l�a ���M�/ �l�b�2�G�2���`�M�X �a�l�a ���M�/ �l�b�2�G�2���`�M �m�b���#�B�H�B�i�v �b�+�Q�`�2�b ���`�2

�7�`�Q�K �[�m���M�i�B�i���i�B�p�2 �b�m�#�D�2�+�i�B�p�2 ���M�b�r�2�`�b�X �h�?�B�b �K�2�i�?�Q�/�Q�H�Q�;�v �T�`�Q�p�B�/�2�b ���M ���m�i�Q�K���i�B�+ �/�2�i�2�+�i�B�Q�M

�i�Q�Q�H �i�Q �T�`�2�/�B�+�i �m�b���#�B�H�B�i�v�X

�j�X�R �J�2�i�?�Q�/�b

�j�X�R�X�R �J�Q�Q�/�H�2 �+�Q�m�`�b�2

�J�Q�Q�/�H�2 �(�e�j�) �B�b �� �G�J�a �7�Q�` �+�Q�m�`�b�2 �K���M���;�2�K�2�M�i�- ���b�b�2�b�b�K�2�M�i�- ���M�/ �H�2���`�M�B�M�; �7�Q�` �E�@�R�k ���M�/ �+�Q�H�H�2�;�2

�b�i�m�/�2�M�i�b�X �A�i �r���b �/�2�p�2�H�Q�T�2�/ �B�M �S�>�S �#�v �J���`�i�B�M �.�Q�m�;�B���K���b �Q�M �k�y�y�k�- ���M�/ �B�b �+�Q�K�T�Q�b�2�/ �Q�7

�/�B�7�7�2�`�2�M�i �+�Q�K�T�Q�M�2�M�i�b �B�M�+�H�m�/�B�M�; �Z�m�B�x�- �6�Q�`�m�K�- ���b�b�B�;�M�K�2�M�i�- �Z�m�2�b�i�B�Q�M�M���B�`�2�- �2�i�+�X �h�?�2 �+�Q�m�`�b�2 �Q�7

�i�?�B�b �`�2�b�2���`�+�? �r���b �?�Q�b�i�2�/ �B�M ���K���x�Q�M �q�2�# �a�2�`�p�B�+�2�b �U���q�a�V�X �6�B�;�m�`�2�j�X�R�/�2�T�B�+�i�b �i�?�2 �m�b�2�` �B�M�i�2�`�7���+�2

�R�d



�R�3 �+�Ñ�ž�ÿ���¶�� �k�Y �K�¶���Ñ�ñ�²�ñ�ã�ñ�Ì�-

�Q�7 �i�?�B�b �+�Q�m�`�b�2 �B�M �ó�h�Q�T�B�+�b �6�Q�`�K���i�ô �r�B�i�? �H���#�2�H�b �`�2�T�`�2�b�2�M�i�B�M�; �i�?�`�2�2 �i���b�F�b ���M�/ �[�m�2�b�i�B�Q�M�M���B�`�2�b�X

�h�?�2 �7�B�`�b�i �i���b�F �B�b �i�Q �b�m�#�K�B�i �� �Z�m�B�x�X �h�?�2 �b�2�+�Q�M�/ �i���b�F �B�b �i�Q �b�m�#�K�B�i �� �T���`���;�`���T�? �B�M �� �b�B�K�T�H�2

�6�Q�`�m�K�X �h�?�2 �i�?�B�`�/ �i���b�F �B�b �i�Q ���/�/ �� �S�.�6 �7�B�H�2 �7�Q�` �i�?�2 ���b�b�B�;�M�K�2�M�i�X ���i �i�?�2 �2�M�/ �Q�7 �i�?�2 �i�?�`�2�2

�i���b�F�b�- �i�r�Q �[�m�2�b�i�B�Q�M�M���B�`�2�b �r�2�`�2 ���T�T�H�B�2�/ �i�Q �K�2���b�m�`�2 �i�?�2 �m�b���#�B�H�B�i�v �Q�7 �i�?�B�b �b�Q�7�i�r���`�2 �b�v�b�i�2�K�- �i�?�2

�a�v�b�i�2�K �l�b���#�B�H�B�i�v �a�+���H�2 �U�a�l�a�V�- ���M�/ �b�Q�K�2 �[�m�2�b�i�B�Q�M�b �7�`�Q�K �l�b�2�G�2���`�M�X �h�?�2 �i�?�`�2�2 �i���b�F�b ���M�/ �i�?�2

�i�r�Q �[�m�2�b�i�B�Q�M�M���B�`�2�b ���`�2 �b�2�[�m�2�M�i�B���H�X �h�?�2 �b�i�m�/�2�M�i �M�2�2�/�b �i�Q �7�B�M�B�b�? �2���+�? ���+�i�B�p�B�i�v �i�Q �m�M�H�Q�+�F �i�?�2

�M�2�t�i �Q�M�2�X

�6�B�;�m�`�2 �j�X�R�, �J�Q�Q�/�H�2 �Q�M�H�B�M�2 �+�Q�m�`�b�2�X

�Z�m�B�x

�h�?�2 �[�m�B�x �B�b �+�Q�K�T�Q�b�2�/ �Q�7 �R�y �b�?�m�7�7�H�2�/ �[�m�2�b�i�B�Q�M�b ���#�Q�m�i �b�Q�7�i�r���`�2 �2�M�;�B�M�2�2�`�B�M�;�X �h�?�2 �[�m�B�x �B�b

�K�m�H�i�B�T�H�2 �+�?�Q�B�+�2 �r�B�i�? �i�?�`�2�2 �T�Q�b�b�B�#�H�2 ���M�b�r�2�`�b ���b �`���/�B�Q �#�m�i�i�Q�M�b�X �h�?�2 �[�m�B�x �H���v�Q�m�i �B�b �+�Q�M�b�B�b�i�B�M�;

�Q�7 �i�r�Q �[�m�2�b�i�B�Q�M�b �T�2�` �T���;�2 �r�B�i�? �� �i�Q�i���H �Q�7 �8 �T���;�2�b�X �h�?�2 �M���p�B�;���i�B�Q�M �K�2�i�?�Q�/ �B�b �b�2�[�m�2�M�i�B���H �r�B�i�?

�Q�M�2 ���i�i�2�K�T�i ���H�H�Q�r�2�/�X �h�?�2 �i�B�K�2 �+�Q�M�b�i�`���B�M�i �B�b �R�y �K�B�M�m�i�2�b�X �h�?�2 �b�i�2�T�b �i�Q �7�B�M�B�b�? �i�?�B�b �i���b�F ���`�2

�/�2�T�B�+�i�2�/ �B�M �h���#�H�2�j�X�R�X �h�?�2 �[�m�B�x �b�i�2�T�b ���`�2 �b�?�Q�r�M �B�M �6�B�;�m�`�2�j�X�k���M�/ �6�B�;�m�`�2�j�X�j�X



�k�Y�S�Y �K�¶���Ñ�ñ�²�� �R�N

�U���V

�U�#�V

�U�+�V

�6�B�;�m�`�2 �j�X�k�, �a�i�2�T�b �R�@�j �i�Q �7�B�M�B�b�? �Z�m�B�x�X �U���V �a�i�2�T �R�X �*�?�Q�Q�b�B�M�; �i�?�2 �ó�Z�m�B�x�ô �i���# �7�`�Q�K �i�?�2 �H�2�7�i
�#���` �7�`�Q�K �i�?�2 �+�Q�m�`�b�2�- �U�#�V �a�i�2�T �k�X �*�H�B�+�F �Q�M �ó���i�i�2�K�T�i �[�m�B�x �M�Q�r�ô�- �U�+�V �a�i�2�T �j�X �*�H�B�+�F �Q�M �ó�a�i���`�i
���i�i�2�K�T�i�ô�X



�k�y �+�Ñ�ž�ÿ���¶�� �k�Y �K�¶���Ñ�ñ�²�ñ�ã�ñ�Ì�-

�U���V

�U�#�V

�U�+�V

�6�B�;�m�`�2 �j�X�j�, �a�i�2�T�b �9�@�e �i�Q �7�B�M�B�b�? �Z�m�B�x�X �U���V �a�i�2�T �9�X �a�2�H�2�+�i �� �ó�`���/�B�Q �#�m�i�i�Q�M�ô ���b ���M ���M�b�r�2�`�- �U�#�V
�a�i�2�T �8�X �*�H�B�+�F �ó�L�2�t�i �T���;�2�ô �m�M�i�B�H �i�?�2 �R�y �[�m�2�b�i�B�Q�M�b ���`�2 ���M�b�r�2�`�2�/�- �U�+�V �a�i�2�T �e�X �*�H�B�+�F �Q�M �ó�a�m�#�K�B�i
���H�H ���M�/ �7�B�M�B�b�?�ô�X



�k�Y�S�Y �K�¶���Ñ�ñ�²�� �k�R

�h���#�H�2 �j�X�R�, �a�i�2�T�b �i�Q �7�B�M�B�b�? �i�?�2 �[�m�B�x�X

�a�i�2�T �A�M�7�Q�`�K���i�B�Q�M

�R �*�?�Q�Q�b�B�M�; �i�?�2 �ó�Z�m�B�x�ô �i���# �7�`�Q�K �i�?�2 �H�2�7�i �#���` �7�`�Q�K �i�?�2 �+�Q�m�`�b�2�X
�k �*�H�B�+�F �Q�M �ó���i�i�2�K�T�i �[�m�B�x �M�Q�r�ô�X
�j �*�H�B�+�F �Q�M �ó�a�i���`�i ���i�i�2�K�T�i�ô�X
�9 �a�2�H�2�+�i �� �ó�`���/�B�Q �#�m�i�i�Q�M�ô ���b ���M ���M�b�r�2�`�X
�8 �*�H�B�+�F �ó�L�2�t�i �T���;�2�ô �m�M�i�B�H �i�?�2 �R�y �[�m�2�b�i�B�Q�M�b ���`�2 ���M�b�r�2�`�2�/�X
�e �*�H�B�+�F �Q�M �ó�a�m�#�K�B�i ���H�H ���M�/ �7�B�M�B�b�?�ô�X

�.�B�b�+�m�b�b�B�Q�M �6�Q�`�m�K

�h�?�2 �/�B�b�+�m�b�b�B�Q�M �7�Q�`�m�K �B�b �Q�T�2�M �i�Q �i�?�2 �b�i�m�/�2�M�i�b �#���b�2�/ �Q�M �� �[�m�2�b�i�B�Q�M�f���M�b�r�2�` �7�Q�`�m�K �#���b�B�b�X �h�?�2

�T�Q�b�i ���M�b�r�2�` �b�?�Q�m�H�/ �#�2 �`�2�H�2�p���M�i �i�Q �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�i���i�2�K�2�M�i�, �ó�q�`�B�i�2 �� �T���`���;�`���T�? ���#�Q�m�i �i�?�2

