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Abstract Identifying volcanic transitions from quiescence to unrest and tracking subsurface evolu-
tion remains critically challenging. We analyzed continuous seismic records from Askja volcano (Iceland)
from 2008–2024 using coda wave interferometry to track relative seismic velocity variations (dv/v) as a proxy
for subsurface changes during renewed volcanic intrusion. This analysis is complemented with three addi-
tional methods: network covariance matrix analysis, Displacement Seismic Amplitude Ratio (DSAR) single-
station analysis, and sensitivity kernel analysis, alongside GNSS, earthquake catalog, and meteorological
datasets. Since August 2021, dv/v measurements revealed an abrupt transition from regular seasonal oscil-
lations (±0.2%) to predominantly negative values reaching -0.7% near the inflation center, coinciding with
76cm GNSS-detected ground uplift by August 2024. DSAR indicated higher seismic attenuation near the in-
flation source, suggesting volatile accumulation in the shallow subsurface through June 2022, followed by
marked decreases associated with depressurization. Sensitivity kernel analysis demonstrated wave sensi-
tivity reaches down to 3km depth, encompassing the shallow reservoir levels. Integrated seismic observa-
tions revealed magma-induced seismic velocity drops, followed by system reorganization with frequency-
dependent recovery, and finally establishment of a new state with hydrothermal circulation maintaining al-
tered seismic properties. This approach demonstrates the effectiveness of continuous seismicmonitoring for
detecting volcanic unrest transitions and tracking evolving subsurface processes.

1 Introduction
Located within Iceland’s Northern Volcanic Zone (Fig-
ure 1), the Askja volcanic system experienced a rapid
inflation of 76.5 ± 0.6 cm from August 2021 to August
2024, measured by a Global Navigation Satellite Sys-
tems (GNSS) station named OLAC, with continued infla-
tionbeyond the studyperiod (Veðurstofa Íslands, 2023d;
Sturkell et al., 2023; Parks et al., 2024) (Figure 2). Recent
studies proposed several mechanisms for this deforma-
tion: (1) elastic deformation from activemagmatic fluid
migration (Parks et al., 2024; Han et al., 2024), (2) de-
layed poro-viscoelastic response of the shallow crust to
fluidmigration (Koymans et al., 2023; Parks et al., 2024),
and (3) hydrothermal processes (Petrosino et al., 2023;
Koymans et al., 2023). Distinguishing between mag-
matic fluid migration and poroviscoelastic responses
remains challenging, particularlywhen consideringpo-
tential hydrothermal influences.
These mechanisms can be further assessed by using

coda wave interferometry. This is a widely used seismic
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imaging technique that utilizes multiply-scattered seis-
mic waves to estimate their Green’s function and mea-
sure weak changes in seismic velocities (e.g., Snieder,
2006). This imaging technique can be applied actively,
using repetitive sources throughout a limited period
(e.g., Ratdomopurbo and Poupinet, 1995; Wegler and
Sens-Schönfelder, 2007), or passively, using seismic
noise cross-correlation (e.g., Campillo and Paul, 2003;
Shapiro et al., 2005; Brenguier et al., 2008). Passive
coda wave interferometry has been applied to multiple
volcanoes worldwide, revealing diverse patterns of pre-
eruptive and co-eruptive velocity changes. For exam-
ple, at Merapi (Indonesia), seasonal velocity variations
were observed and attributed to hydrological effects
from groundwater level changes (Sens-Schönfelder and
Wegler, 2006). Piton de la Fournaise (La Reunion,
France) showed velocity decreases of 0.05% several
weeks before eruptions, suggesting pre-eruptive infla-
tion due to increasedmagma pressure (Brenguier et al.,
2008), while Mount Ruapehu (New Zealand) showed a
0.8% velocity decrease starting two days before the 2006
eruption, attributed to fracture opening from a magma
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Figure 1 Monitoring network used around Askja volcano, Iceland. The map shows the seismic stations (red triangles) and
GNSS stations (blue diamonds) locations. The inflating sill from 20 September 2021 to 10 September 2023, modeled by Parks
et al. (2024) is in orange. The density of seismic events located by Veðurstofa Íslands (2023a) since 2009 is heat-mapped from
green (low) to blue (high). The main caldera is outlined with a dashed line, with Öskjuvatn lake in the center. North and
East of the main caldera, there are concentrated fissure swarm areas (gray lines). The purple star is the eruption location of
the Bárðarbunga-Holuhraun dike in 2014. The purple line is the Kárahnjúkar dam location. The inset map (top right) shows
the location of the volcanic systems in Iceland within the NVZ and rift zone. Map data are from Náttúrufræðistofnun Íslands
(Icelandic Institute of Natural History) (2025) and Graham et al. (2025).

pocket pressurization (Mordret et al., 2010). At White
Island (New Zealand), velocity increases were identi-
fied during volcanic activity in 2012–2013 and preceding
a 2016 phreatic eruption, with the technique success-
fully distinguishing volcanic signals from seasonal and
coseismic effects by comparing local and distant sta-
tion records (Yates et al., 2019). At Kawah-Ijen (Indone-
sia), significant seismic velocity drops of >0.2%were ob-
served during two major unrest periods in 2011–2012,
with these variations concurrent with monochromatic
tremor activity, lake temperature increases, and mass
discharge episodes. All this suggested that velocity
changes were associated with shallow hydrothermal
processes rather than deeper magmatic activity (Cau-
dron et al., 2015).
In Iceland’s Northern Volcanic Zone, seismic velocity
variations can reflect minor crustal stress changes that
are influenced by various factors, including volcanic ac-
tivity, seasonal variations, and tectonic processes (e.g.,
Donaldson et al., 2019; Nowé et al., 2021). Specifically,
Donaldson et al. (2019) demonstrated a linear correla-

tion between seismic velocity changes and volumetric
strain associatedwith the 2014 Bárðarbunga-Holuhraun
dike intrusion, showing that stations in regions of com-
pression exhibited velocity increases while those in
dilatational regions showed decreases. Complement-
ing these findings, Nowé et al. (2021) identified three
distinct seismic source types around the Vatnajökull
icecap: permanent oceanic sources, seasonal glacial-
related sources linked to enhanced river flow during
ice melting periods, and episodic volcanic sources in-
cluding the Bárðarbunga-Holuhraun eruption. Seismic
velocity sensitivity to stress variations underlines their
utility as a monitoring tool for detecting and under-
standing the dynamic processes within volcanic sys-
tems. While individual seismic analysis techniques
have proven valuable in volcanic monitoring, there
remains considerable potential for integrating multi-
ple complementary seismic approaches to provide en-
hanced constraints on subsurface processes during vol-
canic unrest.

In this study, to distinguish volcanic signals from
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�/�0��� �. ���-� ���0� �/�* �/�#� �$�- ���$�.�/���)��� �/�* �/�#� �$�)�Ÿ���/�$�*�) �.�*�0�-��� 
�ø�����-�&�. � �/ ���'�Ù�Ú�§�¥�§�©�Ü��� �™�0�-�.�/�*�!�� �s�.�'���)���.�Ú�§�¥�§�¨���Ú���ù�Ù ���#� 
�$�)�Ÿ���/�$�*�) �*�)�.� �/ �*�����0�-�-� �� �*�) ���0�"�0�.�/ �­�Ú �§�¥�§�¦�Ú ���)�� �� �#�$�"�#
�-���/� �*�! �¬�¥�Ù�¦�® ���(���4�- �ø���/ ���
���� �.�/���/�$�*�)�ù �2���. �(���$�)�/���$�)� ��
�0�)�/�$�' ��� �+�/� �(��� �- �§�¥�Ú �§�¥�§�¦�Ù ���-�*�( ��� �+�/� �(��� �- �§�¥�§�¦ �/�*
��� �+�/� �(��� �- �§�¥�§�¨�Ú �/�#� �-���/� �2���. �§�¬�Ù�ª�­ ���(���4�- ���/ ���
�����Ú �§�§�Ù�¬�¬
���(���4�- ���/ ���������Ú �¦�«�Ù�¦�ª ���(���4�- ���/ ���������Ú ���)�� �©�Ù�¥�¨ ���(���4�- ���/
���������Ù ���#� �)�Ú �/�#� �-� �2���. �� �-� ���0��� �� �-���/� �*�! �$�)�Ÿ���/�$�*�) �!�-�*�(
��� �+�/� �(��� �- �§�¥�§�¨ �2�$�/�# �� �(� ���) �*�! �®�Ù�­�ª� �§�Ù�¨�« ���(���4�- �!�-�*�(
���
�����Ú ���������Ú ���)�� �������� �.�/���/�$�*�)�.�Ù �������$�/�$�*�)���'�'�4�Ú �/�#� �#�*�-�ð
�$�5�*�)�/���' ���$�.�+�'����� �(� �)�/�. �*�! �/�#� �������� �.�/���/�$�*�)�. �.�#�*�2� �� ���)
�*�0�/�2���-�� �(�$�"�-���/�$�*�) �!�-�*�( �/�#� �$�)�Ÿ���/�$�*�) �.�*�0�-��� �Ú �2�$�/�# �$�)�ð
���-� ���.�$�)�" ���$�.�/���)��� ��� �/�2� � �) �/�#� �.�/���/�$�*�)�. ���
���� ���)�� ��������
�ø���$�"�0�-� �§�ù�Ù

