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This thesis presents a Hardware-in-the-Loop (HIL) framework for modeling and validating
overcurrent and earth-fault protection schemes with relay integration in a real-time simula-
tion environment for medium voltage (MV) networks. Using the Typhoon HIL 604 device
and Universal HIL Connect, the system interfaces with the ABB REF 615 relay, enabling re-
alistic fault scenario testing, real-time monitoring through HIL Supervisory Control and Data
Acquisition (SCADA), and dynamic parameter adjustments via Python scripting. The results
illustrate the fault waveforms, demonstrating that the fault currents align with the calculated
and simulated values, validating the accuracy of the protection schemes and minimizing the
need for physical testing. The system provides real-time visualization of relay activation and
fault identification within SCADA, with relay parametrization managed through PCM 600
software. Additionally, it displays relay tripping during fault occurrences in the SCADA
interface, while the physical relay indicates the specific type of fault detected. Future re-
search should explore adaptive protection strategies, dynamic relay settings, and machine
learning-based analytics to enhance protection performance in distributed energy resource
(DER) integrated networks, microgrids, and electric vehicle (EV) charging infrastructure,
contributing to more reliable and efficient modern power systems.
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SYMBOLS AND ABBREVIATIONS

Roman characters

V voltage [V]

A ampere [A]

Greek characters

Constants

Abbreviations

AO Analog Output

C-HIL Controller Hardware-in-the-Loop

CAN Controller Area Network

CB Circuit Breaker

CPU Central Processing Unit

CT Current Transformer

DAB Dual Active Bridge

DERs Distributed Energy Resources

DI Digital Input

DI1 Digital Input 1

DNP 3 Distributed Network Protocol 3

DO Digital Output

DOC Directional Overcurrent

DSOs Distribution System Operators

DSs Distribution Systems
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DT Definite Time

DUT Device Under Test

EDSs Electrical Distribution Systems

EF Earth Fault

EtherCAT Ethernet for Control Automation Technology

EVs Electric Vehicles

FPGA field-programmable gate array

GOOSE Generic Object Oriented Substation Event

GUI Graphical User Interface

HIL Hardware-in-the-Loop

HMI Human Machine Interface

HV High Voltage

I/O Input-Output

IED Intelligent Electronic Device

IT Inverse Time

LED Light Emitting Diode

LV Low Voltage

MV Medium Voltage

MVDN Medium Voltage Distribution Network

NO Normally Open

OC Overcurrent

OCR Overcurrent Relay

PHIL Power Hardware-in-the-Loop

PO3 Power Output 3

RMS Root Mean Square
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RS 232 Recommended Standard 232

SC Short Circuit

SCADA Supervisory Control and Data Acquisition

SFP Small Form-factor Pluggable

SIL Software-in-the-Loop

SLG Single Line to Ground

USB Universal Serial Bus

UX User Experience

VCCSs Voltage-Controlled Current Sources

VT Voltage Transformer
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1 Introduction

Electrical power systems are becoming increasingly complex, and ensuring their reliability
and safety is crucial for maintaining service continuity. Medium Voltage (MV) and Low
Voltage (LV) networks serve as vital components of the electrical grid, distributing electric-
ity to residential, commercial, and industrial consumers. Overcurrent (OC) protection plays
a crucial role in ensuring the safety and reliability of power system networks. In medium
and low-voltage networks, protection systems are vital for reducing risks associated with
fault currents, which, if uncontrolled, can disrupt entire grid sections, cause infrastructure
damage, and pose significant safety risks. Today’s power systems face distinct challenges,
including ageing infrastructure, increasingly interconnected networks, and higher safety stan-
dards. As a result, the demand for reliable and dynamic protection schemes has never been
more critical in maintaining the integrity of power networks. Overcurrent protection de-
vices are specifically designed to detect excess current levels and respond by isolating the
impacted network sections. This action prevents further damage and enhances fault manage-
ment, reducing downtime and repair costs. Against this backdrop, this study seeks to provide
a detailed analysis of overcurrent protection schemes, to support both industry practice and
future research developments.

