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Summary

As demand for high-bandwidth data transmission continues to increase, future satellite constellations
can leverage the benefits of free space optical communication, which provides significant advantages
compared to traditional radio frequency systems. Despite the development of satellite laser communi-
cation terminals (LCTs) in recent years, one major challenge remains; coupling the incoming signal into
an optical fiber. In addition, most terminals use intensity modulation to encode data, which is limited in
its ability to reach high data rates. So-called coherent modulation schemes offer superior performance
but are not widely implemented in satellite LCTôs yet. A system that avoids fiber coupling while using
coherent modulation could simplify designs, reduce complexity, and improve performance.

This thesis presents the design, implementation, and evaluation of such a coherent free space optical
detection system. Differential Phase Shift Keying (DPSK) was chosen as the modulation scheme due
to its balance of power efficiency and implementation simplicity, delivering performance comparable to
other coherent schemes with a less complex receiver architecture.

The system was implemented using bulk optics and tested in a laboratory environment. A Delay Line
Interferometer (DLI) was selected for DPSK demodulation. The system successfully achieved a data
rate of 100 [Mbit=s], demonstrating the feasibility of DPSK-based coherent free space detection. Some
performance limitations were identified, with DLI instability emerging as the most notable, which is
primarily caused by the long length required for this data rate. This instability resulted in intermittent bit
error rate values exceeding the required threshold. These findings show that DPSK demodulation using
bulk optics is favored toward higher data rates, and thus shorter delay lines. Recommendations for
future work would be to operate at a higher data rate, and implement active stabilization for operational
systems.
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1
Introduction

Since the introduction of fiber optic communication, the global communication landscape has changed
drastically, showing an ever growing demand in data, with estimates predicting the internet to grow
by 30% each year. Specifically, a large part (70%) of internet users will be connected via mobile. [1]
Mobile networks using 5G technology will play an important role in accommodating this growth. But
coupled with an increasing number of devices that will need to be connected, massive amounts of data
still need to be transmitted between data centers and access networks. A promising alternative to fiber
optic links is the use of Free Space Optics (FSO), which has seen increasing interest in the last decade
and can alleviate this issue. [2]

This growing demand is applicable not only to terrestrial optical networks, but also to satellite commu-
nication. For satellites, the increasing data bandwidth requirements are driven by consumer demand
and the generation of more onboard data due to more and higher resolution instruments. [3, 4] Most of
the current communication with satellites is done using the radio frequency (RF) spectrum. However,
there are many limits to RF that hinder a substantial increase in data rate and bandwidth. Switching to
the optical domain has many advantages such as smaller communication terminals, less weight, less
power, higher frequency (and thus higher data rates), no licensing requirements, and finally a narrower
beam that ensures a more secure channel. [5ï8]

In the last decade, the space sector has seen an upward trend in the use of smaller satellites due to their
cheaper development and launch costs. Because these smaller satellites are often restricted in size,
weight and power (SWaP), laser communication terminals (LCT) are a well-suited option to replace
RF terminals. Indeed, this is already being used as inter-satellite links for Low Earth Orbit satellite
constellations (e.g. Starlink). In addition to inter-satellite links, the use of FSO has the same advantage
for ground-to-orbit communication, and we are currently seeing implementation on nanosatellite form
factors like the CubeSat. Several LCTôs have been developed for CubeSat size, which predominantly
focus on downlink, not uplink. A compilation of recent state-of-the-art LCTôs for CubeSat platforms can
be seen in the table below.

Table 1.1: Overview of the current State of Art LCTôs for CubeSat format satellites. Source: [9, p. 248, Table 9-5].

Terminal Launch Year Data Rate [Mb/s] Mass [kg] Power [W] Size [U] Modulation
OCSD-B&C 2017 200 <2.3 20 1.5 OOK
VSOTA 2019 1 <1 4.33 - OOK/PPM
OSIRIS4 2021 100 0.4 10 0.3 OOK
TBIRD 2022 200,000 <3 100 3 QPSK

CLICK-B/C 2022 20 1.5 30 1.2 PPM
CubeCat 2023 1000 <1.33 15 1 OOK

1
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Most of these share a similar SWaP and modulation scheme, with the exception being NASAôs TBIRD
(TeraByte InfraRed Delivery), which has a higher SWaP in combination with a more advanced mod-
ulation scheme to achieve a higher data rate. The other LCTôs use modulation schemes like On-Off
Keying (OOK) and Pulse Position Modulation (PPM), which are relatively simple to implement. OOK
works by encoding binary data in the power of the optical signal, where a 0 and a 1 represent low and
high power, respectively. PPM works in a similar way, but instead the bits are encoded in the length
of pulses. Both OOK and PPM can be classified under Intensity Modulated/Direct Detection (IM/DD)
schemes and are not optimal in terms of power and bandwidth use.

NASAôs TBIRD makes use of a modulation scheme called Quadrature Phase Shift Keying (QPSK).
This modulation scheme encodes bits by varying (shifting) the phase of the optical signal in 4 different
states (0�,90�,180�,270�). Phase Shift Keying (PSK) modulation schemes require an optical signal
whose phase relation is consistent over the link distance. This property is referred to as coherence.
Coherent modulation schemes enable higher data rates than the simpler IM/DD schemes. NASAôs
TBIRD demonstrates that it can reach much higher data rates with a proportionally smaller increase in
power.

The CubeSat design principle of using predominantly Commercial Off-The-Shelf (COTS) components
also extends to the design of LCTôs. The use of existing highly developed terrestrial fiber optic tech-
nology within satellite LCTôs enables high data rates (upwards of 100 Gbit/s) at modest costs. [10]
Furthermore, using individual components facilitates the separation of transmitter and receiver ele-
ments from optics. Consequently, this enables the use of components such as erbium-doped fiber
amplifiers, increasing design flexibility, and overall increasing performance and reducing complexity,
energy consumption, and costs. [11, 12]

However, utilizing COTS fiber optic components does come at a cost; to use them, the received signal
must first be coupled into optical fiber, which results in significant signal losses, and this is often reme-
died with fiber amplifiers. For high data rates, these additional costs can be justified, but less so for
links aiming for lower data rates and SWaP, where complexity plays a bigger role. [13] For coherent
detection in particular, the signal must be coupled into single-mode fiber [12], which is more susceptible
to pointing errors and atmospheric turbulance than multi-mode fiber or free space detectors [14]. The
bigger width of multi-mode fiber allows for a higher field-of-view and less coupling loss, but requires
additional optical devices to transform to single-mode fiber for correct detection. [15]

Tomitigate coupling loss and atmospheric disturbances, FSO systems canmake use of Adaptive Optics
(AO). Basic forms of AO, like tip-tilt correction, are used to counteract atmospheric disturbances and
align the spot for coupling into fiber. More advanced AO systems, which use a wavefront sensor and
a deformable mirror, can further minimize the spot size, producing a diffraction-limited image. [12] For
this reason, advanced AO systems are highly effective in increasing the coupling efficiency. [10, 16]

Still, the implementation of advanced AO systems is not straightforward and its use is òintricate and
expensiveò, which should raise the question whether it is avoidable. [17] For the current development
of LCTs, the cost of AO is not yet an issue since high data rate optical satellite communication is not
done on large scales. It therefore makes sense to use COTS fiber based transceivers, since they have
already been qualified for use in space, which saves time and money required for design and testing
of custom components. However, for future optical links, the avoidance of fiber coupling could prove
to be beneficial. Since photodiodes are larger than the core of a single mode fiber (depending on the
bandwidth), many constraints could be eased, simplifying the system design.

Receiver systems that do not require fiber coupling are referred to as ôfree space detectorsô. So far,
there is no literature showing what a coherent free space detection system would look like in small form
factor satellites such as CubeSats. Many studies have been conducted on coherent FSO systems for
terrestrial links, but none with a focus on systems that do not use fiber coupling.

Understanding how coherent free space detectors can be implemented and how they perform is a first
step in evaluating their potential as an alternative to fiber coupling for future LCT design.

The research objective for this thesis is to:
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Design, implement, and evaluate a coherent free space optical detection system using bulk optics,
demonstrating functionality through the establishment of a communication link.

Research Questions

To achieve the objective mentioned above, the following research questions were addressed.

1. Which coherent modulation scheme is most suitable for hardware implementation in a free space
optical communication system for this thesis?

2. How can a coherent free space optical detection system be designed and implemented in a lab-
oratory environment using bulk optics?

3. What is the performance of the implemented detection system?

To assess whether the communication link is functional, several requirements were formulated and
summarized below.

Table 1.2: Functional and Non-Functional Requirements (FR, NFR).

Requirement Label Description
FR1 The communication link shall attain a data rate of at least 100 [Mbit=s].
FR2 The communication link shall achieve a maximum Bit Error Rate (BER) of

10�3 before error correction.
FR3 The communication link shall use a coherent modulation scheme.
FR4 The receiver system must correctly demodulate the chosen coherent modu-

lation scheme, ensuring that the modulation type is as specified and not an
unintended scheme (e.g., OOK).

FR5 The receiver shall not use fiber coupling to detect the signal.
NFR1 The communication link shall be implemented using only hardware that is

already available to the Aerospace Engineering Faculty.
NFR2 The communication link shall comply with laser safety standards.

Recently, the Aerospace Engineering faculty of Delft University of Technology has installed a Mini Op-
tical Ground station to facilitate research for its laser satellite communications group. Its main purpose
is to provide an environment for testing and developing novel FSOC related technologies. Although it
is currently not operational, many of the key hardware equipment for FSOC is already available. How-
ever, an optical coherent (free space) detection setup has not yet been realized. The work performed
in this thesis will be the first implementation of such a system at the Aerospace Engineering Faculty. In
this context, the work that has been done serves two primary purposes (in addition to addressing the
research gap):

Å Provide practical knowledge on how to implement a coherent free-space detection setup using
bulk optics. The setup that has been implemented will serve as a proof-of-concept and a reference
point for researchers and students attempting to build similar systems. In addition, many of the
potential pitfalls identified during this thesis can be avoided.

Å Offer an assessment of its performance, so that researchers and students can decide if it is
worthwhile to perform further research into coherent free space detectors as an alternative to fiber
coupling. Consequently, it reduces the risk that researchers invest significant time and resources
to explore this approach without first understanding its feasibility of implementation and baseline
performance.

This thesis is structured to present, in sequence, the design, implementation, and evaluation of a free
space optical detection system using a coherent modulation scheme. In chapter 2, the background
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of coherent modulation schemes and their receiver architectures are introduced, with an emphasis on
PSK. Following this, the modulation scheme is chosen. Based on this modulation scheme, a receiver
architecture is proposed with the selection of the components that are needed. Lastly, several choices
are made and motivated to finalize the system design, such that it can be implement using hardware.

Chapter 3 covers the implementation and verification of the chosen receiver architecture, performing
several tests to ensure functionality.

The results of the hardware setup are presented in chapter 4, which mainly constitute the stability of
the system and the communication performance in terms of Bit Error Rate (BER). The discussion offers
explanations for some challenges encountered during testing.

Finally, chapter 5 summarizes the conclusions of the research and offers recommendations for future
work.



2
Coherent Detection Systems: Theory

and Design

This chapter will answer the first two research questions; What modulation scheme is most suitable
and how it can be implemented. Firstly, which modulation scheme is most suitable for hardware im-
plementation will be discussed. In the first section, background for coherent modulation schemes is
established. Using this background, in the second section, the most suitable modulation scheme is
chosen using a trade-off, resulting in the final selection for this thesis.

With this selected modulation scheme, its hardware implementation can be detailed. This is done
first by proposing the general system architecture and describing the function and specifications of
the chosen components. Subsequently, in the fourth section, on the basis of the constraints of each
component, several design choices are made regarding the data rate and optics.

To communicate data via an optical signal, modulation schemes (MS) must be employed. Of the MS
used in FSO communication, IM/DD schemes like On-Off Keying (OOK) and Pulse Position Modulation
(PPM) are the most widely used because of their simplicity and low costs. [18ï20] IM/DD works by
encoding information in the intensity of light, where a photodetector translates the received optical
energy into an electrical signal. Because IM/DD only uses the amplitude as a degree of freedom, it
limits the maximum amount of information that can be encoded into the modulated signal. For fiber
optic communication, these MS have started posing significant challenges at higher data rates (>40
[Gbit=s]), which is primarily due to the high bandwidth it occupies.

The amount of bandwidth that a MS occupies relative to the data rate is also known as the spectral
efficiency. One way to increase the spectral efficiency is to encode information into light other than
its intensity, such as the phase, frequency, and polarization. Modulation schemes that use any (or a
combination) of these are referred to as coherent MS. Popular coherent MS for fiber (and FSO) com-
munication are Phase Shift Keying (PSK), Quadrature Amplitude Modulation (QAM), and Polarization
Shift Keying (PolSK). [21]

PSK is a MS that encodes data by changing the phase of a constant frequency carrier wave. In PSK,
the phase of the light wave is modulated to represent different symbols. Common forms of PSK include
Binary Phase Shift Keying (BPSK) which uses two phases (0�,180�) to encode one bit per symbol and
Quadrature Phase Shift Keying (QPSK) which uses four phases to encode two bits per symbol. The
simpler BPSK MS is illustrated in Figure 2.1.

QAM is a MS that makes use of both amplitude and phase-shift keying to encode the data. This allows
for a higher number of symbols and thus higher data rates. PolSK modulates the state of polarization
of the light wave to encode data, but is used to a lesser extent than the others.

5
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Figure 2.1: Diagram showing the constellation diagram of OOK (left) and BPSK (right). The time domain shows the phase shift
of � (180�) that represents the changing of a bit. Source: [22, p. 16].

The main advantage that coherent MS offer is better spectral efficiency and higher power efficiency. As
a result, it enables higher data rates than IM/DD schemes. [7, 21]

To detect a phase change from a coherent signal, simply using a photodiode does not work, since it
can only convert the intensity of light into an electrical signal. The detection of coherent optical signals
can be categorized into two groups:

1. Use of a coherent detection technique and signal processing.
2. Use of a Delay Line Interferometer (DLI).

Each detection method is discussed in the following sections.

Optical coherent detection was proposed in 1960, but a significant research interest emerged in the
1980s, when it became clear that it offered significant advantages over IM/DD. [23] The implementation
of optical coherent detection was still costly and complicated however, and the concurrent progress
on IM/DD systems reduced the need to commercialize coherent detection.1[24] Only since the early
2000ôs has coherent detection seen more commercial use, mainly due to the progress of advanced
digital signal processing (DSP). [25, 26]

The principal concept behind coherent detection is to mix the incoming modulated optical signal with
a local oscillator (LO) that serves as a phase reference and allows for the complete recovery of the
signalôs amplitude and phase information. By having an absolute phase (and frequency) reference,
any modulated changes in phase or frequency can be measured. In Figure 2.2, a basic block diagram
of a coherent detector can be seen.

1The main progress for IM/DD systems at the time can be attributed to: the introduction of cost effective EDFAôs, and the
use of wavelength division multiplexing both of which increased the data rates and reach of the links. [24, 25]
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Figure 2.2: Block diagram of an optical coherent detector. Source: [20, p. 64].

By combining the modulated signal and the LO signal, the combined signal has some properties that
make coherent detection favorable. To illustrate this, consider Equation 2.1 for the power output of the
combined signals.

Homodyne : P (t) = PsA
2
s + Pl + 2

p
PsPlAs cos

�
�s(t) � �l(t)

�
Heterodyne : P (t) = 2

p
PsPlAs cos

�
(!s � !l)t+ �s(t) � �l(t)

� (2.1)

where A,P !, � are the amplitude, power, angular frequency, and phase with subscripts s and l to
indicate the carrier signal and LO respectively.2

Two distinct equations emerge based on the relationship between the local oscillator (LO) frequency
and the modulated signal frequency. When equal, the intermediate frequency (IF) is 0 and this is called
homodyne detection. When the modulated signal and the LO frequency are different (in the order
[GHz]), it is referred to as heterodyne detection. Looking at both equations, the term that contains the
data is the cos term, which can be amplified by increasing the LO power Pl.