���-�*�( �/�#� ��� �™�0�-�.�/�*�!�� �s�.�'���)���.�ø�§�¥�§�¨���ù � ���-�/�#�,�0���&� �����/���ð
�'�*�"�Ú �2� �*���.� �-�1� �� ���) �$�)���-� ���.� �$�) �.� �$�.�(�$���$�/�4 ���/ �/�#� �*�)�.� �/
�*�! �/�#� �$�)�Ÿ���/�$�*�) �2�$�/�# �«�­�Ú �¦�¥�®�Ú ���)�� �ª�ª � �1� �)�/�. �$�) ���0�"�0�.�/�Ú
��� �+�/� �(��� �-�Ú ���)�� �����/�*��� �- �§�¥�§�¦�Ú �-� �.�+� ���/�$�1� �'�4�Ú ��� � �- �ž�'�/� �-�ð
�$�)�" �/�* �*�)�'�4 �$�)���'�0��� � �1� �)�/�. �2�$�/�#M L > 0:65�Ú �/�* �������*�0�)�/
�!�*�- �1���-�4�$�)�" �(���"�)�$�/�0��� �*�! ���*�(�+�'� �/� �)� �.�. �ø���$�"�0�-� �§���ù�Ù ���)
�� �'�*�)�"� �- �/�$�(� �.�����'� �Ú �/�#� �$�)�Ÿ���/�$�*�) �2���. �������*�(�+���)�$� �� ���4
�$�)���-� ���.� �� �.� �$�.�(�$�� �����/�$�1�$�/�4�Ú �2�$�/�# �� �+�-� �ð�$�)�Ÿ���/�$�*�) �(� ���$���)
�*�! �¦�ª � �1� �)�/�. �+� �- �(�*�)�/�#�Ú �2�#�$���# �$�)���-� ���.� �� �/�* �§�« � �1� �)�/�.
�+� �- �(�*�)�/�# �!�-�*�( ���*�1� �(��� �- �§�¥�§�¦�Ù���$�)��� �- � �/ ���'�Ù�ø�§�¥�§�¨�ù
�.�#�*�2� �� �/�#���/ �/�#� �.� �$�.�(�$���$�/�4 �-���/� �$�)���-� ���.� ���/ �/�#� �*�)�.� �/
�*�! �$�)�Ÿ���/�$�*�) �$�. ���*�)��� �)�/�-���/� �� ���-�*�0�)�� �/�#� �–�.�&�%�0�1���/�) �-�$�)�"
�!���0�'�/�Ú ���'�*�.� �/�* �/�#� �$�)�!� �-�-� �� �.�$�'�' �ø���$�"�0�-� �§���ù�Ù ���*�����' �(� ���#�ð
���)�$�.�(�. �$�)���$�����/� �� ���*�)�.�$�.�/� �)�/ �-� �1� �-�.� �!���0�'�/�$�)�" �+���-���'�'� �' �/�*
�/�#� �$�)�)� �-�ð�����'��� �-�� �-�$�( �ø���$�)��� �- � �/ ���'�Ù�Ú�§�¥�§�¨�Ü���$�"�"� �-�. � �/ ���'�Ù�Ú
�§�¥�§�©�ù�Ù

���* ���*�(�+�'� �(� �)�/ �/�#� ��� �!�*�-�(���/�$�*�) �����/�� ���)�� �0�)��� �-�.�/���)��
�/�#� �.�0���.�0�-�!����� �(���.�. ���#���)�"� �.�Ú���*�4�(���)�. � �/ ���'�Ù�ø�§�¥�§�¨�ù
�#���1� ���*�)���0���/� �� �(�$���-�*�"�-���1�$�/�4 �.�0�-�1� �4�.�Ù �	�*�2� �1� �-�Ú �)�* �(�$�ð
���-�*�"�-���1�$�/�4 �(� ���.�0�-� �(� �)�/�. �2� �-� �(����� ��� �/�2� � �) �§�¥�¦�¬ ���)��
�§�¥�§�¦�Ú ��� �!�*�-� �/�#� �*�)�.� �/ �*�! �/�#� �"�-�*�0�)�� �0�+�'�$� �Ù ���$�/�#�$�) �/�#� 
�����/�� �"���+�Ú �(�$���-�*�"�-���1�$�/�4 �$�)���-� ���.� �� �$�) �/�#� ��� �)�/� �- �*�! �/�#� 
�����'��� �-���Ù ���#� �'�$�(�$�/� �� �����/�� ���$�� �)�*�/ �'� �/���*�4�(���)�. � �/ ���'�Ù
�ø�§�¥�§�¨�ù ��� �/� �-�(�$�)� �2�#� �/�#� �- �/�#� �$�)���-� ���.� �2���. �'�$�)� ���- �*�-
�.�0����� �) ���/ �� �"�$�1� �) �/�$�(� �Ù ���-�*�( ���0�"�0�.�/ �§�¥�§�¦ �/�* �§�¥�§�§�Ú �(�$�ð
���-�*�"�-���1�$�/�4 �*���.� �-�1���/�$�*�)�. �#���1� �)�*�/ �.�#�*�2�) ���#���)�"� �. ���)��
���-� ���.�.�*���$���/� �� �2�$�/�# �'���-�"� �0�)��� �-�/���$�)�/�$� �.�Ù ���-�*�( �§�¥�§�§ �/�*
�§�¥�§�¨�Ú �%�*�$�)�/ �$�)�1� �-�.�$�*�) �*�! ��� �!�*�-�(���/�$�*�) ���)�� �(�$���-�*�"�-���1�$�/�4
�����/�� �.�#�*�2�. �� �(���.�. �$�)���-� ���.� 6:27�ñ10:1 � 1010 �&�" �/�#���/ �$�.
���*�)�.�/�-���$�)� �� �/�#�-�*�0�"�# �(�*��� �'�$�)�" �/�* ��� �����0�.� �� ���4 �� �(���.�.
�$�)�/�-�0�.�$�*�) �2�$�/�# ��� �)�.�$�/�4 ��� �/�2� � �)1606�ñ3743kg=m3�Ú ���*�)�ð
�.�$�.�/� �)�/ �2�$�/�# �����.���'�/�$�� �(���"�(�� �ø��� �+�s�'�1� �����ð���-���4�� � �/ ���'�Ù�Ú�0�)�ð
��� �- �-� �1�$� �2�ù�Ù ���#�0�.�Ú �(�$���-�*�"�-���1�$�/�4 �(� ���.�0�-� �(� �)�/�. �.�#�*�2� ��
���) �$�)���-� ���.� �/�#���/ �.�+���)�)� �� �/�#� �$�)�Ÿ���/�$�*�) �*�)�.� �/ ���)�� ���*�)�ð
�/�$�)�0� �� �/�#�-�*�0�"�# �§�¥�§�¨�Ü �/�#�*�0�"�# �2�#� �/�#� �- �/�#� �$�)�$�/�$���' ���#���)�"� 
�2���. �.�0����� �) �*�- �"�-�����0���' �-� �(���$�)�. �0�)���'� ���-�Ù���*�4�(���)�.
� �/ ���'�Ù�ø�§�¥�§�¨�ù �$��� �)�/�$�ž� �� �.� �1� �-���' �+�-�*��� �.�.� �. �/�#���/ ���*�0�'�� � �3�ð
�+�'���$�) �/�#� �*���.� �-�1� �� �0�+�'�$� �Ú �$�)���'�0���$�)�" �.�0���.�0�-�!����� ��� �)�ð
�.�$�/�4 ���#���)�"� �. ���)�� �1�$�.���*� �'���.�/�$�� � �¡� ���/�.�Ù ���$�.�/�$�)�"�0�$�.�#�$�)�" ��� �ð
�/�2� � �) �/�#� �.� �(� ���#���)�$�.�(�. �-� �(���$�)�. ���#���'�'� �)�"�$�)�" �"�$�1� �) �/�#� 
���1���$�'�����'� �����/���Ù
���*�(�+�'� �(� �)�/���-�4 �"� �*�+�#�4�.�$�����' �(� �/�#�*���. �+�-�*�1�$��� �������$�ð
�/�$�*�)���' ���*�)�.�/�-���$�)�/�. �*�) �/�#� �.�/�-�0���/�0�-� �*�! �/�#� �(���"�(���/�$�� �.�4�.�ð
�/� �( ��� �)� ���/�# ���.�&�%���Ù ��� �$�.�(�$�� �/�*�(�*�"�-���+�#�4 �.�0�-�1� �4�. �.�#�*�2
���/ �'� ���.�/ �/�#�-� � �(� �'�/ �-� �.� �-�1�*�$�-�. ���/� �§ �&�(�Ú� �ª �&�( �ø�(���$�)
�.�/�*�-���"� �ù�Ú ���)��� �® �&�( ��� �'�*�2 �.� �� �'� �1� �' �ø���-� � �)�ž� �'�� � �/ ���'�Ù�Ú
�§�¥�¦�«�Ü�	���) � �/ ���'�Ù�Ú�§�¥�§�©�Ü���*�)� � �/ ���'�Ù�Ú�§�¥�§�ª�ù�Ù ��� �$�.�(�$�� �����/�$�1�$�/�4
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�)�/� �"�-���/� �� �.� �$�.�(�$�� �(�*�)�$�/�*�-�$�)�" �-� �1� ���'�. �.�0���.�0�-�!����� � �1�*�'�0�/�$�*�) ���0�-�$�)�" �1�*�'�����)�$�� �$�)�!�'���/�$�*�) ���/ ���.�&�%�� �1�*�'�����)�*�ê �
��� �'���)��

���$�"�0�-� �µ��� �$�.�(�$�� � �1� �)�/�. ���)�� �������� ���$�.�+�'����� �(� �)�/ ���-�*�0�)�� �®�.�&�%�0�1���/�) �����'��� �-�� �!�-�*�( �µ�³�´�¸ �/�* �µ�³�µ�·�é ���é ��� �(�+�*�-���' � �1�*�'�0�/�$�*�) �*�!
�1� �-�/�$�����' ���$�.�+�'����� �(� �)�/ �������ê �$�) ���(�� �!�*�- ���
�����ê ���������ê ���������ê ���)�� �������� �������� �.�/���/�$�*�)�. �-� �'���/�$�1� �/�* �µ�³�´�¸ ���)�� �/�#� �#�*�-�$�5�*�)�/���' ���$�.�/���)��� 
��� �/�2� � �) ���
���� ���)�� �������� �.�/���/�$�*�)�. �$�) ���'�����&�é �����-�& �"�-� � �) �����-�. �.�#�*�2 �(�*�)�/�#�'�4 �.� �$�.�(�$�� � �1� �)�/ ���*�0�)�/�. �!�$�'�/� �-� �� �����*�1� �(���"�)�$�/�0��� 
�³�é�¹�¸ �/�* �������*�0�)�/ �!�*�- �1���-�4�$�)�" �(���"�)�$�/�0��� �*�! ���*�(�+�'� �/� �)� �.�. ���)�� �'�$�"�#�/ �"�-� � �) �����-�. �.�#�*�2 ���'�' �-� ���*�-��� �� � �1� �)�/�. �+� �- �(�*�)�/�#�é ���é ���+���/�$�*�ÿ
�/� �(�+�*�-���' �#�*�-�$�5�*�)�/���' ���$�.�+�'����� �(� �)�/ �!�*�- �/�#� �!�*�0�- �������� �.�/���/�$�*�)�.�ê �2�$�/�# �/�#� ���*�/�. �-� �+�-� �.� �)�/�$�)�" �/�#� �/�-���%� ���/�*�-�$� �. ���*�'�*�-� �� ���4 �����/� �ê �2�$�/�#
�/�#� ���*�-�-� �.�+�*�)���$�)�" �.�����'� �*�! �/�#� ���$�.�+�'����� �(� �)�/ �*�) �/�#� ���*�/�/�*�( �-�$�"�#�/�é ���#� �������&�"�-�*�0�)�� �.�#�*�2�. �®�.�&�%�0�1���/�) �'���&� ���)�� �����'��� �-�� �2�$�/�#
�.� �$�.�(�$�� � �1� �)�/ �����
� �³�é�¹�¸�� ��� �)�.�$�/�4 �+� �- �.�+���/�$���' ���$�) �*�! �³�é�µkm2�é �����/�� ���-� �.�#�*�2�) �2�$�/�# �/�#� �$�- � �-�-�*�- �����-�. ���)�� �!�$�'�/� �-� �� �0�.�$�)�" �� �¶�³�ÿ�+�*�$�)�/
�'���"�"� �� �(� ���$���) �!�$�'�/� �- �/�* �-� ���0��� �(� ���.�0�-� �(� �)�/ �)�*�$�.� �é