Effective overcurrent protection schemes are essential in MV and LV networks, as they safe-
guard equipment and personnel from potential hazards associated with electrical faults, such
as short circuits and overloads. Conventional software-based simulations often fall short of
accurately replicating real operational conditions. A viable approach to aligning simulation
with real-world performance is Hardware-in-the-Loop (HIL) simulation (Lu et al., 2007).
This research aims to utilize the capabilities of Typhoon HIL 604 and its associated HIL
Supervisory Control and Data Acquisition (SCADA) system to provide a comprehensive
analysis of overcurrent protection schemes, ultimately enhancing the resilience of electrical
networks. Unlike most studies that rely on purely digital simulations, this research leverages
Typhoon HIL 604 and HIL SCADA, which allow for real-time fault simulation and dynamic
monitoring. This setup provides a unique environment to analyze overcurrent protection
schemes by allowing direct interaction with protection relays, detailed visualizations, and
precise data logging through SCADA interfaces. This research breaks new ground by using
HIL technology to simulate overcurrent events and immediately assess the relay responses
in real-time, a capability not typically available in standard simulation environments. This
novel approach enables the precise evaluation of how different protection settings and con-
figurations impact network stability. In this approach, a real-time HIL device (HIL 604) is
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used, and the results are demonstrated in the integrated HIL SCADA. Additionally, the results
are then verified with the ABB REF-615 relay unit. All equipment utilized in this research,
such as the Typhoon HIL 604 simulator & integrated HIL SCADA system, Universal HIL
Connect, and the REF 615 relay, along with PCM-600 software, is located in the Electricity
Market and Power Systems Laboratory at LUT University.

1.1 Research problem

Research has shown that well-designed protection mechanisms can significantly reduce the
risk of equipment damage and facilitate efficient fault management strategies. Advancements
in testing havemoved beyond the constraints of traditional software-based simulations, which
cannot adequately emulate real-world operating conditions (Pham and F. Gonzalez-Longatt,
2023). Progress in simulation technologies, particularly HIL testing, has provided new op-
portunities for the real-time analysis of protection schemes. Existing literature highlights
the advantages of HIL in accurately imitating the behaviour of electrical systems under fault
conditions, enabling a comprehensive evaluation of protection strategies. However, a gap re-
mains in the application of HIL methodologies specifically focused on the dynamics of MV
networks.

1.2 Objectives and research questions

This research aims to address the gap by utilizing the Typhoon HIL 604 simulator in com-
bination with HIL SCADA to model and analyze overcurrent protection schemes in MV
networks. The study’s objectives include evaluating the performance of different overcurrent
protection settings under various fault scenarios, examining their impact on network stability,
and identifying potential improvements to optimize existing protection strategies. Addition-
ally, the purpose of this study is to validate the simulated results from the HIL simulation and
SCADA outputs using the REF 615 relay in the laboratory. The primary objective of this
study is to test the ABB REF 615 relay by using outputs from the simulated model as inputs
to the relay and then feeding the relay’s response back into the HIL SCADA system, creating
a closed-loop framework under simulated fault conditions. This approach ensures that the
modeled protection schemes closely reflect real-world performance, enhancing the accuracy
and practical relevance of the findings. Continuous monitoring and verification refine protec-
tion strategies, enhancing MV network reliability. The findings contribute to strengthening
distribution network resilience by optimizing relay settings and methodologies, ultimately
providing valuable expertise for grid operators and protection engineers.
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1.3 HIL system configuration process flow

The overall procedure to establish the HIL arrangement is presented in Figure 1.1, providing
sequential steps of the necessary tasks. This process ensures the effective integration and
testing of the protection relay for different types of faults.

