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Introduction

This thesis presents a our research and results we achieved in two different topics: dynam-
ics of the sporadic meteoroids in the Solar System and determination of the collisional
probability between two bodies. While at the first glance these topics may not share many
common features, the advancement in the correct evaluation of the collisional probability
between Earth and dust particles provided us an important tool for building a satisfactory
steady-state model for the sporadic meteoroid complex. Our research led to five publica-
tions in peer-reviewed journals, namely Astrophysical Journal and Icarus. This thesis is
organized as a guidebook that connects particular papers together, provides overview and
major conclusions for the studied topics. Our intention is to provide to reader a general
overview of the topic with emphasized important ideas and procedures leading to our
final conclusions. Published papers are attached to the thesis and their contents are not
rewritten but only commented, which we find the best ratio between clarity and length
of the text.

Since the first man looked up to the night sky and saw a falling star, the mankind was
wondering: where these falling stars were coming from and will there be more and bigger
of them? The second part of the question was already answered by dinosaurs long time ago
(Bottke et al., 2007), but they obviously didn’t leave any message. During a brief history
of mankind there were several events yielding enough power to pose a threat to citywide
regions, in the last century e.g., Tunguska event in 1908 (see, Trayner, 1997, for a great
review of the event and its most possible cause), Caruçá event in 1930 (Bailey et al., 1995),
or the most recent Chelyabinsk event in 2013 (Brown et al., 2013). The best precaution
against these hazardous objects, called near-Earth objects (NEOs), is to know about them
long enough before they hit the planet. Current technology prohibits us from moving the
entire planet, thus the only hope is to change the orbit of the projectile (see e.g., the
NEOShield project, Harris et al., 2012). Even with the most advanced current telescopes
we are not able to see all NEOs in the Solar System that may pose a threat in near
future. Models for NEOs developed by (Bottke et al., 2002), and further improved by
(Granvik et al., 2013), provide a substantial agreement with an observed population and
also give us an estimate for bodies invisible to contemporary telescopes.

One of the most fundamental pieces of information is a knowledge of the collision-
al probability between possible hazardous object and the Earth. To estimate the true
collisional probability one can fill the ellipsoid of the orbital elements errors with clones
of an investigated body and propagate them in time. This method is rather time de-
manding and not applicable for larger populations of bodies, and also works only for
shorter timescales because of the stochastic nature of the problem. Many scientists dealt
(see references in papers A and B) with this problem in more statistical way, evaluat-
ing a mean collisional probability between target and projectile that was averaged over
a timescale longer than timescale of a secular evolution of the projectile orbit. This ap-
proach is very convenient and efficient for many different problems in the modern celestial
mechanics, such as collisions of primordial populations of bodies in the Solar System with
planets (Bottke et al., 2012), statistical evaluation of the collisions in the asteroid belt
(Farinella and Davis, 1992), or determination of the mass influx onto the Earth from var-
ious sources of dust particles in the Solar System (Nesvorný et al., 2010). Deep knowledge
of the collisional theories is an essential part of their proper application to the studied
problem, because many simplifications and assumptions are needed for a fast, but still
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accurate to the highest possible degree, algorithm. We developed a generalization of
the standard works of Öpik (1951); Wetherill (1967); Kessler (1981); Greenberg (1982)
eliminating an assumption of no secular variation of eccentricity and inclination of the
projectile. Many objects in the Solar System follow orbits experiencing Kozai oscillations
that may significantly change their eccentricities and inclinations in several thousands
years. We adopt the crudest approximation of the Kozai oscillations, which provides our
new theory an advantage over the previous standard theories, allow us to more precisely
determine the collisional probability for bodies, where these standard theories might fail,
while achieving the same results in situations, where assumptions of standard theories are
valid. Our work is summarized in Chap. 1 and papers A and B.