�#�2�M�2�7�B�i�b �Q�7 �b�Q�7�i�r���`�2 �2�M�;�B�M�2�2�`�B�M�; �B�M �Q�m�` �/���B�H�v �H�B�p�2�b�ô�X �h�?�2 �b�i�m�/�2�M�i �+���M �`�2�T�H�v �Q�M�+�2 �i�Q �i�?�B�b

�[�m�2�b�i�B�Q�M�X �h���#�H�2�j�X�k�T�`�2�b�2�M�i�b �i�?�2 �b�i�2�T�b �i�Q �7�B�M�B�b�? �i�?�B�b �i���b�F�X �6�B�;�m�`�2�j�X�9�p�B�b�m���H�B�x�2�b �i�?�2 �/�B�b�+�m�b�b�B�Q�M

�7�Q�`�m�K �b�i�2�T�b�X

�h���#�H�2 �j�X�k�, �a�i�2�T�b �i�Q �7�B�M�B�b�? �T�Q�b�i�B�M�; �B�M�i�Q �i�?�2 �/�B�b�+�m�b�b�B�Q�M �7�Q�`�m�K�X

�a�i�2�T �A�M�7�Q�`�K���i�B�Q�M

�R �*�?�Q�Q�b�B�M�; �i�?�2 �ó�.�B�b�+�m�b�b�B�Q�M �6�Q�`�m�K�ô �7�`�Q�K �i�?�2 �H�2�7�i �#���` �7�`�Q�K �i�?�2 �+�Q�m�`�b�2�X
�k �*�H�B�+�F �Q�M �ó�6�Q�`�m�K�ô�X
�j �*�H�B�+�F �Q�M �ó�_�2�T�H�v�ô ���M�/ �r�`�B�i�2 �i�?�2 �K�2�b�b���;�2�X
�9 �*�H�B�+�F �Q�M �ó�S�Q�b�i �i�Q �7�Q�`�m�K�ô�X

���b�b�B�;�M�K�2�M�i

�h�?�2 ���b�b�B�;�M�K�2�M�i �2�p���H�m���i�2�b �� �b�Q�7�i�r���`�2 �2�M�;�B�M�2�2�`�B�M�; �+�Q�M�+�2�T�i�X �h�?�2 �b�i�m�/�2�M�i �B�b �`�2�[�m�B�`�2�/ �i�Q �b�m�#�K�B�i

�� �/�Q�+�m�K�2�M�i �r�B�i�? �� �T���`���;�`���T�? ���M�b�r�2�`�B�M�; �i�?�2 �7�Q�H�H�Q�r�B�M�; �[�m�2�b�i�B�Q�M�, �ó�q�?���i �B�b �b�Q�7�i�r���`�2 �2�M�;�B�M�2�2�`�@

�B�M�;�\�ô�X �h�?�2 �b�i�m�/�2�M�i �+���M �b�m�#�K�B�i �� �K���t�B�K�m�K �Q�7 �Q�M�2 �7�B�H�2 ���M�/ �i�?�2 �7�2�2�/�#���+�F �i�v�T�2 �B�b �/�2���+�i�B�p���i�2�/�X

�h�?�2 �T���i�? �i�Q �7�B�M�B�b�? �m�T�H�Q���/�B�M�; �� �7�B�H�2 ���b ���M ���b�b�B�;�M�K�2�M�i �B�M �J�Q�Q�/�H�2 �B�b �b�?�Q�r�M �B�M �h���#�H�2�j�X�j�X �h�?�2



�k�k �+�Ñ�ž�ÿ���¶�� �k�Y �K�¶���Ñ�ñ�²�ñ�ã�ñ�Ì�-

�U���V

�U�#�V

�U�+�V

�6�B�;�m�`�2 �j�X�9�, �a�i�2�T�b �R�@�9 �i�Q �T�Q�b�i �B�M�i�Q �� �7�Q�`�m�K�X �U���V �a�i�2�T�b �R�@�k�X �*�?�Q�Q�b�B�M�; �i�?�2 �ó�.�B�b�+�m�b�b�B�Q�M �6�Q�`�m�K�ô
�7�`�Q�K �i�?�2 �H�2�7�i �#���` �7�`�Q�K �i�?�2 �+�Q�m�`�b�2 ���M�/ �+�H�B�+�F �Q�M �ó�6�Q�`�m�K�ô�- �U�#�V �a�i�2�T �j�X �*�H�B�+�F �Q�M �ó�_�2�T�H�v�ô ���M�/
�r�`�B�i�2 �i�?�2 �K�2�b�b���;�2�- �U�+�V �a�i�2�T �9�X �*�H�B�+�F �Q�M �ó�S�Q�b�i �i�Q �7�Q�`�m�K�ô�X



�k�Y�S�Y �K�¶���Ñ�ñ�²�� �k�j

���b�b�B�;�M�K�2�M�i �b�i�2�T�b ���`�2 �b�?�Q�r�M �B�M �6�B�;�m�`�2�j�X�8���M�/ �6�B�;�m�`�2�j�X�e�X

�h���#�H�2 �j�X�j�, �a�i�2�T�b �i�Q �7�B�M�B�b�? ���b�b�B�;�M�K�2�M�i�X

�a�i�2�T �A�M�7�Q�`�K���i�B�Q�M

�R �*�?�Q�Q�b�B�M�; �i�?�2 �ó���b�b�B�;�M�K�2�M�i�ô �7�`�Q�K �i�?�2 �H�2�7�i �#���` �7�`�Q�K �i�?�2 �+�Q�m�`�b�2�X
�k �*�H�B�+�F �Q�M �ó���/�/ �b�m�#�K�B�b�b�B�Q�M�ô�X
�j �*�H�B�+�F �Q�M �i�?�2 ���`�`�Q�r �i�Q �m�T�H�Q���/ �i�?�2 �7�B�H�2�X
�9 �*�H�B�+�F �Q�M �ó�*�?�Q�Q�b�2 �7�B�H�2�ô�X
�8 �*�H�B�+�F �Q�M �ó�l�T�H�Q���/ �i�?�B�b �7�B�H�2�ô�X
�e �*�H�B�+�F �Q�M �ó�a���p�2 �+�?���M�;�2�b�ô�X
�d �*�H�B�+�F �Q�M �ó�a�m�#�K�B�i ���b�b�B�;�K�2�M�i�ô�X
�3 �*�H�B�+�F �Q�M �ó�*�Q�M�i�B�M�m�2�ô�X

�j�X�R�X�k �a�m�#�D�2�+�i�B�p�2 ���T�T�`�Q���+�?

�h�?�2 �J�Q�Q�/�H�2 �+�Q�m�`�b�2 �+�Q�M�i���B�M�2�/ �[�m�2�b�i�B�Q�M�b �`�2�H���i�2�/ �i�Q �i�?�2 �[�m�2�b�i�B�Q�M�M���B�`�2�b �a�l�a ���M�/ �l�b�2�G�2���`�M

���b �� �b�m�#�D�2�+�i�B�p�2 ���T�T�`�Q���+�?�X �h�?�2 �J�Q�Q�/�H�2 �+�Q�K�T�Q�M�2�M�i �r���b �ó�Z�m�2�b�i�B�Q�M�M���B�`�2�ô ���M�/ �i�?�2 �b�i�m�/�2�M�i�b

�+���M �`�2�b�T�Q�M�/ �i�Q �i�?�B�b �[�m�2�b�i�B�Q�M�M���B�`�2 �Q�M�+�2�X �h�?�2�v �;�B�p�2 ���M�b�r�2�`�b �i�Q �i�?�2 �a�l�a �(�e�9�) �7�Q�` �H�Q�r�@�H�2�p�2�H

�m�b���#�B�H�B�i�v �/�B�K�2�M�b�B�Q�M�b �U�2�7�7�B�+�B�2�M�+�v�- �2�7�7�2�+�i�B�p�2�M�2�b�b�- ���M�/ �b���i�B�b�7���+�i�B�Q�M�V ���M�/ �b�Q�K�2 �[�m�2�b�i�B�Q�M�b �7�`�Q�K �i�?�2

�l�b�2�G�2���`�M �+�?�2�+�F�H�B�b�i �(�e�8�) �7�Q�` �?�B�;�?�@�H�2�p�2�H �m�b���#�B�H�B�i�v �/�B�K�2�M�b�B�Q�M�b �U�2�`�`�Q�` �T�`�2�p�2�M�i�B�Q�M�- �+�Q�M�b�B�b�i�2�M�+�v ��

�7�m�M�+�i�B�Q�M���H�B�i�v�- ���M�/ �+�Q�m�`�b�2 �K���M���;�2�K�2�M�i�V�X �� �+�?���M�;�2 �B�M �?�B�;�? �m�b���#�B�H�B�i�v �/�B�K�2�M�b�B�Q�M�b �r�B�H�H ���7�7�2�+�i

�i�?�2 �H�Q�r�@�H�2�p�2�H �/�B�K�2�M�b�B�Q�M�b �B�M �i�?�2 �G�J�a�X �6�Q�` �2�t���K�T�H�2�- �� �#�m�i�i�Q�M �i�?���i �B�b �M�Q�i �r�Q�`�F�B�M�; �r�B�H�H �/�B�`�2�+�i�H�v

���7�7�2�+�i �i�?�2 �m�b�2�` �T�2�`�+�2�T�i�B�Q�M �B�M �i�2�`�K�b �Q�7 �2�7�7�B�+�B�2�M�+�v�- �2�7�7�2�+�i�B�p�2�M�2�b�b�- ���M�/ �b���i�B�b�7���+�i�B�Q�M�X �a�l�a �B�b �D�m�b�i ���M

�Q�p�2�`���H�H �b�+�Q�`�2 ���#�Q�m�i �i�?�2 �b�v�b�i�2�K�ö�b �m�b���#�B�H�B�i�v �r�B�i�?�Q�m�i �i�?�2 �`�2���b�Q�M�b �#�2�?�B�M�/ �B�i�X �h�?�2�`�2�7�Q�`�2�- �� �K�Q�`�2

�/�2�i���B�H�2�/ �B�M�b�B�;�?�i �B�b �M�2�2�/�2�/ �B�M �i�?�2 �?�B�;�?�@�H�2�p�2�H �/�B�K�2�M�b�B�Q�M�b �i�Q ���+�?�B�2�p�2 ���M �2�7�7�B�+�B�2�M�i ���M�/ �`�2�H�B���#�H�2

�G�J�a�X



�k�9 �+�Ñ�ž�ÿ���¶�� �k�Y �K�¶���Ñ�ñ�²�ñ�ã�ñ�Ì�-

�U���V

�U�#�V

�U�+�V

�6�B�;�m�`�2 �j�X�8�, �a�i�2�T�b �R�@�8 �i�Q �7�B�M�B�b�? �i�?�2 ���b�b�B�;�M�K�2�M�i�X �U���V �a�i�2�T�b �R�@�k�X �*�?�Q�Q�b�B�M�; �i�?�2 �ó���b�b�B�;�M�K�2�M�i�ô
�7�`�Q�K �i�?�2 �H�2�7�i �#���` �7�`�Q�K �i�?�2 �+�Q�m�`�b�2 ���M�/ �+�H�B�+�F �Q�M �ó���/�/ �b�m�#�K�B�b�b�B�Q�M�ô�- �U�#�V �a�i�2�T �j�X �*�H�B�+�F �Q�M �i�?�2
���`�`�Q�r �i�Q �m�T�H�Q���/ �i�?�2 �7�B�H�2�- �U�+�V �a�i�2�T�b �9�@�8�X �*�H�B�+�F �Q�M �ó�*�?�Q�Q�b�2 �7�B�H�2�ô ���M�/ �ó�l�T�H�Q���/ �i�?�B�b �7�B�H�2�ô�X