This property is uniquely different from amplifying the electrical signal after detection because of how
noise interacts with the optical signal. The only noise source that is introduced by increasing the LO
power is the shot noise, which arises from the randomness of photon arrivals on the photodetector.
Increasing the LO power increases the shot noise, but other noise sources in the circuit such as back-
ground noise, dark current noise, and thermal noise remain constant. Therefore, by increasing the LO
power, the shot noise starts to suppress the other noise sources, increasing the signal to noise ratio
(SNR). This allows coherent detection to become shot noise limited, and combined with an increased
photocurrent, this improves the SNR and thus reduces the BER. [18, 20, 27]

However, the use of an LO makes coherent detection more complex and expensive, which has been
and is still the primary reason why it has not overtaken the use of IM/DD in optical links (both fiber and
FSO).

The reason an LOmakes coherent detectionmore complex is because additional hardware and circuitry
is needed to ensure it functions correctly. In the case of homodyne detection (where !s = !l), the LO
frequency must be synchronized with the modulated signal frequency, as well as tracking/matching the
phase noise of the signal (ignoring the intended phasemodulation) and can be achieved using an optical
phase locked loop (OPPL). [26] This comes with the benefit of an increase in SNR of 3 [dB] compared
to heterodyne detection.3 [24] However, combined with other requirements like a lower laser linewidth,
homodyne detection is more costly and is why heterodyne receivers are more commonly used.

For heterodyne detection, a free-running LO can be used, where the second-stage demodulation is
performed in the electrical domain, using a phase-locked loop and the aforementioned DSP approach.
The basic receiver architecture of homodyne and heterodyne detectors for PSK MS can be seen in
Figure 2.3.

2For the derivation of both equations, see section A.1.
3This is only the theoretical increase, which is around 2 dB lower in reality because of several implementation losses that

are hard to overcome in homodyne systems. [16, p. 136]



2.1. Coherent Modulation Schemes and Receiver Architecture 8

(a) Homodyne PSK Coherent Detector (b) Heterodyne PSK Coherent Detector

Figure 2.3: Main receiver structures for an optical BPSK signal. Source: [28, p. 7].

Although coherent detection can be performed with a single-branch receiver (as seen in Figure 2.2), this
is neither commonly used nor most optimal. Instead, the receivers shown above use two photodiodes
to measure the difference between the two, and this is referred to as balanced detection. A balanced
detector is preferred for several reasons. Firstly, a balanced detector can remove the DC components,
which would normally be done using additional filters. Secondly, by the subtraction it performs, it can
also suppress the LO noise present in the two signals. [26, p. 296] [29, p. 185]

In addition to the aforementioned coherent detection techniques, many different variations exist. Some
are briefly discussed here.

A variation of heterodyne detection is intradyne detection, which has a smaller frequency difference
between the two signals, lowering the bandwidth requirements of receiver components such as pho-
todiodes and amplifiers. [24] 4 Because the LO runs unsynchronized with the carrier signal, a similar
electronic DSP carrier recovery approach must be applied, but now requires a lower processing band-
width. Intradyne detection performs similarly to ideal homodyne detection with an optical phase-locked
loop (OPLL). [30, 31]

Another variation is self-coherent detection, which does not require the use of an LO at the receiver end
and is instead moved to the transmitter side. On the transmitter side, both the modulated signal and the
reference signal (or pilot tone) are propagated. This effectively reduces system hardware complexity
and costs at the receiver end. One disadvantage is that it requires more complex signal processing
and suffers from poor power efficiency (because the transmitter has to expend power on the pilot tone).
[32ï34] In addition, the pilot tone will be impacted by the same atmospheric distortions as the primary
signal, which is avoided when using a LO.

Because coherent MS are investigated here for use in the context of FSO, several advantages of
coherent detection are summarized below:

Å Suppresses and rejects background noise well. [7, 19, 21]
Å Increases receiver/detector sensitivity. To be precise, when bandwidth limited, coherent detection
achieves the best sensitivity. [7, 19, 35]

Å Is more resistant to atmospheric turbulence in general when DSP is used for phase correction.

Secondary advantages that result from increased sensitivity are; suppressing scintillation [36, 37], and
helping to reduce the outage probability. [18, 38]

The primary disadvantage to coherent detection is that it is more complex than IM/DD. In addition to
the circuitry required to drive the LO at the receiver end, the carrier recovery techniques require either
an OPPL or an advanced DSP approach, both of which are not needed for IM/DD.

The second way to detect coherent optical signals is to use a delay line interferometer (DLI), which
converts phase information into intensity information by interfering the received optical signal with a

4Intradyne detection uses an intermediate frquency which is small enough to be in the signal bandwidth. An exemplary
simulation uses a frequency offset of 100 MHz for intradyne detection. [30] In contrast the frequency difference for heterodyne
detection is in the range of GHz.
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delayed version of itself. This is illustrated in an example where a BPSK signal is delayed by a 1 bit
duration in Figure 2.4.

Figure 2.4: Time waveform of a BPSK signal that is delayed by 1 bit period. When interfered with itself, a phase change
between the signals results in an intensity modulated signal that can be detected directly. Adapted from: [22, p. 17].

When the two signals share the same phase constructive interference occurs. Destructive interference
occurs when they are 180� out of phase. In this way, the phase difference between consecutive symbols
is converted into an intensity signal. So even though there is no knowledge about the absolute phase
of the signal, the phase change can be known.

This method is called differentially coherent detection and when applied to PSK schemes, it is called
Differential Phase Shift Keying (DPSK). The basic receiver architecture for DPSK can be seen in Fig-
ure 2.5, where the receiver on the left uses the DLI and the one on the right the previously discussed
coherent detection method. Figure 2.5.

(a) Direct detection DPSK receiver (b) Coherent detection DPSK receiver

Figure 2.5: Main receiver structures for an optical DPSK signal. Source: [28, p. 9].

The DLI detection method can be performed for any order PSK scheme and even a variation of QAM,
but requires either two (or more) DLIôs or more complex hybrid couplers. [39] For the sake of simplicity,
Binary DPSK will be referred to as DPSK unless stated otherwise.

Again in the receiver structure, the balanced detector is present. For differentially coherent detection
of PSK, a balanced detector is required to obtain the full benefit of the MS. The performance of the
balanced detector for a DLI is highly dependent on the phase difference that is introduced. A DLI
needs to perform two functions; create a delay equal to one bit duration, and a phase shift that ensures
optimal interference conditions. This can be seen in Figure 2.6.

The phase change introduced in the DLI should be equal to �90� (��
2 ), such that the additional phase

change of 90� created by the coupler results in complete constructive and destructive interference on
either branch. This can be seen in Figure 2.7, where the coupler is modeled as a beamsplitter. In this
way, when constructive and destructive ports are subtracted from each other, the SNR increases by a
factor of 2 (or 3 [dB]).
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�S�R�Z�H�U �H�I�I�L�F�L�H�Q�F�\ �D�Q�G �W�K�H �J�H�Q�H�U�D�O �E�H�Q�H�I�L�W�V �R�I �F�R�K�H�U�H�Q�W �G�H�W�H�F�W�L�R�Q �H�V�W�D�E�O�L�V�K�H�G �S�U�H�Y�L�R�X�V�O�\�� �'�3�6�. �K�D�V �D
�V�O�L�J�K�W�O�\ �O�R�Z�H�U �S�R�Z�H�U �H�I�I�L�F�L�H�Q�F�\ �E�X�W �P�D�N�H�V �X�S �I�R�U �L�W �L�Q �F�R�P�S�O�H�[�L�W�\�� �:�K�L�O�H �U�H�D�O �V�\�V�W�H�P�V �Q�H�H�G �V�R�P�H �N�L�Q�G �R�I
�3�/�/ �P�H�F�K�D�Q�L�V�P �O�L�N�H �F�R�K�H�U�H�Q�W �G�H�W�H�F�W�L�R�Q �V�\�V�W�H�P�V�� �L�W �G�R�H�V �Q�R�W �Q�H�H�G �D �/�2 �D�Q�G �W�K�H �K�D�U�G�Z�D�U�H �Q�H�H�G�H�G �W�R
�R�S�H�U�D�W�H �L�W�� �&�R�P�S�D�U�H�G �W�R �,�0���'�' �V�F�K�H�P�H�V �V�X�F�K �D�V �2�2�. �D�Q�G �3�3�0�� �'�3�6�. �D�O�V�R �K�D�V �E�H�W�W�H�U �E�D�F�N�J�U�R�X�Q�G
�Q�R�L�V�H �U�H�M�H�F�W�L�R�Q�� �'�3�6�. �L�V �X�Q�L�T�X�H �L�Q �W�K�H �V�H�Q�V�H �W�K�D�W �L�W �L�V �P�R�U�H �U�H�V�L�V�W�D�Q�W �W�R �D�W�P�R�V�S�K�H�U�L�F �H�I�I�H�F�W�V �W�K�D�Q
�L�Q�W�H�Q�V�L�W�\ �P�R�G�X�O�D�W�L�R�Q�� �E�X�W �D�O�V�R �O�H�V�V �F�R�P�S�O�H�[ �W�R �L�P�S�O�H�P�H�Q�W �W�K�D�Q �F�R�K�H�U�H�Q�W �G�H�W�H�F�W�L�R�Q �V�F�K�H�P�H�V �D�Q�G �D�W �W�K�H
�V�D�P�H �W�L�P�H �F�D�S�D�E�O�H �R�I �D�F�K�L�H�Y�L�Q�J �K�L�J�K �G�D�W�D �U�D�W�H�V�� �>���� �@

�7�K�H �K�L�J�K�H�U �R�U�G�H�U �3�6�. �V�F�K�H�P�H�V �L�P�S�U�R�Y�H �R�Q �V�S�H�F�W�U�D�O �H�I�I�L�F�L�H�Q�F�\ �D�Q�G �W�U�D�Q�V�P�L�V�V�L�R�Q �U�H�O�L�D�E�L�O�L�W�\ �E�X�W �V�X�I�I�H�U �L�Q
�S�R�Z�H�U �H�I�I�L�F�L�H�Q�F�\ �D�Q�G �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q �G�L�I�I�L�F�X�O�W�\�� �)�L�Q�D�O�O�\�� �K�L�J�K�H�U �R�U�G�H�U �4�$�0 �H�[�S�H�U�L�H�Q�F�H�V �W�K�H �V�D�P�H �H�I�I�H�F�W�V
�D�V �K�L�J�K�H�U �R�U�G�H�U �3�6�.��



�������� �7�]�W�X�I�Q �%�V�G�L�M�X�I�G�X�Y�V�I �E�R�H �'�S�Q�T�S�R�I�R�X�W ����

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

�&�U�L�W�H�U�L�D �:�H�L�J�K�W�2�2�. �����3�3�0�� �%�3�6�. �4�3�6�. �'�3�6�. �����3�6�. �������3�6�.�� ���� �4�$�0��

�3�R�Z�H�U �(�I�I�L�F�L�H�Q�F�\���D�� �� �� ������ �� ������ ������ �� ������ ��

�6�S�H�F�W�U�D�O �(�I�I�L�F�L�H�Q�F�\���E�� �� �� ������ �� �� �� �� ������ ������

�7�U�D�Q�V�P�L�V�V�L�R�Q �5�H�O�L�D�E�L�O�L�W�\���F�� �� �� �� ������ �� �� �� ��

�,�P�S�O�H�P�H�Q�W�D�W�L�R�Q �'�L�I�I�L�F�X�O�W�\���G�� �� �� �� �� �� ������ �� �� ��

�7�R�W�D�O ���:�H�L�J�K�W�H�G �6�F�R�U�H���������� �������� �������� �������� �������� �������� �������� ��������

�5�H�I�H�U�H�Q�F�H�V
�D�)�L�J�X�U�H ������ �>���� �� �S�� �������@ �� �)�L�J�X�U�H �� �>���� �� �S�� ���@ �� �7�D�E�O�H �� �>���� �� �S�� �����@ �� �7�D�E�O�H �� �>���� �� �S�� �����@ �� �)�L�J�X�U�H �� �>���� �� �S�� �����@ �� �)�L�J�X�U�H �� �D�Q�G

�7�D�E�O�H �� �>���� �@ �� �>���� �� �S�� �����@
�E�7�D�E�O�H �� �D�Q�G �)�L�J�X�U�H �� �>���� �@ �� �7�D�E�O�H �� �>���� �� �S�� ���������@ �� �7�D�E�O�H �� �>���� �� �S�� �����@ �� �)�L�J�X�U�H �� �>���� �� �S�� ���@ �� �)�L�J�X�U�H ���� �>���� �� �S�� �������@
�F�7�D�E�O�H �� �>���� �� �S�� �����@ �� �7�D�E�O�H �� �>���� �� �S�� �����@
�G�>���� ������ ������ ������ �@

�/�R�R�N�L�Q�J �D�W �W�K�H �W�R�W�D�O �Z�H�L�J�K�W�H�G �V�F�R�U�H�� �'�3�6�. �D�Q�G �%�3�6�. �D�U�H �W�K�H �F�O�R�V�H�V�W �F�R�Q�W�H�Q�G�H�U�V�� �7�K�H �S�U�L�P�D�U�\ �W�U�D�G�H���R�I�I
�E�H�W�Z�H�H�Q �%�3�6�. �D�Q�G �'�3�6�. �L�V �L�Q �W�K�H�L�U �F�R�P�S�O�H�[�L�W�\�� �%�H�W�Z�H�H�Q �W�K�H �W�Z�R�� �'�3�6�. �L�V �H�D�V�L�H�U �W�R �L�P�S�O�H�P�H�Q�W�� �>���� ��
�S�� �������@

�)�R�U �F�R�K�H�U�H�Q�W �G�H�W�H�F�W�L�R�Q �R�I �%�3�6�.�� �W�K�H�U�H �D�U�H �V�H�Y�H�U�D�O �U�H�F�H�L�Y�H�U �D�U�F�K�L�W�H�F�W�X�U�H�V �W�K�D�W �G�L�I�I�H�U �L�Q �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q
�G�L�I�I�L�F�X�O�W�\�� �+�R�P�R�G�\�Q�H �G�H�W�H�F�W�L�R�Q �R�I �%�3�6�. �F�D�Q �E�H �G�R�Q�H �X�V�L�Q�J �H�L�W�K�H�U �D�Q �2�3�3�/ �R�U �D �'�6�3 �P�H�W�K�R�G�� �2�S�W�L��
�F�D�O �3�/�/�¶�V �D�U�H �F�X�U�U�H�Q�W�O�\ �L�Q �R�S�H�U�D�W�L�R�Q�D�O �X�V�H �I�R�U �L�Q�W�H�U���V�D�W�H�O�O�L�W�H �O�L�Q�N�V�� �E�X�W �I�R�U �V�D�W�H�O�O�L�W�H���W�R���J�U�R�X�Q�G �O�L�Q�N�V�� �'�6�3
�W�H�F�K�Q�L�T�X�H�V �D�U�H �P�R�U�H �O�L�N�H�O�\ �W�R �E�H �X�V�H�G �L�Q �W�K�H �I�X�W�X�U�H�� �>���� ������ �@ �7�K�L�V �D�O�O�R�Z�V �I�R�U �D �I�U�H�H���U�X�Q�Q�L�Q�J �/�2�� �E�X�W �V�W�L�O�O
�U�H�T�X�L�U�H�V �D �3�/�/ �L�Q �W�K�H �H�O�H�F�W�U�L�F�D�O �G�R�P�D�L�Q�� �7�K�L�V �F�D�Q �E�H �D�L�G�H�G �E�\ �D �G�H�G�L�F�D�W�H�G �O�R�F�N���L�Q �D�P�S�O�L�I�L�H�U�� �E�X�W �W�K�L�V �L�V
�V�W�L�O�O �P�R�U�H �G�L�I�I�L�F�X�O�W �W�K�D�Q �W�K�H �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q �R�I �D �'�/�,��

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

�$�O�W�K�R�X�J�K �K�H�W�H�U�R�G�\�Q�H �D�Q�G �L�Q�W�U�D�G�\�Q�H �G�H�W�H�F�W�L�R�Q �F�D�Q �D�O�V�R �X�V�H �W�K�H �'�6�3 �D�S�S�U�R�D�F�K�� �W�K�H�\ �U�H�T�X�L�U�H �D �V�H�F�R�Q�G
�O�D�V�H�U �Z�L�W�K �D �F�R�Q�W�U�R�O�O�D�E�O�H �I�U�H�T�X�H�Q�F�\ �Z�K�L�F�K �L�V �Q�R�W �D�Y�D�L�O�D�E�O�H��

�)�R�U �'�3�6�.�� �Q�R �3�/�/ �K�D�V �W�R �E�H �L�P�S�O�H�P�H�Q�W�H�G �I�R�U �W�K�H �E�L�W �G�H�W�H�F�W�L�R�Q �L�W�V�H�O�I�� �D�Q�G �Q�R �/�2 �L�V �Q�H�H�G�H�G�� �7�K�H �P�R�V�W
�G�L�I�I�L�F�X�O�W �S�D�U�W �L�V �H�Q�V�X�U�L�Q�J �W�K�H �'�/�, �L�V �F�R�U�U�H�F�W�O�\ �D�O�L�J�Q�H�G �D�Q�G �V�W�D�E�O�H�� �E�X�W �W�K�L�V �L�V �P�R�U�H �P�D�Q�D�J�H�D�E�O�H �W�K�D�Q �L�P�S�O�H��
�P�H�Q�W�L�Q�J �W�K�H �G�H�P�R�G�X�O�D�W�L�R�Q �S�U�R�F�H�V�V �I�R�U �K�R�P�R�G�\�Q�H �%�3�6�. �G�H�W�H�F�W�L�R�Q��

�,�Q �V�X�P�P�D�U�\�� �F�R�K�H�U�H�Q�W �K�R�P�R�G�\�Q�H �G�H�W�H�F�W�L�R�Q �R�I �%�3�6�. �R�X�W�S�H�U�I�R�U�P�V �R�U �H�T�X�D�O�V �G�L�I�I�H�U�H�Q�W�L�D�O�O�\ �F�R�K�H�U�H�Q�W �'�3�6�.
�G�H�W�H�F�W�L�R�Q �L�Q �D�O�O �D�U�H�D�V �H�[�F�H�S�W �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q �G�L�I�I�L�F�X�O�W�\�� �*�L�Y�H�Q �W�K�D�W �'�3�6�. �F�D�Q �D�F�K�L�H�Y�H �S�R�W�H�Q�W�L�D�O �V�L�P�L�O�D�U
�W�R �W�K�D�W �R�I �%�3�6�. �Z�L�W�K �O�R�Z�H�U �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q �G�L�I�I�L�F�X�O�W�� �'�3�6�.�¶�V �W�R�S �S�O�D�F�H�P�H�Q�W �L�Q �W�K�H �W�U�D�G�H���R�I�I �L�V �D�F�F�H�S�W�H�G
�D�V �W�K�H �P�R�V�W �V�X�L�W�D�E�O�H �0�6 �W�R �X�V�H �I�R�U �W�K�L�V �W�K�H�V�L�V��

�5�H�Y�L�V�L�W�L�Q�J �5�H�V�H�D�U�F�K �4�X�H�V�W�L�R�Q �����´�:�K�L�F�K �F�R�K�H�U�H�Q�W �P�R�G�X�O�D�W�L�R�Q �V�F�K�H�P�H �L�V �R�S�W�L�P�D�O �I�R�U �K�D�U�G�Z�D�U�H �L�P�S�O�H��
�P�H�Q�W�D�W�L�R�Q �L�Q �D �I�U�H�H �V�S�D�F�H �R�S�W�L�F�D�O �F�R�P�P�X�Q�L�F�D�W�L�R�Q �V�\�V�W�H�P �I�R�U �W�K�L�V �W�K�H�V�L�V�"�´�� �Z�H �F�D�Q �Q�R�Z �D�Q�V�Z�H�U �W�K�D�W �L�W �L�V
�'�L�I�I�H�U�H�Q�W�L�D�O �3�K�D�V�H �6�K�L�I�W �.�H�\�L�Q�J��

���������7�]�W�X�I�Q �%�V�G�L�M�X�I�G�X�Y�V�I �E�R�H �'�S�Q�T�S�R�I�R�X�W
�1�R�Z �W�K�D�W �'�3�6�. �K�D�V �E�H�H�Q �V�H�O�H�F�W�H�G �D�V �W�K�H �0�6 �R�I �F�K�R�L�F�H�� �L�W �Q�H�H�G�V �W�R �E�H �L�P�S�O�H�P�H�Q�W�H�G�� �7�R �E�H�J�L�Q �Z�L�W�K�� �D
�E�D�V�L�F �U�H�F�H�L�Y�H�U �D�U�F�K�L�W�H�F�W�X�U�H �L�V �L�Q�W�U�R�G�X�F�H�G �W�K�D�W �U�H�V�X�O�W�V �L�Q �D �I�X�Q�F�W�L�R�Q�D�O �F�R�P�P�X�Q�L�F�D�W�L�R�Q �O�L�Q�N�� �7�K�L�V �F�D�Q �E�H
�V�H�H�Q �L�Q�)�L�J�X�U�H ����������



�������� �7�]�W�X�I�Q �%�V�G�L�M�X�I�G�X�Y�V�I �E�R�H �'�S�Q�T�S�R�I�R�X�W ����

�)�L�J�X�U�H �����������6�F�K�H�P�D�W�L�F �R�I �W�K�H �S�U�R�S�R�V�H�G �V�H�W�X�S �I�R�U �'�3�6�.�� �7�K�H �0�D�F�K���=�H�K�Q�G�H�U �0�R�G�X�O�D�W�R�U ���0�=�0�� �D�Q�G �0�%�& �²�0�R�G�X�O�D�W�L�R�Q �%�L�D�V
�&�R�Q�W�U�R�O�O�H�U �H�Q�V�X�U�H�V �W�K�D�W �%�3�6�. �P�R�G�X�O�D�W�L�R�Q �L�V �S�H�U�I�R�U�P�H�G �D�W �W�K�H �W�U�D�Q�V�P�L�W�W�H�U �V�L�G�H�� �7�K�H �'�/�, �K�D�V �D �G�H�O�D�\ �R�ITs �D�Q�G �D �S�K�D�V�H �V�K�L�I�W �R�I

' DLI �� �)�L�Q�D�O�O�\ �W�K�H �R�S�W�L�F�D�O �V�L�J�Q�D�O �L�V �G�H�W�H�F�W�H�G �Z�L�W�K �D �E�D�O�D�Q�F�H�G �G�H�W�H�F�W�R�U��

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

�������������0�E�W�I�V �W�S�Y�V�G�I
�7�K�H �O�D�V�H�U �V�R�X�U�F�H �W�K�D�W �Z�L�O�O �E�H �X�V�H�G �I�R�U �W�K�L�V �W�K�H�V�L�V �L�V �W�K�H �/�$�=���/�$�%���1�/���������� �I�U�R�P �L�;�%�O�X�H�� �7�K�H �P�R�V�W
�L�P�S�R�U�W�D�Q�W �P�H�W�U�L�F �I�R�U �W�H�V�W�L�Q�J �L�V �W�K�H �F�R�K�H�U�H�Q�F�H �O�H�Q�J�W�K�� �7�K�H �F�R�K�H�U�H�Q�F�H �O�H�Q�J�W�K �R�I �D �O�D�V�H�U �V�R�X�U�F�H �L�V �W�K�H
�S�U�R�S�D�J�D�W�L�R�Q �G�L�V�W�D�Q�F�H �I�R�U �Z�K�L�F�K �W�K�H �Z�D�Y�H �P�D�L�Q�W�D�L�Q�V �L�W�V �S�K�D�V�H �U�H�O�D�W�L�R�Q�V�� �7�K�H �U�H�D�V�R�Q �W�K�L�V �L�V �L�P�S�R�U�W�D�Q�W �L�V
�E�H�F�D�X�V�H �Z�L�W�K�R�X�W �D �F�R�K�H�U�H�Q�W �Z�D�Y�H �D�W �W�K�H �U�H�F�H�L�Y�H�U �H�Q�G�� �F�R�Q�V�W�U�X�F�W�L�Y�H���G�H�V�W�U�X�F�W�L�Y�H �L�Q�W�H�U�I�H�U�H�Q�F�H �G�R�H�V �Q�R�W
�Z�R�U�N�� �7�K�H �V�D�P�H �L�V �D�O�V�R �W�U�X�H �I�R�U �D�Q�\ �F�R�K�H�U�H�Q�W �0�6��

�7�K�H �F�R�K�H�U�H�Q�F�H �O�H�Q�J�W�K �G�H�S�H�Q�G�V �R�Q �W�K�H �F�H�Q�W�H�U �Z�D�Y�H�O�H�Q�J�W�K �D�Q�G �W�K�H �O�L�Q�H�Z�L�G�W�K�� �:�L�W�K �D�Q �X�O�W�U�D���Q�D�U�U�R�Z
�O�L�Q�H�Z�L�G�W�K �R�I ������ �>kHz�@ �D�Q�G �D �F�H�Q�W�H�U �Z�D�Y�H�O�H�Q�J�W�K �R�I �������� �>nm�@�� �W�K�H �F�R�K�H�U�H�Q�F�H �O�H�Q�J�W�K �L�V �D�U�R�X�Q�G ��������
�>km�@���� �7�K�L�V �I�D�U �H�[�F�H�H�G�V �W�K�H �U�H�T�X�L�U�H�G �F�R�K�H�U�H�Q�F�H �O�H�Q�J�W�K �I�R�U �D �O�D�E �V�H�W�X�S �D�Q�G �L�P�S�R�V�H�V �Q�R �F�R�Q�V�W�U�D�L�Q�W�V��
�7�K�H �R�X�W�S�X�W �S�R�Z�H�U �L�V �W�X�Q�D�E�O�H �Z�L�W�K �D �U�D�Q�J�H �R�I ���������� �>mW�@�� �'�H�S�H�Q�G�L�Q�J �R�Q �W�K�H �W�H�V�W�V �W�K�D�W �D�U�H �J�R�L�Q�J �W�R �E�H
�S�H�U�I�R�U�P�H�G�� �U�H�G�X�F�L�Q�J �W�K�H �R�X�W�S�X�W �S�R�Z�H�U �L�V �O�L�N�H�O�\�� �D�Q�G �W�K�L�V �F�D�Q �E�H �D�F�K�L�H�Y�H�G �Z�L�W�K �1�H�X�W�U�D�O �'�H�Q�V�L�W�\ �)�L�O�W�H�U�V
���1�'�)�V����

�7�K�H �Z�D�Y�H�O�H�Q�J�W�K �R�I �������� �>nm�@ �L�V �R�I�W�H�Q �X�V�H�G �L�Q �)�6�2 �E�H�F�D�X�V�H �R�I �L�W�V �O�R�Z �D�W�P�R�V�S�K�H�U�L�F �D�E�V�R�U�S�W�L�R�Q�� �Z�K�L�F�K �L�V
�L�P�S�R�U�W�D�Q�W �I�R�U �U�H�D�O �O�L�Q�N�V �S�D�V�V�L�Q�J �W�K�U�R�X�J�K �W�K�H �D�L�U �D�W �V�L�J�Q�L�I�L�F�D�Q�W �G�L�V�W�D�Q�F�H�V�� �7�K�H �O�D�V�H�U �L�V �F�O�D�V�V�L�I�L�H�G �D�V �´���0�´��
�Z�K�L�F�K �L�V �G�H�H�P�H�G �V�D�I�H �L�Q �D�O�O �F�R�Q�G�L�W�L�R�Q�V �X�Q�G�H�U �Q�R�U�P�D�O �X�V�H�� �7�K�H �S�R�Z�H�U �L�V �G�H�O�L�E�H�U�D�W�H�O�\ �N�H�S�W �D�W ���� �>mW�@��
�U�H�V�X�O�W�L�Q�J �L�Q �D�E�R�X�W �� �>mW�@ �Z�K�H�Q �O�H�D�Y�L�Q�J �W�K�H �I�L�E�H�U�� �7�K�L�V �P�H�D�Q�V �U�H�T�X�L�U�H�P�H�Q�W�1�)�5�� �L�V �V�D�W�L�V�I�L�H�G��

�������������-�R�X�I�R�W�M�X�]���1�E�G�L���>�I�L�R�H�I�V �1�S�H�Y�P�E�X�S�V
�$�Q �L�Q�W�H�Q�V�L�W�\ �P�R�G�X�O�D�W�R�U �X�V�H�V �D �0�D�F�K���=�H�K�Q�G�H�U���W�\�S�H �L�Q�W�H�U�I�H�U�R�P�H�W�H�U �W�R �F�R�Q�W�U�R�O �W�K�H �R�S�W�L�F�D�O �R�X�W�S�X�W�� �$�Q �R�S�W�L�F�D�O
�Z�D�Y�H�J�X�L�G�H �L�V �V�S�O�L�W �L�Q�W�R �W�Z�R �S�D�W�K�V �D�Q�G �U�H�F�R�P�E�L�Q�H�G �D�J�D�L�Q�� �,�W�V �R�X�W�S�X�W �L�V �P�R�G�X�O�D�W�H�G �E�\ �Y�D�U�\�L�Q�J �W�K�H �G�H�O�D�\
�L�Q �H�D�F�K �S�D�W�K���D�U�P�� �7�K�L�V �G�H�O�D�\ �L�V �F�U�H�D�W�H�G �E�\ �D�S�S�O�\�L�Q�J �D�Q �H�O�H�F�W�U�L�F �I�L�H�O�G �W�R �W�K�H �R�S�W�L�F�D�O �Z�D�Y�H�J�X�L�G�H�� �Z�K�L�F�K
�U�H�V�X�O�W�V �L�Q �D �F�K�D�Q�J�H �L�Q �W�K�H �U�H�I�U�D�F�W�L�Y�H �L�Q�G�H�[�� �7�K�H �Z�R�U�N�L�Q�J �S�U�L�Q�F�L�S�O�H �E�H�K�L�Q�G �W�K�L�V �L�V �W�K�H �3�R�F�N�H�O�V �H�I�I�H�F�W�� �D�Q�G
�L�W �D�S�S�O�L�H�V �W�R �P�D�W�H�U�L�D�O�V �F�R�P�P�R�Q�O�\ �X�V�H�G �I�R�U �R�S�W�L�F�D�O �Z�D�Y�H�J�X�L�G�H�V �V�X�F�K �D�V �O�L�W�K�L�X�P �Q�L�R�E�D�W�H ��LiNbO 3���� �3�K�D�V�H
�P�R�G�X�O�D�W�L�R�Q �L�V �F�R�Q�Y�H�U�W�H�G �L�Q�W�R �L�Q�W�H�Q�V�L�W�\ �P�R�G�X�O�D�W�L�R�Q �E�\ �L�Q�W�H�U�I�H�U�L�Q�J �W�K�H �W�Z�R �Z�D�Y�H�V����

�7�K�H �H�O�H�F�W�U�L�F �I�L�H�O�G �F�D�Q �E�H �F�U�H�D�W�H�G �E�\ �D�S�S�O�\�L�Q�J �Y�R�O�W�D�J�H �D�F�U�R�V�V �W�K�H �H�O�H�F�W�U�R�G�H�V�� �)�R�U �L�Q�W�H�Q�V�L�W�\ �P�R�G�X�O�D�W�R�U�V��
�W�Z�R �V�H�W�V �R�I �H�O�H�F�W�U�R�G�H�V �D�U�H �X�V�H�G�� �R�Q�H �I�R�U �W�K�H �P�R�G�X�O�D�W�L�R�Q �V�L�J�Q�D�O ���5�)���� �D�Q�G �R�Q�H �I�R�U �V�H�W�W�L�Q�J �W�K�H �R�S�H�U�D�W�L�R�Q
�P�R�G�H �R�U �E�L�D�V ���'�&���� �7�K�H�V�H �H�O�H�F�W�U�R�G�H�V �D�Q�G �W�K�H �R�S�W�L�F�D�O �Z�D�Y�H�J�X�L�G�H �F�D�Q �E�H �V�H�H�Q �L�Q�)�L�J�X�U�H ����������

�� �)�R�U �W�K�H �H�[�D�F�W �F�D�O�F�X�O�D�W�L�R�Q �V�H�H �D�S�S�H�Q�G�L�[�V�H�F�W�L�R�Q �$������
���$�O�W�K�R�X�J�K �L�Q �W�K�H�R�U�\ �D �S�K�D�V�H �P�R�G�X�O�D�W�R�U �Z�R�X�O�G �V�X�I�I�L�F�H �I�R�U �S�U�R�G�X�F�L�Q�J �D �%�3�6�. �V�L�J�Q�D�O�� �D�Q �L�Q�W�H�Q�V�L�W�\ �P�R�G�X�O�D�W�R�U �L�V �X�V�H�G �L�Q�V�W�H�D�G �I�R�U

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



�������� �7�]�W�X�I�Q �%�V�G�L�M�X�I�G�X�Y�V�I �E�R�H �'�S�Q�T�S�R�I�R�X�W ����

�)�L�J�X�U�H �����������6�F�K�H�P�D�W�L�F �Y�L�H�Z �R�I �D �O�L�W�K�L�X�P �Q�L�R�E�D�W�H ��LiNbO 3 ���� �L�Q�W�H�Q�V�L�W�\ �P�R�G�X�O�D�W�R�U�� �7�K�H �R�S�W�L�F�D�O �Z�D�Y�H�J�X�L�G�H �X�V�H�V �D �0�D�F�K���=�H�K�Q�G�H�U
�W�\�S�H �L�Q�W�H�U�I�H�U�R�P�H�W�H�U �W�R �F�R�Q�Y�H�U�W �S�K�D�V�H �P�R�G�X�O�D�W�L�R�Q �L�Q�W�R �L�Q�W�H�Q�V�L�W�\ �P�R�G�X�O�D�W�L�R�Q�� �7�K�H �5�) �H�O�H�F�W�U�R�G�H �L�V �X�V�H�G �W�R �H�Q�F�R�G�H �W�K�H �H�O�H�F�W�U�L�F�D�O

�V�L�J�Q�D�O�� �D�Q�G �W�K�H �'�& �H�O�H�F�W�U�R�G�H �L�V �I�R�U �V�H�W�W�L�Q�J �W�K�H �G�H�V�L�U�H�G �R�S�H�U�D�W�L�R�Q �P�R�G�H�� �6�R�X�U�F�H�� �>���� �@��

�)�R�U �W�K�H �H�O�H�F�W�U�R�G�H�V �V�H�H�Q �L�Q �W�K�H �V�F�K�H�P�D�W�L�F�� �D �Y�R�O�W�D�J�H �L�V �D�S�S�O�L�H�G �X�V�L�Q�J �D �F�R�D�[�L�D�O �F�D�E�O�H�� �Z�K�H�U�H �W�K�H �R�X�W�H�U
�H�O�H�F�W�U�R�G�H�V �V�K�D�U�H �W�K�H �V�D�P�H �Y�R�O�W�D�J�H�� �7�K�L�V �F�U�H�D�W�H�V �D�Q �R�S�S�R�V�L�W�H �E�X�W �H�T�X�D�O �S�K�D�V�H �G�H�O�D�\ �L�Q �H�D�F�K �D�U�P�� �7�K�L�V �L�V
�U�H�I�H�U�U�H�G �W�R �D�V �D�¶�S�X�V�K���S�X�O�O�¶�F�R�Q�I�L�J�X�U�D�W�L�R�Q�� �)�R�U �D �Y�R�O�W�D�J�HV(t)�� �W�K�H �S�R�Z�H�U �R�X�W�S�X�W �L�V �J�L�Y�H�Q �L�Q�(�T�X�D�W�L�R�Q ��������

Pout (t) = Pin cos
�

� bias (t) +
V (t)�
2V�

� 2

����������

�Z�K�H�U�HPout (t) �L�V �W�K�H �R�X�W�S�X�W �S�R�Z�H�U��Pin �L�V �W�K�H �L�Q�S�X�W �S�R�Z�H�U �R�I �W�K�H �X�Q�P�R�G�X�O�D�W�H�G �O�L�J�K�W �V�R�X�U�F�H��� bias �L�V
�W�K�H �E�L�D�V �S�K�D�V�H �G�H�O�D�\��V (t) �L�V �W�K�H �Y�R�O�W�D�J�H �D�S�S�O�L�H�G �D�W �W�K�H �5�) �H�O�H�F�W�U�R�G�H�V �D�Q�GV� �L�V �D �F�K�D�U�D�F�W�H�U�L�V�W�L�F �R�I �W�K�H
�P�R�G�X�O�D�W�R�U �D�O�V�R �F�D�O�O�H�G �W�K�H �K�D�O�I���Z�D�Y�H �Y�R�O�W�D�J�H�� ���)�R�U �W�K�H �G�H�U�L�Y�D�W�L�R�Q �V�H�H�V�H�F�W�L�R�Q �$�������� �7�K�H �E�L�D�V �S�K�D�V�H �G�H�O�D�\
��� bias �� �G�H�S�H�Q�G�V �R�Q �W�K�H �Y�R�O�W�D�J�H �D�S�S�O�L�H�G �D�W �W�K�H �'�& �H�O�H�F�W�U�R�G�H�V�� �D�Q�G �L�V �G�H�V�F�U�L�E�H�G �E�\ �W�K�H �I�R�O�O�R�Z�L�Q�J �H�T�X�D�W�L�R�Q��

� bias (t) =
�V DC (t)
2V�;DC

+ � 0(t) ����������

�Z�K�H�U�H� 0 �L�V �W�K�H �E�L�D�V �S�K�D�V�H �G�U�L�I�W��VDC �L�V �W�K�H �Y�R�O�W�D�J�H �D�S�S�O�L�H�G �D�W �W�K�H �'�& �H�O�H�F�W�U�R�G�H�V �D�Q�GV�;DC �L�V �W�K�H
�K�D�O�I���Z�D�Y�H �Y�R�O�W�D�J�H �I�R�U �W�K�H �'�& �H�O�H�F�W�U�R�G�H�V��

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

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

�,�Q �D�G�G�L�W�L�R�Q �W�R �W�K�H �S�R�Z�H�U �R�I �W�K�H �R�X�W�S�X�W�� �W�K�H �S�U�L�P�D�U�\ �L�Q�W�H�U�H�V�W �I�R�U �'�3�6�. �L�V �W�K�H �S�K�D�V�H �R�I �W�K�H �R�S�W�L�F�D�O �I�L�H�O�G�� �7�K�H
�S�K�D�V�H �L�Q�I�R�U�P�D�W�L�R�Q �R�I �W�K�H �R�S�W�L�F�D�O �R�X�W�S�X�W �L�V �U�H�S�U�H�V�H�Q�W�H�G �E�\ �W�K�H �H�O�H�F�W�U�L�F �I�L�H�O�G �D�Q�G �L�V �J�L�Y�H�Q �L�Q �W�K�H �H�T�X�D�W�L�R�Q
�E�H�O�R�Z��

Eout (t) = E in cos
�

� bias (t) +
�V (t)
2V�

�
����������

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

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



�������� �7�]�W�X�I�Q �%�V�G�L�M�X�I�G�X�Y�V�I �E�R�H �'�S�Q�T�S�R�I�R�X�W ����

�)�L�J�X�U�H �����������7�K�H �I�L�H�O�G �D�Q�G �S�R�Z�H�U �W�U�D�Q�V�I�H�U �I�X�Q�F�W�L�R�Q �R�I �D �0�D�F�K���=�H�K�Q�G�H�U �L�Q�W�H�Q�V�L�W�\ �P�R�G�X�O�D�W�R�U �R�S�H�U�D�W�H�G �D�W �G�L�I�I�H�U�H�Q�W �E�L�D�V �S�R�L�Q�W�V�� �7�K�H
�2�S�H�U�D�W�L�Q�J �3�R�L�Q�W ���2�3�� ���R�U �E�L�D�V���� �G�H�S�H�Q�G�V �R�Q �W�K�H �P�R�G�X�O�D�W�L�R�Q �I�R�U�P�D�W �W�K�D�W �L�V �F�K�R�V�H�Q�� �)�R�U �2�2�. �D�Q�G �%���'�3�6�.�� �W�K�H �T�X�D�G�U�D�W�X�U�H �D�Q�G

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

�(�D�F�K �R�S�H�U�D�W�L�R�Q �P�R�G�H �L�V �D�F�K�L�H�Y�H�G �E�\ �V�H�W�W�L�Q�J �W�K�H �F�R�U�U�H�F�W� bias �� �7�K�H �E�L�D�V �S�K�D�V�H �G�H�O�D�\ �I�R�U �H�D�F�K �P�R�G�H �L�V
�J�L�Y�H�Q �E�H�O�R�Z��

�‡�7�K�H �P�D�[�L�P�X�P ���R�U �I�X�O�O���F�D�U�U�L�H�U�� �R�S�H�U�D�W�L�Q�J �P�R�G�H �L�V �D�F�K�L�H�Y�H�G �Z�K�H�Q��� bias = 0 + k�; k 2 Z��

�‡�7�K�H �T�X�D�G�U�D�W�X�U�H �R�S�H�U�D�W�L�Q�J �P�R�G�H �L�V �D�F�K�L�H�Y�H�G �Z�K�H�Q��� bias = � �
4 + k�; k 2 Z

�‡�7�K�H �P�L�Q�L�P�X�P �R�S�H�U�D�W�L�Q�J �P�R�G�H �L�V �D�F�K�L�H�Y�H�G �Z�K�H�Q��� bias = �
2 + k�; k 2 Z

�7�K�H �R�S�H�U�D�W�L�R�Q �P�R�G�H �L�V �G�L�F�W�D�W�H�G �E�\ �W�K�H �0�6 �R�U �R�W�K�H�U �S�X�U�S�R�V�H �W�K�D�W �Q�H�H�G�V �W�R �E�H �D�F�K�L�H�Y�H�G�� �7�K�H �X�V�H �R�I
�W�K�H �P�D�[�L�P�X�P �R�S�H�U�D�W�L�Q�J �P�R�G�H �Z�L�O�O �E�H �V�K�R�Z�Q �L�Q�V�H�F�W�L�R�Q �������� �7�K�H �T�X�D�G�U�D�W�X�U�H �P�R�G�H �L�V �X�V�H�G �I�R�U �2�2�.��
�Z�L�W�K �DV(t) �W�K�D�W �K�D�V �D�Q �D�P�S�O�L�W�X�G�H �R�IV� =2�� �V�Z�L�Q�J�L�Q�J �E�H�W�Z�H�H�Q �W�K�H �P�D�[�L�P�X�P �D�Q�G �P�L�Q�L�P�X�P �S�R�Z�H�U �R�X�W�S�X�W
�D�Q�G �W�K�X�V �F�U�H�D�W�L�Q�J �D�Q �L�Q�W�H�Q�V�L�W�\���P�R�G�X�O�D�W�H�G �V�L�J�Q�D�O�� �)�R�U �'�3�6�. ���R�U �%�3�6�.���� �W�K�H �P�L�Q�L�P�X�P �R�S�H�U�D�W�L�Q�J �P�R�G�H
�L�V �X�V�H�G �W�R �J�R �E�H�W�Z�H�H�Q �D �S�K�D�V�H �R�I0 �D�Q�G� �� �7�K�L�V �L�V �L�O�O�X�V�W�U�D�W�H�G �P�R�U�H �F�O�R�V�H�O�\ �L�Q�)�L�J�X�U�H ����������

�$ �V�T�X�D�U�H �Z�D�Y�H �R�U �3�V�H�X�G�R �5�D�Q�G�R�P �%�L�Q�D�U�\ �6�L�J�Q�D�O ���3�5�%�6�� �Z�L�W�K �D�Q �D�P�S�O�L�W�X�G�H �R�IV� �D�S�S�O�L�H�G �D�W �W�K�H �P�L�Q��
�L�P�X�P �R�S�H�U�D�W�L�Q�J �S�R�L�Q�W �F�D�X�V�H�V �D �V�Z�L�Q�J �E�H�W�Z�H�H�Q �W�K�H �W�Z�R �P�D�[�L�P�X�P �S�R�L�Q�W�V�� �:�K�H�Q �J�R�L�Q�J �W�K�U�R�X�J�K �W�K�H
�P�L�Q�L�P�X�P �S�R�L�Q�W�� �D �G�L�S �L�Q �S�R�Z�H�U �R�F�F�X�U�V�� �Z�K�L�F�K �F�D�Q �E�H �V�H�H�Q �L�Q �W�K�H �R�X�W�S�X�W �V�L�J�Q�D�O�� �7�K�H �S�K�D�V�H �F�K�D�Q�J�H �I�U�R�P
0 �W�R� �L�V �F�D�X�V�H�G �E�\ �W�K�H �F�K�D�Q�J�H �R�I �W�K�H �H�O�H�F�W�U�L�F �I�L�H�O�G �F�R�P�S�D�U�H�G �W�R �W�K�H �L�Q�S�X�W�� �/�R�R�N�L�Q�J �D�W �W�K�H �I�L�H�O�G �W�U�D�Q�V�I�H�U
�I�X�Q�F�W�L�R�Q �I�R�U �W�K�H �P�L�Q�L�P�X�P �P�R�G�H �L�Q�)�L�J�X�U�H ���������� �L�W �F�D�Q �E�H �V�H�H�Q �W�K�D�W �W�K�H �R�X�W�S�X�W �I�L�H�O�G �F�K�D�Q�J�H�V �I�U�R�P1 �D�Q�G
� 1�� �Z�K�L�F�K �L�V �H�T�X�L�Y�D�O�H�Q�W �W�R �D� �S�K�D�V�H �V�K�L�I�W�� �7�R �F�R�Q�F�O�X�G�H�� �L�I �W�K�H �U�L�J�K�W �D�P�S�O�L�W�X�G�H �R�IV� �L�V �F�K�R�V�H�Q �I�R�U �W�K�H
�H�O�H�F�W�U�L�F�D�O �L�Q�S�X�W �V�L�J�Q�D�O�� �D�Q�G �W�K�H �P�L�Q�L�P�X�P �S�R�L�Q�W �E�L�D�V �L�V �P�D�L�Q�W�D�L�Q�H�G�� �S�K�D�V�H �V�K�L�I�W �N�H�\�L�Q�J �L�V �D�F�K�L�H�Y�H�G�� �D�Q�G
�'�3�6�. �G�H�P�R�G�X�O�D�W�L�R�Q �F�D�Q �E�H �S�H�U�I�R�U�P�H�G �D�W �W�K�H �U�H�F�H�L�Y�H�U �H�Q�G��



�������� �7�]�W�X�I�Q �%�V�G�L�M�X�I�G�X�Y�V�I �E�R�H �'�S�Q�T�S�R�I�R�X�W ����

�)�L�J�X�U�H �����������3�R�Z�H�U �W�U�D�Q�V�I�H�U �I�X�Q�F�W�L�R�Q �E�L�D�V�H�G �D�W �W�K�H �P�L�Q�L�P�X�P �S�R�L�Q�W �I�R�U �W�K�H �'�3�6�. �P�R�G�X�O�D�W�L�R�Q �I�R�U�P�D�W�� �7�K�H �H�O�H�F�W�U�L�F�D�O �V�L�J�Q�D�O �L�V �D
�3�5�%�6 �Z�L�W�K �D �S�H�D�N���W�R���S�H�D�N �Y�R�O�W�D�J�H ��Vpp �� �R�I2V� �� �7�K�H �R�S�W�L�F�D�O �R�X�W�S�X�W �S�R�Z�H�U �V�W�D�\�V �D�W �W�K�H �P�D�[�L�P�X�P �P�R�V�W�O�\�� �Z�L�W�K �G�L�S�V �F�D�X�V�H�G �E�\
�F�U�R�V�V�L�Q�J �W�K�H �P�L�Q�L�P�X�P �S�R�L�Q�W�� �7�K�H �S�K�D�V�H �R�I �W�K�H �R�S�W�L�F�D�O �V�L�J�Q�D�O �D�O�W�H�U�Q�D�W�H�V �E�H�W�Z�H�H�Q0 �D�Q�G� �� �D�F�F�R�P�S�O�L�V�K�L�Q�J �S�K�D�V�H �V�K�L�I�W �N�H�\�L�Q�J