Every day the Earth’s atmosphere is showered by countless small particles of asteroidal
and cometary origin. Born in the various places in the vast space of the Solar System,
extending from the Sun to the Oort cloud, these particles, called meteoroids, experience
a gravitational attraction of the Sun and planets in the Solar System, effects of the solar
radiation, or pressure of the solar wind. En route from many prolific sources of the dust
particles in the Solar System, such as Jupiter-family comets, Halley-type comets, Oort
cloud comets, or the asteroid belt, they must overcome a suite of obstacles. Only a small
fraction of the original population released from comets pass through an invisible, though
very effective, barrier of Jupiter, survive long enough inside the zodiacal cloud without
a destructive collision with their smaller, but more abundant, counterparts, and finally
acquire an orbit that intersects Earth’s orbit at exact time and position to be detect-
ed by ground-based of space-borne systems. Larger meteoroids, while passing through
the Earth’s atmosphere, experience a significant friction that causes them to ablate and
produce a visible streak of light (Vondrak et al., 2008). Many of these meteors can be ob-
served by a naked eye, and thousands of visual meteors are observed every day by projects
like Cameras for Allsky Meteor Surveillance (CAMS) (Jenniskens et al., 2011). A large
fraction of meteoroids is smaller than it is required for a detection by the most advanced
meteor hunting visual systems. Seemingly left to their own final fate in evaporation in
the atmosphere or impacting the Earth’s surface, these particles invisible to the visual
systems interact with molecules of air and produce a train of ionization several kilome-
ters long. Several radar systems around the world can using the specular reflection from
these trains observe these bodies, and accurately determine their orbits before entering
the atmosphere.

Using decades of analysis of the radar observation datasets two different components
of the Earth’s meteor complex were distinguished: (1) particles associated with meteor
streams impacting the Earth at discrete and well-defined time windows lasting typically
several days (e.g., Brown et al., 2008, 2010), and (2) sporadic meteor background (e.g.,
Jones and Brown, 1993). While stream meteors are well known in the general public, in
fact, the sporadic meteors dominate the time-integrated flux at Earth by about a factor
10 (Jones and Brown, 1993). Stream meteors can be usually easily linked to their parent
body, on the other hand, orbits of the sporadic component of meteoroids hitting the Earth
are , due to hundreds thousand years of dynamical evolution, completely different from
the distribution of the orbital elements of their parent bodies. Sporadic meteoroids impact
the Earth from various directions on the sky during the whole year, however, the geometry
of their flux, as seen from the Earth, is not isotropic, and rather they are grouped into
certain concentrations of radiant positions with a wide range of impact velocities. The
most of the particles observable at the Earth in the sporadic meteoroid complex belong
to one of the three groups: (1) the helion/anti-helion sources, (2) the north/south apex
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sources, and (3) the north/south toroidal sources. This is caused by a limited number of
source populations for the sporadic particles in the Solar System, combined with Earth’s
heliocentric motion. Long-term dynamical evolution makes finding groups of parent bod-
ies difficult and requires a proper, and time-demanding, modeling (Wiegert et al., 2009;
Nesvorný et al., 2010) with many dead ends of research. At the beginning of our research,
we dared to set a bold objective: to develop a steady state models able to explain the
most of observed structures of the sporadic meteoroid background population, match the
observed distributions of the orbital elements, radiant positions, comply with constraints
given by both ground-based and space-borne systems, and use only realistic and properly
modeled populations of the dust producing bodies. We review our modeling effort in
Chap. 2 and papers C, D, and E.
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1. Contributions to the collision
probability theory

In this chapter, we review our two papers dealing with the collisional probability between
two celestial bodies on bound heliocentric orbits, present our motivation, and also some
blind branches of our research. Our goal is to provide a standalone theory developed from
the basic principles, which was not possible to fully describe in our papers. Simulations
and tests performed to prove validity of our theories are extensively described in both
papers, and thus we are not repeating these parts in the following text and address the
reader directly to the papers.

Papers reviewed in this chapter:

Paper A: Vokrouhlický, D., Pokorný, P, & Nesvorný, D., 2012, Öpik-type collision
probability for high-inclination orbits, Icarus, 219, 150.
Paper B: Pokorný, P., Vokrouhlický, D., 2013, Öpik-type collision probability for high-
inclination orbits: Targets on eccentric orbits, Icarus, 226, 682.

1.1 Introduction and motivation

As stated in the Introduction, many problems in the celestial mechanics require a correct
determination of the probability with which two bodies could collide. Since the precise
calculation of a set of differential equations describing motion of gravitationally interacting
bodies is not an easy task even for current computers, there was, and we believe there
also will be, a considerable demand for an analytic solution of a similar problem, even
when we assume a very simplified scenario. In this chapter, we focus on an evaluation of
collision probability averaged over the secular orbital timescale.