�$�. ��� �/� ���/� �� �$�) �/�#� �0�+�+� �- �§�¥ �&�(�Ú ���/ �¦�ª �&�( ���)�� ���-�*�0�)�� �§ �&�(
��� �+�/�#�Ú �.�0�"�"� �.�/�$�)�" ���-�0�.�/���'�ð�.�����'� �(� �'�/ �/�-���)�.�+�*�-�/ �ø���-� � �)�ð
�ž� �'�� � �/ ���'�Ù�Ú�§�¥�¦�«�ù�Ù ���*�-� �*�1� �-�Ú �/�#� �§�Ù�­ �&�( ��� �+�/�# ���'�.�* ���*�-�ð
�-� �.�+�*�)���. �/�* �/�#� ��� �!�*�-�(���/�$�*�) �.�*�0�-��� �'�*�����/�$�*�)�.�Ú �������*�-���ð
�$�)�" �/�* �� �#�*�(�*�"� �)� �*�0�. � �'���.�/�$�� ��� �!�*�-�(���/�$�*�) �(�*��� �' �ø�����-�&�.
� �/ ���'�Ù�Ú�§�¥�§�©�ù�Ù�����-�&�. � �/ ���'�Ù�ø�§�¥�§�©�ù �.�#�*�2 �/�#���/ ��� �/�2� � �) ���0�'�4 �§�«
���)�� ��� �+�/� �(��� �- �§�¥�Ú �§�¥�§�¦�Ú �*�)� �.�*�0�-��� �$�. �$�)�Ÿ���/�$�)�" ���/ �§�Ù�­ �&�(
��� �+�/�#�Ú ���)�� �� �.� ���*�)�� �$�. ��� �Ÿ���/�$�)�" ���/ �"�-� ���/� �- ��� �+�/�#�Ù ���#� �.� 
�.�*�0�-��� �. ���-� �$�)�/� �-�+�-� �/� �� ���. �-� �Ÿ� ���/�$�)�" ���) �0�+�2���-�� �(�$�"�-���ð
�/�$�*�) �*�! �(���"�(���/�$�� �Ÿ�0�$���.�Ù ��� � �- ��� �+�/� �(��� �- �§�¥�Ú �§�¥�§�¦�Ú �*�)�'�4
�*�)� �$�)�Ÿ���/�$�*�) �.�*�0�-��� �2���. �$��� �)�/�$�ž� �� ���/ �� ��� �+�/�# �*�! �§�Ù�¬ �&�(�Ù
���#�$�. ��� �#���1�$�*�- �.�0�"�"� �.�/�. �/�#���/ �/�#� �(���"�(�� �2���. �-� ���#���-�"�$�)�"
�!�-�*�( ��� �+�/�# �*�- �-� �+�-� �.� �)�/�. �� �+�*�-�*�ð�1�$�.���*� �'���.�/�$�� �-� �.�+�*�)�.� 
�/�* �$�)�$�/�$���' �(���"�(�� �(�$�"�-���/�$�*�) �ø�����-�&�. � �/ ���'�Ù�Ú�§�¥�§�©�ù�Ù

�¶ �����/�� ���)�� ��� �/�#�*��

�¶�é�´ �����/��

���#� �(���$�) �����/�� �!�*�- �/�#�$�. �.�/�0���4 ���-� ���*�)�/�$�)�0�*�0�. �.� �$�.�(�$��
�-� ���*�-���. �����,�0�$�-� �� ���/ �¦�ª �.�/���/�$�*�)�. �(���)���"� �� ���4 �/�#� �����(�ð
���-�$���"� ���*�'�����)�* ��� �$�.�(�*�'�*�"�4 �-� �.� ���-���# �"�-�*�0�+�Ú �$�) ���*�'�'�����*�ð
�-���/�$�*�) �2�$�/�# �/�#� ���)�$�1� �-�.�$�/�4 �*�! �
��� �'���)�� �ø�.�/���/�$�*�)�. �2�$�/�# �!�*�0�-�ð
�'� �/�/� �- �)���(� �.�ù ���)�� �/�#� �
��� �'���)���$�� ��� �/� �*�-�*�'�*�"�$�����' ���¢��� 
�ø�
�����ù �ø���$�"�0�-� �¦�ù�Ù ���#� �.�/���/�$�*�)�. ��� �"���) �*�+� �-���/�$�)�" �*�) ���0�'�4
�¦�Ú �§�¥�¥�¬�Ú �2�$�/�# ���*�)�/�$�)�0�*�0�. �-� ���*�-���$�)�"�. �!�-�*�( ���0�'�4 �§�¥�¥�­ �*�)�ð
�2���-���Ù ���0�- ���)���'�4�.�$�. � �3�/� �)���. �/�* ���0�'�4 �§�¬�Ú �§�¥�§�©�Ù ���#�-�*�0�"�#�*�0�/
�/�#�$�. �¦�¬�ð�4� ���- �+� �-�$�*���Ú �.� �$�.�(�$�� �(�*�)�$�/�*�-�$�)�" �2���. ���*�)���0���/� ��
�/�#�-�*�0�"�# �/�#�-� � �.�0����� �.�.�$�1� �)� �/�2�*�-�&�.�Û �©�� �ø�§�¥�¥�¬�ñ�§�¥�¦�¦�ù�Ú ���¬
�ø�§�¥�¦�¦�ñ�§�¥�¦�«�ù�Ú ���)�� �­�� �ø�.�$�)��� �§�¥�¦�«�ù�Ù ���#� �)� �/�2�*�-�& ���*�)�.�$�.�/�.
�*�! �¦�¦ ���u�-���'�+ �«���� ���-�*���������)�� �.� �$�.�(�*�(� �/� �-�. �ø�¨�¥�ð�.� ���*�)��
���*�-�)� �- �!�-� �,�0� �)���4�Ú �Ÿ���/ �-� �.�+�*�)�.� �����*�1� �¥�Ù�¥�¨�¨ �	�5�ù�Ú ���)�� �©
�¨���������� �$�)�.�/�-�0�(� �)�/�. �ø�«�¥�ð�.� ���*�)�� ���*�-�)� �- �!�-� �,�0� �)���4�Ú �Ÿ���/
�-� �.�+�*�)�.� �����*�1� �¥�Ù�¥�¦�« �	�5�Ú �������Ú ���
�����Ú �����
�
�Ú ���)�� �
�
�����ù�Ù
������ �.� �$�.�(�$�� �.�/���/�$�*�) �0�.� �� �� �����(���-�$���"� ���u�-���'�+ �«���� �!�-�*�(
�§�¥�¥�¬�ñ�§�¥�¦�¬�Ú �/�#� �) �.�2�$�/���#� �� �/�* ���) �
���� �¨�����������Ù ���0�-�-� �)�/�'�4�Ú
���'�' �.� �$�.�(�*�(� �/� �-�. �$�) �/�#� �)� �/�2�*�-�& �-� ���*�-�� �/�#�-� � ���*�(�+�*�ð
�)� �)�/�.�Û �����.�/�Ú ���*�-�/�#�Ú ���)�� ��� �-�/�$�����'�Ù ��� �1� �-���' �/� ���#�)�$�����'
���#���)�"� �. �*�����0�-�-� �� �/�#�-�*�0�"�#�*�0�/ �/�#� �(�*�)�$�/�*�-�$�)�" �+� �-�$�*���Ù

���-�*�( ���0�'�4 �§�¥�¦�«�Ú �� �.�$�"�)�$�ž�����)�/ �/� �(�+�*�-���-�4 �-� ���0���/�$�*�) �$�)
�/�#� �����(���-�$���"� �)� �/�2�*�-�& �*�����0�-�-� ���Ù ���#� �!�*�'�'�*�2�$�)�" �4� ���-�Ú
�/�#� �)� �/�2�*�-�& �2���. �-� �.�/�*�-� ���Ú ���)�� �/�#� �.���(�+�'�$�)�" �-���/� �2���.
�.�2�$�/���#� �� �!�-�*�( �¦�¥�¥ �	�5 �/�* �ª�¥ �	�5 ���/ �/�#� � �)�� �*�! ���0�'�4 �§�¥�¦�¬�Ù
�������$�/�$�*�)���' �/� ���#�)�$�����' �$�.�.�0� �. �$�)���'�0��� �� �� ���'�*���& � �-�-�*�- ���/ �.�/���ð
�/�$�*�) �����	���Ú �$��� �)�/�$�ž� �� �$�) �'���/� �§�¥�¦�« ��� �!�*�-� �$�/�. �-� �+�'����� �ð
�(� �)�/�Ù

��� ���'�.�* �0�.� �� �������� �����/�� �ø��� �™�0�-�.�/�*�!�� �s�.�'���)���.�Ú�§�¥�§�¨���ù �*�!
�.�/���/�$�*�)�. ���
�����Ú ���������Ú ���������Ú �������� �/�* �'�*�*�& ���/ �/�#� �"�-�*�0�)��
��� �!�*�-�(���/�$�*�) ���)�� �/�#� �.� �$�.�(�$�� �����/���'�*�" �!�-�*�( �/�#� �
��� �'���)���$��
��� �/� �*�-�*�'�*�"�$�����' ���¢��� �ø��� �™�0�-�.�/�*�!�� �s�.�'���)���.�Ú�§�¥�§�¨���ù �!�-�*�(
�§�¥�¥�® �/�* ���0�'�4 �§�¥�§�©�Ù ���-�*�( �������ª�ð�'���)�� �ø���0�?�*�5 ���������/� �-�Ú
�§�¥�¦�®�ù�Ú �2� � �3�/�-�����/� �� �/� �(�+� �-���/�0�-� �Ú ���$�- �+�-� �.�.�0�-� �Ú �+�-� �ð
���$�+�$�/���/�$�*�)�Ú ���)�� �.�)�*�2 ��� �+�/�# �2���/� �- � �,�0�$�1���'� �)�/ �(� ���.�0�-� �ð
�(� �)�/�.�Ù ���#� �.� �����/���.� �/�. �.�0�+�+�*�-�/ �/�#� ���)���'�4�.�$�. ���)�� �$�)�/� �-�ð
�+�-� �/���/�$�*�) �*�! �/�#� ���*�)�/�$�)�0�*�0�. �.� �$�.�(�$�� �����/���Ù

�¶�é�µ��� �/�2�*�-�&�ÿ�����.� �� ���*�1���-�$���)��� �(���/�-�$�3 ���)���'�4�ÿ
�.�$�.