�k�Y�S�Y �K�¶���Ñ�ñ�²�� �k�8

�U���V

�U�#�V

�U�+�V

�6�B�;�m�`�2 �j�X�e�, �a�i�2�T�b �e�@�3 �i�Q �7�B�M�B�b�? �i�?�2 ���b�b�B�;�M�K�2�M�i�X �U���V �a�i�2�T �e�X �*�H�B�+�F �Q�M �ó�a���p�2 �+�?���M�;�2�b�ô�- �U�#�V
�a�i�2�T �d�X �*�H�B�+�F �Q�M �ó�a�m�#�K�B�i ���b�b�B�;�K�2�M�i�ô�- �U�+�V �a�i�2�T �3�X �*�H�B�+�F �Q�M �ó�*�Q�M�i�B�M�m�2�ô�X



�k�e �+�Ñ�ž�ÿ���¶�� �k�Y �K�¶���Ñ�ñ�²�ñ�ã�ñ�Ì�-

�a�v�b�i�2�K �l�b���#�B�H�B�i�v �a�+���H�2 �U�a�l�a�V

�a�l�a �B�b �� �[�m�2�b�i�B�Q�M�M���B�`�2 �r�B�i�? �i�Q�i���H �b�+�Q�`�2 �`���M�;�B�M�; �7�`�Q�K �y �i�Q �R�y�y�X �A�i �B�b �+�Q�K�T�Q�b�2�/ �Q�7 �R�y �b�i���i�2�K�2�M�i�b

�r�B�i�? �T�Q�b�B�i�B�p�2 ���M�/ �M�2�;���i�B�p�2 �[�m�2�b�i�B�Q�M�b �Q�M �� �8�@�T�Q�B�M�i �G�B�F�2�`�i �b�+���H�2�X �a�+�Q�`�2�b �7�`�Q�K �2���+�? �b�i���i�2�K�2�M�i

�r�B�H�H �`���M�;�2 �7�`�Q�K �R �U�b�i�`�Q�M�;�H�v �/�B�b���;�`�2�2�V �i�Q �8 �U�b�i�`�Q�M�;�H�v ���;�`�2�2�V�X �a�l�a �B�b �+���H�+�m�H���i�2�/ �/�B�7�7�2�`�2�M�i�H�v �B�7

�i�?�2 �[�m�2�b�i�B�Q�M�b ���`�2 �2�p�2�M �Q�` �Q�/�/�X �h�?�2 �b�+�Q�`�2 �+�Q�M�i�`�B�#�m�i�B�Q�M �7�Q�` �Q�/�/ �[�m�2�b�i�B�Q�M�b �B�b �i�?�2 �b�+���H�2 �T�Q�b�B�i�B�Q�M

�K�B�M�m�b �R�X �6�B�p�2 �K�B�M�m�b �i�?�2 �b�+�Q�`�2 �+�Q�M�i�`�B�#�m�i�B�Q�M �B�b �7�Q�` �2�p�2�M �[�m�2�b�i�B�Q�M�b�X �h�?�2 �b�m�K �7�`�Q�K ���H�H �i�?�2 �b�+�Q�`�2�b

�B�b �K�m�H�i�B�T�H�B�2�/ �#�v �k�X�8 �i�Q �Q�#�i���B�M �i�?�2 �Q�p�2�`���H�H �p���H�m�2 �Q�7 �a�l�a�X �h�?�2 �7�m�H�H �[�m�2�b�i�B�Q�M�M���B�`�2 �B�b �B�M ���T�T�2�M�/�B�t

���X�R�X �� �b�+�Q�`�2 ���#�Q�p�2 �d�y �B�b �+�Q�M�b�B�/�2�`�2�/ ���+�+�2�T�i���#�H�2�X

�l�b�2�G�2���`�M �+�?�2�+�F�H�B�b�i

�h�?�2 �l�b�2�G�2���`�M �+�?�2�+�F�H�B�b�i �2�p���H�m���i�2�b �b�T�2�+�B�7�B�+ �m�b���#�B�H�B�i�v �/�B�K�2�M�b�B�Q�M�b �Q�7 �i�?�2 �J�Q�Q�/�H�2 �+�Q�m�`�b�2�X �h�?�2

�/�B�K�2�M�b�B�Q�M�b �Q�7 �l�b�2�G�2���`�M ���`�2 �#���b�2�/ �Q�M �j�e �[�m�2�b�i�B�Q�M�b �Q�M �� �8�@�T�Q�B�M�i �G�B�F�2�`�i �b�+���H�2�X �a�+�Q�`�2�b �7�`�Q�K

�2���+�? �b�i���i�2�K�2�M�i �r�B�H�H �`���M�;�2 �7�`�Q�K �R �U�b�i�`�Q�M�;�H�v �/�B�b���;�`�2�2�V �i�Q �8 �U�b�i�`�Q�M�;�H�v ���;�`�2�2�V�X �h�?�2 �?�B�;�?�2�b�i �b�+�Q�`�2

�8 �K�2���M�b �i�?���i �i�?�B�b �/�B�K�2�M�b�B�Q�M �/�Q�2�b �M�Q�i �?���p�2 �B�b�b�m�2�b�X �A�M �i�?�B�b �b�i�m�/�v�- �i�?�`�2�2 �/�B�K�2�M�b�B�Q�M�b �r�2�`�2

�b�2�H�2�+�i�2�/�, �R�V �2�`�`�Q�` �T�`�2�p�2�M�i�B�Q�M�- �k�V �+�Q�M�b�B�b�i�2�M�+�v ���M�/ �7�m�M�+�i�B�Q�M���H�B�i�v�- ���M�/ �j�V �+�Q�m�`�b�2 �K���M���;�2�K�2�M�i�X

�1���+�? �/�B�K�2�M�b�B�Q�M �B�b �+�Q�K�T�Q�b�2�/ �Q�7 �i�?�`�2�2 �[�m�2�b�i�B�Q�M�b�X �h�?�2�b�2 �[�m�2�b�i�B�Q�M�b ���`�2 �H�B�b�i�2�/ �B�M ���T�T�2�M�/�B�t���X�R�X

�j�X�R�X�j �P�#�D�2�+�i�B�p�2 ���T�T�`�Q���+�?

�l�1 �#���b�2�/ �Q�M ���M �Q�#�D�2�+�i�B�p�2 ���T�T�`�Q���+�? �2�p���H�m���i�B�Q�M �+�Q�M�b�B�/�2�`�b �[�m���M�i�B�7�B���#�H�2 �K�2�i�`�B�+�b �Q�M �b�Q�7�i�r���`�2 �b�v�b�@

�i�2�K�b ���M�/ �J�G�X �h�?�2 �K�2�i�`�B�+�b ���`�2 �7�`�Q�K �m�b�2�` �B�M�i�2�`���+�i�B�Q�M �r�B�i�? �i�?�2 �b�v�b�i�2�K �U�+�H�B�+�F�b�- �i�B�K�2�- �F�2�v�b�i�`�Q�F�2�b�-

�2�i�+�X�V�X �h�?�2 �m�b�2�` �B�b �m�M���r���`�2 �Q�7 �i�?�2�b�2 �B�M�i�2�`���+�i�B�Q�M�b�X �h�?�2�b�2 �B�M�i�2�`���+�i�B�Q�M�b ���M�/ �[�m���M�i�B�i���i�B�p�2 �b�m�#�D�2�+�@

�i�B�p�2 ���M�b�r�2�`�b �7�`�Q�K �[�m�2�b�i�B�Q�M�M���B�`�2�b ���`�2 �`�2�H�2�p���M�i �i�Q �J�G �H�2���`�M�B�M�; �i�2�+�?�M�B�[�m�2�b �7�Q�` �m�b���#�B�H�B�i�v �b�+�Q�`�2

�T�`�2�/�B�+�i�B�Q�M�b ���b ���M ���m�i�Q�K���i�B�+ �/�2�i�2�+�i�B�Q�M �i�Q�Q�H�X �h�?�2�`�2�7�Q�`�2�- �i�?�B�b �b�2�+�i�B�Q�M �B�b ���M �Q�p�2�`�p�B�2�r �Q�7 �i�?�2

�Q�#�D�2�+�i�B�p�2 �b�i�`���i�2�;�v �m�b�2�/ �B�M �i�?�B�b �b�i�m�/�v�X



�k�Y�S�Y �K�¶���Ñ�ñ�²�� �k�d

�R�X �G�Q�; ���M���H�v�b�B�b

�G�Q�; ���M���H�v�b�B�b �`�2�7�2�`�b �i�Q �`�2�+�Q�`�/�b �+�Q�H�H�2�+�i�2�/ �r�?�B�H�2 �i�?�2 �m�b�2�` �B�b �m�b�B�M�; �i�?�2 �b�v�b�i�2�K�X �h�?�2�b�2 �`�2�+�Q�`�/�b �(�R�8�-

�9�3�-�9�N�) �+�Q�H�H�2�+�i �K�2�i�`�B�+�b �b�m�+�? ���b �i���b�F �i�B�K�2�- �+�H�B�+�F�b�- �F�2�v�b�i�`�Q�F�2�b�- �+�m�`�b�Q�` �/�B�b�i���M�+�2�- ���M�/ �+�Q�K�T�H�2�i�B�Q�M

�`���i�2�X �6�B�;�m�`�2�j�X�d�B�b ���M �2�t���K�T�H�2 �Q�7 �?�Q�r �i�?�2�b�2 �K�2�i�`�B�+�b ���`�2 ���T�T�H�B�2�/ �7�Q�` �l�1 �B�M �b�Q�7�i�r���`�2 �b�v�b�i�2�K�b�X

�6�B�;�m�`�2 �j�X�d�, �G�Q�; ���M���H�v�b�B�b �`�2�T�`�2�b�2�M�i���i�B�Q�M �(�k�)�X

�k�X �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M

�G�B�M�2���` �`�2�;�`�2�b�b�B�Q�M �+���M �#�2 �m�M�B�p���`�B���i�2 �Q�` �K�m�H�i�B�p���`�B���i�2 �(�j�)�X �A�M �i�?�2 �b�B�K�T�H�2 �+���b�2 �b�+�2�M���`�B�Q�- �m�M�B�p���`�B���i�2

�K�2���M�b �?���p�B�M�; ���M �B�M�T�m�ix �i�?���i �7�B�i�b �B�M�i�Q �� �b�i�`���B�;�?�i �H�B�M�2y�X �h�?�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M �B�by �4 w1x�Yw0�-