The first drop in the ocean was a paper published by Öpik (1951). This rather geo-
metrical work allowed to estimate collisional probabilities in the Solar System in almost
no time, and even though more than 50 years old is still used by many contemporary sci-
entists. Öpik, however, adopted slightly restrictive assumptions: the target is on circular
non-inclined orbit1 and the projectile is assumed to have the constant semimajor axis a,
the eccentricity e, and the inclination i, while remaining Euler angles, the longitude of the
ascending node Ω and the argument of pericenter ω undergo an uniform precession. Fig.
1.1 shows an evolution of the eccentricity and inclination of two bodies, the minor planet 1
Ceres (dashed lines), and the comet 96P/Machholz (solid lines). We immediately see that
Öpik’s assumptions are violated by behavior of 96P/Machholz which undergoes strong
variations in e and I. Such behavior is described as Kozai-Lidov oscillations (Lidov, 1961;
Kozai, 1962) and will be more precisely discussed in Sec. 1.2. Even for 1 Ceres with very
small values of e and I the body do not conserve the initial values in time, however, the
variations are small enough to keep Öpik’s assumptions valid.

Therefore, Öpik’s approach cannot be used for targets on highly inclined orbits, or
those have large values of eccentricity, because the original assumptions are violated and

1 By a non-inclined orbit, we always mean that the orbit is coplanar to the local reference plane, e.g.,
the Laplace plane in the Solar System
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Figure 1.1: Evolution of eccentricity (black lines) and inclination (gray lines) of 1 Ceres
(dashed lines) and 96P/Machholz (solid lines) in backward time. While 1 Ceres undergoes
only small variations in e and I, 96P/Machholz experiences Kozai-Lidov oscillations lead-
ing to severe changes of both eccentricity and inclination with ∼ 4000 y period. Initial
orbital elements a, e and I for 1 Ceres: a = 2.783 au, e = 0.0820, I = 10.562◦ and for
96P/Machholz: a = 3.037 au, e = 0.9590, I = 58.145◦.

the evaluation method may fail. Öpik also presented a rough correction factor for targets
on elliptic orbits, however, still based on circular motion of the target. Wetherill (1967)
improved Öpik’s original theory and made it valid bodies, where both are on arbitrary
bound orbits. Still the theory assumed uniform distribution of the apsidal and nodal
longitudes and also no variations of e and I in time. Greenberg (1982) found a flaw of
Wetherill’s approach noting a wrong assumption of uniform probability distribution of
true anomaly for both target and projectile. This assumption may introduce an error
comparable with eccentricities of the bodies. Greenberg presented a corrected version of
Wetherill’s approach and his theory is used by the many of researchers today.

Kessler (1981) presented a different, more geometrical method using a concept of a
spatial density, average number of objects found in a unit volume in space. One of the
advantages of this method is that it could be used for evaluating collision probability of
an artificial spacecraft with different bodies in the Solar System, because the target is
represented by its position and velocity vectors instead of orbital elements. However, the
theory still assumes constant values of e and I and uniform precession of nodes for both
target and projectile. In consequence, all presented theories give comparable results if
used correctly for bodies that are not violating the original assumptions, however, may
fail in situation, when the original assumptions are not satisfied.
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Figure 1.2: Evolution of longitude of the ascending node (black lines) and argument
of pericenter (gray lines) of 1 Ceres (dashed lines) and 96P/Machholz (solid lines) in
time. While 1 Ceres undergoes only slow uniform precession in Ω and ω, 96P/Machholz
experiences Kozai-Lidov oscillations leading to non-uniform changes of both Ω and ω
with ∼ 8000 y period, where the period is two times slower than for e and I due to the
symmetries of the problem.
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We have mentioned that many scientists sought the best solution for the collisions
of two bodies in the Solar System. Our goal was to overcome the common assumptions
of these all theories, namely the invariance of e and I in time. At the first glance,
it seemed simple to incorporate a perturbing body causing Kozai-Lidov oscillations of
the projectile and also possibly of the target, however, a few months of calculations
convinced us that our original task was not simple at all. We especially focused on
Kessler’s theory because it gives a considerable freedom for the target body, and the theory
itself is understandable and straightforward. We must admit that the exact analytical
solution of latitude dependence of spatial density of a projectile’s orbit undergoing Kozai-
Lidov oscillations remains unknown to us even for the most simple setup of the bodies
(Sun–projectile–perturber). This task may be solved numerically, which, however, was
not the goal we intended to achieve. On the other hand, detailed study of Kessler’s
theory allowed us to obtain an analytical solution for collision probabilities for projectiles
on hyperbolic orbits, which will be further investigated in future.

Our main goal was thus completely redefined. We chose the simplest scenario with
Sun as a center of gravity, circular non-inclined target (e.g. idealized Earth), projectile
on bound heliocentric orbit, and perturbing body on circular non-inclined orbit (e.g.,
idealized Jupiter). Then, if the first step was analytically solvable, proceed to more
complex orbits of the target, perturber and add more perturbing bodies.