���#� �.�+� ���/�-���' �2�$���/�# �ø��� �4���*�0�3 � �/ ���'�Ù�Ú�§�¥�¦�«�ù �*�! �ª�¥�¥�¥�ð�.�ð
�'�*�)�" �.�0����� �.�.�$�1� ���*�1���-�$���)��� �(���/�-�$��� �. �2���. ���*�(�+�0�/� �� �/�*
�$��� �)�/�$�!�4 ���*�#� �-� �)�/ �.�$�"�)���'�. �2�$�/�#�$�) �/�#� �(�0�'�/�$�+�'� ���*�)�/�$�)�0�ð
�*�0�. �.� �$�.�(�$�� �����/���Ù ��� �0�.� �/�#� �*�+� �) �.�*�0�-��� ���*�1��� �$�.��� �/
���4�/�#�*�) �+�����&���"� �ø���*�)�" � �/ ���'�Ù�Ú�§�¥�§�©�ù�Ù ���#� �$�)�$�/�$���' �.�/� �+ �2���.
�/�* �+�-� �+�-�*��� �.�. �/�#� �§�©�ð�#�*�0�- �����/�� ���#�0�)�&�. �$�! �'� �.�. �/�#���) �ª�¶
�*�! �/�#� �����/�� �$�. �(�$�.�.�$�)�"�Ù ���#�$�. �+�-� �+�-�*��� �.�.�$�)�" �$�)���'�0��� ��
���*�2�)�.���(�+�'�$�)�" �/�* �ª�¥ �	�5 �0�.�$�)�" �
���)���5�*�. �-� �.���(�+�'�$�)�" �ø�"�$�1�ð
�$�)�" �� ���4�,�0�$�.�/ �!�-� �,�0� �)���4 ���/ �§�ª �	�5�ù�Ú �.�4�)���#�-�*�)�$�5���/�$�*�)�Ú ���)��
���+�+�'�4�$�)�" �/� �(�+�*�-���' ���)�� �.�+� ���/�-���' �)�*�-�(���'�$�5���/�$�*�)�Ù ���$�(� 
���)�� �.�+� ���/�-���' ���*�(���$�) �)�*�-�(���'�$�5���/�$�*�) �/� ���#�)�$�,�0� �.�Ú �.�0���# ���.
�*�)� �ð���$�/ ���)�� �2���/� �-�ð�'� �1� �' �)�*�-�(���'�$�5���/�$�*�)�.�Ú �2� �-� � �(�+�'�*�4� ��
�/�* �-� ���0��� �/�#� �$�(�+�����/ �*�! � ���-�/�#�,�0���&� �.�Ú �$�)�.�/�-�0�(� �)�/���' �-� �ð
�.�+�*�)�.� �Ú ���)�� �)�*�)�ð�.�/���/�$�*�)���-�4 �)�*�$�.� �.�*�0�-��� �.�Ù ���* �-� ���0��� 
���*�)�/���(�$�)���/�$�*�) �!�-�*�( �*��� ���)�$�� �(�$���-�*�.� �$�.�(�.�Ú �2� �.�/�0���$� ��
�!�-� �,�0� �)���$� �. �����*�1� �¥�Ù�ª �	�5 �ø���/� �#�'�4 � �/ ���'�Ù�Ú�§�¥�§�©�ù�Ù ���#� �)�Ú �/�#� 
���-�*�.�.�ð�.�+� ���/�-�� �(���/�-�$��� �. �2� �-� ���*�(�+�0�/� �� �*�) �.�0���ð�2�$�)���*�2�.
�*�! �¦�¥�¥ �.� ���*�)���.�Ù ���#� ���#�*�$��� �*�! �.�0���ð�2�$�)���*�2 �.�$�5� �$�)�1�*�'�1� ��
�� �/�-����� �ð�*�¡ ��� �/�2� � �) �� �-�*���0�.�/ ���*�1���-�$���)��� �(���/�-�$�3 � �.�/�$�(���ð
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�)�/� �"�-���/� �� �.� �$�.�(�$�� �(�*�)�$�/�*�-�$�)�" �-� �1� ���'�. �.�0���.�0�-�!����� � �1�*�'�0�/�$�*�) ���0�-�$�)�" �1�*�'�����)�$�� �$�)�!�'���/�$�*�) ���/ ���.�&�%�� �1�*�'�����)�*�ê �
��� �'���)��

�/�$�*�) ���)�� �"�*�*�� �/�$�(� �-� �.�*�'�0�/�$�*�)�Ù ���#� ��� �/� ���/�$�*�) �*�! ���*�#� �-�ð
� �)�/ �.�$�"�)���'�. ��� �+� �)��� �� �*�) ���*�/�# �/�#� �.�$�5� �*�! �/�#� �2�$�)���*�2�.
���)�� �/�#� �.�/���/�$�*�) ���1���$�'�����$�'�$�/�4 �ø��� �4���*�0�3 � �/ ���'�Ù�Ú�§�¥�¦�«�ù�Ù ���$�ð
�)���'�'�4�Ú �� ���*�1���-�$���)��� �(���/�-�$�3 �2���. � �.�/�$�(���/� �� �*�) � �����# �/�$�(� 
�2�$�)���*�2 ���4 ���1� �-���"�$�)�" ���-�*�.�.�ð�.�+� ���/�-�� �(���/�-�$��� �. �*�1� �- �¦�¥�¥
�.�0���ð�2�$�)���*�2�. �ø��� �4���*�0�3 � �/ ���'�Ù�Ú�§�¥�¦�«�ù�Ù ���-�*�( � �����# ���*�1���-�$�ð
���)��� �(���/�-�$�3�Ú �2� � �3�/�-�����/� �� �/�#� �2�$���/�# �*�! �$�/�. � �$�"� �)�1���'�0� 
���$�.�/�-�$���0�/�$�*�) �/�* � �.�/�$�(���/� �� �.�+� ���/�-���' �2�$���/�# ���/ �� �.�+� ���$�ž�� �!�-� �ð
�,�0� �)���4�Ù ���#� �) �/�#� �.�+� ���/�-���' �2�$���/�# �$�. �'�*�2�Ú �$�/ �$�)���$�����/� �. �/�#� 
� �3�$�.�/� �)��� �*�! �� ���*�(�$�)���)�/ �.�*�0�-��� �/�#���/ �+�-�*���0��� �. ���*�#� �-� �)�/
�.�$�"�)���'�. ���/ �/�#� �)� �/�2�*�-�& �.�����'� �ø���)��� �-�.�*�)�Ú�¦�®�«�¨�ù�Ù ���#� �ž�)���'
�.�/� �+ �2���. ���*�)�����/� �)���/�$�)�" �����$�'�4 �-� �.�0�'�/�. �$�) �/�#� �/�$�(� ���*�(���$�)
�/�* �$�(�+�-�*�1� �.�$�"�)���'�ð�/�*�ð�)�*�$�.� �-���/�$�* �ø��� �4���*�0�3 � �/ ���'�Ù�Ú�§�¥�¦�«�ù
���)�� �+�-�*�1�$��� �1���'�0�����'� �$�)�.�$�"�#�/�. �$�)�/�* �.� �$�.�(�$�� �����/�$�1�$�/�4�Ù
���#�$�. �(� �/�#�*�� �#�$�"�#�'�$�"�#�/� �� �+� �-�.�$�.�/� �)�/ �.�*�0�-��� �.�Ú � �)�����'�$�)�"
���*�)�/�$�)�0�*�0�. �(�*�)�$�/�*�-�$�)�" �*�! �/�#� �.�0���.�0�-�!����� �ø� �Ù�"�Ù�Ú��� �4���*�0�3
� �/ ���'�Ù�Ú�§�¥�¦�«�Ü���*�0��� �.�/�-� � �/ ���'�Ù�Ú�§�¥�¦�­�ù�Ù ���#�$�'� �)� �/�2�*�-�&�ð�����.� ��
���*�1���-�$���)��� �(���/�-�$�3 ���)���'�4�.�$�. �+�-�*�1�$��� �. �$�)�.�$�"�#�/�. �$�)�/�* ���*�ð
�#� �-� �)�/ �.�$�"�)���'�. �����-�*�.�. �/�#� �)� �/�2�*�-�& �/�#�-�*�0�"�# � �$�"� �)�1���'�0� 
���$�.�/�-�$���0�/�$�*�)�.�Ú �2� ���'�.�* � �(�+�'�*�4� �� ���$�.�+�'����� �(� �)�/ ��� �$�.�(�$��
���(�+�'�$�/�0��� �����/�$�* �/�* �(�*�)�$�/�*�- �/� �(�+�*�-���' ���#���)�"� �. �$�) �/�#� 
�.� �$�.�(�$�� �2���1� �ž� �'�� ���/�/� �)�0���/�$�*�) ���/ �$�)���$�1�$���0���' �.�/���/�$�*�)�.�Ù

