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1
Scientific Article

This paper investigates whether aircraft noise modeling can be improved by more accurately pre-
dicting the aircraft weight and thrust compared to the current methodology European Civil Aviation
Conference (ECAC) described in Document 29 (Doc. 29) . Using Aircraft Condition & Monitoring
System (ACMS) data from multiple aircraft types, two new weight estimation methods are proposed
for departures: a climb slope and distance based approach, and a specific-energy method. The
Mean Absolute Percentage Error (MAPE) of the current stage length approach is compared to the
newly proposed methods. For thrust estimation, departures during the initial take-off roll and climb
out are modeled using weight-dependent interpolations of the Fixed-Point Profile (FPP)s. For the
other parts of the departure process, median FPPs, for which boundaries are determined by a flight
segmentation model, are used. Arrival thrust values are predicted using a random forest regression
model trained on flight path angle, calibrated airspeed, and corrected net thrust. This random forest
model accurately captures thrust peak magnitudes and locations for most flights. Noise contour
plots are generated for an original Doc. 29 model, an ACMS Doc. 29 and a new weight and thrust
Doc. 29 model. For the ACMS Doc. 29 model, the ACMS thrust and weight data is directly used as
input data for the noise model. The new weight and thrust estimates reveal closer agreement with
ACMS Doc. 29 contours than with the original Doc. 29 method. This result indicates the rigidity of
the FPPs and outdated Aircraft Noise & Performance (ANP) database entries contribute to current
modeling inaccuracies. The results demonstrate that the incorporation of performance relationships
can significantly improve the theoretical Doc. 29 model.

1.1. Introduction
Aircraft noise has a significant impact on the health of communities located in the vicinity of airports. People
living in these areas suffer from sleep disturbances and have an increased risk of cardiovascular diseases
[1]. Furthermore, long term noise exposure can be associated with a poorer psychological health condition,
although the effect is not as strong as the previously named health outcomes [2]. As these negative effects
of aircraft noise cannot be ignored, it is crucial that the aviation industry makes efforts to minimize noise
pollution.

To gain insight into the amount of noise pollution around airports, aircraft noise can be measured and moni-
tored with measuring equipment. By recording flyover events, the instantaneous sound levels at the time of
the flyover can be determined. However, capturing every flight with measuring equipment around an airport
as large as Amsterdam Airport Schiphol is infeasible due to both technical and budget constraints. Real life
noise measurements always contain background noise in varying levels, impacting the quality of measure-
ments. The routing options, combined with the variability of the weather conditions, make it impossible to
get a sound measurement of every flight. In addition, the impact of noise reduction measurements prior to
implementation, such as new flight routes, cannot be determined with measurements alone and requires a
model capable of accurately predicting aircraft noise emissions.

To limit noise exposure in the surroundings of airports, several Noise Abatement Procedures (NAP) are al-
ready being used for both departures and arrivals. For departures, two different Noise Abatement Departure
Procedures (NADP) have been designed by International Civil Aviation Organization (ICAO). The NADP1
procedure minimizes noise directly underneath the flight path of the aircraft, while the NADP2 procedure
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minimizes noise in areas located relatively further away from the airport [3]. For Schiphol airport, densely
populated areas are located relatively further away and are often not located directly underneath the flight
path. Therefore, the NADP2 procedure is the preferred departure procedure at Schiphol Airport [4]. For
arrivals, no default arrival procedure is in place at Amsterdam Airport Schiphol during the day, as aircraft
are guided to the airport by Luchtverkeersleiding Nederland (LVNL). During night time runway usage is lim-
ited to minimize noise effects. For Doc. 29 best-practice noise models, altitude and thrust are modeled with
a set of arrival profiles. The real altitude trajectory of every flight is compared to all altitude trajectories in
the database and assigned to the best matching one. The noise load for this flight is then computed based
on this matched trajectory [5]. The current existing profiles and procedure do not allow for much variability
between flights. This paper aims to introduce a more dynamic way of modeling these procedures to reduce
model errors.

The most commonly used calculation method in Europe for aircraft noise modeling is the Doc. 29 best-
practice noise model. This model is described in three volumes, giving comprehensive guidance in the way
noise contours have to be calculated [6]. The model requires input parameters such as altitude, latitude,
longitude, and airspeed [7]. Furthermore, weight and thrust values are required as input parameters, but
data for these two parameters is usually not publicly available, as they are proprietory to airlines. Therefore,
in the original Doc. 29 methodology, both of these parameters are estimated depending on the trip length
and flight procedures. An accurate prediction of the weight and the thrust of the aircraft is required, as
errors in the estimation of these input parameters propagate all the way to the final outcome of the model.
Research by Sun et al. showed that estimating aircraft weight is possible based on the take-off run [8].
The runway recursive estimator showed more promising results than the lift-off moment estimator. Ayzit
et al. suggested a deep learning method to determine the weight of the aircraft. This method concluded
that the flight performance parameters are indicative for the aircraft weight, but differ per flight phase [9].
For predicting thrust, Schwab and Zellman showed that derated climb segments can be categorized [10].
However, this categorization of derated climb modes is dependent on the type of aircraft. These methods
show that flight performance parameters can be used to get more accurate estimates for thrust and weight.

This thesis proposes a new method to estimate the weight and thrust input parameters for the Doc. 29 noise
model for Airbus A330-303, Boeing 777-300ER, Airbus A321neo and Boeing 737-800 aircraft. The goal of
this paper is to improve the weight and thrust estimation method of the current Doc. 29 method, resulting
in a more accurate prediction of the noise contours around the airport. To assess performance, the noise
contour plots of the original Doc. 29 model, the new thrust and weight Doc. 29 model, and an ACMSDoc. 29
are compared with each other. The ACMS data is regarded as ’gold standard’ operational data [6], meaning
more accurate data is not available at all. Therefore, using the ACMS data as direct input for the Doc. 29
noise model, the theoretical best Doc. 29 baseline model is obtained. Furthermore, the ACMS data can be
used for verification and validation of the estimated parameters, allowing the development and evaluation
of these new methods. For radar track data, weight and thrust data are unavailable. Therefore, in this
paper, the aim will be to estimate the weight and thrust of nominal flights using the other available aircraft
performance parameters. In conclusion, the results in this paper can be linked to the following research
question; What effect does improving the weight and thrust estimation using ACMS data have on the noise
contour plots around Amsterdam Airport Schiphol?