1.2 Kozai-Lidov dynamics

In this section, we briefly recall fundamental ideas of the Kozai-Lidov model for the
secular evolution of the projectile orbit. We omit a more detailed study because the
mechanism was extensively presented by numerous authors (Lidov, 1961; Kozai, 1962;
Thomas and Morbidelli, 1996; Gronchi and Milani, 1998, 1999; Morbidelli, 2002) and re-
strict our explanation only to the simple setup of the problem.

1.2.1 Quadrupole approximation of the perturbing function

Consider a simple scenario: a projectile (e.g., asteroid or comet) is moving through the
idealized Solar System where only the Sun and Jupiter are present. The projectile’s mass
m is negligible in comparison with mass of JupitermJ or mass of the Sunm⊙. Coordinates
of Jupiter, and those of projectile, are referred to the center of the Sun. We can write the
Hamiltonian H for this system as

H = mH0 +mP , (1.1)

H0 = −Gm⊙

2a
, (1.2)

P = −GmJ

(

1

|r− rJ|
− r.rJ

r3J

)

, (1.3)

where H0 is an unperturbed Keplerian part of H, P is the planetary perturbation of
Jupiter, a is the semimajor axis of projectile, G is the gravitational constant, r and rJ are
the heliocentric distances of the projectile and Jupiter, and r and rJ are respectively the
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heliocentric vectors of projectile and Jupiter defined as

r = a [(cosE − e) eP + η sinEeQ] , (1.4)

eP =





cosΩ cosω − sinΩ sinω cos I
sinΩ cosω + cosΩ sinω cos I

sin I sinω



 , (1.5)

eQ =





− cosΩ sinω − sinΩ cosω cos I
− sinΩ sinω + cos Ω cosω cos I

sin I cosω



 , (1.6)

where u is the eccentric anomaly, e the eccentricity, η2 = 1 − e2, I the inclination, Ω the
longitude of the ascending node, and ω the argument of pericenter. Function P can be
expressed using Legendre polynomials Pn(cosS):

P = −GmJ

(

1

rJ

∑

n≥1

(

r

rJ

)n

Pn(cosS)−
r cosS

rJ2

)

, (1.7)

where r.rJ = rrJ cosS. At the moment, we restrict our investigation only to terms up
to the quadrupole part of P, where we consider only P1(cosS) = cosS and P2(cosS) =
1/2(3 cos2 S − 1) are present. Thus we readily get

P = −GmJ

1

2

r2

r3J

(

3 cos2 S − 1
)

= −GmJ

rJ

1

2

r2

r2J

[

3

(

r.rJ
rrJ

)2

− 1

]

. (1.8)

Since we are mainly interested in the secular evolution of the orbital elements, we need
to eliminate fast angles, mean anomalies l and lJ, from the perturbation function P.
This is achieved by integrating the function P over the whole range of l and lJ with an
assumption that values of both mean anomalies are uniformly distributed in time. This,
so called averaging technique, can be expressed in the integral from as follows

P =
1

4π2

∫ π

−π

∫ π

−π

PdlJdl , (1.9)

where it is convenient to use following transformations

l → u, dl =
r

a
du , (1.10)

lJ → fJ, dlJ =
1

ηJ

(

rJ
aJ

)2

dfJ , (1.11)

where aJ is the semimajor axis of Jupiter, ηJ =
√
1− eJ, eJ is the eccentricity of Jupiter,

and fJ is the true anomaly of Jupiter. The calculation is straightforward since the odd
terms of sines and cosines vanish. Finally, we obtain an averaged perturbation function
P as follows

P = − GmJ

16aJηJ

(

a

aJηJ

)2
[(

2 + 3e2
) (

3 cos2 I − 1
)

+ 15e2 sin2 I cos 2ω
]

= − 1

16
ΓC , (1.12)

Γ =
GmJ

aJηJ

(

a

aJηJ

)2

, (1.13)

C =
[(

2 + 3e2
) (

3 cos2 I − 1
)

+ 15e2 sin2 I cos 2ω
]

, (1.14)
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where P is an integral of motion in our approximation, because P is derived directly from
the Hamiltonian H and does not explicitly depend on time variable.