�r�?�2�`�2w0 ���M�/w1 ���`�2 �`�2�;�`�2�b�b�B�Q�M �+�Q�2�7�7�B�+�B�2�M�i�b�X �h�?�2 �i�2�`�Ky �+�?���M�;�2�b �#�v �+�?���M�;�B�M�; �i�?�2 �`�2�;�`�2�b�b�B�Q�M

�+�Q�2�7�7�B�+�B�2�M�i�b�X �A�i �+���M �#�2 �/�2�7�B�M�2�/ ���bh(x)w �4 w1x�Y w0�- �r�?�2�`�2 �i�?�2 �T�m�`�T�Q�b�2 �Q�7 �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M

�B�b �i�Q �7�B�M�/hw �i�?���i �#�2�b�i �7�B�i�b �i�?�2 �/���i���X �6�Q�` �2�t���K�T�H�2�- �6�B�;�m�`�2�j�X�3�`�2�T�`�2�b�2�M�i�b �� �i�`���B�M�B�M�; �b�2�i �Q�7n

�T�Q�B�M�i�b�- �r�?�2�`�2 �2���+�? �T�Q�B�M�i �`�2�7�2�`�b �i�Q �i�?�2 �b�B�x�2 ���M�/ �?�Q�m�b�2 �T�`�B�+�2�X �A�M �i�?�B�b �+���b�2�- �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M

�B�b �?�2�H�T�7�m�H �i�Q �7�B�M�/ �� �`�2�H���i�B�Q�M �#�2�i�r�2�2�Mx ���M�/y�X �G�2���b�i �b�[�m���`�2�b ���`�2 �i�?�2 �b�i���M�/���`�/ ���T�T�`�Q���+�? �(�e�e�)

�i�Q �7�B�M�/ �i�?�2 �`�2�;�`�2�b�b�B�Q�M �+�Q�2�7�7�B�+�B�2�M�i�b �i�?���i �K�B�M�B�K�B�x�2 �i�?�2 �`�2�b�B�/�m���H �b�m�K �Q�7 �b�[�m���`�2�b �#�2�i�r�2�2�M �i�?�2

�i���`�;�2�i ���M�/ �i�?�2 �T�`�2�/�B�+�i�B�Q�M�X �A�M �� �K�m�H�i�B�p���`�B���i�2 �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M �T�`�Q�#�H�2�K�- �i�?�2 �2�t���K�T�H�2x j �B�b ���M

n�@�2�H�2�K�2�M�i �p�2�+�i�Q�`�- �r�?�2�`�2 �i�?�2 �?�v�T�Q�i�?�2�b�B�b �b�T���+�2 �B�b�,



�k�3 �+�Ñ�ž�ÿ���¶�� �k�Y �K�¶���Ñ�ñ�²�ñ�ã�ñ�Ì�-

hsw(x j ) = w0 + w1x j; 1 + w2x j; 2 + : : : + wnx j;n �U�j�X�R�V

�6�B�;�m�`�2 �j�X�3�, �G�B�M�2���` �`�2�;�`�2�b�b�B�Q�M �`�2�T�`�2�b�2�M�i���i�B�Q�M �(�j�)�X

�j�X �.�2�+�B�b�B�Q�M �h�`�2�2

�� �/�2�+�B�b�B�Q�M �i�`�2�2 �(�e�e�) �B�b ���M ���H�;�Q�`�B�i�?�K �/�2�p�2�H�Q�T�2�/ �#�v �G�2�Q �"�`�2�B�K���M �F�M�Q�r�M ���b �i�?�2 �*�H���b�b�B�7�B�+���i�B�Q�M

���M�/ �_�2�;�`�2�b�b�B�Q�M �h�`�2�2 �U�*���_�h�V�X �� �/�2�+�B�b�B�Q�M �i�`�2�2 �(�j�) �B�b �+�Q�K�T�Q�b�2�/ �Q�7 �M�Q�/�2�b ���M�/ �#�`���M�+�?�2�b �i�?�`�Q�m�;�?

�`�2�+�m�`�b�B�p�2 �T���`�i�B�i�B�Q�M�B�M�;�X �h�?�2 �B�M�T�m�i ���i�i�`�B�#�m�i�2 �+�Q�`�`�2�b�T�Q�M�/�b �i�Q ���M �B�M�i�2�`�M���H �M�Q�/�2 �UA i �V ���M�/ �i�?�2 ���i�@

�i�`�B�#�m�i�2 �p���H�m�2�b ���`�2 �B�M �i�?�2 �#�`���M�+�?�2�b �Q�7 �2���+�? �M�Q�/�2 �UA i �4vik �V�X �h�?�2 �H�2���p�2�b �U�2�M�/ �#�`���M�+�?�2�b�V ���`�2 �i�?�2

�/�2�+�B�b�B�Q�M �Q�7 �i�?�2 �i�`�2�2�X �6�Q�` �2�t���K�T�H�2�- �6�B�;�m�`�2�j�X�N�b�?�Q�r�b �i�?���i �i�?�2 ���i�i�`�B�#�m�i�2�b ���`�2 �ó�"�Q�/�v �h�2�K�T�2�`���@

�i�m�`�2�ô ���M�/ �ó�:�B�p�2�b �"�B�`�i�?�ô�X �h�?�2 ���i�i�`�B�#�m�i�2 �p���H�m�2�b �7�Q�` �ó�"�Q�/�v �h�2�K�T�2�`���i�m�`�2�ô ���`�2 �ó�q���`�K�@�#�H�Q�Q�/�2�/�ô

���M�/ �ó�*�Q�H�/�@�#�H�Q�Q�/�2�/�ô�X �h�?�2 �H�2���p�2�b �Q�7 �i�?�2 �i�`�2�2 ���`�2 �ó�J���K�K���H�b�ô ���M�/ �ó�L�Q�M�@�K���K�K���H�b�ô�X �h�?�2 �/�2�+�B�@

�b�B�Q�M �i�`�2�2 �+�?�Q�Q�b�2�b �i�?�2 �b�T�H�B�i �i�Q �K�B�M�B�K�B�x�2 �i�?�2 �Q�m�i�+�Q�K�2 �B�K�T�m�`�B�i�v �r�B�i�?�B�M �2���+�? �b�m�#�@�T���`�i�B�i�B�Q�M�X �h�?�2

�B�K�T�m�`�B�i�v �B�b �K�2���b�m�`�2�/ �#�v �:�B�M�B �B�K�T�m�`�B�i�v �U�+�H���b�b�B�7�B�+���i�B�Q�M�V �(�e�d�) �Q�` �b�[�m���`�2�/ �/�2�p�B���i�B�Q�M�b �7�`�Q�K �i�?�2

�K�2���M �U�`�2�;�`�2�b�b�B�Q�M�V�X



�k�Y�S�Y �K�¶���Ñ�ñ�²�� �k�N

�6�B�;�m�`�2 �j�X�N�, �.�2�+�B�b�B�Q�M �i�`�2�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M �(�9�)�X

�9�X �_���M�/�Q�K �6�Q�`�2�b�i

�_���M�/�Q�K �7�Q�`�2�b�i �(�9�) �B�b �� �+�H���b�b �Q�7 �2�M�b�2�K�#�H�2 �K�2�i�?�Q�/�b �U�+�Q�K�#�B�M�B�M�; �K�m�H�i�B�T�H�2 �B�M�/�B�p�B�/�m���H �K�Q�/�2�H�b�V

�/�2�b�B�;�M�2�/ �7�Q�` �/�2�+�B�b�B�Q�M �i�`�2�2�b�X �6�B�;�m�`�2�j�X�R�y�B�b ���M �2�t���K�T�H�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M�- �r�?�2�`�2 �2���+�? �i�`�2�2 �i�`���B�M�B�M�;

�B�b �i�?�`�Q�m�;�? �� �`���M�/�Q�K �b���K�T�H�2 �Q�7 �i�?�2 �i�`���B�M�B�M�; �/���i�� �r�B�i�? �`�2�T�H���+�2�K�2�M�i �U�#���;�;�B�M�;�V�X �� �`���M�/�Q�K

�b�m�#�b�2�i �Q�7 �7�2���i�m�`�2�b �B�b ���T�T�H�B�2�/ �7�Q�` �i�?�2 �i�`�2�2 �b�T�H�B�i�i�B�M�;�X �h�?�B�b ���H�;�Q�`�B�i�?�K �(�e�e�) �+�?�Q�Q�b�2�b �i�?�2 �p���`�B���#�H�2

���M�/ �b�T�H�B�i �T�Q�B�M�i �#�v �K�B�M�B�K�B�x�B�M�; �� �+�`�B�i�2�`�B�Q�M �b�m�+�? ���b �:�B�M�B �B�K�T�m�`�B�i�v �Q�` �b�[�m���`�2�/ �/�2�p�B���i�B�Q�M�b �7�`�Q�K

�i�?�2 �K�2���M�X �h�?�2 �7�B�M���H �T�`�2�/�B�+�i�B�Q�M �B�b �7�Q�m�M�/ �#�v ���p�2�`���;�B�M�; �i�?�2 �T�`�2�/�B�+�i�B�Q�M�b �Q�7 �i�?�2 �B�M�/�B�p�B�/�m���H �i�`�2�2�b

�B�M �i�?�2 �7�Q�`�2�b�i�X �_���M�/�Q�K �7�Q�`�2�b�i �?���b �� �b�2�i �Q�7 �?�v�T�2�`�T���`���K�2�i�2�`�b �i�?���i �b�?�Q�m�H�/ �#�2 �i�m�M�2�/ �m�b�B�M�;

�+�`�Q�b�b�@�p���H�B�/���i�B�Q�M �i�Q ���p�Q�B�/ �Q�p�2�`�7�B�i�i�B�M�;�X

�8�X ���`�i�B�7�B�+�B���H �L�2�m�`���H �L�2�i�r�Q�`�F�b

���`�i�B�7�B�+�B���H �M�2�m�`���H �M�2�i�r�Q�`�F�b �(�j�) ���`�2 �#���b�2�/ �Q�M �i�?�2 �B�/�2�� �Q�7 �?�Q�r �M�2�m�`�Q�M�b ���`�2 �+�Q�M�M�2�+�i�2�/ �B�M �i�?�2

�?�m�K���M �#�`���B�M�X �6�B�;�m�`�2�j�X�R�R�B�b ���M �B�M�b�i���M�+�2 �Q�7 �� �b�B�K�T�H�2 �M�2�m�`�Q�M �r�B�i�? �B�M�T�m�i�b�- �r�2�B�;�?�i�b�- ���+�i�B�p���i�B�Q�M

�7�m�M�+�i�B�Q�M�- ���M�/ �Q�m�i�T�m�i�X �� �b�2�i �Q�7 �M�2�m�`�Q�M�b �+�`�2���i�2�b �� �;�`���T�? �M�2�i�r�Q�`�F�- �r�?�2�`�2 �2���+�? �M�Q�/�2 �B�b �� �M�2�m�`�Q�M

�+�Q�M�M�2�+�i�2�/ �i�?�`�Q�m�;�? �� �H�B�M�F�X �h�?�2 �7�2���i�m�`�2�b �7�`�Q�K �i�?�2 �/���i���b�2�i �b�2�`�p�2 ���b �i�?�2 �B�M�T�m�i �B�M �i�?�2 �M�2�m�`���H



�j�y �+�Ñ�ž�ÿ���¶�� �k�Y �K�¶���Ñ�ñ�²�ñ�ã�ñ�Ì�-

�6�B�;�m�`�2 �j�X�R�y�, �_���M�/�Q�K �7�Q�`�2�b�i �`�2�T�`�2�b�2�M�i���i�B�Q�M �(�9�)�X

�M�2�i�r�Q�`�F�b �i�Q �K���F�2 �T�`�2�/�B�+�i�B�Q�M�b �7�Q�` �+�H���b�b�B�7�B�+���i�B�Q�M �Q�` �`�2�;�`�2�b�b�B�Q�M �T�`�Q�#�H�2�K�b�X �h�?�2 ���`�+�?�B�i�2�+�i�m�`�2�b ���`�2

�b�B�M�;�H�2 ���M�/ �K�m�H�i�B�H���v�2�` �7�2�2�/�@�7�Q�`�r���`�/ �M�2�m�`���H �M�2�i�r�Q�`�F�b ���b �b�2�2�M �B�M �6�B�;�m�`�2�j�X�R�k�X �A�M �/�2�i���B�H�- �2���+�?