�¶�é�¶��������

��� ���*�(�+�0�/� �� �/�#� ���$�.�+�'����� �(� �)�/ ��� �$�.�(�$�� ���(�+�'�$�/�0��� �����ð
�/�$�* �ø���������ù �*�) �/�#� �1� �-�/�$�����' ���*�(�+�*�)� �)�/�. �*�! � �����# �.�/���/�$�*�)
�!�*�'�'�*�2�$�)�" �/�#� �(� �/�#�*�� �*�!�����0���-�*�) � �/ ���'�Ù�ø�§�¥�¦�®�ù�Ù ���#�$�.
�(� �/�-�$�� �-� �.�0�'�/�. �!�-�*�( �/�#� �-���/�$�* �*�! �/�#� �����.�*�'�0�/� ���(�+�'�$�/�0��� 
�*�! �'�*�2 ���)�� �#�$�"�#�ð�!�-� �,�0� �)���4 �����)���. �*�1� �- �¦�¥�ð�(�$�)�0�/� �2�$�)�ð
���*�2�.�Ù ���#� �'�*�2�ð�!�-� �,�0� �)���4 �����)�� �2���. ��� �ž�)� �� ��� �/�2� � �) �«
���)�� �® �	�5�Ú �/�#� �-� ���4 ���1�*�$���$�)�" �/�#� �!�-� �,�0� �)���4 �����)���. �2�#� �-� 
�+� �-�.�$�.�/� �)�/ �.�*�0�-��� �. ���-� �(�*�.�/ �����/�$�1� �ø�.� � �-� �.�0�'�/�. �!�-�*�( �.� ���ð
�/�$�*�)�©�Ù�¦�ù�Ù ���#� �#�$�"�#�ð�!�-� �,�0� �)���4 �����)�� �2���. �.� �/ ��� �/�2� � �) �®
���)�� �¦�« �	�5�Ú ���'�'�*�2�$�)�" �/�#� ��� �/� ���/�$�*�) �*�! �.�(���'�'�ð�.�����'� ���-�0�.�/���'
���#���)�"� �. �ø�����0���-�*�) � �/ ���'�Ù�Ú�§�¥�¦�®�ù�Ù ���#�$�. �#���. �'� �� �/�* �/�#� 
�$��� �)�/�$�ž�����/�$�*�) �*�! � �-�0�+�/�$�*�) �+�-� ���0�-�.�*�-�. ���/ �(�0�'�/�$�+�'� �1�*�'�����ð
�)�*� �. �$�) ��� �2 ��� ���'���)�� �ø�����0���-�*�) � �/ ���'�Ù�Ú�§�¥�¦�®�Ü���-���$�� � �/ ���'�Ù�Ú
�§�¥�§�§�Ú�§�¥�§�©�ù�Ú ���. �2� �'�' ���. �����2���#�ð�
�%� �) �$�) �
�)���*�)� �.�$�� �ø�����0�ð
���-�*�) � �/ ���'�Ù�Ú�§�¥�¦�®�ù ���)�� �����1�'�*�! �$�) ���'���.�&���Ú ������ �ø���-���$�� � �/ ���'�Ù�Ú
�§�¥�§�©�ù�Ù

�¶�é�· ��� �'���/�$�1� �.� �$�.�(�$�� �1� �'�*���$�/�4 ���#���)�"� 

���-�*�( �/�#� ���*�)�/�$�)�0�*�0�. �.� �$�.�(�$�� �����/�� �-� ���*�-���.�Ú �2� � �.�/�$�ð
�(���/� �� �/� �(�+�*�-���' ���#���)�"� �. �$�) �.� �$�.�(�$�� �1� �'�*���$�/�4 �2�$�/�#�$�) �/�#� 
�(� ���$�0�( �ø� �Ù�"�Ù�Ú���*�0�+�$�)� �/ � �/ ���'�Ù�Ú�¦�®�­�©�Ü�����/���*�(�*�+�0�-���*
���)�� ���*�0�+�$�)� �/�Ú�¦�®�®�ª�Ü���-� �)�"�0�$� �- � �/ ���'�Ù�Ú�§�¥�¥�­�ù �0�.�$�)�" �/�#� 
�������*�$�.� �+�����&���"� �ø�
� ���*���, � �/ ���'�Ù�Ú�§�¥�¦�©�ù �/�* ���)���'�4�5� ���(���$�ð
� �)�/ �.� �$�.�(�$�� �)�*�$�.� ���-�*�.�.�ð���*�-�-� �'���/�$�*�)�.�Ù
���0�- �����/�� �+�-�*��� �.�.�$�)�" �2�*�-�&�Ÿ�*�2 ��� �"���) �2�$�/�# �/�#� �-� �(�*�1���'
�*�! �/�#� �$�)�.�/�-�0�(� �)�/���' �-� �.�+�*�)�.� �/�* �������*�0�)�/ �!�*�- �.�/���/�$�*�)
���#���)�"� �. �*�1� �- �/�$�(� �Ù ��� � �- ���'�$�"�)�$�)�" �/�#� �.�$�"�)���'�. ���)�� �$�)�ð
�/� �-�+�*�'���/�$�)�" �.�(���'�' �"���+�. �ø�Ç�¦�¥ �.� ���*�)���.�ù�Ú �2� �-� �.���(�+�'� ��
�/�#� �����/�� ���/ �§�ª �	�5 ���)�� ���+�+�'�$� �� �� �����)���+���.�. �!�-�*�( �¥�Ù�¦
�/�* �¦�¥ �	�5�Ù ���#� �.�$�"�)���'�. �2� �-� �/�#� �) �2�$�)�.�*�-�$�5� �� ���4 �/�#�-� � 
�/�$�(� �. �/�#� �-�*�*�/�ð�(� ���)�ð�.�,�0���-� ���(�+�'�$�/�0��� �ø���0�&� �4�Ú�¦�®�«�§�ù
���)�� �.�+� ���/�-���'�'�4 �2�#�$�/� �)� �� �/�* ���) ���(�+�'�$�/�0��� �*�! �¦ �ø� �3��� �+�/
�!�*�- ���0�/�*�ð���*�-�-� �'���/�$�*�)�.�ù �ø��� �)�.� �) � �/ ���'�Ù�Ú�§�¥�¥�¬�ù�Ù ���-�*�( �/�#� �.� 
�+�-�*��� �.�.� �� �.�$�"�)���'�.�Ú �2� ���*�(�+�0�/� �� ���-�*�.�.�ð���*�-�-� �'���/�$�*�)�. ��� �ð
�/�2� � �) �/�2�* �.� �$�.�(�$�� �.�/���/�$�*�)�.�Ù �
�/ ���'�'�*�2� �� �0�. �/�* � �.�/�$�(���/� 
���-� � �)�ç�. �!�0�)���/�$�*�) �*�! �.�����/�/� �-� �� �2���1� �. ���/ �*�)� �.�/���/�$�*�)�Ú ���*�)�ð
�.�$��� �-�$�)�" �/�#� �*�/�#� �- �.�/���/�$�*�) ���. �/�#� �1�$�-�/�0���' �.�*�0�-��� �ø�����(�+�$�'�'�*

���)�� �����0�'�Ú�§�¥�¥�¨�ù�Ù ���#� �-� �.�0�'�/�$�)�" ���-�*�.�.�ð���*�-�-� �'���/�$�*�) �-� �Ÿ� ���/�.
�$�)�!�*�-�(���/�$�*�) �����*�0�/ �/�#� �(� ���$�0�( ���-�*�.�.� �� ���4 �/�#� �2���1� �.
���)�� �$�/�. �(�*���$�ž�����/�$�*�)�. �*�1� �- �/�$�(� ��� �/�2� � �) �/�#� �/�2�* �.�/���ð
�/�$�*�)�. �ø���#���+�$�-�* � �/ ���'�Ù�Ú�§�¥�¥�ª�Ü���-� �)�"�0�$� �- � �/ ���'�Ù�Ú�§�¥�¦�«�Ü�����&���/��
� �/ ���'�Ù�Ú�§�¥�¦�®�Ü�	�0�/���+� �� � �/ ���'�Ù�Ú�§�¥�§�¥�ù�Ù ���#� ���-�*�.�.�ð���*�-�-� �'���/�$�*�)
�2���. ���*�(�+�0�/� �� �!�*�- � �����# �.�/���/�$�*�) �+���$�- �*�) �¨�¥�ð�(�$�)�0�/� �.�0���ð
�2�$�)���*�2�. �!�-�*�( �¥ �/�*� �¦�§�¥ �.� ���*�)���. �'���" ���)�� �.�/�����&� �� �����$�'�4�Ù
���#� �'�$�)� ���- �.�/�����&�$�)�" �2���. � �3�/� �)��� �� �*�1� �- �.� �1� �-���' �����4�. �0�.�ð
�$�)�" �(�*�1�$�)�" �2�$�)���*�2�. �*�! �¦�¥ ���)�� �¨�¥ �����4�. �ø�!�*�- �/�$�(� �.� �-�$� �.
���)�� �(���+�+�$�)�"�Ú �-� �.�+� ���/�$�1� �'�4�ù�Ù ��� ���*�(�+�0�/� �� �������. �!�*�- �$�)�ð
���$�1�$���0���' �+���$�-�. �*�! �.�/���/�$�*�)�. �*�) ���� ���*�(�+�*�)� �)�/�. ���)�� �.�$�)�"�'� 
�.�/���/�$�*�)�. �*�) �/�#� ���-�*�.�.�ð���*�(�+�*�)� �)�/�. �ø�����Ú �����Ú ���)�� �����ù�Ù
���-�*�( �/�#� ���-�*�.�.�ð���*�-�-� �'���/�$�*�) ���)�� �.�+� ���/�-���'�ð�2�$���/�# �-� �.�0�'�/�.�Ú
�2� �$��� �)�/�$�ž� �� �� �.�/�����'� �+� �-�$�*�� �!�-�*�( �§�¥�¦�­ �/�* �§�¥�¦�® �ø���0�+�ð
�+�'� �(� �)�/���-�4 ���$�"�0�-� ���¨�ù�Ù ���#�$�. �+� �-�$�*�� �.�#�*�2� �� �/�#� �(�*�.�/
���*�)�.�$�.�/� �)�/ ���-�*�.�.�ð���*�-�-� �'���/�$�*�) �!�0�)���/�$�*�)�. �ø���0�+�+�'� �(� �)�/���-�4
���$�"�0�-� ���¨�ù ���)�� �/�#� �-� �!�*�-� �2� �-� ���.�.�$�"�)� �� �/�* �/�#� �.�/���/�$�� �-� �!�ð
� �-� �)��� ���-�*�.�.�ð���*�-�-� �'���/�$�*�) �!�0�)���/�$�*�) �ø�
� ���*���, � �/ ���'�Ù�Ú�§�¥�¦�©�ù�Ù
���#�$�. �.�/���/�$�� �-� �!� �-� �)��� ������ �2���. ���*�(�+���-� �� �/�* � �����# �é���0�-�ð
�-� �)�/�é �������. �/�* ��� �/� �-�(�$�)� �/�#� �/�-���1� �' �/�$�(� ��� �'���4�. �*�! ���$�¡� �-�ð
� �)�/ �2���1� ���-�-�$�1���'�. �2�$�/�#�$�) �/�#� ���*���� �2�$�)���*�2�Ú �-���)�"�$�)�" �!�-�*�(
�ª �/�* �¦�§�¥ �.� ���*�)���. �'���"�Ú �2�$�/�# �� ���4�)���(�$�� �(�$�)�$�(�0�( �'���" ��� �ð
�/� �-�(�$�)� �� �!�-�*�( �$�)�/� �-�ð�.�/���/�$�*�) ���$�.�/���)��� �. ���)�� �2���1� �.�+� � ��
�ø�¦ �&�(���.�ù�Ù ���#� �(���3�$�(�0�( �'���" �/�$�(� �!�*�- �/�#� ���*���� �2�$�)���*�2 �$�.
��� �/� �-�(�$�)� �� ���4 �������$�)�" �/�#� �+�-�*���0���/ �*�! �/�#� �+� �-�$�*�� ���)�� �§�¥
���*���� ���4���'� �. �/�* �/�#� �(�$�)�$�(�0�( �'���" �/�$�(� �Ù
���*�- ���*�(�+�0�/�$�)�" �/�#� �.� �/�-���1� �'�ð�/�$�(� ��� �'���4�.�Ú �2� �0�.� �� �/�#� 
�2���1� �'� �/ ���-�*�.�.�ð�.�+� ���/�-�0�( �/�-���)�.�!�*�-�( �ø�������ù �(� �/�#�*�� �ø�����'�ð
�'���/�Ú�¦�®�®�®�Ü�����* � �/ ���'�Ù�Ú�§�¥�§�¥�ù �2�$�/�# �� ���4�)���(�$�� �/�$�(� �'���" ���-�$�ð
�/� �-�$�*�) �/�* ���1�*�$�� �/�#� �����'�'�$�.�/�$�� �2���1� ���-�-�$�1���' �!�*�- �/�#� ���$�¡� �-� �)�/
�.�/���/�$�*�) �+���$�-�. �ø�
� ���*���, � �/ ���'�Ù�Ú�§�¥�¦�©�ù�Ù ���#� ������ �(� �/�#�*�� ���*�)�ð
�1�*�'�1� �. �/�#� �-� �!� �-� �)��� ������ ���)�� �/�#� �é���0�-�-� �)�/�é ������ �2�$�/�# �1���-�ð
�$�*�0�. �.�����'� �� ���)�� �/�-���)�.�'���/� �� �1� �-�.�$�*�)�. �*�! �� �(�*�/�#� �- �2���1� �'� �/�Ù
���#� ���-�*�.�.�ð�.�+� ���/�-�0�( �2���. �����'���0�'���/� �� ���)�� �.�(�*�*�/�#� ���Ú �/�#� �)
�)�*�-�(���'�$�5� �� ���4 �/�#� �$�)���$�1�$���0���' �+�*�2� �- �.�+� ���/�-�0�( �/�* �*���ð
�/���$�) �+�#���.� �$�)�!�*�-�(���/�$�*�) �$�) �/�#� �/�$�(� �ð�!�-� �,�0� �)���4 ���*�(���$�)�Ù
���$�(� ��� �'���4�. �2� �-� ��� �-�$�1� �� �!�-�*�( �+�#���.� ���$�¡� �-� �)��� �. �0�.�$�)�"
dt = � �= (2�f )�Ú �2�#� �-� � �$�. �/�#� �+�#���.� ���)��f �/�#� �!�-� �ð
�,�0� �)���4�Ù ���#� �����'���0�'���/� �� �/�$�(� ��� �'���4�. �4�$� �'�� �/�#� ���#���)�"� �. �$�)
�1� �'�*���$�/�4 �/�#�-�*�0�"�# �'�$�)� ���- �-� �"�-� �.�.�$�*�) �2�$�/�#�$�) ���*���� �2�$�)���*�2�.
� �3�+�-� �.�.� �� ���. �ð���/���/ �Æ ���1���1�Ù