Dynamical equations for the Keplerian orbital elements are thus easily derived from
the Lagrangian equations of the perturbation theory (see, e.g., pp. 306 in Bertotti et al.,
2003)

da

dt
= − 2

na

∂P
∂l

= 0 (1.15)

de

dt
=

η

ena2
∂P
∂ω

− η2

ena2
∂P
∂l

= Γ⋆ 15η

8e

(

e2 sin2 I sin 2ω
)

(1.16)

dI

dt
=

1

na2η

(

1

sin I

∂P
∂Ω

− cot I
∂P
∂ω

)

= −Γ⋆ 15

16η

(

e2 sin 2I sin 2ω
)

(1.17)

dΩ

dt
= − 1

na2η sin I

∂P
∂I

= Γ⋆3

8

cos I

na2η

(

−2− 3e2 + 5e2 cos 2ω
)

(1.18)

dω

dt
= − η

ena2
∂P
∂e

+
1

na2η
cot I

∂P
∂I

=

= − 3

8η
Γ⋆
(

η2 − 5 cos2 I + 5
(

cos2 I − η2
)

cos 2ω
)

(1.19)

dl

dt
= n+

2

na

∂P
∂a

+
η2

ena2
∂P
∂e

= n− 1

4
Γ⋆C − 3η2

8
Γ
(

3 cos2 I − 1 + 5 sin2 I cos 2ω
)

(1.20)

with

Γ⋆ =
Γ

na2
. (1.21)

These equations give us two additional integrals of motion

a = const , (1.22)

c = η cos I = const ⇔ e

η

de

dt
cos I − η sin I

dI

dt
= 0 , (1.23)

where Eq. (1.23) comes simply from Eqs. (1.16) and (1.17). We should also note an order
of magnitude of the neglected secular terms in our quadrupole approximation. The order
of magnitude of the octupole term, n = 3, in Eq. (1.7), is proportional to (a/aJ · e · eJ).
Kozai (1962) neglected Jupiter’s eccentricity, thus all odd-order terms were dropped from
the disturbing function. Recent observations show that some exoplanetary systems con-
tain planets with retrograde orbits, which can be explained by adding the octupole term
to the dynamical equations. Derivation and some interesting dynamical consequences of
the octupole term will be discussed in Sec. 1.2.2. The magnitude of the n = 4 term, the
hexadecapole term, is proportional to (a/aJ)

2, where this term provides only corrections
to the quadrupole term, and does not imply significantly different dynamical evolution to
the quadrupole term, contrary to the octupole term.

Now, we briefly investigate a meaning of integral C (Eq. 1.14). Since the integral c
ties eccentricity e and inclination I together, we may substitute one of them and process
our analysis only in two-dimensional space of parameters (e,ω). Dynamical evolution of
e and ω thus strictly follows C = const isoline. Let us denote two new variables that are
more convenient for description of the problems where eccentricity approaches zero

k = e cosω ,

h = e sinω ,
(1.24)
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which gives us a new form of the integral C

H(k, h) =
(

2 + 3k2 + 3h2
)

(

3c2

1− k2 − h2
− 1

)

+ 15
(

k2 − h2
)

(

1− c2

1− k2 − h2

)

= C .

(1.25)

Fig. 1.3 shows the evolution of e and ω given by the Hamiltonian from Eq. (1.2) on
six surfaces with different values c = const. Each surface in Fig. 1.3 is defined by the
maximal value of the inclination Imax = arccos(c), corresponding to e = 0. For small
values of Imax = 5◦, 25◦, the level curves of C(k, h) are very close to circles changing
to ovals with increasing value of Imax. This means that the argument of perihelion ω
circulates over 360 degrees and eccentricity e remains during the whole secular cycle of ω
almost constant. By consequence, also inclination I does not experience any significant
changes.

For Imax = 35◦, the level curves are elongated along h axis. The argument of perihelion
ω still circulates, however, values of eccentricity e oscillate more significantly, acquiring
the maximum values for ω = 90◦ and 270◦, where, on the other hand, the inclination I
assumes the minimum value.

When the maximal value of the inclination is higher than a critical value Imax ≥ Icrit =
39.2◦, the topology of the C isolines changes severely. The origin in (k, h) plane, where
e = 0, becomes an unstable equilibrium point. A separatrices plotted with solid bold
black lines in Fig. 1.3 divides the phase space into three different parts: a region that is
still similar to previous cases where ω still circulates over 360 degrees, and two regions
where ω librates around either 90 or 270 degrees (the precession stops and ω is not able
to overcome the barrier represented by h = 0 level). This behavior is usually called Kozai
oscillations or Kozai-Lidov oscillations.