�M�Q�/�2i �T�`�Q�/�m�+�2�b ���M �Q�m�i�T�m�i �r�B�i�? �i�?�2 ���+�i�B�p���i�B�Q�M �7�m�M�+�i�B�Q�M �7�`�Q�K �i�?�2 �r�2�B�;�?�i�2�/ �b�m�K �Q�7 �i�?�2 �M�Q�/�2�ö�b

�B�M�T�m�i�b�X �h�?�B�b �Q�m�i�T�m�i �B�b �7�2�/ ���b �B�M�T�m�i �i�Q �i�?�2 �M�Q�/�2�b �+�Q�M�M�2�+�i�2�/ �i�Q �M�Q�/�2i �X �h�?�2 �H�2���`�M�B�M�; ���H�;�Q�`�B�i�?�K

�B�b �#���+�F�@�T�`�Q�T���;���i�B�Q�M�- �r�?�B�+�? �B�K�T�H�2�K�2�M�i�b �b�i�Q�+�?���b�i�B�+ �;�`���/�B�2�M�i �/�2�b�+�2�M�i�X �h�?�B�b �B�b �i�Q �K�B�M�B�K�B�x�2 �i�?�2

�H�Q�b�b �#�v �B�i�2�`���i�B�p�2 �m�T�/���i�B�M�; �Q�7 �i�?�2 �r�2�B�;�?�i�b �B�M �2���+�? �2�T�Q�+�? �i�Q �+�Q�M�p�2�`�;�2�X �h�?�2 �#���+�F�T�`�Q�T���;���i�B�Q�M

�2�`�`�Q�` �B�b �i�?�2 �/�B�7�7�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �M�2�i�r�Q�`�F �Q�m�i�T�m�i ���M�/ �i�?�2 �i���`�;�2�i�X

�6�B�;�m�`�2 �j�X�R�R�, �L�2�m�`�Q�M �m�M�B�i �`�2�T�`�2�b�2�M�i���i�B�Q�M �(�j�)�X



�k�Y�l�Y �2�,�ÿ�¶���Ô�è�¶�é���ž�ã �b�¶���A�m�ÿ �j�R

�6�B�;�m�`�2 �j�X�R�k�, �J�m�H�i�B�H���v�2�` ���`�i�B�7�B�+�B���H �M�2�m�`���H �M�2�i�r�Q�`�F �U���L�L�V �`�2�T�`�2�b�2�M�i���i�B�Q�M �(�9�)�X

�j�X�k �1�t�T�2�`�B�K�2�M�i���H �a�2�i�@�l�T

�j�X�k�X�R �1�M�p�B�`�Q�M�K�2�M�i

�A �2�p���H�m���i�2�/ �i�?�2 �2�t�T�2�`�B�K�2�M�i�b �Q�M�H�B�M�2 �i�?�`�Q�m�;�? �:�Q�Q�;�H�2 �*�Q�H�H���# �(�e�3�)�- �� �C�m�T�v�i�2�` �L�Q�i�2�#�Q�Q�F �b�2�`�p�B�+�2

�r�B�i�? �7�`�2�2 ���+�+�2�b�b �i�Q �+�Q�K�T�m�i�B�M�; �`�2�b�Q�m�`�+�2�b�X �A �`���M �i�?�2 �2�t�T�2�`�B�K�2�M�i�b �r�B�i�? �i�?�2 �Q�T�2�M �b�Q�7�i�r���`�2

�S�v�i�?�Q�M �H�B�#�`���`�v �b�+�B�F�B�i�@�H�2���`�M �(�e�N�)�X

�j�X�k�X�k �.���i�� �+�Q�H�H�2�+�i�B�Q�M

�q�2 �+�Q�M�/�m�+�i�2�/ �� �`�2�K�Q�i�2 �b�i�m�/�v ���i �o�B�`�;�B�M�B�� �h�2�+�?�- �"�H���+�F�b�#�m�`�;�- �o�B�`�;�B�M�B�� �r�B�i�? �b�i�m�/�2�M�i �T���`�@

�i�B�+�B�T���M�i�b �7�`�Q�K �m�M�/�2�`�;�`���/�m���i�2 �+�Q�m�`�b�2�b�X �h�?�2 �T���`�i�B�+�B�T���M�i�b ���`�2 �o�B�`�;�B�M�B�� �h�2�+�? �m�M�/�2�`�;�`���/�m���i�2

�b�i�m�/�2�M�i�b �R�3 �v�2���`�b �Q�` �Q�H�/�2�` �2�M�`�Q�H�H�2�/ �B�M ���M �m�M�/�2�`�;�`���/�m���i�2 �+�Q�m�`�b�2�X �h�?�2�`�2 ���`�2 �T�Q�i�2�M�i�B���H �#�2�M�2�7�B�i�b

�7�Q�` �T���`�i�B�+�B�T���M�i�b �B�M �i�?�B�b �`�2�b�2���`�+�? �b�m�+�? ���b �R �#�Q�M�m�b �T�Q�B�M�i �B�M �i�?�2 �m�M�/�2�`�;�`���/�m���i�2 �+�Q�m�`�b�2 �Q�` �#�2�B�M�;

�b�2�H�2�+�i�2�/ �i�Q ���+�+�2�b�b �R �Q�7 �i�?�2 �R�y ���K���x�Q�M �;�B�7�i �+���`�/�b �B�M �� �/�`���r�B�M�;�X ���i �i�?�2 �b���K�2 �i�B�K�2�- �i�?�2�v

�+�Q�m�H�/ �7�B�M�/ �m�b���#�B�H�B�i�v �B�b�b�m�2�b �B�M �i�?�2 �T�H���i�7�Q�`�K ���M�/ �B�K�T�`�Q�p�2 �i�?�2�B�` �Q�r�M �H�2���`�M�B�M�; �2�t�T�2�`�B�2�M�+�2�X �A�7

�T���`�i�B�+�B�T���M�i�b �/�2�+�B�/�2 �i�Q �H�2���p�2 �i�?�2 �b�i�m�/�v �7�Q�` ���M�v �`�2���b�Q�M�- �i�?�2�v ���`�2 ���H�H�Q�r�2�/ �i�Q �/�Q �b�Q�X



�j�k �+�Ñ�ž�ÿ���¶�� �k�Y �K�¶���Ñ�ñ�²�ñ�ã�ñ�Ì�-

�A �`�2�+�`�m�B�i�2�/ �b�i�m�/�2�M�i�b �#�v �+�Q�M�i���+�i�B�M�; �/�B�7�7�2�`�2�M�i �B�M�b�i�`�m�+�i�Q�`�b �7�`�Q�K �o�B�`�;�B�M�B�� �h�2�+�? �#�v �2�K���B�H ���7�i�2�` �i�?�2

�A�M�b�i�B�i�m�i�B�Q�M���H �_�2�p�B�2�r �"�Q���`�/ �U�A�_�"�V �k�j�@�3�j�d �T�`�Q�i�Q�+�Q�H �U���T�T�2�M�/�B�t���X�k�X�9�V�X �h�?�2 �B�M�b�i�`�m�+�i�Q�`�b �r�2�`�2

�7�`�Q�K �i�?�2 �+�Q�m�`�b�2�b �*�a�@�k�s�s�s�- �*�a�@�j�s�s�s�- �*�a�@�9�s�s�s�- �"�A�h�@�j�s�s�s�- �"�A�h�@�9�s�s�s�- �1�L�:�1�@�R�s�s�s�-

�*�J�.���@�j�e�s�s�- ���M�/ �*�J�.���@�9�e�s�s �U���T�T�2�M�/�B�t���X�k�X�R�V�X �� �i�Q�i���H �Q�7 �d�R �2�K���B�H�b �r�2�`�2 �b�2�M�i �i�Q �7���+�m�H�i�v

�K�2�K�#�2�`�b�X �6�Q�m�`�i�2�2�M �B�M�b�i�`�m�+�i�Q�`�b �7�`�Q�K �i�?�2 �*�Q�K�T�m�i�2�` �a�+�B�2�M�+�2 �/�2�T���`�i�K�2�M�i �`�2�T�H�B�2�/ �i�Q �i�?�2 �2�K���B�H�X

�h�?�2�v �b�?���`�2�/ �i�?�2 �B�M�7�Q�`�K���i�B�Q�M �B�M �i�?�2�B�` �*���M�p���b �+�Q�m�`�b�2 ���M�/�f�Q�` �T�2�`�K�B�b�b�B�Q�M �7�Q�` �� �T�`�2�b�2�M�i���i�B�Q�M

���#�Q�m�i �K�v �`�2�b�2���`�+�?�X �A�M �i�Q�i���H�- �A �/�B�/ �b�2�p�2�M �T�`�2�b�2�M�i���i�B�Q�M�b �Q�7 �j �K�B�M�m�i�2�b�X ���/�/�B�i�B�Q�M���H�H�v�- �� �7�H�v�2�`

�r���b �T�Q�b�i�2�/ ���`�Q�m�M�/ �+���K�T�m�b �U���T�T�2�M�/�B�t���X�k�X�j�V�X

�A �b�?���`�2�/ �� �:�Q�Q�;�H�2 �7�Q�`�K �b�m�`�p�2�v �r�B�i�? �� �Z�_ �+�Q�/�2 �i�Q �Q�#�i���B�M �b�i�m�/�2�M�i�b�ö �2�K���B�H�b �U���T�T�2�M�/�B�t���X�k�X�k�V�X