Section 1.2 explains the data used in this paper, Section 1.3 the original Doc. 29 methodology, and Sec-
tion 1.4 the newly proposed methodologies for estimating both weight and thrust. In Section 1.6, the results
of the weight estimation are presented, and the impact on the noise load is evaluated. Finally, in Section 1.7,
conclusions and recommendations are discussed.

1.2. Description of the data
For this research, flight data to and from Schiphol Airport originating from the ACMS of aircraft is provided
by an airline for Airbus A330-300, Boeing 777-300ER, Airbus A321neo and Boeing 737-800 aircraft. As this
ACMS data is obtained directly from the systems onboard the aircraft itself, it is a highly reliable data source
[6]. The methodology presented in this research was developed with data for the Airbus A330-300 aircraft
and was later applied and adapted to the other evaluated aircraft types. For this reason, the methodology
presented in this paper will be based on Airbus A330-300 data. Similar plots for other aircraft types, following
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�)�R�U �W�K�L�V �Z�H�L�J�K�W �H�V�W�L�P�D�W�L�R�Q�� �W�K�H �J�U�R�X�Q�G �V�S�H�H�G �S�D�U�D�P�H�W�H�U �K�D�V �E�H�H�Q �F�K�R�V�H�Q �D�E�R�Y�H �R�W�K�H�U �V�S�H�H�G�V�� �7�K�H �J�U�R�X�Q�G
�V�S�H�H�G �S�D�U�D�P�H�W�H�U �L�V �W�K�H �R�Q�O�\ �V�S�H�H�G �S�D�U�D�P�H�W�H�U �W�K�D�W �F�D�S�W�X�U�H�V �F�K�D�Q�J�H�V �L�Q �G�U�D�J �G�X�H �W�R �Z�L�Q�G �H�I�I�H�F�W�V�� �$ �F�O�H�D�U
�O�L�Q�H�D�U �U�H�O�D�W�L�R�Q�V�K�L�S �L�V �Y�L�V�L�E�O�H �L�Q �W�K�H �S�O�R�W�� �)�R�X�U �R�X�W�O�L�H�U�V �D�U�H �V�W�L�O�O �S�U�H�V�H�Q�W �L�Q �W�K�H �U�L�J�K�W �K�D�O�I �R�I �W�K�H �J�U�D�S�K��

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

�J�L�Y�H�V �L�Q�I�R�U�P�D�W�L�R�Q �R�Q �K�R�Z �P�D�Q�\ �V�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q�V �G�D�W�D �S�R�L�Q�W�V �D�U�H �O�R�F�D�W�H�G �D�Z�D�\ �I�U�R�P �W�K�H �P�H�D�Q�� �W�K�L�V �P�H�W�K�R�G
�L�V �V�H�O�H�F�W�H�G�� �7�K�L�V �P�D�N�H�V �D�Q�R�P�D�O�\ �G�H�W�H�F�W�L�R�Q �D�Q�G �V�W�D�W�L�V�W�L�F�D�O �D�Q�D�O�\�V�L�V �H�D�V�L�H�U �D�W �D �O�D�W�H�U �V�W�D�J�H�� �7�K�H�U�H�I�R�U�H�� �W�K�H
�P�H�W�K�R�G �R�I �]���V�F�R�U�H �Q�R�U�P�D�O�L�]�D�W�L�R�Q �L�V �V�H�O�H�F�W�H�G�� �7�K�H �I�R�U�P�X�O�D �W�R �F�D�O�F�X�O�D�W�H �W�K�H �]���V�F�R�U�H �L�V �J�L�Y�H�Q �L�Q�(�T�X�D�W�L�R�Q ��������
�7�R �F�R�P�E�L�Q�H �E�R�W�K �R�I �W�K�H �]���V�F�R�U�H �Y�D�O�X�H�V�� �W�K�H �D�Y�H�U�D�J�H �R�I �W�K�H �L�Q�Y�H�U�V�H �F�O�L�P�E �]���V�F�R�U�H �D�Q�G �W�K�H �G�L�V�W�D�Q�F�H �W�R ������
�N�Q�R�W�V �]���V�F�R�U�H �D�U�H �W�D�N�H�Q�� �D�V �G�H�V�F�U�L�E�H�G �L�Q�(�T�X�D�W�L�R�Q ��������
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�'�X�H �W�R �W�K�H �Q�R�U�P�D�O�L�]�D�W�L�R�Q�� �D�O�O �]���V�F�R�U�H�V �F�D�Q �Q�R�Z �E�H �F�R�P�S�D�U�H�G �Z�L�W�K �H�D�F�K �R�W�K�H�U�� �7�R �U�H�P�R�Y�H �W�K�H �R�X�W�O�L�H�U�V �I�U�R�P
�W�K�H �G�D�W�D�V�H�W�� �D �F�R�Q�I�L�G�H�Q�F�H �L�Q�W�H�U�Y�D�O �R�I ������ �L�V �V�H�O�H�F�W�H�G�� �7�K�L�V �P�H�D�Q�V �W�K�D�W �D�O�O �D�Y�H�U�D�J�H �]���V�F�R�U�H�V �Z�L�W�K �D�Q �D�E�V�R�O�X�W�H
�Y�D�O�X�H �J�U�H�D�W�H�U �W�K�D�Q �W�Z�R �D�U�H �U�H�P�R�Y�H�G �I�U�R�P �W�K�H �G�D�W�D�V�H�W�� �+�R�Z�H�Y�H�U�� �U�H�P�R�Y�L�Q�J �W�K�H�V�H �R�X�W�O�L�H�U�V �F�K�D�Q�J�H�V �E�R�W�K �W�K�H
�P�H�D�Q �D�Q�G �W�K�H �V�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q �R�I �W�K�H �G�D�W�D�V�H�W�� �7�K�L�V �U�H�T�X�L�U�H�V �D�O�O �]���V�F�R�U�H�V �W�R �E�H �U�H�F�R�P�S�X�W�H�G �L�Q �D�Q �L�W�H�U�D�W�L�Y�H
�S�U�R�F�H�V�V �X�Q�W�L�O �W�K�H �D�E�V�R�O�X�W�H �Y�D�O�X�H�V �R�I �W�K�H �D�Y�H�U�D�J�H �]���V�F�R�U�H�V �D�U�H �E�H�O�R�Z �W�Z�R�� �7�K�H �U�H�P�D�L�Q�L�Q�J �G�D�W�D �S�R�L�Q�W�V �D�U�H
�Y�L�V�X�D�O�L�]�H�G �L�Q�)�L�J�X�U�H ���������D�� �7�K�U�R�X�J�K �W�K�H�V�H �U�H�P�D�L�Q�L�Q�J �G�D�W�D �S�R�L�Q�W�V�� �D�Q�2�U�G�L�Q�D�U�\ �/�H�D�V�W �6�T�X�D�U�H�G ���2�/�6�� �V�R�O�X�W�L�R�Q
�L�V �I�L�W�W�H�G �W�R �H�[�W�U�D�F�W �D �O�L�Q�H�D�U �U�H�O�D�W�L�R�Q�V�K�L�S�� �+�R�Z�H�Y�H�U�� �E�\ �I�L�W�W�L�Q�J �D�2�/�6 �V�R�O�X�W�L�R�Q�� �W�K�H �V�R�O�X�W�L�R�Q �L�V �E�L�D�V�H�G �W�R�Z�D�U�G�V
�W�K�H �K�H�D�Y�L�H�U �I�O�L�J�K�W�V �E�H�F�D�X�V�H �W�K�H �Z�H�L�J�K�W�V �L�Q �W�K�H �G�D�W�D�V�H�W �D�U�H �Q�R�W �H�T�X�D�O�O�\ �G�L�V�W�U�L�E�X�W�H�G�� �7�K�H�U�H�I�R�U�H�� �L�W �Z�R�X�O�G �E�H
�P�R�U�H �O�R�J�L�F�D�O �W�R �I�L�W �D�:�H�L�J�K�W�H�G �/�H�D�V�W �6�T�X�D�U�H�G ���:�/�6 �� �E�D�V�H�G �R�Q �W�K�H �G�L�V�W�U�L�E�X�W�L�R�Q �R�I�7�2�: �V�� �7�R �D�S�S�O�\ �W�K�H�:�/�6
�P�H�W�K�R�G�� �W�K�H �G�D�W�D �L�V �G�L�Y�L�G�H�G �L�Q�W�R �� �E�L�Q�V�� �D�O�O �F�R�Y�H�U�L�Q�J �D�Q �H�T�X�D�O�O�\ �G�L�V�W�U�L�E�X�W�H�G �Z�H�L�J�K�W �U�D�Q�J�H �I�R�U �H�Y�H�U�\ �D�L�U�F�U�D�I�W �W�\�S�H��
�7�K�L�V �P�H�W�K�R�G �W�K�H�U�H�I�R�U�H �D�V�V�L�J�Q�V �U�H�O�D�W�L�Y�H�O�\ �J�U�H�D�W�H�U �Z�H�L�J�K�W �W�R �E�L�Q�V �F�R�Q�W�D�L�Q�L�Q�J �I�H�Z�H�U �R�E�V�H�U�Y�D�W�L�R�Q�V �W�K�D�Q �E�L�Q�V �Z�L�W�K
�P�D�Q�\ �R�E�V�H�U�Y�D�W�L�R�Q�V�� �,�Q �S�U�D�F�W�L�F�H�� �W�K�L�V �P�H�D�Q�V �W�K�D�W �D �U�H�O�D�W�L�Y�H�O�\ �O�D�U�J�H�U �Z�H�L�J�K�W �L�V �D�S�S�O�L�H�G �W�R �I�O�L�J�K�W�V �Z�L�W�K �D �O�R�Z�H�U
�7�2�: ��

�7�K�H �V�H�F�R�Q�G �P�H�W�K�R�G �L�V �D �P�R�U�H �G�L�U�H�F�W �R�Q�H�� �L�P�P�H�G�L�D�W�H�O�\ �F�R�P�S�X�W�L�Q�J �W�K�H �V�S�H�F�L�I�L�F �H�Q�H�U�J�\ �S�H�U �P�H�W�H�U �E�D�V�H�G �R�Q �W�K�H
�L�Q�F�U�H�D�V�H �L�Q �S�R�W�H�Q�W�L�D�O �D�Q�G �N�L�Q�H�W�L�F �H�Q�H�U�J�\�� �7�K�H �D�G�Y�D�Q�W�D�J�H �R�I �W�K�L�V �P�H�W�K�R�G �L�V �W�K�D�W �W�K�H �F�R�P�S�X�W�D�W�L�R�Q �R�I �]���V�F�R�U�H�V
�L�V �Q�R �O�R�Q�J�H�U �Q�H�F�H�V�V�D�U�\�� �P�H�D�Q�L�Q�J �W�K�H �F�D�O�F�X�O�D�W�L�R�Q �F�D�Q �E�H �S�H�U�I�R�U�P�H�G �Z�L�W�K�R�X�W �K�D�Y�L�Q�J �W�K�H �V�W�D�W�L�V�W�L�F�D�O �U�H�O�D�W�L�R�Q�V�K�L�S
�R�I �W�K�L�V �G�D�W�D�V�H�W�� �7�K�H �V�S�H�F�L�I�L�F �H�Q�H�U�J�\ �E�H�W�Z�H�H�Q �D �W�Z�R �D�O�W�L�W�X�G�H�V �F�D�Q �E�H �F�R�P�S�X�W�H�G �Z�L�W�K�(�T�X�D�W�L�R�Q �������� �+�H�U�H��g
�L�V �W�K�H �J�U�D�Y�L�W�D�W�L�R�Q�D�O �F�R�Q�V�W�D�Q�W �L�Q �P���V��� h �W�K�H �G�L�I�I�H�U�H�Q�F�H �L�Q �D�O�W�L�W�X�G�H �L�Q �P�H�W�H�U�V��v �W�K�H �J�U�R�X�Q�G �V�S�H�H�G �L�Q �P���V �D�Q�G
� v �W�K�H �G�L�I�I�H�U�H�Q�F�H �L�Q �J�U�R�X�Q�G �V�S�H�H�G �E�H�W�Z�H�H�Q �W�K�H �D�O�W�L�W�X�G�H �E�R�X�Q�G�D�U�L�H�V �L�Q �P���V�� �)�L�Q�D�O�O�\�� �W�K�L�V �V�S�H�F�L�I�L�F �H�Q�H�U�J�\ �L�V
�G�L�Y�L�G�H�G �E�\ �W�K�H �G�L�V�W�D�Q�F�H �R�I �W�K�H �V�H�J�P�H�Q�W �W�R �H�T�X�D�O�O�\ �F�R�P�S�D�U�H �I�O�L�J�K�W�V �Z�L�W�K �H�D�F�K �R�W�K�H�U��
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�7�K�H �S�O�R�W �R�I �W�K�H �V�S�H�F�L�I�L�F �H�Q�H�U�J�\ �S�H�U �P�H�W�H�U �D�J�D�L�Q�V�W �W�K�H �Z�H�L�J�K�W �R�I �W�K�H �D�L�U�F�U�D�I�W �I�R�U �$������ �I�O�L�J�K�W�V �L�V �S�U�H�V�H�Q�W�H�G �L�Q
�)�L�J�X�U�H ���������E�� �,�Q �W�K�L�V �S�O�R�W�� �D �F�O�H�D�U �O�L�Q�H�D�U �W�U�H�Q�G �L�V �Y�L�V�L�E�O�H�� �V�K�R�Z�L�Q�J �W�K�D�W �O�L�J�K�W�H�U �D�L�U�F�U�D�I�W �X�V�X�D�O�O�\ �K�D�Y�H �D �K�L�J�K�H�U
�V�S�H�F�L�I�L�F �H�Q�H�U�J�\ �S�H�U �P�H�W�H�U�� �7�K�H �E�H�Q�H�I�L�W �R�I �D�Q�D�O�\�]�L�Q�J �W�K�H �V�S�H�F�L�I�L�F �H�Q�H�U�J�\ �L�Q�V�W�H�D�G �R�I �W�K�H �V�H�S�D�U�D�W�H �F�O�L�P�E �V�O�R�S�H
�L�V �W�K�D�W �L�Q�F�U�H�P�H�Q�W�V �L�Q �Y�H�O�R�F�L�W�\ �E�H�W�Z�H�H�Q �W�K�H �D�O�W�L�W�X�G�H �E�R�X�Q�G�D�U�L�H�V �D�U�H �D�O�V�R �W�D�N�H�Q �L�Q�W�R �D�F�F�R�X�Q�W��

�)�L�J�X�U�H �����������$�L�U�F�U�D�I�W �Z�H�L�J�K�W �S�O�R�W�W�H�G �D�J�D�L�Q�V�W ���D�� �W�K�H �F�R�P�E�L�Q�H�G �]���V�F�R�U�H�V �D�Q�G ���E�� �V�S�H�F�L�I�L�F �H�Q�H�U�J�\ �S�H�U �P�H�W�H�U �I�L�W�W�H�G �Z�L�W�K �D�Q�2�/�6 �D�Q�G �D
�:�/�6 �W�U�H�Q�G �O�L�Q�H �I�R�U �$������ �G�H�S�D�U�W�X�U�H�V��

�7�D�N�L�Q�J �L�Q�W�R �D�F�F�R�X�Q�W �Y�H�O�R�F�L�W�\ �L�Q�F�U�H�P�H�Q�W�V �L�V �Q�H�F�H�V�V�D�U�\ �I�R�U �D�L�U�F�U�D�I�W �W�\�S�H�V �Z�L�W�K �P�X�O�W�L�S�O�H �F�O�L�P�E �P�R�G�H�V �G�X�U�L�Q�J
�F�O�L�P�E�� �7�K�L�V �F�D�Q �E�H�V�W �E�H �L�O�O�X�V�W�U�D�W�H�G �E�\�)�L�J�X�U�H ���������D�� �+�H�U�H�� �G�X�U�L�Q�J �F�O�L�P�E�� �E�H�W�Z�H�H�Q ���������� �D�Q�G ������������ �P�H�W�H�U�V
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�)�L�J�X�U�H �����������1�H�W �F�R�U�U�H�F�W�H�G �W�K�U�X�V�W �Y�D�O�X�H�V ���D�� �I�R�U �I�O�L�J�K�W ���� �D�Q�G ���E�� �I�R�U �I�O�L�J�K�W ���� �H�V�W�L�P�D�W�H�G �Z�L�W�K �D �U�D�Q�G�R�P �I�R�U�H�V�W �U�H�J�U�H�V�V�R�U �P�R�G�H�O
�F�R�P�S�D�U�H�G �W�R �W�K�H �R�U�L�J�L�Q�D�O �W�K�U�X�V�W �Y�D�O�X�H�V �F�D�O�F�X�O�D�W�H�G �Z�L�W�K �W�K�H�*�( ���H�Q�J�L�Q�H �P�R�G�H�O��

�,�Q �W�K�L�V �S�D�S�H�U�� �W�K�H �I�L�Q�D�O �D�S�S�U�R�D�F�K �V�H�F�W�L�R�Q �R�I �D�U�U�L�Y�L�Q�J �I�O�L�J�K�W�V �L�V �P�R�G�H�O�H�G �E�\ �X�V�L�Q�J�)�3�3�V �E�H�O�R�Z �D�Q �D�O�W�L�W�X�G�H �R�I
�������� �I�H�H�W�� �6�L�Q�F�H �D�L�U�F�U�D�I�W �I�R�O�O�R�Z �W�K�H �V�D�P�H �D�O�W�L�W�X�G�H �W�U�D�M�H�F�W�R�U�\ �L�Q �W�K�L�V �S�D�U�W �R�I �W�K�H �I�O�L�J�K�W�� �W�K�U�X�V�W �L�V �P�X�F�K �P�R�U�H
�S�U�H�G�L�F�W�D�E�O�H �D�Q�G �P�D�L�Q�O�\ �V�K�R�Z�V �D �G�H�S�H�Q�G�H�Q�F�\ �R�Q �W�K�H �I�O�D�S �V�H�W�W�L�Q�J �X�V�H�G �G�X�U�L�Q�J �O�D�Q�G�L�Q�J�� �,�I �W�K�H �I�O�D�S �V�H�W�W�L�Q�J �D�W
�O�D�Q�G�L�Q�J �L�V �N�Q�R�Z�Q�� �W�K�H �W�K�U�X�V�W �F�D�Q �E�H �D�F�F�X�U�D�W�H�O�\ �P�R�G�H�O�H�G �E�\ �X�V�L�Q�J�)�3�3�V �G�X�H �W�R �W�K�L�V �S�U�H�G�L�F�W�D�E�O�H �E�H�K�D�Y�L�R�U��
�+�R�Z�H�Y�H�U�� �H�V�W�L�P�D�W�L�Q�J �W�K�H �I�O�D�S �V�H�W�W�L�Q�J �G�X�U�L�Q�J �O�D�Q�G�L�Q�J �L�V �R�X�W�V�L�G�H �W�K�H �V�F�R�S�H �R�I �W�K�L�V �S�D�S�H�U �D�Q�G �Z�L�O�O �W�K�H�U�H�I�R�U�H �Q�R�W
�E�H �L�Q�Y�H�V�W�L�J�D�W�H�G�� �)�O�D�S �K�D�Q�G�O�H �S�R�V�L�W�L�R�Q �G�D�W�D �L�V �D�Y�D�L�O�D�E�O�H �L�Q �W�K�H�$�&�0�6�G�D�W�D�V�H�W �D�Q�G �W�K�H�U�H�I�R�U�H �W�K�H �I�O�D�S �V�H�W�W�L�Q�J �D�W
�O�D�Q�G�L�Q�J �L�V �N�Q�R�Z�Q �L�Q �W�K�L�V �S�D�S�H�U��

�7�R �D�S�S�U�R�[�L�P�D�W�H �W�K�H �W�K�U�X�V�W �Y�D�O�X�H�V �E�H�O�R�Z �������� �I�H�H�W �D�O�W�L�W�X�G�H�� �W�K�H �R�U�L�J�L�Q�D�O�)�3�3�V �D�U�H �U�H���F�D�O�L�E�U�D�W�H�G�� �7�K�H �U�H��
�F�D�O�L�E�U�D�W�L�R�Q �L�V �S�H�U�I�R�U�P�H�G �I�R�U �H�Y�H�U�\ �R�E�V�H�U�Y�H�G �I�O�D�S �V�H�W�W�L�Q�J �D�W �O�D�Q�G�L�Q�J�� �Z�K�L�F�K �D�U�H �D �I�X�O�O �I�O�D�S ���I�O�D�S ���� �D�Q�G �D �U�H�G�X�F�H�G
�I�O�D�S ���I�O�D�S ���� �V�H�W�W�L�Q�J�� �E�\ �D�S�S�U�R�[�L�P�D�W�L�Q�J �W�K�H �P�H�G�L�D�Q �W�K�U�X�V�W �E�H�K�D�Y�L�R�U �R�I �D�O�O �I�O�L�J�K�W�V �L�Q �W�K�H �G�D�W�D�V�H�W�� �7�K�H �U�H�V�X�O�W �R�I
�W�K�H �U�H���F�D�O�L�E�U�D�W�L�R�Q �L�V �V�K�R�Z�Q �L�Q�)�L�J�X�U�H ���������� �$�V �W�K�H�V�H �U�H���F�D�O�L�E�U�D�W�H�G�)�3�3�V �G�R �Q�R�W �V�W�D�U�W �D�W �������� �I�H�H�W �D�O�W�L�W�X�G�H
�L�W�V�H�O�I�� �D �O�L�Q�H�D�U �L�Q�W�H�U�S�R�O�D�W�L�R�Q �L�V �S�H�U�I�R�U�P�H�G �I�R�U �W�K�H �S�H�U�L�R�G �E�H�W�Z�H�H�Q �W�K�H �V�W�D�U�W �R�I �W�K�H�)�3�3�V �D�Q�G �W�K�H �O�D�V�W �S�U�H�G�L�F�W�H�G
�W�K�U�X�V�W �Y�D�O�X�H �E�\ �W�K�H �U�D�Q�G�R�P �I�R�U�H�V�W �J�H�Q�H�U�D�W�R�U�� �7�K�L�V �L�Q�W�H�U�S�R�O�D�W�L�R�Q �H�Q�V�X�U�H�V �D �V�P�R�R�W�K �W�U�D�Q�V�L�W�L�R�Q �W�R�Z�D�U�G�V �W�K�U�X�V�W
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�,�Q �W�K�L�V �V�H�F�W�L�R�Q�� �W�K�H �U�H�V�X�O�W�V �R�I �W�K�H �Z�H�L�J�K�W �H�V�W�L�P�D�W�L�R�Q �P�H�W�K�R�G�V �Z�L�O�O �E�H �S�U�H�V�H�Q�W�H�G �L�Q�6�X�E�V�H�F�W�L�R�Q ������������ �,�Q�6�X�E��
�V�H�F�W�L�R�Q ������������ �W�K�H �Q�R�L�V�H �F�R�Q�W�R�X�U �S�O�R�W�V �R�I �W�K�H �R�U�L�J�L�Q�D�O�'�R�F�� �����P�R�G�H�O�� �W�K�H�$�&�0�6�'�R�F�� �����P�R�G�H�O�� �W�K�H �Q�H�Z
�W�K�U�X�V�W �D�Q�G �Z�H�L�J�K�W�'�R�F�� �����P�R�G�H�O �D�U�H �F�R�P�S�D�U�H�G�� �)�O�L�J�K�W �G�D�W�D �R�U�L�J�L�Q�D�W�L�Q�J �I�U�R�P �W�K�H�$�&�0�6�R�I �D�L�U�F�U�D�I�W �D�Q�G �W�K�H
�W�K�U�X�V�W �Y�D�O�X�H�V�*�( �H�Q�J�L�Q�H �P�R�G�H�O �D�U�H �G�L�U�H�F�W�O�\ �L�Q�S�X�W�W�H�G �L�Q �W�K�H�$�&�0�6�'�R�F�� �����P�R�G�H�O�� �7�K�H�U�H�I�R�U�H�� �W�K�L�V �P�R�G�H�O �Z�L�O�O
�J�L�Y�H �W�K�H �P�R�V�W �D�F�F�X�U�D�W�H �U�H�V�X�O�W�V �D�Q�G �F�D�Q �E�H �F�R�Q�V�L�G�H�U�H�G �W�K�H �E�D�V�H�O�L�Q�H �P�R�G�H�O�� �7�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �W�K�H �R�U�L�J�L�Q�D�O
�'�R�F�� �����P�R�G�H�O �D�Q�G �W�K�H �Q�H�Z �W�K�U�X�V�W �D�Q�G �Z�H�L�J�K�W�'�R�F�� �����P�R�G�H�O �Z�L�O�O �E�H �F�R�P�S�D�U�H�G �W�R �W�K�L�V �E�D�V�H�O�L�Q�H�� �%�R�W�K �W�K�H
�$�&�0�6�'�R�F�� �����P�R�G�H�O �D�Q�G �W�K�H �Q�H�Z �W�K�U�X�V�W �D�Q�G �Z�H�L�J�K�W�'�R�F�� �����P�R�G�H�O �X�V�H �U�H�D�O �D�O�W�L�W�X�G�H �W�U�D�M�H�F�W�R�U�L�H�V �I�R�U �W�K�H
�Q�R�L�V�H �F�D�O�F�X�O�D�W�L�R�Q�� �$�Q �R�Y�H�U�Y�L�H�Z �R�I �D�O�O �� �P�R�G�H�O�V �L�V �J�L�Y�H�Q �L�Q�7�D�E�O�H ��������
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�)�R�U �W�K�H �Z�H�L�J�K�W �H�V�W�L�P�D�W�L�R�Q�� �R�Q�O�\ �Q�R�P�L�Q�D�O �I�O�L�J�K�W �D�U�H �F�R�Q�V�L�G�H�U�H�G�� �7�K�L�V �P�H�D�Q�V �W�K�D�W �I�R�U �W�K�H �$�������� ���� �I�O�L�J�K�W�V �R�X�W
�R�I ���� �U�H�P�D�L�Q �D�I�W�H�U �I�L�O�W�H�U�L�Q�J�� �)�R�U �W�K�H �%�����:�� ���� �U�H�P�D�L�Q �R�X�W �R�I ������ �I�R�U �W�K�H �$�����1�� ���� �U�H�P�D�L�Q �R�X�W �R�I ������ �D�Q�G �I�R�U
�W�K�H �%�������� ���� �U�H�P�D�L�Q �R�X�W �R�I ������ �)�R�U �W�K�H �F�O�L�P�E �V�O�R�S�H �D�Q�G �G�L�V�W�D�Q�F�H �P�H�W�K�R�G�� �I�O�L�J�K�W�V �R�X�W�V�L�G�H �W�K�H ������ �F�R�Q�I�L�G�H�Q�F�H
�L�Q�W�H�U�Y�D�O �D�U�H �D�O�V�R �I�L�O�W�H�U�H�G �R�X�W�� �7�K�H�U�H�I�R�U�H�� �R�Q�H �D�G�G�L�W�L�R�Q�D�O �I�O�L�J�K�W �L�V �I�L�O�W�H�U�H�G �I�R�U �W�K�H �$�������� �%�����:�� �D�Q�G �W�K�H �$�����1
�R�Q�O�\ �I�R�U �W�K�L�V �P�H�W�K�R�G�� �%�\ �D�V�V�L�J�Q�L�Q�J �D �Z�H�L�J�K�W �I�U�R�P �W�K�H�$�1�3�G�D�W�D�E�D�V�H �F�O�R�V�H�V�W �W�R �W�K�H �U�H�D�O�7�2�: �� �W�K�H�0�$�3�(
�Z�D�V �F�D�O�F�X�O�D�W�H�G �W�R �E�H ���������� �I�R�U �W�K�H �R�U�L�J�L�Q�D�O �Z�H�L�J�K�W �H�V�W�L�P�D�W�L�R�Q �P�H�W�K�R�G �G�H�V�F�U�L�E�H�G �L�Q�'�R�F�� �����I�R�U �W�K�H �$��������
�7�K�H �F�O�L�P�E �V�O�R�S�H �D�Q�G �G�L�V�W�D�Q�F�H �P�H�W�K�R�G �U�H�V�X�O�W�H�G �L�Q �D�0�$�3�( �R�I ���������� �D�Q�G �W�K�H �V�S�H�F�L�I�L�F �H�Q�H�U�J�\ �P�H�W�K�R�G �L�Q �D
�0�$�3�( �R�I ���������� �I�R�U �W�K�H �$�������� �)�R�O�O�R�Z�L�Q�J �W�K�H �V�D�P�H �P�H�W�K�R�G�R�O�R�J�\�� �V�L�P�L�O�D�U �U�H�V�X�O�W�V �Z�H�U�H �R�E�W�D�L�Q�H�G �I�R�U �W�K�H �R�W�K�H�U
�D�L�U�F�U�D�I�W �W�\�S�H�V�� �7�K�H�V�H �U�H�V�X�O�W�V �D�U�H �V�X�P�P�D�U�L�]�H�G �L�Q�7�D�E�O�H �������� �2�Y�H�U�D�O�O�� �W�K�H �V�S�H�F�L�I�L�F �H�Q�H�U�J�\ �P�H�W�K�R�G �R�X�W�S�H�U�I�R�U�P�V
�W�K�H �F�O�L�P�E �V�O�R�S�H �D�Q�G �G�L�V�W�D�Q�F�H �P�H�W�K�R�G�� �7�K�H�U�H�I�R�U�H�� �W�K�H �V�S�H�F�L�I�L�F �H�Q�H�U�J�\ �P�H�W�K�R�G �L�V �V�H�O�H�F�W�H�G �W�R �E�H �X�V�H�G �Z�K�H�Q
�J�H�Q�H�U�D�W�L�Q�J �W�K�H �Q�R�L�V�H �F�R�Q�W�R�X�U �S�O�R�W�V �I�R�U �W�K�H �Q�H�Z �Z�H�L�J�K�W �D�Q�G �W�K�U�X�V�W �H�V�W�L�P�D�W�L�R�Q�'�R�F�� �����P�R�G�H�O��

�7�K�H �Z�H�L�J�K�W �H�V�W�L�P�D�W�L�R�Q �P�H�W�K�R�G�V �S�U�H�V�H�Q�W�H�G �L�Q �W�K�L�V �S�D�S�H�U �G�L�G �Q�R�W �R�X�W�S�H�U�I�R�U�P �W�K�H �G�H�H�S �O�H�D�U�Q�L�Q�J �P�H�W�K�R�G�V �I�R�X�Q�G
�L�Q �W�K�H �O�L�W�H�U�D�W�X�U�H�� �I�R�U �Z�K�L�F�K�0�$�3�(���Y�D�O�X�H�V �Z�H�U�H �I�R�X�Q�G �I�U�R�P ���������� �W�R ���������� �>���@�� �+�R�Z�H�Y�H�U�� �W�K�H �P�H�W�K�R�G �L�Q
�W�K�L�V �S�D�S�H�U �V�K�R�Z�H�G �W�K�D�W �L�W �L�V �S�R�V�V�L�E�O�H �W�R �H�V�W�L�P�D�W�H �W�K�H�7�2�: �Z�L�W�K �I�O�L�J�K�W �S�H�U�I�R�U�P�D�Q�F�H �S�D�U�D�P�H�W�H�U�V �R�I �O�D�W�H�U �I�O�L�J�K�W
�V�H�J�P�H�Q�W�V�� �D�V �Z�H�O�O �D�V �L�P�S�U�R�Y�L�Q�J �R�Q �W�K�H �F�X�U�U�H�Q�W �Z�H�L�J�K�W �H�V�W�L�P�D�W�L�R�Q �P�H�W�K�R�G�R�O�R�J�\ �R�I�'�R�F�� �����I�R�U �$�L�U�E�X�V �$��������



�������� �5�H�V�X�O�W�V ����

�7�D�E�O�H ���������7�D�E�O�H �Z�L�W�K�0�$�3�( �U�H�V�X�O�W�V �R�I �W�K�H �Z�H�L�J�K�W �H�V�W�L�P�D�W�L�R�Q �I�R�U �D�O�O �D�L�U�F�U�D�I�W �W�\�S�H�V��

�,�&�$�2 �F�R�G�H�� �R�I �I�O�L�J�K�W�V�6�W�D�J�H �/�H�Q�J�W�K�&�O�L�P�E �V�O�R�S�H �D�Q�G �G�L�V�W�D�Q�F�H�6�S�H�F�L�I�L�F �H�Q�H�U�J�\

�$������ ���� �������� �� ���������� �� ���� �I�O�L�J�K�W�V�� ����������
�%�����: ���� ���������� ���������� �� ���� �I�O�L�J�K�W�V�� ����������
�$�����1 ���� ���������� ���������� �� ���� �I�O�L�J�K�W�V�� ����������
�%������ ���� ���������� ���������� ����������

�9�D�O�X�H�V �I�R�U �Z�H�L�J�K�W�V �L�Q �W�K�H�$�1�3�G�D�W�D�E�D�V�H �R�I�W�H�Q �F�R�Q�W�D�L�Q �H�Q�W�U�L�H�V �R�I �R�O�G�H�U �D�L�U�F�U�D�I�W �P�R�G�H�O�V �W�K�D�Q �F�X�U�U�H�Q�W�O�\ �L�Q �X�V�H��
�)�R�U �H�[�D�P�S�O�H�� �Z�H�L�J�K�W �G�D�W�D �L�Q �W�K�H�$�1�3�G�D�W�D�E�D�V�H �L�V �R�Q�O�\ �D�Y�D�L�O�D�E�O�H �I�R�U �$�L�U�E�X�V �$�������������� �D�L�U�F�U�D�I�W�� �Z�K�L�O�H �W�K�H �D�L�U�O�L�Q�H
�L�V �R�S�H�U�D�W�L�Q�J �R�Q�O�\ �$�L�U�E�X�V �$�������������� �D�L�U�F�U�D�I�W�� �$�O�V�R�� �W�K�H �U�H�V�X�O�W�V �R�I �W�K�H �V�W�D�J�H �O�H�Q�J�W�K �P�H�W�K�R�G �D�U�H �W�K�H �R�S�W�L�P�D�O �U�H�V�X�O�W�V
�W�K�D�W �F�D�Q �E�H �D�F�K�L�H�Y�H�G�� �,�Q �U�H�D�O�L�W�\�� �W�K�H�0�$�3�( �R�I �W�K�L�V �P�H�W�K�R�G �Z�L�O�O �E�H �O�D�U�J�H�U��

�������������1�R�L�V�H �&�R�Q�W�R�X�U �3�O�R�W�V
�)�R�O�O�R�Z�L�Q�J �W�K�H�'�R�F�� �����F�D�O�F�X�O�D�W�L�R�Q �P�H�W�K�R�G�� �Q�R�L�V�H �F�R�Q�W�R�X�U �S�O�R�W�V �F�D�Q �E�H �F�U�H�D�W�H�G �W�R �Y�L�V�X�D�O�L�]�H �W�K�H �Q�R�L�V�H �O�H�Y�H�O�V �L�Q
�D�Q �D�U�H�D�� �)�R�U �W�K�H �W�K�U�H�H�'�R�F�� �����P�R�G�H�O�V �F�R�Q�V�L�G�H�U�H�G �L�Q �W�K�L�V �S�D�S�H�U�� �W�K�H �R�U�L�J�L�Q�D�O�'�R�F�� �����P�R�G�H�O �L�V �R�Q�O�\ �P�R�G�L�I�L�H�G
�I�R�U �W�K�H �W�K�U�X�V�W �H�V�W�L�P�D�W�L�R�Q�� �Z�H�L�J�K�W �H�V�W�L�P�D�W�L�R�Q�� �D�Q�G �D�O�W�L�W�X�G�H �W�U�D�M�H�F�W�R�U�L�H�V�� �$�O�O �R�W�K�H�U �F�D�O�F�X�O�D�W�L�R�Q �J�X�L�G�H�O�L�Q�H�V �D�U�H �I�R�O��
�O�R�Z�H�G �D�V �G�H�V�F�U�L�E�H�G �L�Q �9�R�O�X�P�H �� �R�I �W�K�H�'�R�F�� �����P�H�W�K�R�G�R�O�R�J�\�� �,�Q �H�Y�H�U�\ �I�L�J�X�U�H�� �W�K�H �Q�R�L�V�H �O�H�Y�H�O�V �D�U�H �Y�L�V�X�D�O�L�]�H�G
�L�Q �D �V�X�P�P�H�G�6�R�X�Q�G �(�[�S�R�V�X�U�H �/�H�Y�H�O ���6�(�/�����P�H�W�U�L�F�� �Z�K�L�F�K �L�V �D�Q �$���Z�H�L�J�K�W�H�G �Q�R�L�V�H �P�H�W�U�L�F �Q�R�U�P�D�O�L�]�H�G �Z�L�W�K �D
�U�H�I�H�U�H�Q�F�H �G�X�U�D�W�L�R�Q �R�I �R�Q�H �V�H�F�R�Q�G�� �8�V�X�D�O�O�\���6�(�/���Y�D�O�X�H�V �D�U�H �X�V�H�G �W�R �L�Q�G�L�F�D�W�H �Q�R�L�V�H �O�H�Y�H�O�V �R�I �D �V�L�Q�J�O�H �D�L�U�F�U�D�I�W
�H�Y�H�Q�W�� �)�R�U �Y�L�V�X�D�O�L�]�L�Q�J �P�X�O�W�L�S�O�H �H�Y�H�Q�W�V���6�(�/���Y�D�O�X�H�V �F�D�Q �E�H �F�R�P�S�X�W�H�G �E�\ �D�G�G�L�Q�J �G�%�$ �Y�D�O�X�H�V �O�R�J�D�U�L�W�K�P�L�F�D�O�O�\
�W�R�J�H�W�K�H�U�� �7�K�H �D�G�Y�D�Q�W�D�J�H �R�I �H�[�S�U�H�V�V�L�Q�J �D�Q �D�L�U�F�U�D�I�W �Q�R�L�V�H �H�Y�H�Q�W �L�Q�6�(�/ �R�Y�H�U �/�$�P�D�[�L�V �W�K�D�W �E�R�W�K �W�K�H �G�X�U�D�W�L�R�Q
�D�Q�G �L�Q�W�H�Q�V�L�W�\ �R�I �W�K�H �H�Y�H�Q�W �D�U�H �W�D�N�H�Q �L�Q�W�R �D�F�F�R�X�Q�W �>���@�� �)�R�U �R�W�K�H�U �Q�R�L�V�H �P�H�W�U�L�F�V�� �V�X�F�K �D�V �/�G�H�Q�� �V�L�P�L�O�D�U �W�U�H�Q�G�V �D�V
�R�E�V�H�U�Y�H�G �L�Q �W�K�H�6�(�/ �Q�R�L�V�H �F�R�Q�W�R�X�U �D�Q�G �G�H�O�W�D �S�O�R�W�V �D�U�H �H�[�S�H�F�W�H�G��

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

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

�)�L�J�X�U�H ���������D�Q�G�)�L�J�X�U�H ���������F�R�P�S�D�U�H �W�K�H �Q�H�Z �W�K�U�X�V�W �D�Q�G �Z�H�L�J�K�W�'�R�F�� �����P�R�G�H�O �Z�L�W�K �W�K�H �R�U�L�J�L�Q�D�O�'�R�F�� ����
�P�R�G�H�O �D�Q�G �W�K�H�$�&�0�6�'�R�F�� �����P�R�G�H�O���)�L�J�X�U�H ���������D�Q�G�)�L�J�X�U�H ���������J�H�Q�H�U�D�W�H �V�L�P�L�O�D�U �G�H�O�W�D �S�O�R�W�V�� �L�Q�G�L�F�D�W�L�Q�J
�W�K�D�W �W�K�H �Q�H�Z �W�K�U�X�V�W �D�Q�G �Z�H�L�J�K�W �P�R�G�H�O �S�U�R�G�X�F�H�V �R�X�W�F�R�P�H�V �F�O�R�V�H �W�R �W�K�H�$�&�0�6�P�R�G�H�O���)�L�J�X�U�H ���������F�R�Q�I�L�U�P�V
�W�K�L�V �K�\�S�R�W�K�H�V�L�V�� �V�K�R�Z�L�Q�J �R�Q�O�\ �V�P�D�O�O �D�U�H�D�V �Z�K�H�U�H �W�K�H �Q�R�L�V�H �O�H�Y�H�O�V �G�L�I�I�H�U�V �V�O�L�J�K�W�O�\�� �)�X�U�W�K�H�U�P�R�U�H�� �W�K�H �Q�H�Z
�W�K�U�X�V�W �P�R�G�H�O �I�R�U �G�H�S�D�U�W�X�U�H�V �J�L�Y�H�V �D �F�R�Q�V�H�U�Y�D�W�L�Y�H �S�U�H�G�L�F�W�L�R�Q�� �V�O�L�J�K�W�O�\ �R�Y�H�U�H�V�W�L�P�D�W�L�Q�J �W�K�H �Q�R�L�V�H �O�H�Y�H�O�V �F�O�R�V�H�U
�W�R �W�K�H �D�L�U�S�R�U�W�� �$�V �W�K�H �W�K�U�X�V�W �Y�D�O�X�H�V �D�W �W�D�N�H���R�I�I �D�U�H �H�V�W�L�P�D�W�H�G �E�D�V�H�G �R�Q �W�K�H�7�2�: �R�I �W�K�H �D�L�U�F�U�D�I�W�� �H�U�U�R�U�V �L�Q �W�K�H
�Z�H�L�J�K�W �H�V�W�L�P�D�W�L�R�Q �O�L�N�H�O�\ �S�U�R�S�D�J�D�W�H �W�R �W�K�H �W�K�U�X�V�W �H�V�W�L�P�D�W�L�Q�J�� �U�H�V�X�O�W�L�Q�J �L�Q �W�K�H �G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q �W�K�H �P�R�G�H�O�V��
�$�Q�R�W�K�H�U �F�D�X�V�H �I�R�U �W�K�H �R�Y�H�U�H�V�W�L�P�D�W�L�R�Q �R�I �W�K�H �Q�R�L�V�H �O�H�Y�H�O�V �F�R�X�O�G �E�H �W�K�H �G�H�O�D�\ �L�Q �R�E�V�H�U�Y�L�Q�J �F�K�D�Q�J�H�V �L�Q �W�K�H
�I�O�L�J�K�W �S�H�U�I�R�U�P�D�Q�F�H �S�D�U�D�P�H�W�H�U�V�� �$ �F�K�D�Q�J�H �L�Q �W�K�U�X�V�W �R�U �D�W�W�L�W�X�G�H �G�R�H�V �Q�R�W �O�H�D�G �W�R �D�Q �L�Q�V�W�D�Q�W�D�Q�H�R�X�V �V�S�L�N�H �L�Q �W�K�H
�D�O�W�L�W�X�G�H �R�U�&�$�6�W�U�D�M�H�F�W�R�U�\�� �W�K�X�V �F�D�X�V�L�Q�J �W�K�L�V �G�H�O�D�\�� �,�W �L�V �H�[�S�H�F�W�H�G �W�K�D�W �W�K�H �H�I�I�H�F�W �R�I �S�K�H�Q�R�P�H�Q�R�Q �R�Q �W�K�H �Q�R�L�V�H
�F�R�Q�W�R�X�U �S�O�R�W �L�V �V�P�D�O�O��

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