Increasing Imax causes the Kozai oscillations to become stronger, meaning that the
difference between maximum and minimum values of e and I become larger. This may
pose severe consequences for bodies with low present values of e because during their
secular cycle their orbit can cross the orbits of the planets in the Solar System.

Now, we proceed to an analysis of C(k, h), which will give us another insight to the
behavior of the orbits depicted in Fig. 1.3. At first we analyze a behavior of C(k, h) along
the h axis. On the h axis lie two stationary points for Imax ≥ Icrit and also the saddle
point of the separatrix. We seek extremes of C(0, h) that we easily obtain by its first
derivative

C(0, h) =
(2 + 3h2)(3c2 − 1− h2)− 15h2(1− c2 − h2)

1− h2

∂C(0, h)

∂h
= 0 ⇔ h(3h4 − 6h2 + 3− 5c2) = 0 ,

(1.26)

which lead to three different solutions: h = 0 and h± = ±
√

1− c
√

5/3 (we assume

−1 < h < 1). The solution h± gives us positions of the stationary points and also the
critical value of the c integral for which h± > 0 ⇔ c > ccrit =

√

3/5 thus the critical

value for the maximal value of the inclination is I > Icrit = arccos(
√

3/5) = 39.2◦. The
separatrix is represented by C(0, 0) = 2(3c2 − 1) isoline where bodies with C > C(0, 0)
circulate over 360 degrees in ω while bodies with C < C(0, 0) enter the forced stationary
mode around h±.
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Figure 1.3: Portraits of possible C isolines for different values of Imax. The inclination Imax

corresponding to e = 0 is shown on the top of each panel. The separatrix corresponding
to emin = 0 is plotted with solid bold black line.
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The existence of the Kozai oscillations depends only on a value of c, in other words,
on the initial conditions of the orbit. Its existence does not depend on the mass of the
perturbing body, however, the mass of the perturbing body influences a timescale of this
effect, and may lead to extremely long timescales for low-mass perturbers.

The derivation of the characteristic timescale TKozai of the Kozai oscillations can be
found e.g., in Kinoshita and Nakai (2007). Since Kinoshita and Nakai (2007) used a dif-
ferent formalism, we express this derivation in our variables in the following paragraph.

From the topology of C-isolines know that the argument of pericenter ω circulates
around origin for certain values of C and c. To obtain characteristic timescale TKozai of
the Kozai oscillations, we thus must solve one of the dynamical equations and look for
the period defined by two moments when a given variable assumes the same value.

In the following paragraph we will search for a solution of following equation

X = η2 , (1.27)

dX

dt
= 2η

dη

dt
= −2e

de

dt
= −15η

4
e2 sin2 I sin 2ω . (1.28)

Using Eq. (1.23) we get

dX

dt
= − 15

4
√
X
(1−X)(X − c2) sin 2ω , (1.29)

which is a differential equation that depends on two variables X and ω. Now, we eliminate
ω from Eq. (1.29). The C integral is a constant of motion, thus we may search its value
for ω0 = 0◦, where the second term in Eq. (1.25) vanishes

C = 10− 12X0 + 6c2 , (1.30)

where X0 = 1− e20, and also for ω0 = 0◦ we have also I0 and η0. From Eq. (1.16) we
see that e0 is the minimum value for a given orbit. Combining Eqs. (1.25) and (1.30) we
obtain

cos 2ω =
−X2 +X(5 + 5c2 − 4X0)− 5c2

5(1−X)(X − c2)
= cos2 ω − sin2 ω . (1.31)

From Eq. (1.31) we get

cos2 ω =
1 + cos 2ω

2
=

−3X2 +X(5 + 5c2 − 2X0)− 5c2

5(1−X)(X − c2)
, (1.32)

sin2 ω =
1− cos 2ω

2
=

2X(X0 −X)

5(1−X)(X − c2)
. (1.33)

(1.34)

This allows us to substitute ω with X

dX

dt
= −3

2

√

2(X0 −X)(−3X2 +X(5 + 5c2 − 2X0)− 5c2) . (1.35)

Since (−3X2 +X(5 + 5c2 − 2X0)− 5c2) is a quadratic equation, we easily find its roots

X1,2 =
−(5 + 5c2 − 2X0)±

√

(5 + 5c2 − 2X0)2 − 60c2

−6
, (1.36)

X1X2 =
5

3
c2 , (1.37)

X1 +X2 =
5 + 5c2 − 2X0

3
, (1.38)
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and thus we obtain

dX

dt
= −3

2

√

2(X0 −X)(X −X1)(X2 −X) . (1.39)