���7�i�2�`�r���`�/�- �A �b�2�M�i ���M �2�K���B�H �i�Q �i�?�2 �b�i�m�/�2�M�i�b ���#�Q�m�i �i�?�2 �T�m�`�T�Q�b�2 �Q�7 �i�?�2 �`�2�b�2���`�+�?�- �H�Q�; �B�M �/�2�i���B�H�b�-

���M�/ �+�Q�M�b�2�M�i �7�Q�`�K �U���T�T�2�M�/�B�t���X�k�X�8�V�X �h�?�2 �K���B�M �;�Q���H �B�b �i�Q �2�p���H�m���i�2 �i�?�2 �m�b���#�B�H�B�i�v �Q�7 �i�?�2 �G�J�a

�J�Q�Q�/�H�2 �+�Q�m�`�b�2 �r�B�i�? �i�?�`�2�2 �i���b�F�b �i�Q �+�?�2�+�F �i�?�2 �H�B�K�B�i���i�B�Q�M�b ���M�/ �/�B�7�7�B�+�m�H�i�B�2�b �Q�7 �m�b���#�B�H�B�i�v �7�`�Q�K

�G�J�a �7�`�Q�K �i�?�2 �b�i�m�/�2�M�i�ö�b �T�2�`�b�T�2�+�i�B�p�2�X ���i �i�?�2 �2�M�/ �Q�7 ���H�H �i���b�F�b�- �i�?�2 �T���`�i�B�+�B�T���M�i�b �7�B�H�H�2�/ �Q�m�i �i�?�2

�T�Q�b�i�@�b�m�`�p�2�v �a�l�a ���M�/ �b�Q�K�2 �[�m�2�b�i�B�Q�M�b �7�`�Q�K �i�?�2 �l�b�2�G�2���`�M �+�?�2�+�F�H�B�b�i�X �1���+�? �T���`�i�B�+�B�T���M�i �b�?�Q�m�H�/

�7�B�M�B�b�? �B�M �� �K���t�B�K�m�K �Q�7 �9�y �K�B�M�m�i�2�b �7�Q�` �i���b�F �+�Q�K�T�H�2�i�B�Q�M ���M�/ �T�Q�b�i�@�b�i�m�/�v �[�m�2�b�i�B�Q�M�M���B�`�2�b�X

�j�X�k�X�j �.���i�� �T�`�2�@�T�`�Q�+�2�b�b�B�M�;

�.���i�� �+�H�2���M�B�M�;

�A �`�2�+�`�m�B�i�2�/ �R�3�j �m�M�/�2�`�;�`���/�m���i�2 �b�i�m�/�2�M�i�b�ö �2�K���B�H�b �7�`�Q�K �o�B�`�;�B�M�B�� �h�2�+�? �i�?�`�Q�m�;�? �:�Q�Q�;�H�2 �6�Q�`�K�b�X

�� �i�Q�i���H �Q�7 �3�3 �b�i�m�/�2�M�i�b �H�Q�;�;�2�/ �B�M�i�Q �J�Q�Q�/�H�2�X �1�B�;�?�i�2�2�M �b�i�m�/�2�M�i�b �r�2�`�2 �2�t�+�H�m�/�2�/�X �h�?�2 �`�2���b�Q�M�b

���`�2 �H�Q�;�;�B�M�; �B�M�i�Q �i�?�2 �b�v�b�i�2�K �K�m�H�i�B�T�H�2 �i�B�K�2�b�- �2�t�+�2�2�/�B�M�; �9�y �K�B�M�m�i�2�b �B�M �i�?�2 �b�i�m�/�v�- �m�T�H�Q���/�B�M�;

�m�M�`�2�H���i�2�/ �7�B�H�2�b �i�Q �i�?�2 �i���b�F�- �T�Q�b�i�B�M�; �B�`�`�2�H�2�p���M�i ���M�b�r�2�`�b �i�Q �i�?�2 �7�Q�`�m�K�- ���M�/ �M�Q�i ���M�b�r�2�`�B�M�; �i�?�2

�m�b���#�B�H�B�i�v �[�m�2�b�i�B�Q�M�M���B�`�2�b�X �h���#�H�2�j�X�9�T�`�Q�p�B�/�2�b �� �+�Q�K�T�`�2�?�2�M�b�B�p�2 �Q�p�2�`�p�B�2�r �Q�7 �i�?�2 �`�2���b�Q�M�b �7�Q�`

�2�t�+�H�m�b�B�Q�M�X �A�i�ö�b �r�Q�`�i�? �M�Q�i�B�M�; �i�?���i �b�Q�K�2 �b�i�m�/�2�M�i�b �K���v �Q�p�2�`�H���T �B�M �i�2�`�K�b �Q�7 �i�?�2 �`�2���b�Q�M�b �7�Q�` �i�?�2�B�`



�k�Y�l�Y �2�,�ÿ�¶���Ô�è�¶�é���ž�ã �b�¶���A�m�ÿ �j�j

�2�t�+�H�m�b�B�Q�M�X �h�?�2�`�2�7�Q�`�2�- �d�y �b�i�m�/�2�M�i�b �r�2�`�2 �T���`�i �Q�7 �i�?�2 �/���i���b�2�i�- �r�?�Q �7�B�M�B�b�?�2�/ �i�?�2 �i�?�`�2�2 �i���b�F�b ���M�/

�i�?�2 �m�b���#�B�H�B�i�v �[�m�2�b�i�B�Q�M�M���B�`�2�b�X �6�Q�`�i�v �K�B�M�m�i�2�b �r���b �i�?�2 �K���t�B�K�m�K �;�B�p�2�M �i�?���i �i�?�2 �b�i���M�/���`�/ �i�B�K�2

�i�Q �7�B�M�B�b�? �i�?�2 �i�?�`�2�2 �i���b�F�b ���M�/ �T�Q�b�i�@�b�m�`�p�2�v�b �r���b �k�y �K�B�M�m�i�2�b�X �� �b�i�m�/�2�M�i �r�?�Q �b�T�2�M�i �K�Q�`�2 �i�?���M �9�y

�K�B�M�m�i�2�b �/�B�/ �M�Q�i �7�Q�H�H�Q�r �i�?�2 �b�i�m�/�v �;�m�B�/�2�H�B�M�2�b �b�m�+�? ���b �7�B�M�B�b�?�B�M�; �i�?�2 �i���b�F�b �+�Q�M�i�B�M�m�Q�m�b�H�v �B�M�b�i�2���/

�Q�7 �H�Q�;�;�B�M�; �B�M�i�Q �i�?�2 �b�v�b�i�2�K �K�m�H�i�B�T�H�2 �i�B�K�2�b ���M�/ �+�Q�M�+�2�M�i�`���i�B�M�; �Q�M ���+�+�Q�K�T�H�B�b�?�B�M�; �i�?�2�b�2 �i���b�F�b�X

�_�2���b�Q�M �L�m�K�#�2�` �Q�7 �a�i�m�/�2�M�i�b

�S�Q�b�i�B�M�; �B�`�`�2�H�2�p���M�i ���M�b�r�2�`�b �i�Q �i�?�2 �7�Q�`�m�K�R
�h���F�B�M�; �K�Q�`�2 �i�?���M �9�y �K�B�M�m�i�2�b �i�Q �7�B�M�B�b�? �i�?�2 �i���b�F�b�R�R

�l�T�H�Q���/�B�M�; �m�M�`�2�H���i�2�/ �7�B�H�2�b �i�Q �i�?�2 ���b�b�B�;�M�K�2�M�i�9
�G�Q�;�;�B�M�; �B�M�i�Q �i�?�2 �b�v�b�i�2�K �K�m�H�i�B�T�H�2 �i�B�K�2�b�R�R

�.�Q �M�Q�i ���M�b�r�2�` �i�?�2 �m�b���#�B�H�B�i�v �[�m�2�b�i�B�Q�M�M���B�`�2�b�d

�h���#�H�2 �j�X�9�, �1�t�+�H�m�b�B�Q�M �+�`�B�i�2�`�B���X

�6�2���i�m�`�2 �2�t�i�`���+�i�B�Q�M

�6�2���i�m�`�2 �h�v�T�2 �.�2�b�+�`�B�T�i�B�Q�M

�i�B�K�2 �[�m�B�x �L�m�K�2�`�B�+���H �b�2�+�Q�M�/�b �i�Q �7�B�M�B�b�? �[�m�B�x �i���b�F
�i�B�K�2 �7�Q�`�m�K �L�m�K�2�`�B�+���H �b�2�+�Q�M�/�b �i�Q �7�B�M�B�b�? �7�Q�`�m�K �i���b�F

�i�B�K�2 ���b�b�B�;�M�K�2�M�i �L�m�K�2�`�B�+���H �b�2�+�Q�M�/�b �i�Q �7�B�M�B�b�? ���b�b�B�;�M�K�2�M�i �i���b�F
�;�`���/�2 �[�m�B�x �L�m�K�2�`�B�+���H �[�m�B�x �T�Q�B�M�i�b �U�R �+�Q�`�`�2�+�i ���M�b�r�2�`�- �y �B�M�+�Q�`�`�2�+�i ���M�b�r�2�`�V

�r�Q�`�/ �+�Q�m�M�i �T�2�` �7�Q�`�m�K �`�2�b�T�Q�M�b�2 �L�m�K�2�`�B�+���H�M�m�K�#�2�` �Q�7 �r�Q�`�/�b �B�M �i�?�2 �T�Q�b�i
�7�B�H�2 �b�B�x�2 �L�m�K�2�`�B�+���H �F�B�H�Q�#�v�i�2�b �B�M �i�?�2 ���b�b�B�;�M�K�2�M�i �7�B�H�2
�7�B�H�2 �i�v�T�2 �L�m�K�2�`�B�+���H �R �U�S�.�6 �7�B�H�2�V �Q�` �y �U�Q�i�?�2�` �7�B�H�2 �i�v�T�2�V

�+�H�B�+�F�b �K�Q�/�m�H�2 �[�m�B�x �p�B�b�B�i�2�/ �L�m�K�2�`�B�+���H�M�m�K�#�2�` �Q�7 �+�H�B�+�F�b �i�Q �7�B�M�B�b�? �[�m�B�x �i���b�F
�+�H�B�+�F�b �K�Q�/�m�H�2 �7�Q�`�m�K �p�B�b�B�i�2�/ �L�m�K�2�`�B�+���H�M�m�K�#�2�` �Q�7 �+�H�B�+�F�b �i�Q �7�B�M�B�b�? �7�Q�`�m�K �i���b�F

�+�H�B�+�F�b �K�Q�/�m�H�2 ���b�b�B�;�M�K�2�M�i �p�B�b�B�i�2�/ �L�m�K�2�`�B�+���H �M�m�K�#�2�` �Q�7 �+�H�B�+�F�b �i�Q �7�B�M�B�b�? ���b�b�B�;�M�K�2�M�i �i���b�F