���* �*���/���$�) �� ��� �/�/� �- �$�)�.�$�"�#�/ �$�)�/�* �/�#� ���#���)�"� �. ���0�-�$�)�" �/�#� 
�$�)�Ÿ���/�$�*�) ���)�� �������*�0�)�/ �!�*�- �/�#� �+�*�/� �)�/�$���' �$�(�+�����/ �*�) �/�#� 
���-�*�.�.�ð���*�-�-� �'���/�$�*�) ���/ �$�/�. �*�)�.� �/�Ú �2� ���'�.�* �0�.� �� �(�*�1�$�)�" �-� �!�ð
� �-� �)��� �Ù ���#� �(�*�1�$�)�" �-� �!� �-� �)��� �Ú�v

v (t)ref �Ú �$�. ��� �ž�)� �� ���.
�/�#� �+�-� ��� ���$�)�" �.�/�����& �!�*�- � �����# �+�-�*��� �.�.� �� �����/� �v

v (t)curr �Ú
�2�$�/�# �)�* �*�1� �-�'���+�Ù ���#�0�.�Ú �/�#� �(� ���.�0�-� �� �1� �'�*���$�/�4 �-� �+�-� �ð
�.� �)�/�. �/�#� ���#���)�"� ��� �/�2� � �) �.�0����� �.�.�$�1� �.�/�����&�. �$�) �/�#�$�. �����.� 
�0�.�$�)�" �¦�¥�ð�����4 �.�/�����&�.�Ú �"�$�1�$�)�"

�
�v
v

(t) =
�v
v

(t)curr �
�v
v

(t)ref : ���´��

���#�0�.�Ú �2�#� �) �/�#� �-� �$�. �����/�� �"���+�Ú� �v
v (t) �$�. ���*�(�+�0�/� �� �2�$�/�#

�v
v (t)ref ��� �!�*�-� �/�#� �"���+ ���*�(�+���-� �� �/�* �/�#� �ž�-�.�/�v

v (t)curr

��� � �- �/�#� �"���+�Ú �/�* �������*�0�)�/ �!�*�- �/�#� �.�/� �+ ���#���)�"� �$�) �1� �'�*���$�/�$� �.
���0�-�$�)�" �/�#� �"���+�Ù ���#� �����.�*�'�0�/� ���1���1 �$�. �-� ���*�)�.�/�-�0���/� �� ���4
���0�(�0�'���/�$�1� �.�0�(�(���/�$�*�) �*�! � �����#� �v

v (t)�Ú

�v
v

(t) =
�v
v

(t0) +
tX

k=1

�
�v
v

(k); ���µ��

���)���#�*�-� �� ���/ �5� �-�* ���/ �/�#� �.�/���-�/ �*�! �/�#� ���)���'�4�.�$�. �+� �-�$�*��

�¸ �����
�����
���� � �1�*�'�0�(� �¸�é�µ � �µ�³�µ�¹



�����
�����
���� � ���������������	 �������
���
�� � �
�)�/� �"�-���/� �� �.� �$�.�(�$�� �(�*�)�$�/�*�-�$�)�" �-� �1� ���'�. �.�0���.�0�-�!����� � �1�*�'�0�/�$�*�) ���0�-�$�)�" �1�*�'�����)�$�� �$�)�!�'���/�$�*�) ���/ ���.�&�%�� �1�*�'�����)�*�ê �
��� �'���)��

�ø�vv (t0) = 0 �ù�Ú �(���&�$�)�" �$�/ ���*�(�+���-�����'� �/�* �/�#� �.�/���/�$�� �-� �!� �-�ð
� �)��� ���1���1�Ù
���* ���*�)�.�/�-���$�) �/�#� �*�-�$�"�$�) �*�! �/�#� �1� �'�*���$�/�4 ���#���)�"� �.�Ú �2� ���)�ð
���'�4�5� �� �/�#� �(�0�'�/�$�+�'� �/�$�(� �.� �-�$� �. �����-�*�.�. ���$�¡� �-� �)�/ �!�-� �ð
�,�0� �)���4 �����)���. ���)�� ���*�(�+���-� �� �/�#� �( �2�$�/�# �������� ���)��
�2� ���/�#� �- �(� ���.�0�-� �(� �)�/�.�Ù

�¶�é�¸ ���1���1 �'�*�����/�$�*�)

���)��� �/�#� �-� �'���/�$�1� �1� �'�*���$�/�4 ���#���)�"� �. �2� �-� �(� ���.�0�-� ��
�/�#�-�*�0�"�# �/�$�(� �Ú �.� �)�.�$�/�$�1�$�/�4 �&� �-�)� �'�. �2� �-� ���*�(�+�0�/� �� �/�*
�$��� �)�/�$�!�4 �2�#�$���# ���-� ���. �*�0�- �(� ���.�0�-� �� �1� �'�*���$�/�4 ���#���)�"� �.
�ø���1���1�ù ���-� �/�#� �(�*�.�/ �.� �)�.�$�/�$�1� �/�*�Ú ���'�'�*�2�$�)�" �0�. �/�* �(���+ �/�#� �.� 
���#���)�"� �. �/�#�-�*�0�"�# �$�/� �-���/�$�1� �(�0�'�/�$�.�����'� �$�)�1� �-�.�$�*�)�Ù ���#� 
�.� �)�.�$�/�$�1�$�/�4 �&� �-�)� �'�. ���-� ���*�(�+�0�/� �� �0�.�$�)�" �/�#� ���.�&�%�� �1� �'�*���ð
�$�/�4 �(�*��� �' �!�-�*�(�	���) � �/ ���'�Ù�ø�§�¥�§�©�ù�Ù