Build the model in HIL schematic

Compile the model in HIL SCADA

Connect the Universal HIL Connect to the protection relay
via signal interface panel

Select specific Analog Output (AO) pins of the HIL Connect,
allocated for the current & voltage outputs through HIL SCADA

Connect Digital Output (DO) pin from the relay to the
Digital Input (DI) pin of the HIL Connect to establish a loop

Set the scaling factor of the Universal HIL Connect
(according to the nominal current & voltage rating of the relay)

Set the relay parameters using designated software

The feedback from the relay is displayed
in the HIL SCADA interface

Figure 1.1: HIL system setup process outline
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2 Literature review

Protecting MV networks is essential for ensuring power system reliability and preventing se-
vere equipment damage. Overcurrent and earth-fault protection schemes are central to fault
management, enabling relays to detect, isolate, and clear faults. However, validating relay
performance across diverse fault scenarios presents a significant challenge. HIL simulation
addresses this by providing a real-time testing environment, where relay behavior can be
modeled and evaluated without endangering physical infrastructure. HIL-based simulations
enable engineers and individuals to safely observe the impact of various disturbances on elec-
trical systems and validate power system protection schemes in real-time. Platforms such as
National Instruments (NI), OPAL-RT, dSPACE, Typhoon HIL, MATLAB/Simulink, Speed-
goat, etc. provide comprehensive tools that support efficient and effective research across a
wide range of disciplines (Mihalič et al., 2022; Anushree, 2024). This review focuses on net-
work protection in MV networks, validating relay performance in a HIL-based environment
using Typhoon HIL or similar simulation software.

HIL testing is a powerful approach that merges physical devices with simulated environments
to evaluate and refine protection systems in power grids and power electronics. By creating
a controlled yet realistic setting, HIL testing makes it possible to observe how hardware in-
teracts with complex network dynamics, enabling safer and more effective system validation
(Phan et al., 2024; Memon and Kauhaniemi, 2021). HIL testing facilitates the integration of
physical protection relays into the simulation environment, enabling comprehensive evalua-
tion of their behavior across various fault scenarios and configuration settings (Pujari et al.,
2023). By replicating real-world conditions, HIL testing ensures that protection systems can
accurately detect and respond to faults, enhancing overall system reliability and reducing the
likelihood of design-related issues (Azmi et al., 2019). HIL testing enhances the integra-
tion and verification process, enabling faster detection and correction of design errors, which
helps lower overall development expenses (Song et al., 2018).

2.1 Applications in power systems

i) Protection relay testing: A real-time HIL implementation is developed for nondirec-
tional OC protection relay, using the SEL-751 relay and Typhoon HIL 604. The setup
integrates physical protection devices into the simulation loop, allowing evaluation
under various fault scenarios and overcurrent protection features. This lab-based en-
vironment facilitates ongoing research into advanced protection algorithms, providing
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������ �2�Y�H�U�Y�L�H�Z �R�I �H�D�U�W�K���I�D�X�O�W �S�U�R�W�H�F�W�L�R�Q �V�F�K�H�P�H�V

�7�K�H �P�R�V�W �F�R�P�P�R�Q �I�D�X�O�W�V �L�Q �1�R�U�G�L�F �0�9 �Q�H�W�Z�R�U�N�V �D�U�H �H�D�U�W�K �I�D�X�O�W�V�� �Z�K�L�F�K �L�Q �)�L�Q�O�D�Q�G �D�O�R�Q�H

�D�U�H �U�H�V�S�R�Q�V�L�E�O�H �I�R�U �R�Y�H�U ���� �� �R�I �\�H�D�U�O�\ �R�X�W�D�J�H �F�R�V�W�V �L�Q �S�X�E�O�L�F �Q�H�W�Z�R�U�N�V�� �0�9 �V�\�V�W�H�P�V �L�Q �W�K�H