�h���#�H�2 �j�X�8�, �6�2���i�m�`�2�b �/�2�b�+�`�B�T�i�B�Q�M�X

�h�?�2 �/���i�� �r���b �b���p�2�/ �B�M �J�v�a�Z�G�- �� �/���i���#���b�2 �7�`�Q�K �J�Q�Q�/�H�2�X �� �b���K�T�H�2 �Q�7 �i�?�2 �/���i���#���b�2 �B�b �b�2�2�M

�B�M �6�B�;�m�`�2�j�X�R�j�X ���H�;�Q�`�B�i�?�K�b�R���M�/�k�+�?�2�+�F �i���b�F �+�Q�K�T�H�2�i�B�Q�M ���M�/ �2���+�? �K�Q�/�m�H�2 �i���#�H�2 �`�2�i�`�B�2�p���H�X



�j�9 �+�Ñ�ž�ÿ���¶�� �k�Y �K�¶���Ñ�ñ�²�ñ�ã�ñ�Ì�-

�6�B�;�m�`�2 �j�X�R�j�, �.���i���#���b�2 �Q�p�2�`�p�B�2�r�X

���H�;�Q�`�B�i�?�K �R�6�m�M�+�i�B�Q�M �i�Q �+�?�2�+�F �B�7 �i�?�2 �i���b�F �?���b �#�2�2�M �+�Q�K�T�H�2�i�2�/

�R�,�7�m�M�+�i�B�Q�M�Ô���o�«�ñ�è�ÿ�ã�¶���¶�²�Utable; componentName; nameActionStart; nameActionEnd;
nameTargetStart; nameTargetEnd�V

�k�, componentIncluded table[0component0] == componentName
�j�, �B�7componentIncluded:any() �i�?�2�M
�9�, modV isitedV alues table[table[0component0] == componentName]
�8�, modV isitedV alues modV isitedV alues[[0action0;0target0]]
�e�, startTaskV alues  [nameActionStart; nameTargetStart ]
�d�, endTaskV alues [nameActionEnd; nameTargetEnd]
�3�, containsAllStartV alues  (modV isitedV alues�4�4startTaskV alues):all (axis =

1)
�N�, containsAllEndV alues  (modV isitedV alues�4�4endTaskV alues):all (axis =

1)
�R�y�, �B�7containsAllStartV alues:any () ���M�/containsAllEndV alues:any() �i�?�2�M
�R�R�, �`�2�i�m�`�M �h�`�m�2
�R�k�, �2�H�b�2
�R�j�, �`�2�i�m�`�M �6���H�b�2
�R�9�, �2�M�/ �B�7
�R�8�, �2�H�b�2
�R�e�, �`�2�i�m�`�M �6���H�b�2
�R�d�, �2�M�/ �B�7
�R�3�,�2�M�/ �7�m�M�+�i�B�Q�M



�k�Y�l�Y �2�,�ÿ�¶���Ô�è�¶�é���ž�ã �b�¶���A�m�ÿ �j�8

���H�;�Q�`�B�i�?�K �k�6�m�M�+�i�B�Q�M �i�Q �;�2�i �i�?�2 �i���#�H�2 �7�`�Q�K �i�?�2 �i���b�F �+�Q�K�T�H�2�i�2�/

�R�,�7�m�M�+�i�B�Q�M�Ì�¶���o���ž���á�o�«�ñ�è�ÿ�ã�¶���¶�²�o���ž�ª�ã�¶�UuserTable; componentName; actionStartName;
actionEndName; targetStartName; targetEndName�V

�k�, moduleTable tableUnique[userTable[0component0] == componentName]
�j�, indexStart  moduleTable:index[(moduleTable[0action0] ==

actionStartName)�� (moduleTable[0target0] == targetStartName)]:max()
�9�, indexStart  moduleTable:loc[indexStart ]
�8�, indexEnd  moduleTable:index[(moduleTable[0action0] ==

actionEndName)�� (moduleTable[0target0] == targetEndName)]:max()
�e�, indexEnd  moduleTable:loc[indexEnd]
�d�, moduleTable  moduleTable[(moduleTable[0id0] �

indexEnd:id )�� (moduleTable[0id0] � indexStart:id )]
�`�2�i�m�`�MmoduleTable

�3�,�2�M�/ �7�m�M�+�i�B�Q�M

�A�M ���H�;�Q�`�B�i�?�K�R�- �i�?�2 �B�M�T�m�i �r���b �i�?�2 �Q�`�B�;�B�M���H �i���#�H�2�- �+�Q�K�T�Q�M�2�M�i ���+�i�B�Q�M �b�i���`�i�- �i���`�;�2�i �b�i���`�i�- ���+�i�B�Q�M

�2�M�/�- ���M�/ �i���`�;�2�i �2�M�/ ���b �b�2�2�M �B�M �h���#�H�2�j�X�e�X �6�Q�` ���H�;�Q�`�B�i�?�K�k�- �i�?�2 �B�M�T�m�i �r���b �2���+�? �m�b�2�` �i���#�H�2

�r�B�i�? �i�?�2 ���+�i�B�Q�M�b ���M�/ �i���`�;�2�i�b �Q�7 �i�?�2 �`�2�b�T�2�+�i�B�p�2 �+�Q�K�T�Q�M�2�M�i�b�- �2�t�+�2�T�i �i�?�2 �b�2�b�b�B�Q�M �+�Q�K�T�H�2�i�B�Q�M

�+�Q�K�T�Q�M�2�M�i �ó�+�Q�`�2�ô�X �h�?�2 �K�Q�/�m�H�2 �i���#�H�2�b �2�t�i�`���+�i�2�/ �7�`�Q�K ���H�;�Q�`�B�i�?�K�k �r�2�`�2 �m�b�2�/ ���b �B�M�T�m�i �B�M

���H�;�Q�`�B�i�?�K�b�j ���M�/�9�i�Q �7�B�M�/ �i�?�2 �i�B�K�2 ���M�/ �+�H�B�+�F�b �Q�7 �2���+�? �K�Q�/�m�H�2�X �6�B�M���H�H�v�- �#���b�2�/ �Q�M �/�Q�K���B�M

�F�M�Q�r�H�2�/�;�2 ���M�/ �T�`�B�Q�` �H�B�i�2�`���i�m�`�2 �`�2�p�B�2�r�- �i�?�2 �7�2���i�m�`�2�b �2�t�i�`���+�i�2�/ ���b �B�M�T�m�i �i�Q �i�?�2 �b�m�T�2�`�p�B�b�2�/ �J�G

���H�;�Q�`�B�i�?�K�b ���`�2 �T�`�2�b�2�M�i�2�/ �B�M �h���#�H�2�j�X�8�X

�*�Q�K�T�Q�M�2�M�i ���+�i�B�Q�M �a�i���`�i ���+�i�B�Q�M �1�M�/ �h���`�;�2�i �a�i���`�i �h���`�;�2�i �1�M�/

�K�Q�/�n�[�m�B�x �b�i���`�i�2�/ �b�m�#�K�B�i�i�2�/ ���i�i�2�K�T�i ���i�i�2�K�T�i
�K�Q�/�n�7�Q�`�m�K �p�B�2�r�2�/�+�`�2���i�2�/ �+�Q�m�`�b�2�n�K�Q�/�m�H�2 �T�Q�b�i
�K�Q�/�n���b�b�B�;�M �p�B�2�r�2�/�b�m�#�K�B�i�i�2�/ �+�Q�m�`�b�2�n�K�Q�/�m�H�2 ���b�b�2�b�b���#�H�2

�+�Q�`�2 �H�Q�;�;�2�/�B�M �H�Q�;�;�2�/�Q�m�i �m�b�2�` �m�b�2�`

�h���#�H�2 �j�X�e�, �*�Q�K�T�Q�M�2�M�i�b ���+�i�B�Q�M ���M�/ �i���`�;�2�i �/�2�b�+�`�B�T�i�B�Q�M�X



�j�e �+�Ñ�ž�ÿ���¶�� �k�Y �K�¶���Ñ�ñ�²�ñ�ã�ñ�Ì�-

���H�;�Q�`�B�i�?�K �j�6�m�M�+�i�B�Q�M �i�Q �;�2�i �i�?�2 �i�B�K�2 �i�Q �+�Q�K�T�H�2�i�2 �i�?�2 �i���b�F

�R�,�7�m�M�+�i�B�Q�M�Ì�¶���o���Ô�è�¶�o���ž���á�o�«�ñ�è�ÿ�ã�¶���¶�²�UmoduleTable�V
�k�, timeTable  moduleTable[0time0]
�j�, time = changeToSeconds(timeTable[0]) � changeToSeconds(totalSeconds[� 1])

�`�2�i�m�`�Mtime
�9�,�2�M�/ �7�m�M�+�i�B�Q�M

���H�;�Q�`�B�i�?�K �9�6�m�M�+�i�B�Q�M �i�Q �;�2�i �i���b�F �+�H�B�+�F�b

�R�,�7�m�M�+�i�B�Q�M�Ì�¶���o�è�ñ�²���ã�¶�o�«�ã�Ô�«�á���UmoduleTable�V
�`�2�i�m�`�Mlen(moduleTable)

�k�, �2�M�/ �7�m�M�+�i�B�Q�M

�h���`�;�2�i �2�t�i�`���+�i�B�Q�M

�h�?�2 �i���`�;�2�i�b ���`�2 �7�Q�m�` �m�b���#�B�H�B�i�v �b�+�Q�`�2�b ���b �b�2�2�M �B�M �h���#�H�2�j�X�d�, �a�l�a �b�+�Q�`�2�- �2�`�`�Q�` �T�`�2�p�2�M�i�B�Q�M �U�1�S�V

�b�+�Q�`�2�- �+�Q�M�b�B�b�i�2�M�+�v ���M�/ �7�m�M�+�i�B�Q�M���H�B�i�v �U�*�6�V �b�+�Q�`�2�- ���M�/ �+�Q�m�`�b�2 �K���M���;�2�K�2�M�i �U�*�J�V �b�+�Q�`�2�X

�h���`�;�2�i �h�v�T�2 �.�2�b�+�`�B�T�i�B�Q�M

�a�l�a �b�+�Q�`�2 �L�m�K�2�`�B�+���H �m�b���#�B�H�B�i�v �b�+�Q�`�2 �#�2�i�r�2�2�M �y ���M�/ �R�y�y
�1�S �b�+�Q�`�2 �L�m�K�2�`�B�+���H �m�b���#�B�H�B�i�v �b�+�Q�`�2 �#�2�i�r�2�2�M �R ���M�/ �8
�*�6 �b�+�Q�`�2 �L�m�K�2�`�B�+���H �m�b���#�B�H�B�i�v �b�+�Q�`�2 �#�2�i�r�2�2�M �R ���M�/ �8
�*�J �b�+�Q�`�2 �L�m�K�2�`�B�+���H �m�b���#�B�H�B�i�v �b�+�Q�`�2 �#�2�i�r�2�2�M �R ���M�/ �8