Eq. (1.39) is a nonlinear ordinary differential equation, that can be solved by a straight-
forward quadrature. The solution can be expressed with the Jacobi elliptic functions

X = X0 + (X1 −X0)cn
2Θ , (1.40)

where

Θ =
2K

π

(

nωt+
π

2

)

, (1.41)

nω = =
3
√
6π

128K
Γ⋆
√

X2 −X1 (1.42)

The expression K(k) in Eqs. (1.41) and (1.42) is the complete elliptic integral of the first
kind

K(k) =

∫ π

2

0

dΘ
√

1− k2 sin2Θ
, (1.43)

where k is the modulus

k2 =
X0 −X1

X2 −X1

. (1.44)

Finally, the characteristic timescale TKozai of the Kozai oscillations is

TKozai =
512

√
2K(k)

3
√
3
√
α2 − α0Γ⋆

, (1.45)

where Γ⋆ comes from Eq. (1.21). In the Solar System this value may range from thousands
of years, e.g., for 96P/Machholz TKozai = 6314 yr to several hundred thousand years for
hypothetical body with a = 1 AU, e = 0 and I = 60◦, which would have TKozai = 326, 000
yr.

1.2.2 Octupole Term in the Kozai-Lidov Dynamics

In previous section, we studied Kozai-Lidov oscillations only in quadrupole approximation
which, although very simplified, give very interesting results and dynamical consequences.
Now, we will briefly investigate influence of the octupole term in the planetary pertur-
bation function P by simply adding n = 3 term in Eq. (1.7). The octupole part Poct

reads

Poct = −GmJ

1

2

r3

r4J

(

5 cos3 S − 3 cosS
)

= −GmJ

rJ

1

2

r3

r3J

[

5

(

r.rJ
rrJ

)3

− 3

(

r.rJ
rrJ

)

]

. (1.46)

We use the same averaging technique as in case of the quadrupole part, and after a slight
algebra we obtain the averaged octupole term in the planetary perturbation function Poct

that reads

Poct = −GmJ

aJηJ

(

a

aJηJ

)3
15

32
eeJ{(cosΩ cosω − sinΩ sinω cos I)

[−16 − 12e2 + (15 + 20e2)(1− sin2 I sin2 ω)− 15η2(1− sin2 I cos2 ω)]

−10 cos Iη2(− sin Ω sinω + cos Ω cosω cos I)} . (1.47)
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From Eq. (1.47) we see that the Poct is a linear function of eccentricity eJ of the per-
turbing body. Since in the Solar System all massive planets have very low eccentricities
eJ ≤ 0.05 the effects of the octupole part of the perturbation functions are dampened and
can be omitted in the first-order approximation. However, for larger values of eJ the mag-
nitude of Poct cannot be neglected and must be treated correctly. The octupole extension
of the perturbation potential has been used in studies of secular evolution of hierarchical
triple star systems (Krymolowski and Mazeh, 1999; Ford et al., 2000), dynamics of the
binary black holes (Blaes et al., 2002), or newly discovered exoplanetary systems with
eccentric Jovian-mass planets (Lee and Peale, 2003; Katz et al., 2011).

Let us briefly discuss some dynamical consequences, that cannot be described by using
the quadrupole term only. First of all, we see that longitude of the ascending node does
not vanish in Eq. (1.47), which implies that c = η cos I is no longer constant in time, and
we lose one of the integrals of motion. Moreover, this also implies that C-level isolines,
now more complicated, are no more closed curves in (k, h) plane. Due to this, there is no
expression for a characteristic timescale of this effect, however, for small eccentricities of
the perturbing body we may assume that the characteristic timescale is similar to TKozai

derived from the quadrupole term only.
The most interesting dynamical consequence of the octupole term extension is a dy-

namical evolution of the inclination I of the perturbed body. During last few years many
extrasolar Jovian-mass planets were discovered, and about 25 per cent of them have a
retrograde orbit with respect to the stellar rotation (Naoz et al., 2011). As we learned in
previous section, the Kozai oscillations restricted to the quadrupole term cannot excite
prograde bodies over I = 90◦. Also, according to Fabrycky and Tremaine (2007) even
though the perturbations from a binary star companion can produce very high inclina-
tions, they are not able to explain the existence of retrograde orbits of the planets. Thus,
there must exist a secular perturbation that pushes the originally prograde planet to the
retrograde orbit. Katz et al. (2011) showed that when the octupole term extension is
taken into account, the inclination may oscillate around I = 90◦ when specific conditions
are fulfilled (see, Fig. 2 in Katz et al., 2011, or Fig. 1.4). We recall, the stabilization
of the exoplanet orbits in the retrograde domain is further assisted by the tidal effects,
mainly by the eccentricity dampening (Correia et al., 2013).