�1�R�U�G�L�F �F�R�X�Q�W�U�L�H�V �S�U�H�G�R�P�L�Q�D�Q�W�O�\ �I�H�D�W�X�U�H �L�V�R�O�D�W�H�G �R�U �F�R�P�S�H�Q�V�D�W�H�G �Q�H�X�W�U�D�O�V ���1�L�N�D�Q�G�H�U �D�Q�G �-�l�U��

�Y�H�Q�W�D�X�V�W�D�������������� �8�Q�O�L�N�H �V�R�O�L�G�O�\ �J�U�R�X�Q�G�H�G �Q�H�W�Z�R�U�N�V�� �Z�K�L�F�K �R�I�I�H�U �W�K�H �D�G�Y�D�Q�W�D�J�H �R�I �H�D�V�\ �I�D�X�O�W

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

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

���%�X�U�N�K�D�U�G�W�� �+�L�O�E�U�L�F�K�� �H�W �D�O����������������

����



���������� �1�H�X�W�U�D�O �L�V�R�O�D�W�H�G �(�) �L�Q �0�9 �Q�H�W�Z�R�U�N�V

�1�H�X�W�U�D�O �L�V�R�O�D�W�H�G �F�R�Q�I�L�J�X�U�D�W�L�R�Q�V �D�U�H �R�I�W�H�Q �X�W�L�O�L�]�H�G �L�Q �0�9 �L�Q�G�X�V�W�U�L�D�O �D�Q�G �G�L�V�W�U�L�E�X�W�L�R�Q �V�\�V�W�H�P�V�� �,�I

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

���±������ �$ ���6�W�R�M�D�Q�R�Y�L�ü �D�Q�G �ä�D�U�N�R�Y�L�ü������������ �/�D�N�H�U�Y�L �D�Q�G �3�D�U�W�D�Q�H�Q�������������� �(�O�H�F�W�U�L�F �F�R�P�S�D�Q�L�H�V

�L�Q �)�L�Q�O�D�Q�G �K�D�Y�H �V�L�J�Q�L�I�L�F�D�Q�W �H�[�S�H�U�W�L�V�H �L�Q �F�R�Q�G�X�F�W�L�Q�J ���� �N�9 �Q�H�X�W�U�D�O �L�V�R�O�D�W�H�G �V�\�V�W�H�P�V�� �U�H�V�X�O�W�L�Q�J

�L�Q �O�R�Z �H�D�U�W�K �I�D�X�O�W �F�X�U�U�H�Q�W�V ���1�L�N�D�Q�G�H�U �D�Q�G �-�l�U�Y�H�Q�W�D�X�V�W�D�������������� �7�K�H �H�D�U�W�K �I�D�X�O�W �F�X�U�U�H�Q�W �I�O�R�Z�V

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

�D�O�O �W�K�H �K�H�D�O�W�K�\ �O�L�Q�H�V ���6�W�R�M�D�Q�R�Y�L�ü �D�Q�G �ä�D�U�N�R�Y�L�ü���������������)�L�J�X�U�H �������L�O�O�X�V�W�U�D�W�H�V �W�K�H �I�O�R�Z �R�I �H�D�U�W�K

�I�D�X�O�W �F�X�U�U�H�Q�W�V �W�K�U�R�X�J�K �H�D�U�W�K �F�D�S�D�F�L�W�D�Q�F�H�V �G�X�U�L�Q�J �D�6�L�Q�J�O�H �/�L�Q�H �W�R �*�U�R�X�Q�G ���6�/�*���I�D�X�O�W��

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

�3�D�U�W�D�Q�H�Q ��������������

I f =
3!C

p
1 + (3!CR f )2

� Uph ����������

�:�K�H�U�H��

C � �(�D�U�W�K �F�D�S�D�F�L�W�D�Q�F�H

Rf � �(�D�U�W�K �I�D�X�O�W �U�H�V�L�V�W�D�Q�F�H

! � �$�Q�J�X�O�D�U �I�U�H�T�X�H�Q�F�\ ��! = 2 �f ��

U�S�K� �3�K�D�V�H �Y�R�O�W�D�J�H

�)�L�J�X�U�H �������� �6�L�Q�J�O�H �S�K�D�V�H �(�) �R�I �D �Q�H�X�W�U�D�O �L�V�R�O�D�W�H�G �W�K�U�H�H���S�K�D�V�H �V�\�V�W�H�P ���$�E�G�H�O���)�D�W�W�D�K �D�Q�G
�/�H�K�W�R�Q�H�Q������������

����



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

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

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

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

�R�I �W�K�H �F�R�Q�Q�H�F�W�H�G �O�L�Q�H�V�� �+�L�J�K�� �D�Q�G �O�R�Z���Y�R�O�W�D�J�H �Q�H�W�Z�R�U�N�V �G�R �Q�R�W �D�I�I�H�F�W �W�K�H �I�D�X�O�W �F�X�U�U�H�Q�W�� �D�V �L�V�R��

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

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

�V�H�Q�W�L�D�O �L�Q�G�X�V�W�U�L�H�V�� �E�X�W �Q�H�H�G �T�X�L�F�N �I�D�X�O�W �G�H�W�H�F�W�L�R�Q �G�X�U�L�Q�J �V�L�Q�J�O�H���S�K�D�V�H �H�D�U�W�K �I�D�X�O�W�V�� �'�L�U�H�F�W�L�R�Q�D�O

�(�) �S�U�R�W�H�F�W�L�R�Q ������ �1�� �X�V�H�V �S�K�D�V�R�U �P�H�D�V�X�U�H�P�H�Q�W�V �W�R �I�L�Q�G �I�D�X�O�W�\ �I�H�H�G�H�U�V�� �D�O�W�K�R�X�J�K �L�W �U�H�O�L�H�V �R�Q

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

���������� �5�H�V�R�Q�D�Q�W �R�U �F�R�P�S�H�Q�V�D�W�H�G �H�D�U�W�K�H�G �(�) �L�Q �0�9 �Q�H�W�Z�R�U�N�V

�5�H�V�R�Q�D�Q�W �J�U�R�X�Q�G�L�Q�J �L�V �Z�L�G�H�O�\ �X�V�H�G �L�Q �(�X�U�R�S�H�D�Q �H�O�H�F�W�U�L�F�D�O �Q�H�W�Z�R�U�N�V �W�R �H�Q�K�D�Q�F�H �W�K�H �T�X�D�O�L�W�\

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

�W�K�H �U�H�V�L�G�X�D�O �H�D�U�W�K �I�D�X�O�W �F�X�U�U�H�Q�W�� �D�O�W�K�R�X�J�K �G�H�W�H�F�W�L�Q�J �V�X�F�K �I�D�X�O�W�V �U�H�P�D�L�Q�V �D �F�R�P�S�O�H�[ �F�K�D�O�O�H�Q�J�H

���6�F�K�P�L�G�W �H�W �D�O�������������� �1�L�N�D�Q�G�H�U �D�Q�G �-�l�U�Y�H�Q�W�D�X�V�W�D�������������� �+�R�Z�H�Y�H�U�� �W�K�H �U�H�G�X�F�W�L�R�Q �L�Q �U�H�V�L�G�X�D�O

�F�X�U�U�H�Q�W �D�O�V�R �F�R�Q�W�U�L�E�X�W�H�V �W�R �W�K�H �O�R�Z�H�U�L�Q�J �R�I �W�K�H �V�W�H�S �D�Q�G �W�R�X�F�K �Y�R�O�W�D�J�H�V ���%�X�U�N�K�D�U�G�W�� �+�L�O�E�U�L�F�K��

�H�W �D�O���������������� �7�K�H �Q�H�X�W�U�D�O �S�R�L�Q�W �L�Q �U�H�V�R�Q�D�Q�W �J�U�R�X�Q�G�H�G �Q�H�W�Z�R�U�N�V �L�V �F�R�Q�Q�H�F�W�H�G �W�R �W�K�H �J�U�R�X�Q�G

�W�K�U�R�X�J�K �D�Q �D�G�M�X�V�W�D�E�O�H �L�Q�G�X�F�W�R�U�� �F�D�O�O�H�G �D �3�H�W�H�U�V�H�Q �F�R�L�O�� �W�R �D�F�K�L�H�Y�H �Q�H�X�W�U�D�O �S�R�L�Q�W �F�R�P�S�H�Q�V�D�W�L�R�Q

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

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

�)�L�J�X�U�H �������� �(�T�X�L�Y�D�O�H�Q�W �P�R�G�H�O �R�I �D �V�L�Q�J�O�H���S�K�D�V�H �(�) �L�Q �D �U�H�V�R�Q�D�Q�W �J�U�R�X�Q�G�H�G �V�\�V�W�H�P ���6�F�K�P�L�G�W
�H�W �D�O��������������

�'�X�U�L�Q�J �D �V�L�Q�J�O�H �O�L�Q�H���W�R���H�D�U�W�K �I�D�X�O�W�� �W�K�H �L�Q�G�X�F�W�L�Y�H �F�X�U�U�H�Q�WI �/ �I�U�R�P �W�K�H �F�R�P�S�H�Q�V�D�W�L�R�Q �F�R�L�O ��L �0 ��

�F�R�P�S�H�Q�V�D�W�H�V �I�R�U �W�K�H �F�D�S�D�F�L�W�L�Y�H �F�X�U�U�H�Q�WI �&�( �D�W �W�K�H �I�D�X�O�W �S�R�L�Q�W�� �7�K�H �I�D�X�O�W �F�X�U�U�H�Q�W �U�H�P�D�L�Q�V �O�R�Z

����



�E�H�F�D�X�V�H �W�K�H �F�X�U�U�H�Q�W�VI �/ �D�Q�GI �&�( �D�U�H �R�S�S�R�V�L�W�H �D�Q�G �W�K�H �]�H�U�R���V�H�T�X�H�Q�F�H �Y�R�O�W�D�J�H �L�Q�G�X�F�H�V �D�Q �L�Q�G�X�F��

�W�L�Y�H �F�X�U�U�H�Q�W �Y�L�D �W�K�H �3�H�W�H�U�V�H�Q �F�R�L�O ���6�F�K�P�L�G�W �H�W �D�O�������������� �%�X�U�N�K�D�U�G�W�� �+�L�O�E�U�L�F�K�� �H�W �D�O����������������

�,�Q �D �Q�H�X�W�U�D�O �S�R�L�Q�W �Q�R�Q���G�L�U�H�F�W�O�\ �J�U�R�X�Q�G�H�G �U�D�G�L�D�O �0�9 �G�L�V�W�U�L�E�X�W�L�R�Q �V�\�V�W�H�P�� �G�H�W�H�F�W�L�Q�J �V�L�Q�J�O�H��

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

�W�L�R�Q�D�O �G�L�U�H�F�W�L�R�Q�D�O �G�H�W�H�F�W�L�R�Q �P�H�W�K�R�G�V �D�U�H �X�V�H�I�X�O �E�X�W �U�H�T�X�L�U�H �Y�R�O�W�D�J�H �P�H�D�V�X�U�H�P�H�Q�W�V �W�R �Z�R�U�N��

�%�X�U�N�K�D�U�G�W�� �)�L�F�N�H�U�W�� �H�W �D�O�� ������������ �H�[�S�O�D�L�Q�H�G �W�K�D�W �W�K�H �.�.�9 ���6�K�R�U�W���W�H�U�P �&�R�P�S�H�Q�V�D�W�L�R�Q �&�K�D�Q�J�H��
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