���*�- �/�#�$�. �+�0�-�+�*�.� �Ú �2� �ž�-�.�/ ���*�)�.�$��� �- �� �¦�� �"�-�����$� �)�/ �1� �ð
�'�*���$�/�4 �(�*��� �' ��� �-�$�1� �� �!�-�*�( �/�#� �#�*�-�$�5�*�)�/���' ���1� �-���"� �*�!
�/�#� �� ���)�� �� �2���1� �1� �'�*���$�/�$� �. �!�-�*�( �� �¨�� �'�*�����' ���*���4 �2���1� 
�/�*�(�*�"�-���+�#�4 �(�*��� �' �*�! �/�#� ���.�&�%�� �1�*�'�����)�$�� �.�4�.�/� �( �ø�	���)
� �/ ���'�Ù�Ú�§�¥�§�©�ù�Ù ���#� �1� �'�*���$�/�4 �(�*��� �' �.�#�*�2�. �#�*�2 �/�#� �.� �$�.�ð
�(�$�� �1� �'�*���$�/�$� �. ���#���)�"� �������*�-���$�)�" �/�* �/�#� �.�/�-�0���/�0�-� �. �*�!
�/�#� �(� ���$�0�( ���/ ���$�¡� �-� �)�/ ��� �+�/�#�.�Ù ���* �0�)��� �-�.�/���)�� �#�*�2
���#���)�"� �. �$�) �/�#� �(� ���$�0�(�ç�. �+�-�*�+� �-�/�$� �. ���¡� ���/ �*�0�- �.� �$�.�(�$��
�(� ���.�0�-� �(� �)�/�.�Ú �2� ���*�(�+�0�/� �� �.� �)�.�$�/�$�1�$�/�4 �&� �-�)� �'�. �*�! �.�0�-�ð
�!����� �2���1� �. �0�.�$�)�" �/�#� ���$�.���� �+�4�/�#�*�) �+�����&���"� �ø�
�0�0�Ú�§�¥�§�¥�ù�Ú
�0�)��� �- �/�#� ���.�.�0�(�+�/�$�*�) �/�#���/ �.�0�-�!����� �2���1� �. ���*�(�$�)���/� �/�#� 
�-� ���*�-��� �� �2���1� �ž� �'���Ù ���#� �.� �)�.�$�/�$�1�$�/�4 �&� �-�)� �' �,�0���)�/�$�ž� �.
�#�*�2 �/�#� �1� �'�*���$�/�$� �. �*�! �����4�'� �$�"�# ���)�� �
�*�1� �.�0�-�!����� �2���1� �.
�-� �.�+�*�)�� �/�* �1���-�$���/�$�*�)�. �$�) �/�#� �1� �'�*���$�/�4 �(�*��� �' �.�/�-�0���/�0�-� �Ú
���. ��� �.���-�$��� �� ���4 �/�#� � �,�0���/�$�*�)K = dU=dVbeta �Ú �2�$�/�#
�� �/�#� �+�#���.� �1� �'�*���$�/�4 �!�*�- �� �(�*��� ���)��Vbeta �/�#� �.�#� ���-
�2���1� �1� �'�*���$�/�4 ���/ ��� �+�/�#�Ù ���*�.�$�/�$�1� �1���'�0� �. �.�#�*�2 ���*�)�.�/�-�0���ð
�/�$�1� �.� �)�.�$�/�$�1�$�/�4 �2�$�/�# �'�*�����' �(���3�$�(�� �$�)���$�����/�$�)�" �-� �"�$�*�)�. �*�!
�#�$�"�#� �.�/ �.� �)�.�$�/�$�1�$�/�4�Ú �2�#�$�'� �)� �"���/�$�1� �1���'�0� �. �$�)���$�����/� ��� �ð
�.�/�-�0���/�$�1� �.� �)�.�$�/�$�1�$�/�4�Ù ���4 ���)���'�4�5�$�)�" �1���-�$���/�$�*�)�. �$�) �1� �'�*���ð
�$�/�4 �����.� �� �*�) �/�#� �$�- �!�-� �,�0� �)���4 �-���)�"� �.�Ú �2� �����) � �.�/�$�(���/� 
�/�#� ��� �+�/�# ���/ �2�#�$���# �/�#� �2���1� �. ���-� �(�*�.�/ �.� �)�.�$�/�$�1� �/�*�Ù ���#� 
�2���1� �.�ç �+�-�*���$�)�" ��� �+�/�# �øD �ù ��� �+� �)���. �*�) �/�#� �$�- �!�-� �,�0� �)���4
�øf �ùD = c=�f �Ú �2�$�/�#c �/�#� �2���1� �1� �'�*���$�/�4�Ù ���#�$�. �-� �'���/�$�*�)�ð
�.�#�$�+ ��� �(�*�)�.�/�-���/� �� �/�#���/ �'�*�2� �-�ð�!�-� �,�0� �)���4 �2���1� �. �+�-�*��� ��
��� � �+� �- �$�)�/�* �/�#� ���-�0�.�/ ���*�(�+���-� �� �/�* �#�$�"�#� �-�ð�!�-� �,�0� �)���4
�2���1� �.�Ú � �)�����'�$�)�" ��� �+�/�#�ð��� �+� �)��� �)�/ �.� �)�.�$�/�$�1�$�/�4 ���)���'�4�.�$�.
�����-�*�.�. �/�#� �!�-� �,�0� �)���4 �-���)�"� �.�Ù

���#�$�'� �/�#�$�. �1� �-�/�$�����' �.� �)�.�$�/�$�1�$�/�4 ���)���'�4�.�$�. �+�-�*�1�$��� �. ���-�0�ð
���$���' ��� �+�/�# ���*�)�.�/�-���$�)�/�.�Ú �*�0�- �!�0�'�' �(� �/�#�*���*�'�*�"�4 � �3�/� �)���. �/�*
�/�#� �#�*�-�$�5�*�)�/���' ���$�(� �)�.�$�*�) �/�#�-�*�0�"�# �/�2�* �/�4�+� �. �*�! �.� �)�.�$�ð
�/�$�1�$�/�4 �&� �-�)� �'�.�Û �� ���-� �.�)� �'�ð�5�*�)� �����.� �� ���+�+�-�*�����# �!�*�- ���$�ð
�-� ���/ �2���1� �. ���)�� �� ���$�¡�0�.�$�*�)�ð�����.� �� ���+�+�-�*�����# �!�*�- ���*����
�2���1� �.�Ù ���*�- ���*���� �2���1� �.�Ú �/�#� �$�(�+�'� �(� �)�/���/�$�*�) �!�*�'�'�*�2�.
����� �-�(���)�) � �/ ���'�Ù�ø�§�¥�¦�¨�ù�Ú �(�*��� �'�$�)�" ���*�/�# ���*�#� �-� �)�/ ���)�� ���$�!�ð
�!�0�.�$�1� �-� �"�$�(� �. �2�$�/�# �� �.�(�*�*�/�# �/�-���)�.�$�/�$�*�) �����.� �� �*�) �'���+�.� 
�/�$�(� �Ù ���#� ���*��� �������*�0�)�/�. �!�*�- �§�� �1� �'�*���$�/�4 �1���-�$���/�$�*�)�. ���4
�.�����'�$�)�" �/�-���)�.�+�*�-�/ �+�-�*�+� �-�/�$� �. �2�$�/�# �'�*�����' �1� �'�*���$�/�4 �!�-�*�( �¦
�&�( ��� �+�/�# ���. �.�+� ���$�ž� �� ���4 �/�#� �	���) � �/ ���'�Ù�ø�§�¥�§�©�ù �1� �'�*���ð
�$�/�4 �(�*��� �'�Ù ���#� �.�����/�/� �-�$�)�" �+�-�*�+� �-�/�$� �. �*�! �/�#� �(� ���$�0�(
���-� ���#���-�����/� �-�$�5� �� ���4 �� �!�-� �,�0� �)���4�ð��� �+� �)��� �)�/ �(� ���) �!�-� � 
�+���/�# �!�*�'�'�*�2�$�)�" �/�#� �+�*�2� �-�ð�'���2 �-� �'���/�$�*�)�.�#�$�+l � (f ) =
l0(f=f 0) � � �Ú �2�#� �-� l0 �-� �+�-� �.� �)�/�. �/�#� �-� �!� �-� �)��� �.�����/�/� �-�ð
�$�)�" �(� ���) �!�-� � �+���/�# �*�! �¥�Ù�­ �&�( �ø�
� �.���"� � �/ ���'�Ù�Ú�§�¥�§�ª�ù ���/
�/�#� �-� �!� �-� �)��� �!�-� �,�0� �)���4f 0 �*�! �¦�Ù�¥ �	�5�Ù ���#� �!�-� �,�0� �)���4
�.�����'�$�)�" � �3�+�*�)� �)�/� �$�. �.� �/ �/�* �¥�Ù�­�Ù ���* �$�)���*�-�+�*�-���/� �2���1� �ð

�ž� �'�� ���)�$�.�*�/�-�*�+�4�Ú �2� �����*�+�/ ���) ���1� �-���"� �.�����/�/� �-�$�)�" ���)�"�'� 
hcos� i = 0 :6�Ú �4�$� �'���$�)�" �� �/�-���)�.�+�*�-�/ �(� ���) �!�-� � �+���/�#l � =
l=(1 � h cos� i ) = 2 :5l �Ù ���#� ���$�¡�0�.�$�1�$�/�4 �+���-���(� �/� �- �$�. �����'�ð
���0�'���/� �� ���4�)���(�$�����'�'�4 ���.D = vlocal � l �

local =3 �!�*�'�'�*�2�$�)�"
�-�����$���/�$�1� �/�-���)�.�!� �- �/�#� �*�-�4�Ú �2�#� �-� ���*�/�# �1� �'�*���$�/�4 ���)�� �/�-���)�.�ð
�+�*�-�/ �(� ���) �!�-� � �+���/�# �1���-�4 �.�+���/�$���'�'�4 �����.� �� �*�) �/�#� �'�*�����' �1� �ð
�'�*���$�/�4 �(�*��� �'�Ù

���-�$�*�- �/�* �$�)�1� �-�.�$�*�)�Ú �2� �0�.� �� �/�#� �¨�¥�ð�����4 �(�*�1�$�)�" �2�$�)�ð
���*�2 ���1���1 �/�$�(� �.� �-�$� �. �+�-� �1�$�*�0�.�'�4 �����,�0�$�-� �� �!�*�- � �����# �.�/���ð
�/�$�*�) �+���$�- �/�* �-� ���0��� �(� ���.�0�-� �(� �)�/ �)�*�$�.� �2�#�$�'� �+�-� �.� �-�1�ð
�$�)�" �/�#� �/� �(�+�*�-���' � �1�*�'�0�/�$�*�) �+���/�/� �-�)�.�Ù ���)�'�4 �(� ���.�0�-� �ð
�(� �)�/�. �2�$�/�# ���*�-�-� �'���/�$�*�) ���*� �¢���$� �)�/�.� �¥�Ù�¨ ��� �/�2� � �) �/�#� 
�é���0�-�-� �)�/�é ���)�� �-� �!� �-� �)��� �.�/�����&� �� ���-�*�.�.�ð���*�-�-� �'���/�$�*�)�. �2� �-� 
�-� �/���$�)� ���Ù �������# �$�)�1� �-�.�$�*�) �-� �Ÿ� ���/�. �/�#� �(� ���) �.� �$�.�(�$�� �1� �ð
�'�*���$�/�4 �.�/���/� �-� �'���/�$�1� �/�* �/�#� �.���(� �§�¥�¦�­�ð�§�¥�¦�® �-� �!� �-� �)��� �Ú
���)�� ���*�)�/�-�$���0�/� �. �$�)��� �+� �)��� �)�/�'�4 �/�* �/�#� �+� �-�$�*�� ���1� �-���"� �Ú
�$�(�+�-�*�1�$�)�" �)�*�$�.� �-� ���0���/�$�*�) �2�#�$�'� �+�-� �.� �-�1�$�)�" �/�#� �.�+���/�$���'
�.�/�-�0���/�0�-� �*�! �+� �-�.�$�.�/� �)�/ �1� �'�*���$�/�4 ���)�*�(���'�$� �.�Ù