�h���#�H�2 �j�X�d�, �h���`�;�2�i �/�2�b�+�`�B�T�i�B�Q�M�X

�.���i�� �b�i���M�/���`�/�B�b���i�B�Q�M

�a�i���M�/���`�/�B�x���i�B�Q�M �B�b �� �+�Q�K�K�Q�M �b�i�2�T �B�M �T�`�2�T�`�Q�+�2�b�b�B�M�; �/���i�� �7�Q�` �J�G ���H�;�Q�`�B�i�?�K�b�X �h�?�B�b �i�2�+�?�M�B�[�m�2

�T�`�Q�/�m�+�2�b �b�m�T�2�`�B�Q�` �T�2�`�7�Q�`�K���M�+�2 �B�M �i�?�2�b�2 ���H�;�Q�`�B�i�?�K�b �#�v �`�2�/�m�+�B�M�; �B�M�+�Q�M�b�B�b�i�2�M�+�B�2�b �`�2�H���i�2�/ �i�Q

�/�B�7�7�2�`�2�M�i �b�+���H�2�b �Q�7 �i�?�2 �7�2���i�m�`�2�b�X �A�i �;�m���`���M�i�2�2�b �#�2�i�i�2�` �+�Q�M�p�2�`�;�2�M�+�2 ���M�/ �B�M�i�2�`�T�`�2�i���#�B�H�B�i�v�X �h�?�2

�b�i���M�/���`�/�B�x���i�B�Q�M �i�2�+�?�M�B�[�m�2 �r���b ���T�T�H�B�2�/ �i�Q �b�+���H�2 �M�B�M�2 �7�2���i�m�`�2�b�X �h�?�2 �7�2���i�m�`�2�b �/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2

�j�X�R�9�B�M�+�H�m�/�2�, �i�B�K�2 �[�m�B�x�- �i�B�K�2 �7�Q�`�m�K�- �i�B�K�2 ���b�b�B�;�M�- �;�`���/�2 �[�m�B�x�- �r�Q�`�/ �+�Q�m�M�i �T�2�` �7�Q�`�m�K �`�2�b�T�Q�M�b�2�-

�7�B�H�2 �b�B�x�2�- �+�H�B�+�F�b �K�Q�/�m�H�2 �[�m�B�x�- �+�H�B�+�F�b �K�Q�/�m�H�2 �7�Q�`�m�K�- ���M�/ �+�H�B�+�F�b �K�Q�/�m�H�2 ���b�b�B�;�M�K�2�M�i�X �h�?�2 �7�Q�`�K�m�H��



�k�Y�l�Y �2�,�ÿ�¶���Ô�è�¶�é���ž�ã �b�¶���A�m�ÿ �j�d

�i�Q �`�2�b�+���H�2 �2���+�? �7�2���i�m�`�2 �B�b �#���b�2�/ �Q�M �i�?�2 �K�2���M ���M�/ �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�X �h�?�2 �7�Q�`�K�m�H�� �B�b�,

z =
x � �

�
�U�j�X�k�V

�r�?�2�`�2 �x �B�b �i�?�2 �b�i���M�/���`�/�B�x�2�/ �7�2���i�m�`�2�-x �B�b �i�?�2 �Q�`�B�;�B�M���H �7�2���i�m�`�2�-� �B�b �i�?�2 �K�2���M �Q�7 �i�?�2 �7�2���i�m�`�2�-

���M�/� �B�b �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �i�?�2 �7�2���i�m�`�2�X

�6�B�;�m�`�2 �j�X�R�9�, �6�2���i�m�`�2�b �/�B�b�i�`�B�#�m�i�B�Q�M�X

�.���i�� �M�Q�`�K���H�B�x���i�B�Q�M

�L�Q�`�K���H�B�x���i�B�Q�M �B�b �� �T�`�2�T�`�Q�+�2�b�b�B�M�; �i�2�+�?�M�B�[�m�2 �B�M �J�G �i�Q �2�M�b�m�`�2 �+�Q�M�b�B�b�i�2�M�+�v ���M�/ �M�m�K�2�`�B�+���H �b�i���@

�#�B�H�B�i�v �#�2�i�r�2�2�M �i�?�2 �7�2���i�m�`�2�b �U�b�+���H�2 �#�2�i�r�2�2�M �y ���M�/ �R�V�X �A�i �2�M�?���M�+�2�b �Q�p�2�`���H�H �T�2�`�7�Q�`�K���M�+�2 �B�M �i�?�2�b�2

���H�;�Q�`�B�i�?�K�b�- �r�?�2�`�2 �i�?�2 �i���`�;�2�i�b ���`�2 �M�Q�`�K���H�B�x�2�/ �;�B�p�2�M �i�?���i �i�?�2 �Q�`�B�;�B�M���H �b�+���H�2 �7�Q�` �a�l�a �b�+�Q�`�2 �B�b

�#�2�i�r�2�2�M �y ���M�/ �R�y�y�- ���M�/ �i�?�2 �l�b�2�G�2���`�M �b�+�Q�`�2�b �#�2�i�r�2�2�M �R ���M�/ �8�X �h�?�2 �7�Q�`�K�m�H�� �B�b�,

x �M�Q�`�K=
x � �K�B�M(X )

�K���t(X ) � �K�B�M(X )
�U�j�X�j�V



�j�3 �+�Ñ�ž�ÿ���¶�� �k�Y �K�¶���Ñ�ñ�²�ñ�ã�ñ�Ì�-

�r�?�2�`�2x �M�Q�`�K�B�b �i�?�2 �M�Q�`�K���H�B�x�2�/ �i���`�;�2�i�-x �B�b �i�?�2 �Q�`�B�;�B�M���H �i���`�;�2�i �p���H�m�2�- �K�B�M(X ) �B�b �i�?�2 �K�B�M�B�K�m�K

�p���H�m�2 �Q�7 �i�?�2 �i���`�;�2�i �B�M �i�?�2 �/���i���b�2�i�- ���M�/ �K���t(X ) �B�b �i�?�2 �K���t�B�K�m�K �p���H�m�2 �Q�7 �i�?�2 �i���`�;�2�i �B�M �i�?�2

�/���i���b�2�i�X

�j�X�k�X�9 �a�m�T�2�`�p�B�b�2�/ �J���+�?�B�M�2 �G�2���`�M�B�M�; ���H�;�Q�`�B�i�?�K�b

�A �T�`�Q�T�Q�b�2 �� �K�2�i�?�Q�/�Q�H�Q�;�v �i�Q �T�`�2�/�B�+�i �m�b���#�B�H�B�i�v �#���b�2�/ �Q�M �J�G �i�2�+�?�M�B�[�m�2�b�X �h�?�`�2�2 �2�t�T�2�`�B�K�2�M�i�b ���`�2

�2�p���H�m���i�2�/ �/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �M�m�K�#�2�` �Q�7 �7�2���i�m�`�2�b �2�t�i�`���+�i�2�/ �7�`�Q�K �i�?�2 �i�?�`�2�2 �i���b�F�b ���M�/ �m�b�2�/ ���b

�B�M�T�m�i �B�M �i�?�2 �J�G ���H�;�Q�`�B�i�?�K�b �U�h���#�H�2�j�X�3�V�X �h�?�2 �i���`�;�2�i�b ���`�2 �7�Q�m�` �m�b���#�B�H�B�i�v �b�+�Q�`�2�b�, �a�l�a �b�+�Q�`�2�- �1�S

�b�+�Q�`�2�- �*�6 �b�+�Q�`�2�- ���M�/ �*�J �b�+�Q�`�2�X �h�?�2 �b�K���H�H �/���i���b�2�i �+�Q�H�H�2�+�i�2�/ �r���b ���T�T�H�B�2�/ �i�Q �J�G�@�b�m�T�2�`�p�B�b�2�/

���H�;�Q�`�B�i�?�K�b �m�b�B�M�; �� �i�?�`�2�2�@�7�Q�H�/ �+�`�Q�b�b�@�p���H�B�/���i�B�Q�M �T�`�Q�+�2�/�m�`�2 �i�Q �T�`�2�/�B�+�i �i�?�2 �m�b���#�B�H�B�i�v �b�+�Q�`�2�b ���M�/

���p�Q�B�/ �Q�p�2�`�7�B�i�i�B�M�; �T�`�Q�#�H�2�K�b�X �h�?�2 �b�m�T�2�`�p�B�b�2�/ �J�G ���H�;�Q�`�B�i�?�K�b �+�?�Q�b�2�M ���`�2 �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M�-

�/�2�+�B�b�B�Q�M �i�`�2�2�b�- �`���M�/�Q�K �7�Q�`�2�b�i�- ���M�/ �M�2�m�`���H �M�2�i�r�Q�`�F�b�X

�1�t�T�2�`�B�K�2�M�i �O �6�2���i�m�`�2�b �6�2���i�m�`�2�b

�R �e �i�B�K�2 �[�m�B�x�- �i�B�K�2 �7�Q�`�m�K�- �i�B�K�2 ���b�b�B�;�M�K�2�M�i�- �+�H�B�+�F�b �K�Q�/�m�H�2
�[�m�B�x�- �+�H�B�+�F�b �K�Q�/�m�H�2 �7�Q�`�m�K�- ���M�/ �+�H�B�+�F�b �K�Q�/�m�H�2 ���b�b�B�;�M�K�2�M�i�X

�k �d �i�B�K�2 �[�m�B�x�- �i�B�K�2 �7�Q�`�m�K�- �i�B�K�2 ���b�b�B�;�M�K�2�M�i�- �;�`���/�2 �[�m�B�x�-
�r�Q�`�/ �+�Q�m�M�i �T�2�` �7�Q�`�m�K �`�2�b�T�Q�M�b�2�- �7�B�H�2 �b�B�x�2�- ���M�/ �7�B�H�2 �i�v�T�2�X

�j �R�y �i�B�K�2 �[�m�B�x�- �i�B�K�2 �7�Q�`�m�K�- �i�B�K�2 ���b�b�B�;�M�K�2�M�i�- �;�`���/�2 �[�m�B�x�-
�r�Q�`�/ �+�Q�m�M�i �T�2�` �7�Q�`�m�K �`�2�b�T�Q�M�b�2�- �7�B�H�2 �b�B�x�2�- �7�B�H�2 �i�v�T�2�-

�+�H�B�+�F�b �K�Q�/�m�H�2 �[�m�B�x�- �+�H�B�+�F�b �K�Q�/�m�H�2 �7�Q�`�m�K�-
���M�/ �+�H�B�+�F�b �K�Q�/�m�H�2 ���b�b�B�;�M�K�2�M�i�X

�h���#�H�2 �j�X�3�, �6�2���i�m�`�2�b �/�2�b�+�`�B�T�i�B�Q�M�X

�h�?�2 �?�v�T�2�`�T���`���K�2�i�2�`�b �B�M �i�?�2 �J�G ���H�;�Q�`�B�i�?�K�b �r�2�`�2 �7�Q�m�M�/ �i�?�`�Q�m�;�? �i�?�2 �;�`�B�/ �b�2���`�+�? ���H�;�Q�`�B�i�?�K
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