���3�6�.����

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

�7�K�H �P�R�G�X�O�D�W�R�U �X�V�H�G �I�R�U �W�K�L�V �W�K�H�V�L�V �L�V �W�K�H �0�;���/�1�������� �I�U�R�P �L�;�%�O�X�H�� �D�Q�G �K�D�V �D�Q �H�O�H�F�W�U�R���R�S�W�L�F �E�D�Q�G�Z�L�G�W�K
�R�I ������ �>MHz�@�� �D�O�O�R�Z�L�Q�J �G�D�W�D �U�D�W�H�V �X�S �W�R ������ �>Mbit =s�@�� �+�L�J�K�H�U �E�D�Q�G�Z�L�G�W�K �P�R�G�X�O�D�W�R�U�V �Z�H�U�H �D�O�V�R �D�Y�D�L�O�D�E�O�H
�E�X�W �X�O�W�L�P�D�W�H�O�\ �Q�R�W �Q�H�H�G�H�G�� �V�R �W�K�L�V �E�D�Q�G�Z�L�G�W�K �L�V �Q�R�W �D �F�R�Q�V�W�U�D�L�Q�W��

�������������1�S�H�Y�P�E�X�M�S�R �&�M�E�W �'�S�R�X�V�S�P�P�I�V
�,�Q �W�K�H �S�U�H�Y�L�R�X�V �V�H�F�W�L�R�Q�� �W�K�H �U�R�O�H �R�I �W�K�H �'�& �E�L�D�V �H�O�H�F�W�U�R�G�H�V �Z�D�V �G�L�V�F�X�V�V�H�G�� �'�H�S�H�Q�G�L�Q�J �R�Q �W�K�H �Y�R�O�W�D�J�H
�D�S�S�O�L�H�G�� �W�K�H �E�L�D�V �S�R�L�Q�W �D�Q�G �V�X�E�V�H�T�X�H�Q�W�O�\ �W�K�H �R�S�H�U�D�W�L�R�Q �P�R�G�H �F�K�D�Q�J�H�� �7�K�H �P�R�G�X�O�D�W�L�R�Q �E�L�D�V �F�R�Q�W�U�R�O�O�H�U
���0�%�&�� �W�D�N�H�V �F�D�U�H �R�I �I�L�Q�G�L�Q�J �W�K�H �F�R�U�U�H�F�W �'�& �Y�R�O�W�D�J�H �W�R �D�S�S�O�\ �W�R �W�K�H �H�O�H�F�W�U�R�G�H�V�� �,�Q �D�G�G�L�W�L�R�Q �W�R �V�H�W�W�L�Q�J
�W�K�H �R�S�H�U�D�W�L�Q�J �S�R�L�Q�W�� �W�K�H �0�%�& �D�O�V�R �F�R�P�S�H�Q�V�D�W�H�V �I�R�U �S�K�D�V�H �G�U�L�I�W �L�Q �W�K�H �P�R�G�X�O�D�W�R�U ��� 0���� �7�K�L�V �S�K�D�V�H �G�U�L�I�W
�L�V �F�D�X�V�H�G �E�\ �F�K�D�Q�J�H�V �L�Q �W�H�P�S�H�U�D�W�X�U�H�� �Q�R�Q���X�Q�L�I�R�U�P�L�W�\ �R�I �K�H�D�W �G�L�V�W�U�L�E�X�W�L�R�Q�� �P�D�W�H�U�L�D�O �D�J�L�Q�J�� �H�I�I�H�F�W�V �G�X�H
�W�R �S�K�R�W�R�U�H�I�U�D�F�W�L�R�Q�� �D�Q�G �W�K�H �E�X�L�O�G���X�S �R�I �V�W�D�W�L�F �H�O�H�F�W�U�L�F�D�O �F�K�D�U�J�H�V�� �>���� �@ �7�K�H �P�R�G�X�O�D�W�R�U �D�O�V�R �K�D�V �D �V�W�D�W�L�F
�S�K�D�V�H �G�H�O�D�\ �W�K�D�W �L�V �F�D�X�V�H�G �E�\ �V�P�D�O�O �G�L�I�I�H�U�H�Q�F�H�V �E�H�W�Z�H�H�Q �W�K�H �W�Z�R �R�S�W�L�F�D�O �S�D�W�K�V�� �E�X�W �W�K�L�V �W�H�U�P �F�D�Q �E�H
�O�X�P�S�H�G �W�R�J�H�W�K�H�U �Z�L�W�K �W�K�H �G�U�L�I�W �W�R �P�D�N�H �X�S� 0��

�7�K�H �0�%�& �D�F�F�R�P�S�O�L�V�K�H�V �W�K�L�V �F�R�Q�W�U�R�O �E�\ �D�S�S�O�\�L�Q�J �D �O�R�Z���D�P�S�O�L�W�X�G�H �D�Q�G �O�R�Z���I�U�H�T�X�H�Q�F�\ �G�L�W�K�H�U �V�L�J�Q�D�O �W�R
�W�K�H �'�& �E�L�D�V �H�O�H�F�W�U�R�G�H�V�� �7�K�L�V �F�D�X�V�H�V �W�K�H �R�S�W�L�F�D�O �R�X�W�S�X�W �W�R �F�R�Q�W�D�L�Q �K�D�U�P�R�Q�L�F�V �D�W �W�K�H �I�U�H�T�X�H�Q�F�L�H�V �R�I �W�K�H
�G�L�W�K�H�U �V�L�J�Q�D�O�� �7�K�L�V �R�X�W�S�X�W �L�V �G�H�W�H�F�W�H�G �Z�L�W�K �D �P�R�Q�L�W�R�U�L�Q�J �S�K�R�W�R�G�L�R�G�H�� �8�V�L�Q�J �'�6�3 �E�D�V�H�G �R�Q �D �)�D�V�W �)�R�X�U�L�H�U
�7�U�D�Q�V�I�R�U�P �D�Q�D�O�\�V�L�V�� �W�K�H �G�H�V�L�U�H�G �'�& �E�L�D�V �Y�R�O�W�D�J�H �F�D�Q �E�H �G�H�W�H�U�P�L�Q�H�G�� �D�Q�G �D �O�R�F�N �R�Q �W�K�H �R�S�H�U�D�W�L�Q�J �S�R�L�Q�W
�F�D�Q �E�H �H�V�W�D�E�O�L�V�K�H�G�� �>���� �@ �7�K�L�V �F�R�Q�F�H�S�W �L�V �I�X�U�W�K�H�U �H�[�S�O�R�U�H�G �L�Q�V�H�F�W�L�R�Q �������D�Q�G�V�H�F�W�L�R�Q �$������

�$ �V�F�K�H�P�D�W�L�F �V�K�R�Z�L�Q�J �K�R�Z �W�K�H �0�%�& �L�V �F�R�Q�Q�H�F�W�H�G �W�R �W�K�H �P�R�G�X�O�D�W�R�U �F�D�Q �E�H �V�H�H�Q �L�Q�)�L�J�X�U�H ���������� �,�Q �W�K�H
�I�L�J�X�U�H�� �W�K�H �I�L�E�H�U �F�R�X�S�O�H�U �D�Q�G �W�K�H �P�R�Q�L�W�R�U�L�Q�J �S�K�R�W�R�G�L�R�G�H �D�U�H �L�O�O�X�V�W�U�D�W�H�G �D�V �H�[�W�H�U�Q�D�O �W�R �W�K�H �0�%�&�� �E�X�W �L�Q
�U�H�D�O�L�W�\�� �W�K�H �0�%�& �P�R�G�H�O �W�K�D�W �L�V �X�V�H�G �L�Q�F�R�U�S�R�U�D�W�H�V �W�K�H�V�H �F�R�P�S�R�Q�H�Q�W�V �L�Q�W�H�U�Q�D�O�O�\�� �H�O�L�P�L�Q�D�W�L�Q�J �W�K�H �Q�H�H�G
�I�R�U �D�Q �H�[�W�U�D �F�R�X�S�O�H�U �R�U �S�K�R�W�R�G�L�R�G�H�� �7�K�H �0�%�& �P�R�G�H�O �X�V�H�G �L�V �W�K�H �0�%�&���'�*���/�$�%���$�� �I�U�R�P �L�;�%�O�X�H�� �,�W�¶�V
�Q�R�P�L�Q�D�O �G�L�W�K�H�U �I�U�H�T�X�H�Q�F�\ �L�V �� �>kHz�@ �D�Q�G �K�D�V �D �O�R�F�N�L�Q�J �D�F�F�X�U�D�F�\ �R�I� 0:5� �D�W �W�K�H �T�X�D�G�U�D�W�X�U�H �S�R�L�Q�W�� �7�K�H
�G�L�W�K�H�U �D�P�S�O�L�W�X�G�H �L�V �Y�D�U�L�D�E�O�H �E�X�W �L�V �L�Q �W�K�H �U�D�Q�J�H �R�I ���������� �>mV�@ �P�R�V�W�O�\ �D�Q�G �V�K�R�X�O�G �Q�R�W �L�Q�W�H�U�I�H�U�H �P�X�F�K �Z�L�W�K
�K�L�J�K���I�U�H�T�X�H�Q�F�\ �P�R�G�X�O�D�W�L�R�Q��
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�)�L�J�X�U�H �����������%�D�V�L�F �V�F�K�H�P�D�W�L�F �R�I �D �0�D�F�K���=�H�K�Q�G�H�U �0�R�G�X�O�D�W�R�U �D�Q�G �W�K�H �0�R�G�X�O�D�W�L�R�Q �%�L�D�V �&�R�Q�W�U�R�O�O�H�U ���0�%�&���� �6�R�X�U�F�H�� �>���� �@��

�������������7�M�K�R�E�P �+�I�R�I�V�E�X�S�V
�7�K�H �V�L�J�Q�D�O ���R�U �I�X�Q�F�W�L�R�Q�� �J�H�Q�H�U�D�W�R�U �Q�H�H�G�V �W�R �S�U�R�Y�L�G�H �D�Q �H�O�H�F�W�U�L�F�D�O �V�L�J�Q�D�O �W�R �W�K�H �P�R�G�X�O�D�W�R�U�¶�V �5�) �L�Q�S�X�W �S�R�U�W��
�7�K�H �P�D�L�Q �F�R�Q�V�W�U�D�L�Q�W �W�K�D�W �P�X�V�W �E�H �F�R�Q�V�L�G�H�U�H�G �L�Q �W�K�H �V�H�O�H�F�W�L�R�Q �R�I �D �V�L�J�Q�D�O �J�H�Q�H�U�D�W�R�U �L�V �L�W�V �E�D�Q�G�Z�L�G�W�K�� �)�R�U
�'�3�6�.�� �W�K�H �O�H�Q�J�W�K �R�I �W�K�H �G�H�O�D�\ �O�L�Q�H �G�L�F�W�D�W�H�V �Z�K�D�W �G�D�W�D �U�D�W�H �Q�H�H�G�V �W�R �E�H �F�K�R�V�H�Q�� �7�K�H �K�L�J�K�H�U �W�K�H �G�D�W�D
�U�D�W�H�� �W�K�H �V�K�R�U�W�H�U �W�K�H �G�H�O�D�\ �O�L�Q�H�� �Z�K�L�F�K �L�V �S�U�H�I�H�U�D�E�O�H�� �7�K�H �X�S�S�H�U �O�L�P�L�W �R�I �W�K�L�V �G�D�W�D �U�D�W�H �L�V �F�R�Q�V�W�U�D�L�Q�H�G �E�\
�W�K�H �V�D�P�S�O�H �U�D�W�H �R�I �W�K�H �R�V�F�L�O�O�R�V�F�R�S�H �D�Q�G �W�K�H �E�D�Q�G�Z�L�G�W�K �R�I �W�K�H �S�K�R�W�R�G�H�W�H�F�W�R�U�� �)�R�U �W�K�H �S�X�U�S�R�V�H �R�I �W�H�V�W�L�Q�J
�W�K�H �U�H�T�X�L�U�H�P�H�Q�W�� �D �G�D�W�D �U�D�W�H �R�I �D�W �O�H�D�V�W ������ �>Mbit =s�@ �P�X�V�W �E�H �D�W�W�D�L�Q�H�G��

�$�Q�R�W�K�H�U �F�R�Q�V�W�U�D�L�Q�W �L�V �W�K�H �X�V�H �R�I �D�Y�D�L�O�D�E�O�H �H�T�X�L�S�P�H�Q�W�� �6�S�H�F�L�D�O�L�]�H�G �K�D�U�G�Z�D�U�H �W�K�D�W �F�D�Q �J�H�Q�H�U�D�W�H �3�5�%�6
�D�W �K�L�J�K �G�D�W�D �U�D�W�H�V �D�U�H �K�D�U�G �W�R �F�R�P�H �E�\�� �D�Q�G �Z�H�U�H �X�Q�D�Y�D�L�O�D�E�O�H �D�W �W�K�H �W�L�P�H �W�K�L�V �W�K�H�V�L�V �Z�D�V �F�R�Q�G�X�F�W�H�G��
�7�K�H�U�H�I�R�U�H�� �W�K�H �R�Q�O�\ �D�Y�D�L�O�D�E�O�H �V�L�J�Q�D�O �J�H�Q�H�U�D�W�R�U �W�K�D�W �V�D�W�L�V�I�L�H�G �W�K�H �G�D�W�D �U�D�W�H �U�H�T�X�L�U�H�P�H�Q�W �Z�D�V �F�K�R�V�H�Q�� �7�K�H
�7�7�L �7�*���������� �K�D�V �D �E�D�Q�G�Z�L�G�W�K �X�S �W�R ���� �>MHz�@�� �E�X�W �F�D�Q�Q�R�W �J�H�Q�H�U�D�W�H �D �3�5�%�6�� �R�Q�O�\ �D �V�T�X�D�U�H �Z�D�Y�H��

�+�R�Z�H�Y�H�U�� �L�W �L�V �L�P�S�R�U�W�D�Q�W �W�R �Q�R�W�H �W�K�D�W �D �V�L�J�Q�D�O �J�H�Q�H�U�D�W�R�U �G�R�H�V �Q�R�W �J�H�Q�H�U�D�W�H �W�K�H �V�D�P�H �V�T�X�D�U�H �Z�D�Y�H �I�R�U
�D�O�O �I�U�H�T�X�H�Q�F�L�H�V�� �,�Q�)�L�J�X�U�H ���������� �W�K�H �V�T�X�D�U�H �Z�D�Y�H �F�D�Q �E�H �V�H�H�Q �I�R�U �D �Q�X�P�E�H�U �R�I �I�U�H�T�X�H�Q�F�L�H�V�� �7�K�H �P�D�L�Q
�P�H�W�U�L�F �E�\ �Z�K�L�F�K �W�R �H�Y�D�O�X�D�W�H �W�K�H �¶�V�T�X�D�U�H�Q�H�V�V�¶ �R�I �D �3�5�%�6 �R�U �V�T�X�D�U�H �Z�D�Y�H�� �L�V �E�\ �O�R�R�N�L�Q�J �D�W �W�K�H �U�L�V�H���I�D�O�O
�W�L�P�H �R�I �W�K�H �V�L�J�Q�D�O�� �,�Q�)�L�J�X�U�H ���������� �W�K�H �U�L�V�H �D�Q�G �I�D�O�O �W�L�P�H �R�I �W�K�H �V�T�X�D�U�H �Z�D�Y�H �K�D�V �E�H�H�Q �P�H�D�V�X�U�H�G �I�R�U
�V�H�Y�H�U�D�O �I�U�H�T�X�H�Q�F�L�H�V�� �$ �F�O�H�D�U �L�Q�F�U�H�D�V�H �R�I �W�K�H �U�L�V�H���I�D�O�O �W�L�P�H �Z�L�W�K �U�H�V�S�H�F�W �W�R �W�K�H �W�R�W�D�O �S�H�U�L�R�G �F�D�Q �E�H �V�H�H�Q �D�V
�W�K�H �I�U�H�T�X�H�Q�F�\ �L�Q�F�U�H�D�V�H�V�� �6�R �D �K�L�J�K�H�U �G�D�W�D �U�D�W�H �F�R�P�H�V �D�W �W�K�H �F�R�V�W �R�I �D �O�R�Q�J�H�U �U�L�V�H���I�D�O�O �W�L�P�H ���L�Q �U�H�O�D�W�L�R�Q �W�R
�W�K�H �S�H�U�L�R�G���� �,�W �L�V �L�P�S�R�U�W�D�Q�W �W�R �Q�R�W�H �W�K�D�W �W�K�H �W�R�W�D�O �U�L�V�H���I�D�O�O �W�L�P�H �L�V �� �W�L�P�H�V �W�K�H �L�Q�G�L�Y�L�G�X�D�O �U�L�V�H���I�D�O�O �W�L�P�H�� �6�R��
�D�Q�\ �U�D�W�L�R �D�E�R�Y�H ������ �Q�R �O�R�Q�J�H�U �U�H�S�U�H�V�H�Q�W�V �D �U�H�D�O �V�T�X�D�U�H �Z�D�Y�H �E�X�W �E�H�F�R�P�H�V �V�L�Q�X�V�R�L�G�D�O��

�)�R�U �D �V�T�X�D�U�H �Z�D�Y�H�� �L�W �L�V �D�O�V�R �L�P�S�R�U�W�D�Q�W �W�K�D�W �W�K�H �O�R�Z �D�Q�G �K�L�J�K �S�X�O�V�H�V �D�U�H �R�I �V�R�P�H�Z�K�D�W �H�T�X�D�O �G�X�U�D�W�L�R�Q��
�7�K�H �G�X�W�\ �F�\�F�O�H �R�I �W�K�H �K�L�J�K �S�X�O�V�H �Z�D�V �P�H�D�V�X�U�H�G �D�F�U�R�V�V �D �U�D�Q�J�H �R�I �I�U�H�T�X�H�Q�F�L�H�V �D�Q�G �L�V �G�L�V�S�O�D�\�H�G �L�Q
�)�L�J�X�U�H ���������� �1�R �F�O�H�D�U �W�U�H�Q�G �L�V �Y�L�V�L�E�O�H�� �E�X�W �W�K�H�U�H �L�V �D �G�L�V�W�L�Q�F�W �R�X�W�O�L�H�U �D�W ���� �>MHz�@ �Z�L�W�K �D ������ �G�X�W�\ �F�\�F�O�H��
�7�K�H�V�H �W�Z�R �I�D�F�W�R�U�V �V�K�R�X�O�G �E�H �W�D�N�H�Q �L�Q�W�R �D�F�F�R�X�Q�W �Z�K�H�Q �V�H�O�H�F�W�L�Q�J �W�K�H �I�U�H�T�X�H�Q�F�\���G�D�W�D �U�D�W�H �R�I �W�K�H �V�T�X�D�U�H
�Z�D�Y�H��
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�)�L�J�X�U�H �����������7�K�H �V�T�X�D�U�H �Z�D�Y�H �J�H�Q�H�U�D�W�H�G �E�\ �W�K�H �7�7�L �7�*�������� �V�L�J�Q�D�O �J�H�Q�H�U�D�W�R�U �I�R�U �D �Q�X�P�E�H�U �R�I �I�U�H�T�X�H�Q�F�L�H�V �D�W �D�Q �D�P�S�O�L�W�X�G�H �R�I
�������� �>V �@�� �7�K�L�V �D�P�S�O�L�W�X�G�H �L�V �H�T�X�D�O �W�R �W�K�HV� �W�K�D�W �L�V �X�V�H�G �I�R�U �W�K�H �I�L�Q�D�O �W�H�V�W�V�� �$�V �W�K�H �I�U�H�T�X�H�Q�F�\ �L�Q�F�U�H�D�V�H�V�� �W�K�H �V�T�X�D�U�H���Z�D�Y�H

�E�H�F�R�P�H�V �O�H�V�V �V�T�X�D�U�H �D�Q�G �P�R�U�H �V�L�Q�X�V�R�L�G�D�O��

�)�L�J�X�U�H �����������5�L�V�H �D�Q�G �I�D�O�O �W�L�P�H�V �������������� �R�I �D �V�T�X�D�U�H �Z�D�Y�H��
�H�[�S�U�H�V�V�H�G �D�V �D �U�D�W�L�R �R�I �W�K�H �S�H�U�L�R�G�� �)�U�H�T�X�H�Q�F�L�H�V �U�D�Q�J�L�Q�J �I�U�R�P
�� �W�R ���� �>MHz �@ �Z�H�U�H �W�H�V�W�H�G�� �$�V �W�K�H �I�U�H�T�X�H�Q�F�\ �L�Q�F�U�H�D�V�H�V�� �W�K�H
�U�L�V�H���I�D�O�O �W�L�P�H �F�R�P�S�D�U�H�G �W�R �W�K�H �W�R�W�D�O �S�H�U�L�R�G �E�H�F�R�P�H�V �O�D�U�J�H�U��

�)�L�J�X�U�H �����������'�X�W�\ �F�\�F�O�H ���K�L�J�K�� �R�I �D �V�T�X�D�U�H �Z�D�Y�H �F�U�H�D�W�H�G �E�\
�W�K�H �V�L�J�Q�D�O �J�H�Q�H�U�D�W�R�U�� �)�U�H�T�X�H�Q�F�L�H�V �U�D�Q�J�L�Q�J �I�U�R�P �� �W�R ���� �>MHz �@
�Z�H�U�H �W�H�V�W�H�G�� �,�G�H�D�O�O�\�� �W�K�H �G�X�W�\ �F�\�F�O�H �L�V �������� �E�X�W �I�R�U �W�K�L�V �V�L�J�Q�D�O

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

�������������(�I�X�I�G�X�S�V�W
�)�R�U �W�K�H �S�K�R�W�R�G�H�W�H�F�W�R�U�V �W�K�D�W �Z�L�O�O �E�H �X�V�H�G�� �W�K�H �P�R�V�W �L�P�S�R�U�W�D�Q�W �Y�D�U�L�D�E�O�H �L�V �W�K�H �E�D�Q�G�Z�L�G�W�K�� �$ �E�D�Q�G�Z�L�G�W�K
�W�K�D�W �L�V �W�R�R �O�R�Z �U�H�V�W�U�L�F�W�V �W�K�H �P�D�[�L�P�X�P �G�D�W�D �U�D�W�H �D�Q�G�� �W�K�H�U�H�I�R�U�H�� �W�K�H �O�H�Q�J�W�K �R�I �W�K�H �G�H�O�D�\ �O�L�Q�H�� �$�V �G�L�V�F�X�V�V�H�G
�H�D�U�O�L�H�U�� �W�K�H �E�H�Q�H�I�L�W�V �R�I �'�3�6�. �Z�L�W�K �U�H�V�S�H�F�W �W�R �2�2�. �F�D�Q �R�Q�O�\ �E�H �X�Q�O�R�F�N�H�G �Z�L�W�K �D �E�D�O�D�Q�F�H�G �G�H�W�H�F�W�R�U �D�V
�R�S�S�R�V�H�G �W�R �D �V�L�Q�J�O�H �S�K�R�W�R�G�H�W�H�F�W�R�U�� �+�R�Z�H�Y�H�U�� �I�R�U �U�H�I�H�U�H�Q�F�H �S�X�U�S�R�V�H�V�� �D �V�L�Q�J�O�H �G�H�W�H�F�W�R�U �Z�L�O�O�D�O�V�R�E�H
�X�V�H�G��

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

�6�L�Q�J�O�H ���3�'�$�������&���%�D�O�D�Q�F�H�G ���3�'�%�������&��

�%�D�Q�G�Z�L�G�W�K ������ �G�%�� 400�>MHz�@ 100�>MHz�@

�5�H�V�S�R�Q�V�L�Y�L�W�\ �# �������� �Q�P 1:03 �>A=W�@ 1:02 �>A=W�@

�$�F�W�L�Y�H �D�U�H�D �G�L�D�P�H�W�H�U150�>� m�@ 300�>� m�@

�7�U�D�Q�V�L�P�S�H�G�D�Q�F�H �J�D�L�Q ���+�L�J�K���=��5 � 104 �>V=A�@ 5 � 104 �>V=A�@

�&�R�P�P�R�Q �0�R�G�H �5�H�M�H�F�W�L�R�Q �5�D�W�L�R�� �! 30 �>dB�@

�1�(�3 20 �>pW=
p

Hz�@ 7:5 �>pW=
p

Hz�@

�2�Y�H�U�D�O�O �R�X�W�S�X�W �Y�R�O�W�D�J�H �Q�R�L�V�H9 �>V rms �@ < 6:5 �>V rms �@

�2�X�W�S�X�W �G�D�U�N���'�& �R�I�I�V�H�W 20 �>mV�@ < � 10 �>mV�@

�������������3�W�G�M�P�P�S�W�G�S�T�I
�$�Q �R�V�F�L�O�O�R�V�F�R�S�H �L�V �X�V�H�G �W�R �V�W�R�U�H �D�Q�G �D�Q�D�O�\�]�H �W�K�H �S�K�R�W�R�G�H�W�H�F�W�R�U �R�X�W�S�X�W�� �)�R�U �W�K�L�V �W�K�H�V�L�V�� �W�K�H �D�Y�D�L�O�D�E�O�H
�R�V�F�L�O�O�R�V�F�R�S�H �Z�D�V �W�K�H �3�L�F�R�6�F�R�S�H ���������'�� �7�K�H �P�R�V�W �L�P�S�R�U�W�D�Q�W �F�R�Q�V�W�U�D�L�Q�W �L�W �L�P�S�R�V�H�V �L�V �D �E�D�Q�G�Z�L�G�W�K �R�I ������
�>MHz�@ �D�Q�G �D �P�D�[�L�P�X�P �V�D�P�S�O�L�Q�J �U�D�W�H �R�I1 �>GS=s�@�� �7�K�H �V�D�P�S�O�L�Q�J �U�D�W�H �G�R�H�V �Q�R�W �S�O�D�F�H �D �V�W�U�L�F�W �O�L�P�L�W �R�Q �W�K�H
�G�D�W�D �U�D�W�H �V�L�Q�F�H �L�W �Q�H�H�G�V �W�R �E�H �D �P�L�Q�L�P�X�P �R�I �W�Z�R �W�L�P�H�V �W�K�H �E�D�Q�G�Z�L�G�W�K�� �,�Q�V�W�H�D�G�� �W�K�H �E�D�Q�G�Z�L�G�W�K �O�L�P�L�W�V �W�K�H
�G�D�W�D �U�D�W�H �W�R ������ �>Mbit =s�@�� �+�R�Z�H�Y�H�U�� �W�K�L�V �L�V �R�Q�O�\ �S�R�V�V�L�E�O�H �L�I �V�D�P�S�O�L�Q�J �L�V �S�H�U�I�R�U�P�H�G �L�Q �W�K�H �U�L�J�K�W �L�Q�V�W�D�Q�F�H��
�Z�K�L�F�K �U�H�T�X�L�U�H�V �D �W�L�P�L�Q�J �U�H�F�R�Y�H�U�\ �O�R�R�S�� �%�H�F�D�X�V�H �W�K�L�V �L�V �Q�R�W �X�V�H�G�� �W�K�H �Q�X�P�E�H�U �R�I �V�D�P�S�O�H�V �D�Y�D�L�O�D�E�O�H �S�H�U
�E�L�W �G�H�W�H�U�P�L�Q�H�V �K�R�Z �F�O�R�V�H �R�Q�H �F�D�Q �J�H�W �W�R �W�K�H �P�D�[�L�P�X�P �L�Q�W�H�Q�V�L�W�\ �R�I �W�K�H �E�L�W�� �7�K�H�U�H�I�R�U�H�� �D �W�U�D�G�H���R�I�I �Q�H�H�G�V
�W�R �E�H �P�D�G�H �E�H�W�Z�H�H�Q �W�K�H �G�D�W�D �U�D�W�H �D�Q�G �W�K�H �Q�X�P�E�H�U �R�I �V�D�P�S�O�H�V �S�H�U �E�L�W��

���������(�I�W�M�K�R �'�L�S�M�G�I�W
�*�L�Y�H�Q �W�K�D�W �W�K�H �O�L�P�L�W�D�W�L�R�Q�V �D�Q�G �F�R�Q�V�W�U�D�L�Q�W�V �R�I �W�K�H �P�D�L�Q �F�R�P�S�R�Q�H�Q�W�V �R�I �W�K�H �V�\�V�W�H�P �K�D�Y�H �E�H�H�Q �G�L�V�F�X�V�V�H�G��
�W�K�H �V�S�H�F�L�I�L�F �G�H�W�D�L�O�V �R�I �W�K�H �I�L�Q�D�O �V�H�W�X�S �F�D�Q �E�H �G�H�F�L�G�H�G�� �7�K�H �P�D�M�R�U�L�W�\ �R�I �G�H�F�L�V�L�R�Q�V �K�D�Y�H �E�H�H�Q �P�D�G�H �L�Q
�D�Q �L�W�H�U�D�W�L�Y�H �P�D�Q�Q�H�U �W�K�U�R�X�J�K�R�X�W �W�K�H �W�K�H�V�L�V�� �E�X�W �W�K�H �P�R�W�L�Y�D�W�L�R�Q �E�H�K�L�Q�G �W�K�H�P �Z�L�O�O �E�H �G�L�V�F�X�V�V�H�G �K�H�U�H �L�Q �Q�R
�S�D�U�W�L�F�X�O�D�U �R�U�G�H�U�� �)�L�U�V�W�O�\�� �W�K�H �G�D�W�D �U�D�W�H �W�K�D�W �L�V �F�K�R�V�H�Q �Z�L�O�O �E�H �P�R�W�L�Y�D�W�H�G�� �6�H�F�R�Q�G�O�\�� �D �Q�X�P�E�H�U �R�I �F�K�R�L�F�H�V
�U�H�J�D�U�G�L�Q�J �W�K�H �R�S�W�L�F�V �X�V�H�G �L�Q �W�K�H �V�H�W�X�S �Z�L�O�O �E�H �G�L�V�F�X�V�V�H�G��

�������������(�E�X�E �6�E�X�I
�2�Q�H �R�I �W�K�H �P�D�L�Q �F�R�Q�V�W�U�D�L�Q�W�V �L�P�S�R�V�H�G �E�\ �W�K�H �V�L�J�Q�D�O �J�H�Q�H�U�D�W�R�U �L�V �W�K�D�W �L�W �F�D�Q�Q�R�W �J�H�Q�H�U�D�W�H �D �3�5�%�6�� �R�Q�O�\
�D �V�T�X�D�U�H �Z�D�Y�H�� �8�Q�O�L�N�H �D �3�5�%�6�� �D �V�T�X�D�U�H �Z�D�Y�H �R�Q�O�\ �D�O�W�H�U�Q�D�W�H�V �E�H�W�Z�H�H�Q �� �D�Q�G ���� �6�X�S�S�R�V�L�Q�J �W�K�D�W
�D �V�T�X�D�U�H �Z�D�Y�H �S�H�U�L�R�G �U�H�S�U�H�V�H�Q�W�V �� �E�L�W�V�� �Z�K�H�Q �G�H�O�D�\�H�G �E�\ �� �E�L�W �G�X�U�D�W�L�R�Q�� �W�K�H �L�Q�W�H�U�I�H�U�H�Q�F�H �R�I �W�K�H �W�Z�R
�V�L�J�Q�D�O�V �L�V �R�Q�O�\ �G�H�V�W�U�X�F�W�L�Y�H�� �7�K�L�V �Z�R�X�O�G �P�H�D�Q �D�Q �H�Q�G�O�H�V�V �V�H�T�X�H�Q�F�H �R�I ���V�� �Z�K�L�F�K �G�R�H�V �Q�R�W �D�O�O�R�Z �R�Q�H �W�R
�G�H�W�H�F�W �W�K�H �R�W�K�H�U �V�L�J�Q�D�O �O�H�Y�H�O �I�R�U �F�R�Q�V�W�U�X�F�W�L�Y�H �L�Q�W�H�U�I�H�U�H�Q�F�H�� �7�K�H�U�H�I�R�U�H�� �Q�R �6�1�5 �F�D�Q �E�H �G�H�W�H�U�P�L�Q�H�G�� �7�K�X�V��
�I�R�U �S�H�U�I�R�U�P�D�Q�F�H �H�Y�D�O�X�D�W�L�R�Q�� �W�K�H �G�D�W�D �P�X�V�W �D�W �O�H�D�V�W �D�O�W�H�U�Q�D�W�H �E�H�W�Z�H�H�Q �� �D�Q�G ���� �7�K�L�V �F�D�Q �E�H �G�R�Q�H �E�\
�L�P�D�J�L�Q�L�Q�J �W�K�D�W �W�K�H�U�H �D�U�H �� �E�L�W�V �S�H�U �S�H�U�L�R�G �R�I �W�K�H �V�T�X�D�U�H �Z�D�Y�H�� �D�Q�G �G�H�O�D�\�L�Q�J �L�W �E�\ �� �E�L�W�� �7�K�L�V �F�D�Q �E�H �V�H�H�Q
�L�Q�)�L�J�X�U�H ����������
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�)�L�J�X�U�H �����������'�L�D�J�U�D�P �V�K�R�Z�L�Q�J �K�R�Z �W�K�H �H�Q�F�R�G�H�G �S�K�D�V�H �I�U�R�P �D �V�T�X�D�U�H �Z�D�Y�H �W�U�D�Q�V�O�D�W�H�V �L�Q�W�R �W�K�H �S�R�Z�H�U �G�H�W�H�F�W�H�G �Z�K�H�Q �'�3�6�.
�G�H�P�R�G�X�O�D�W�L�R�Q �L�V �S�H�U�I�R�U�P�H�G�� �7�K�H �O�H�I�W �V�K�R�Z�V �D �V�T�X�D�U�H �Z�D�Y�H �Z�L�W�K �� �E�L�W�V �S�H�U�L�R�G�� �Z�K�H�U�H�D�V �W�K�H �U�L�J�K�W �V�K�R�Z�V �D �V�T�X�D�U�H �Z�D�Y�H �Z�L�W�K �� �E�L�W�V

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

�6�R�� �H�Y�H�Q �W�K�R�X�J�K �W�K�H ���� �>MHz�@ �V�L�J�Q�D�O �P�H�H�W�V �W�K�H �P�L�Q�L�P�X�P �G�D�W�D �U�D�W�H �U�H�T�X�L�U�H�P�H�Q�W�� �L�W �L�V �Q�R�W �V�X�I�I�L�F�L�H�Q�W �W�R
�W�H�V�W �W�K�H �S�H�U�I�R�U�P�D�Q�F�H�� �8�Q�I�R�U�W�X�Q�D�W�H�O�\�� �S�H�U�I�R�U�P�L�Q�J �W�K�H �� �E�L�W�V �S�H�U �S�H�U�L�R�G �W�U�L�F�N �R�Q �W�K�H ���� �>MHz�@ �V�L�J�Q�D�O �L�V
�Q�R�W �S�R�V�V�L�E�O�H�� �V�L�Q�F�H �L�W �K�D�V �D �Y�H�U�\ �K�L�J�K �U�L�V�H���I�D�O�O �W�L�P�H�� �,�Q �S�D�U�W�L�F�X�O�D�U�� �D�O�O �V�T�X�D�U�H �Z�D�Y�H�V �D�E�R�Y�H ���� �>MHz�@ �D�U�H
�W�R�R �V�L�Q�X�V�R�L�G�D�O �W�R �E�H �V�S�O�L�W �L�Q�W�R �� �V�H�S�D�U�D�W�H �E�L�W�V���� �,�Q�W�H�U�I�H�U�L�Q�J �W�K�H�V�H �V�L�J�Q�D�O�V �Z�R�X�O�G �R�Q�O�\ �O�H�D�Y�H �D �Y�H�U�\ �V�P�D�O�O
�Z�L�Q�G�R�Z �R�I �W�L�P�H �I�R�U �Z�K�L�F�K �W�R�W�D�O �F�R�Q�V�W�U�X�F�W�L�Y�H���G�H�V�W�U�X�F�W�L�Y�H �L�Q�W�H�U�I�H�U�H�Q�F�H �F�D�Q �R�F�F�X�U�� �6�R�� �W�K�H �O�R�Q�J�H�U �U�L�V�H���I�D�O�O
�W�L�P�H �D�W �K�L�J�K �I�U�H�T�X�H�Q�F�L�H�V �O�L�P�L�W�V �W�K�H �V�X�L�W�D�E�O�H �I�U�H�T�X�H�Q�F�\ �U�D�Q�J�H �W�R ���������� �>MHz�@��

�$ �P�D�M�R�U �G�L�V�D�G�Y�D�Q�W�D�J�H �W�R �O�R�Z�H�U �G�D�W�D �U�D�W�H�V �L�V �W�K�D�W �W�K�H �'�/�, �Q�H�H�G�V �W�R �E�H �O�R�Q�J�H�U�� �7�K�H �O�H�Q�J�W�K �R�I �W�K�H �'�/�, �L�V
�L�Q�Y�H�U�V�H�O�\ �S�U�R�S�R�U�W�L�R�Q�D�O �W�R �W�K�H �G�D�W�D �U�D�W�HRb�� �D�V �V�H�H�Q �L�Q �W�K�H �H�T�X�D�W�L�R�Q �E�H�O�R�Z��

L DLI =
c

Rb
����������

�$ �O�R�Q�J�H�U �G�H�O�D�\ �O�L�Q�H �L�Q�F�U�H�D�V�H�V �W�K�H �O�L�N�H�O�L�K�R�R�G �I�R�U �L�Q�V�W�D�E�L�O�L�W�\�� �Z�K�L�F�K �G�H�J�U�D�G�H�V �W�K�H �6�1�5�� �8�O�W�L�P�D�W�H�O�\�� �F�K�R�R�V�L�Q�J
�E�H�W�Z�H�H�Q ���� �D�Q�G ���� �>MHz�@ �L�V �D �W�U�D�G�H���R�I�I �E�H�W�Z�H�H�Q �D �V�K�R�U�W�H�U �G�H�O�D�\ �O�L�Q�H �D�Q�G �D �O�R�Q�J�H�U �U�L�V�H���I�D�O�O �W�L�P�H�� �$
�O�R�Q�J�H�U �U�L�V�H���I�D�O�O �W�L�P�H �O�H�D�G�V �W�R �I�H�Z�H�U �V�D�P�S�O�H�V �S�H�U �E�L�W�� �D�Q�G �Z�L�W�K�R�X�W �W�L�P�L�Q�J �U�H�F�R�Y�H�U�\ �R�U �D �'�6�3 �D�S�S�U�R�D�F�K �I�R�U
�E�L�W �G�H�W�H�U�P�L�Q�D�W�L�R�Q�� �D �V�K�R�U�W�H�U �U�L�V�H���I�D�O�O �W�L�P�H �L�V �S�U�H�I�H�U�U�H�G�� �7�K�H �G�L�I�I�H�U�H�Q�F�H �L�Q �G�H�O�D�\ �O�L�Q�H �O�H�Q�J�W�K ������ �>cm�@ �W�R�W�D�O��
�Z�D�V �Q�R�W �V�X�E�V�W�D�Q�W�L�D�O �H�Q�R�X�J�K �W�R �F�R�Q�V�L�G�H�U �D �O�R�Q�J�H�U �U�L�V�H���I�D�O�O �W�L�P�H�� �7�K�H�U�H�I�R�U�H�� �D �I�U�H�T�X�H�Q�F�\ �R�I ���� �>MHz�@ �Z�D�V
�F�K�R�V�H�Q�� �:�L�W�K �� �E�L�W�V �S�H�U �S�H�U�L�R�G�� �W�K�L�V �J�L�Y�H�V �D �G�D�W�D �U�D�W�H �R�I ������ �>Mbit =s�@�� �Z�K�L�F�K �U�H�T�X�L�U�H�V �D �G�H�O�D�\ �O�L�Q�H �O�H�Q�J�W�K
�R�I ������ �>m�@ ���R�U ������ �>m�@ �U�R�X�Q�G���W�U�L�S����

�,�Q �U�H�W�U�R�V�S�H�F�W�� �W�R�R �P�X�F�K �H�P�S�K�D�V�L�V �Z�D�V �S�X�W �R�Q �W�K�H �U�L�V�H���I�D�O�O �W�L�P�H�� �Z�L�W�K�R�X�W �W�D�N�L�Q�J �L�Q�W�R �D�F�F�R�X�Q�W �W�K�H �G�X�W�\
�F�\�F�O�H�� �$�V �V�H�H�Q �L�Q�)�L�J�X�U�H ���������� �D�W ���� �>MHz�@�� �W�K�H �G�X�W�\ �F�\�F�O�H �L�V �K�L�J�K�O�\ �X�Q�H�T�X�D�O ������������ �$ �E�H�W�W�H�U �F�K�R�L�F�H
�Z�R�X�O�G �K�D�Y�H �E�H�H�Q �W�R �W�H�V�W �I�U�H�T�X�H�Q�F�L�H�V �E�H�W�Z�H�H�Q ���� �D�Q�G ���� �0�K�] �W�K�D�W �K�D�G �D �E�H�W�W�H�U �G�X�W�\ �F�\�F�O�H�� �7�K�H �V�P�D�O�O
�L�Q�F�U�H�D�V�H �L�Q �U�L�V�H���I�D�O�O �W�L�P�H �Z�R�X�O�G �E�H �L�Q�V�L�J�Q�L�I�L�F�D�Q�W �F�R�P�S�D�U�H�G �W�R �W�K�H �L�P�S�U�R�Y�H�P�H�Q�W �L�Q �G�X�W�\ �F�\�F�O�H��

�*�L�Y�H�Q �W�K�D�W �W�K�H �V�D�P�S�O�L�Q�J �U�D�W�H �L�V �K�L�J�K �H�Q�R�X�J�K �I�R�U ���� �>MHz�@ ������ �V�D�P�S�O�H�V �S�H�U �E�L�W���� �W�K�H �X�Q�H�T�X�D�O �G�X�W�\ �F�\�F�O�H
�V�K�R�X�O�G �Q�R�W �D�I�I�H�F�W �W�K�H �E�L�W �G�H�W�H�U�P�L�Q�D�W�L�R�Q �J�U�H�D�W�O�\��

�� �6�H�H�)�L�J�X�U�H ����������



�������� �(�I�W�M�K�R �'�L�S�M�G�I�W ����

�������������3�T�X�M�G�E�P �W�I�X�Y�T �H�I�W�M�K�R
�7�R �L�P�S�O�H�P�H�Q�W �D�Q�G �W�H�V�W �D �I�X�Q�F�W�L�R�Q�D�O �F�R�K�H�U�H�Q�W �G�H�W�H�F�W�R�U�� �L�W �I�R�O�O�R�Z�V �W�K�D�W �W�K�H �I�L�Q�D�O �R�S�W�L�F�D�O �V�L�J�Q�D�O �Q�H�H�G�V �W�R �E�H
�U�H�F�H�L�Y�H�G �R�Q �D �S�K�R�W�R�G�L�R�G�H�� �7�K�H �E�L�J�J�H�V�W �F�R�Q�V�W�U�D�L�Q�W �L�Q �G�H�V�L�J�Q�L�Q�J �D�Q �R�S�W�L�F�D�O �V�H�W�X�S �W�K�D�W �D�F�K�L�H�Y�H�V �W�K�L�V �L�V �W�K�H
�W�R�W�D�O �S�D�W�K �O�H�Q�J�W�K�� �$�V �W�K�H �S�D�W�K �O�H�Q�J�W�K �L�Q�F�U�H�D�V�H�V�� �W�K�H �G�L�Y�H�U�J�H�Q�F�H �R�I �W�K�H �E�H�D�P �E�H�F�R�P�H�V �P�R�U�H �V�L�J�Q�L�I�L�F�D�Q�W��
�D�Q�G �D�Q�\ �V�P�D�O�O �D�Q�J�X�O�D�U �R�I�I�V�H�W�V �P�D�N�H �D�O�L�J�Q�P�H�Q�W �P�R�U�H �G�L�I�I�L�F�X�O�W�� �7�R �F�U�H�D�W�H �W�K�H �O�R�Q�J �G�H�O�D�\ �O�L�Q�H �������� �>m�@��
�W�K�H�U�H �D�U�H �W�Z�R �P�D�L�Q �R�S�W�L�R�Q�V��

���� �2�Q �D�Q �R�S�W�L�F�D�O �E�U�H�D�G�E�R�D�U�G�� �D �V�H�U�L�H�V �R�I �P�L�U�U�R�U�V �L�V �X�V�H�G �L�Q �V�X�F�K �D �Z�D�\ �W�K�D�W �D �W�R�W�D�O �G�L�V�W�D�Q�F�H �R�I �� �>m�@
�L�V �D�F�K�L�H�Y�H�G��

���� �8�V�L�Q�J �D �S�U�L�V�P �S�O�D�F�H�G �D�W �D �G�L�V�W�D�Q�F�H �R�I ������ �>m�@ �I�U�R�P �W�K�H �E�H�D�P �V�S�O�L�W�W�H�U�V��

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

�$ �P�D�M�R�U �D�G�Y�D�Q�W�D�J�H �R�I �W�K�H �S�U�L�V�P �L�V �W�K�D�W �W�K�H �W�Z�R �I�D�F�H�V �D�U�H �J�X�D�U�D�Q�W�H�H�G �W�R �E�H �S�H�U�S�H�Q�G�L�F�X�O�D�U ��� 0:05� ����
�H�O�L�P�L�Q�D�W�L�Q�J �W�Z�R �G�H�J�U�H�H�V �R�I �I�U�H�H�G�R�P �W�K�D�W �D�U�H �Q�R�W �Q�H�H�G�H�G�� �(�V�V�H�Q�W�L�D�O�O�\�� �L�W �J�X�D�U�D�Q�W�H�H�V �W�K�D�W �W�K�H �L�Q�F�R�P�L�Q�J
�D�Q�G �R�X�W�J�R�L�Q�J �E�H�D�P�V �D�U�H �S�D�U�D�O�O�H�O �W�R �H�D�F�K �R�W�K�H�U �H�Y�H�Q �L�I �W�K�H�U�H �L�V �D �U�R�W�D�W�L�R�Q�D�O �R�I�I�V�H�W�� �7�K�L�V �F�D�Q �E�H �V�H�H�Q �L�Q
�)�L�J�X�U�H �����������D���� �7�K�L�V �U�H�G�X�F�H�V �W�K�H �G�H�J�U�H�H�V �R�I �I�U�H�H�G�R�P �W�R �W�Z�R�� �O�D�W�H�U�D�O �G�L�V�S�O�D�F�H�P�H�Q�W �D�Q�G �Y�H�U�W�L�F�D�O �U�R�W�D�W�L�R�Q��
�7�K�L�V �F�D�Q �E�H �V�H�H�Q �L�Q�)�L�J�X�U�H �����������E���F����

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

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

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

�‡�3�U�H�I�H�U�D�E�O�\�� �W�K�H �E�H�D�P �G�L�Y�H�U�J�H�Q�F�H �L�V �D�V �V�P�D�O�O �D�V �S�R�V�V�L�E�O�H�� �7�K�L�V �F�D�Q �E�H �D�F�K�L�H�Y�H�G �Z�L�W�K �D �O�D�U�J�H�U �E�H�D�P
�G�L�D�P�H�W�H�U��

�‡�7�K�H �E�H�D�P�V�S�O�L�W�W�H�U �K�D�V �D �F�L�U�F�X�O�D�U �R�S�H�Q�L�Q�J �Z�L�W�K �D �G�L�D�P�H�W�H�U �R�I �������� �>mm�@�� �:�K�H�Q �W�K�H �E�H�D�P �G�L�D�P�H�W�H�U
�L�V �O�D�U�J�H�U �W�K�D�Q �W�K�H �R�S�H�Q�L�Q�J�� �F�O�L�S�S�L�Q�J �R�F�F�X�U�V�� �U�H�V�X�O�W�L�Q�J �L�Q �G�L�I�I�U�D�F�W�L�R�Q �H�I�I�H�F�W�V�� �7�K�H�V�H �H�I�I�H�F�W�V �L�Q�W�U�R�G�X�F�H
�I�U�L�Q�J�H�V�� �P�D�N�L�Q�J �D�O�L�J�Q�P�H�Q�W �P�R�U�H �G�L�I�I�L�F�X�O�W��

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

�$�Q�R�W�K�H�U �R�S�W�L�R�Q �L�V �W�K�H �X�V�H �R�I �D �W�U�L�S�O�H�W �F�R�O�O�L�P�D�W�R�U�� �Z�K�L�F�K �L�V �P�R�X�Q�W�H�G �G�L�U�H�F�W�O�\ �D�I�W�H�U �W�K�H �I�L�E�H�U �P�R�X�Q�W�� �,�W �F�D�Q
�E�H �V�H�H�Q �L�Q�)�L�J�X�U�H �����������H���� �7�K�H �P�D�L�Q �E�H�Q�H�I�L�W �R�I �W�K�H �W�U�L�S�O�H�W �F�R�O�O�L�P�D�W�R�U �L�V �W�K�D�W �L�W �U�H�T�X�L�U�H�V �O�H�V�V �D�O�L�J�Q�P�H�Q�W �D�Q�G
�U�H�V�X�O�W�V �L�Q �D �E�H�D�P �G�L�D�P�H�W�H�U �V�P�D�O�O�H�U �W�K�D�Q �W�K�H �E�H�D�P�V�S�O�L�W�W�H�U �D�S�H�U�W�X�U�H�� �7�K�H �O�D�U�J�H�V�W �E�H�D�P �G�L�D�P�H�W�H�U �R�E�V�H�U�Y�H�G
�Z�D�V �I�R�U �W�K�H �G�H�O�D�\�H�G �E�H�D�P�� �P�H�D�V�X�U�L�Q�J ������ �>mm�@�� �Z�K�L�F�K �L�V �P�X�F�K �V�P�D�O�O�H�U �W�K�D�Q �W�K�H �������� �>mm�@ �D�S�H�U�W�X�U�H��
�7�K�H �E�L�J �G�U�D�Z�E�D�F�N �L�V �W�K�D�W �W�K�H�U�H �L�V �D �V�L�J�Q�L�I�L�F�D�Q�W �E�H�D�P �G�L�Y�H�U�J�H�Q�F�H �I�R�U �W�K�H �� �>m�@ �G�L�V�W�D�Q�F�H�� �$�O�W�K�R�X�J�K �W�K�L�V �L�V
�Q�R�W �L�G�H�D�O �I�R�U �L�Q�W�H�U�I�H�U�L�Q�J �W�K�H �I�L�[�H�G �D�Q�G �G�H�O�D�\�H�G �E�H�D�P�V�� �L�W �L�V �I�X�Q�F�W�L�R�Q�D�O�� ���7�K�H �H�I�I�H�F�W �R�I �W�K�L�V �G�L�Y�H�U�J�H�Q�F�H �L�V
�I�X�U�W�K�H�U �H�[�S�O�R�U�H�G �L�Q�V�H�F�W�L�R�Q ����������

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



�������� �(�I�W�M�K�R �'�L�S�M�G�I�W ����

�W�K�H �E�H�D�P �G�L�D�P�H�W�H�U �L�V �P�X�F�K �O�D�U�J�H�U �W�K�D�Q �W�K�D�W �R�I �W�K�H �S�K�R�W�R�G�L�R�G�H�� �Z�K�H�Q �L�W �L�V �Q�R�W �I�R�F�X�V�H�G�� �P�R�V�W �R�I �W�K�H �S�R�Z�H�U
�L�V �O�R�V�W�� �,�Q �D �U�H�D�O �V�H�W�X�S�� �W�K�L�V �V�K�R�X�O�G �E�H �G�R�Q�H �W�R �P�L�Q�L�P�L�]�H �S�R�Z�H�U �O�R�V�V�� �+�R�Z�H�Y�H�U�� �J�L�Y�H�Q �W�K�D�W �W�K�H �R�E�M�H�F�W�L�Y�H
�L�V �Q�R�W �W�R �J�H�W �W�K�H �E�H�V�W �S�R�V�V�L�E�O�H �S�H�U�I�R�U�P�D�Q�F�H�� �D�G�G�L�Q�J �D �I�R�F�X�V �O�H�Q�V �F�R�P�S�O�L�F�D�W�H�V �W�K�L�Q�J�V �E�\ �F�U�H�D�W�L�Q�J �D�Q�R�W�K�H�U
�H�O�H�P�H�Q�W �W�R �D�O�L�J�Q�� �,�Q �D�G�G�L�W�L�R�Q�� �W�K�H �S�K�R�W�R�G�H�W�H�F�W�R�U �K�D�V �D �V�D�W�X�U�D�W�L�R�Q �S�R�Z�H�U �D�Q�G �D �G�D�P�D�J�H �W�K�U�H�V�K�R�O�G�� �)�R�U
�W�H�V�W�L�Q�J �S�X�U�S�R�V�H�V�� �D �O�D�U�J�H�U �S�R�Z�H�U �L�V �Q�R�W �Q�H�H�G�H�G��

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

�E�H�D�P �W�R �P�L�V�V �W�K�H �H�Q�W�U�D�Q�F�H �R�I �W�K�H �E�H�D�P�V�S�O�L�W�W�H�U�� ���F�� �6�L�G�H �Y�L�H�Z �R�I �W�K�H �S�U�L�V�P�� �$ �U�R�W�D�W�L�R�Q �L�Q �W�K�L�V �S�O�D�Q�H �F�D�X�V�H�V �W�K�H �U�H�W�X�U�Q�L�Q�J �E�H�D�P �W�R
�E�H �P�L�V�D�O�L�J�Q�H�G�� ���G�� �0�D�Q�X�D�O �F�R�O�O�L�P�D�W�L�R�Q �V�H�W�X�S �X�V�L�Q�J �D �V�L�Q�J�O�H �O�H�Q�V�� �7�K�H �D�S�H�U�W�X�U�H �V�W�R�S �E�H�K�L�Q�G �W�K�H �O�H�Q�V �U�H�S�U�H�V�H�Q�W�V �W�K�H �R�S�H�Q�L�Q�J �R�I

�W�K�H �E�H�D�P�V�S�O�L�W�W�H�U�� ���H�� �&�U�R�V�V���V�H�F�W�L�R�Q �R�I �D �W�U�L�S�O�H�W �F�R�O�O�L�P�D�W�R�U�� �6�R�X�U�F�H���H���� �>���� �@

�:�H �F�D�Q �Q�R�Z �S�U�R�Y�L�G�H �D�Q �D�Q�V�Z�H�U �W�R �5�H�V�H�D�U�F�K �4�X�H�V�W�L�R�Q �����´�+�R�Z �F�D�Q �D �F�R�K�H�U�H�Q�W �I�U�H�H �V�S�D�F�H �R�S�W�L�F�D�O
�G�H�W�H�F�W�L�R�Q �V�\�V�W�H�P �E�H �G�H�V�L�J�Q�H�G �D�Q�G �L�P�S�O�H�P�H�Q�W�H�G �L�Q �D �O�D�E�R�U�D�W�R�U�\ �H�Q�Y�L�U�R�Q�P�H�Q�W �X�V�L�Q�J �E�X�O�N �R�S�W�L�F�V�"�´�� �Z�K�L�F�K
�L�V��

�‡�:�L�W�K �W�K�H �V�\�V�W�H�P �D�U�F�K�L�W�H�F�W�X�U�H �O�D�L�G �R�X�W �L�Q�)�L�J�X�U�H ����������

�‡�8�V�L�Q�J �W�K�H �F�R�P�S�R�Q�H�Q�W�V �V�S�H�F�L�I�L�H�G �L�Q�V�H�F�W�L�R�Q �������D�Q�G�7�D�E�O�H ��������

�‡�:�L�W�K �W�K�H �'�/�, �K�D�Y�L�Q�J �D �O�H�Q�J�W�K �R�I ������ �>m�@ �F�R�P�S�D�W�L�E�O�H �Z�L�W�K �D �G�D�W�D �U�D�W�H �R�I ������ �>Mbit =s�@��

�‡�:�L�W�K �W�K�H �R�S�W�L�F�D�O �V�H�W�X�S �G�H�V�F�U�L�E�H�G �L�Q�V�X�E�V�H�F�W�L�R�Q ������������ �0�D�L�Q �F�K�R�L�F�H�V �D�U�H �W�K�H �X�V�H �R�I �D �S�U�L�V�P �I�R�U �W�K�H
�'�/�, �D�Q�G �D �W�U�L�S�O�H�W �F�R�O�O�L�P�D�W�R�U �I�R�U �W�K�H �F�R�O�O�L�P�D�W�L�R�Q �R�I �W�K�H �E�H�D�P�V��

�7�D�E�O�H ���������6�X�P�P�D�U�\ �R�I �W�K�H �P�R�V�W �L�P�S�R�U�W�D�Q�W �F�R�P�S�R�Q�H�Q�W�V �X�V�H�G �I�R�U �W�K�H �I�L�Q�D�O �V�H�W�X�S��

�&�R�P�S�R�Q�H�Q�W �3�D�U�W �1�D�P�H

�/�D�V�H�U �6�R�X�U�F�H �/�$�=���/�$�%���1�/����������

�,�Q�W�H�Q�V�L�W�\ �0�R�G�X�O�D�W�R�U�0�;���/�1�����������3�'���3���3���)�$���)�$

�0�R�G�X�O�D�W�L�R�Q �%�L�D�V �&�R�Q�W�U�R�O�O�H�U�0�%�&���'�*���/�$�%���$��

�6�L�J�Q�D�O �*�H�Q�H�U�D�W�R�U�7�7�L �7�*��������

�6�L�Q�J�O�H �3�K�R�W�R�G�H�W�H�F�W�R�U�3�'�$�������&

�%�D�O�D�Q�F�H�G �3�K�R�W�R�G�H�W�H�F�W�R�U�3�'�%�������&

�7�U�L�S�O�H�W �&�R�O�O�L�P�D�W�R�U�7�&�����)�&����������

�2�V�F�L�O�O�R�V�F�R�S�H �3�L�F�R�6�F�R�S�H ���������'

�,�Q�I�U�D�U�H�G �&�D�P�H�U�D�&�K�H�H�W�D�K



��
�7�]�W�X�I�Q �-�Q�T�P�I�Q�I�R�X�E�X�M�S�R �E�R�H

�:�I�V�M�h�G�E�X�M�S�R

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

�,�Q �W�K�H �I�L�U�V�W �V�H�F�W�L�R�Q�� �W�K�H �K�D�O�I���Z�D�Y�H �Y�R�O�W�D�J�H �R�I �W�K�H �P�R�G�X�O�D�W�R�U �L�V �G�H�W�H�U�P�L�Q�H�G�� �V�X�F�K �W�K�D�W �W�K�H �R�X�W�S�X�W �V�L�J�Q�D�O
�F�R�U�U�H�F�W�O�\ �D�O�W�H�U�Q�D�W�H�V �E�H�W�Z�H�H�Q0� �D�Q�G180� �� �,�Q �V�H�F�W�L�R�Q �W�Z�R�� �W�K�H �D�O�L�J�Q�P�H�Q�W �R�I �R�S�W�L�F�D�O �H�O�H�P�H�Q�W�V �R�I �W�K�H �V�H�W�X�S
�L�V �Y�H�U�L�I�L�H�G�� �V�X�F�K �W�K�D�W �R�S�W�L�P�D�O �L�Q�W�H�U�I�H�U�H�Q�F�H �F�R�Q�G�L�W�L�R�Q�V �R�F�F�X�U �I�R�U �G�H�W�H�F�W�L�R�Q �R�Q �W�K�H �S�K�R�W�R�G�L�R�G�H�� �,�Q �W�K�H �W�K�L�U�G
�V�H�F�W�L�R�Q�� �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �W�K�H �0�%�& �L�V �Y�H�U�L�I�L�H�G�� �Z�K�L�F�K �L�V �Q�H�H�G�H�G �W�R �F�R�Q�W�L�Q�X�R�X�V�O�\ �R�X�W�S�X�W �W�K�H �F�R�U�U�H�F�W
�V�L�J�Q�D�O�� �,�Q �V�H�F�W�L�R�Q �I�R�X�U �L�W �L�V �Y�H�U�L�I�L�H�G �W�K�D�W �D�F�W�X�D�O �'�3�6�. �G�H�P�R�G�X�O�D�W�L�R�Q �L�V �S�H�U�I�R�U�P�H�G�� �)�L�Q�D�O�O�\�� �L�Q �V�H�F�W�L�R�Q ����
�W�K�H �I�L�Q�D�O �L�P�S�O�H�P�H�Q�W�H�G �K�D�U�G�Z�D�U�H �V�H�W�X�S �L�V �S�U�H�V�H�Q�W�H�G �D�V �Z�H�O�O �D�V �W�K�H �W�H�V�W �S�O�D�Q��

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

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

���� �7�K�H �D�S�S�U�R�S�U�L�D�W�H �D�P�S�O�L�W�X�G�H �R�I �W�K�H �5�) �L�Q�S�X�W �V�L�J�Q�D�O�� �)�R�U �2�2�. �D�Q�G �%�3�6�. �W�K�L�V �L�VV� =2 �D�Q�GV� �� �U�H��
�V�S�H�F�W�L�Y�H�O�\��

�$�V �V�H�H�Q �L�Q�V�X�E�V�H�F�W�L�R�Q ������������ �W�K�H �E�L�D�V �S�R�L�Q�W �G�H�S�H�Q�G�V �R�Q �W�K�H �K�D�O�I���Z�D�Y�H �Y�R�O�W�D�J�H �R�I �W�K�H �'�& �S�R�U�W �R�I �W�K�H
�P�R�G�X�O�D�W�R�U�� �6�L�Q�F�H �W�K�H �E�L�D�V �F�R�Q�W�U�R�O�O�H�U �I�L�Q�G�V �W�K�H �F�R�U�U�H�F�W �E�L�D�V �S�R�L�Q�W �U�H�J�D�U�G�O�H�V�V �R�I �W�K�H �V�S�H�F�L�I�L�FV�;DC �� �L�W �G�R�H�V
�Q�R�W �Q�H�H�G �W�R �E�H �G�H�W�H�U�P�L�Q�H�G �R�U �Y�H�U�L�I�L�H�G�� �7�K�L�V �L�V �Q�R�W �D�S�S�O�L�F�D�E�O�H �W�R �W�K�H �5�) �S�R�U�W �D�V �W�K�H �D�P�S�O�L�W�X�G�H �R�I �W�K�H �V�L�J�Q�D�O
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