���#� �.�+���/�$���' ���$�.�/�-�$���0�/�$�*�) �*�! �.� �$�.�(�$�� �1� �'�*���$�/�4 �1���-�$���/�$�*�)�.
�ø���1���1�ù �2���. �(���+�+� �� �0�.�$�)�" ���) �$�/� �-���/�$�1� �(�0�'�/�$�.�����'� �$�)�1� �-�ð
�.�$�*�) ���+�+�-�*�����# �2�$�/�# �������+�/�$�1� �"�-�$�� �-� �ž�)� �(� �)�/�Ù ���#�$�.
�(� �/�#�*�� ��� �"�$�)�. �2�$�/�# �� ���*���-�.� �Ú �0�)�$�!�*�-�( �"�-�$�� ���)�� �-� �ž�)� �.
�$�/ �/�#�-�*�0�"�# �ž�1� �$�/� �-���/�$�*�)�.�Ù ���-�$�� ��� �'�'�. �2� �-� �.�0�����$�1�$��� ��
�����.� �� �*�) �2� �$�"�#�/� �� �.���*�-� �. ���*�(���$�)�$�)�" �(�*��� �' �1� �'�*���$�/�4
�"�-�����$� �)�/�Ú �0�)��� �-�/���$�)�/�4�Ú ���)�� �����/�� �-� �.�*�'�0�/�$�*�)�Ú �2�$�/�# �0�+ �/�*
�©�ª�¶ �*�! ��� �'�'�. �-� �ž�)� �� �+� �- �$�/� �-���/�$�*�) ���*�2�) �/�* �� �(�$�)�$�(�0�(
�-� �.�*�'�0�/�$�*�) �*�! �¥�Ù�§�™ �ø� �§�Ù�§ �&�(�ù�Ù ��� �ž�)� �(� �)�/ �/�#�-� �.�#�*�'���. �$�)�ð
���-� ���.� �� �����-�*�.�. �$�/� �-���/�$�*�)�.�Ú � �)�.�0�-�$�)�" ���*�(�+�0�/���/�$�*�)���' �-� �ð
�.�*�0�-��� �. �!�*���0�. �*�) �2� �'�'�ð���*�)�.�/�-���$�)� �� ���-� ���.�Ù ���#� �-� �"�0�'���-�ð
�$�5���/�$�*�) �.�/�-���/� �"�4 ���+�+�'�$� �. �.�/�-�*�)�"� �- �.�(�*�*�/�#�$�)�" ���*�)�.�/�-���$�)�/�.
�$�) �+�*�*�-�'�4 �-� �.�*�'�1� �� ���-� ���. �2�#�$�'� ���'�'�*�2�$�)�" �(�*�-� ��� �/���$�' �/�*
� �(� �-�"� �2�#� �-� �/�#� �����/�� �+�-�*�1�$��� �. �"�*�*�� ���*�)�.�/�-���$�)�/�.�Ù ���#� 
�.�/���/�$�*�) ���*�)�/�-�$���0�/� �. �/�* �/�#� �-� �.�0�'�/�. �*�)�'�4 ���0�-�$�)�" �+� �-�$�*���. �$�)
�2�#�$���# �$�/ �-� ���*�-��� �� �����/���Ù ���#� �-� �!�*�-� �Ú �/�#� �.�+���/�$���' �-� �.�*�'�0�ð
�/�$�*�) �����) �1���-�4 �*�1� �- �/�$�(� ���)�� ���-� ���. �2�$�/�# �$�)�.�0�¢���$� �)�/ �����/��
���*�1� �-���"� ���-� �(���.�&� �� �����.� �� �*�) �/�#� �-� �.�*�'�0�/�$�*�) �/�#�-� �.�#�ð
�*�'���Ù �������$�/�$�*�)���'�'�4�Ú �/�#� �(� �/�#�*�� �+�-� �.� �-�1� �. �.�#���-�+ �1� �'�*���$�/�4
���*�0�)�����-�$� �. ���4 �-� ���0���$�)�" �.�(�*�*�/�#�$�)�" �����-�*�.�. �-� �"�$�*�)�. �2�$�/�#
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���0�- �$�/� �-���/�$�1� �(�0�'�/�$�.�����'� �$�)�1� �-�.�$�*�) �(� �/�#�*�� ��� �(�*�)�ð
�.�/�-���/� �� �-�*���0�.�/ �+� �-�!�*�-�(���)��� �����-�*�.�. �1���-�$�*�0�. �.�4�)�/�#� �/�$��
���)�*�(���'�4 �/�4�+� �.�Ú �.�/���/�$�*�) ���$�.�/�-�$���0�/�$�*�)�.�Ú ���)�� �)�*�$�.� ���*�)���$�ð
�/�$�*�)�. �ø��� ���/�$�*�) ���¦ ���)�� ���0�+�+�'� �(� �)�/���-�4 ���$�"�0�-� ���¦�ù�Ù ���#� 
�(� �/�#�*�� �+� �-�!�*�-�(�. �2� �'�' �$�) �-� ���*�1� �-�$�)�" �����0�.�.�$���) ���)�� �!���0�'�/�ð
�/�4�+� ���)�*�(���'�$� �.�Ú �����#�$� �1�$�)�" ���*�-�-� �'���/�$�*�) ���*� �¢���$� �)�/�. �0�+ �/�*
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�(���)��� �Ü �� �¦�ª�ð�.�/���/�$�*�) �)� �/�2�*�-�& �*�0�/�+� �-�!�*�-�(� �� �� �¬�ð�.�/���/�$�*�)
�)� �/�2�*�-�& ���4 �� ���*�-�-� �'���/�$�*�) �$�)���-� ���.� �*�! �¦�ª�ñ�¨�¨�¶�Ù ���#� ���&� �-�ð
���*���-�� �+���/�/� �-�)�. ���-� �/�#� �(�*�.�/ ���#���'�'� �)�"�$�)�"�Ú �4�$� �'���$�)�" ���*�-�ð
�-� �'���/�$�*�)�. �0�+ �/�* �¥�Ù�«�§�Ù ������ � �-�-�*�-�. �-� �(���$�)� �� ���*�)�.�$�.�/� �)�/�'�4
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���+� ���/�-���' �2�$���/�# ���)���'�4�.�$�. �2���. ���+�+�'�$� �� �!�-�*�( �§�¥�¥�­ �/�* �§�¥�§�©
�0�.�$�)�" �����/�� �!�-�*�( �0�+ �/�* �!�*�0�-�/� � �) �.�/���/�$�*�)�.�Ù ���#� �-� �.�0�'�/�.
�-� �1� ���'� �� �+� �-�.�$�.�/� �)�/ �.� �$�.�(�$�� �.�*�0�-��� �. �����-�*�.�. �/�#� �)� �/�2�*�-�&
�.�����'� �2�$�/�# �!�-� �,�0� �)���$� �. �/�#���/ �1���-�$� �� �.� ���.�*�)���'�'�4 �ø���$�"�0�-� � �̈ù�Ù
��� �-�.�$�.�/� �)�/ �.�*�0�-��� �. ���*�)��� �)�/�-���/� �$�) �/�#� �!�-� �,�0� �)���4 �-���)�"� 
��� �/�2� � �) �¨ ���)�� �¬ �	�5 �ø���$�"�0�-� � �̈��ù�Ù �
�) �.�0�(�(� �- �ø���+�-�$�'�ñ
�����/�*��� �-�ù�Ú �.�$�"�)���'�. � �3�/� �)�� �/�* �'�*�2� �- �!�-� �,�0� �)���$� �. �*�! �¦�ñ�¨
�	�5 �ø�"�-� � �) �#�$�"�#�'�$�"�#�/ �*�) ���$�"�0�-� � �̈��ù�Ú �2�$�/�# �'�*�2� �- �.�+� ���/�-���'
�2�$���/�# �1���'�0� �. �$�) �/�#� �¨�ñ�¬ �	�5 �-���)�"� �Ù

���#� ���$�.�/�-�$���0�/�$�*�) �*�! �(�$�)�$�(�0�( �.�+� ���/�-���' �2�$���/�# �1���'�0� �.
�*�1� �- �/�$�(� �-� �1� ���'�. �� ���*�)�.�$�.�/� �)�/ �.� ���.�*�)���' �+���/�/� �-�) �ø���0�+�+�'� �ð
�(� �)�/���-�4 ���$�"�0�-� ���ª���ù�Ù �������# �4� ���-�Ú �/�#� �'�*�2� �.�/ �1���'�0� �. �/�4�+�ð
�$�����'�'�4 �*�����0�- ��� �/�2� � �) �����)�0���-�4 ���)�� ���0�)� �Ú �2�$�/�# �� �(���-�&� ��
�(�$�)�$�(�0�( �$�) �����-���#�Ù �����'�0� �. �-�$�.� �!�-�*�( �����4 �/�* ���0�'�4 ��� �!�*�-� 
��� ���'�$�)�$�)�" ���"���$�) �!�-�*�( �����/�*��� �- �/�* �����)�0���-�4�Ú �#�$�"�#�'�$�"�#�/�$�)�" ��
�-� ���0�-�-�$�)�" �/�-� �)�� �����-�*�.�. �(�0�'�/�$�+�'� �4� ���-�. �ø���0�+�+�'� �(� �)�/���-�4
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���* ��� �/�/� �- ���#���-�����/� �-�$�5� �/�#� �.�*�0�-��� �.�$�"�)���'�Ú �2� �-�0�) ���)
���)���'�4�.�$�. �*�! �"� �*�"�-���+�#�$�� �.�0���ð�)� �/�2�*�-�& �"�-�*�0�+�. �����.� �� �*�)
�/�#� �$�- �+�*�.�$�/�$�*�) �-� �'���/�$�1� �/�* �/�#� �����'��� �-���Ù �
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�/�#� �-� �$�. �� ���*�-�/�#�2� �.�/ �"�-�*�0�+ �2�$�/�# ���������Ú ���������Ú ���)�� ��������
�.�/���/�$�*�)�. ���)�� �� ���*�0�/�#� ���.�/ �"�-�*�0�+ �2�$�/�# �������Ú �
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�+�*�2� �- �.�/���/�$�*�) �����( �'�*�����/� �� ���*�0�/�#� ���.�/ �*�! ���.�&�%�� �ø���$�"�0�-� 
�¦�ù�Ù ���#� ���*�-�/�#�2� �.�/ �"�-�*�0�+ �.�#�*�2� �� �(�*�.�/�'�4 �#�$�"�# �.�+� ���/�-���'
�2�$���/�# �1���'�0� �. �2�$�/�# �� �!� �2 �.�*�0�-��� �. �2�$�/�# �)���-�-�*�2 �!�-� �,�0� �)���4
�����)�� �ø���0�+�+�'� �(� �)�/���-�4 ���$�"�0�-� ���§���ù�Ù ���#� ���*�0�/�#� ���.�/ �"�-�*�0�+�Ú
���'�*�.� �- �/�* �/�#� ���ç�-���#�)�%�s�&���- �+�*�2� �- �.�/���/�$�*�) �����(�Ú �2�#�$���#
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