1.3 Circular orbit of the target – paper A

The main goal of this and the following sections is to provide reader a more detailed
description of our theory, than it was possible in paper A (Vokrouhlický et al., 2012)
and paper B (Pokorný and Vokrouhlický, 2013). Here, we to use notation and formalism
similar to the quoted papers.

Our first step was to develop a generalization of the original work of Öpik (1951). The
configuration of the system, we investigate here, is very simple; we assume a massless
target on a circular coplanar orbit and a massless projectile on a bound heliocentric
orbit, where the motion of the target is influenced only by the mass of the Sun, while
the projectile is also influenced by gravity of the perturbing body, that is assumed to
be on an circular coplanar orbit. The orbit of the projectile lies inside the orbit of
the perturbing body and their orbits never intersect (this may occur due to the Kozai
oscillations even though the initial conditions indicated no crossing between projectile
and perturbing body). This scenario may seem very artificial and academical, however,
Sun-Earth-Jupiter and e.g., the comet 2P/Encke greatly fits our assumptions, and the
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Figure 1.4: Evolution of eccentricity (top panel) and inclination (bottom panel) of a test
particle influenced by gravitational effects of the Sun, and eccentric giant planet ten times
massive than the Jupiter. While the quadrupole part of the perturbing function P causes
short periodic oscillations in e and I, the octupole part of P forces the test particle to
change the orientation of the orbit from prograde to retrograde and vice-versa. Note,
that the secular effects of the octupole part of P are applied on much longer timescales
than the secular effects of the quadrupole part. Global dynamical behavior of e remains
unchanged when the inclination crosses I = 90◦. Initial orbital elements a, e and I for the
test particle: a = 1.0 au, e = 0.05, I = 80◦ and for the giant planet: a = 5.2 au, e = 0.25,
I = 0.1◦.
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value of its integral c = 0.52 is low enough to force changes of e and I caused by Kozai
oscillations.

Our main motivation for the development of a more general method of the collisional
probability evaluation was an unresolved problem of the origin of the toroidal population
observed in the sporadic meteoroid complex. Toroidal meteors are known for their very
peculiar orbits in the Solar System. Their mean inclination is very high ∼ 70◦, while the
mean eccentricity is rather low, where the majority of the observed meteors has e < 0.4,
and almost all of them have semimajor axis lower than 3 AU. Due to the very high
inclinations all toroidal particles undergo Kozai-Lidov oscillations, and thus the estimates
of the original theories could provide misleading results.

1.3.1 Mathematical introduction, reference frame and notation

As the target revolves on a circular coplanar orbit at constant heliocentric distance r0
around the center of gravity, the intersection of the orbits of the target and projectile may
occur only in the orbital plane of the target (X, Y ). This determines the true anomaly f
of the projectile at intersection points, because Z coordinate of the target (e.g., pp. 307
in Bertotti et al., 2003) is always zero at all intersection points

0 = Z = r sin(ω + f) sin I , (1.48)

which gives two solutions: fnode = −ω for the intersection at the ascending node and
fnode = π − ω for the descending node. These intersections occur at heliocentric distance
r(fnode) thus

r(fnode) =
aη2

1 + e cos fnode
=

aη2

1± e cosω
= r0 , (1.49)

where the upper sign holds for the intersection at the ascending node and the lower sign for
the intersection at the descending node. It is useful to rewrite Eq. (1.49) to non-singular
variables k and h

(

k ± α

2

)2

+ h2 = 1− α+
α2

4
, (1.50)

where parameter α = r0/a. This equation describes a circle with the origin at (±α/2, 0)
in (k, h) plane for ascending and descending node, respectively, and the radius of the circle
equal to

√

1− α + α2/4.

Now, let us investigate the orbit of the projectile near the nodal intersection points.
Introduce an orthonormal triad (er, eφ, ez) composed of three unit vectors with the origin
at ascending and descending nodes. The vector er points to the radial direction, eφ,
normal to er both residing in the orbit plane (X, Y ), and ez is the orthonormal complement
and points along the axis Z of the inertial frame. In our definition, the radial and
longitudinal directions at the ascending node are opposite to their values at the descending
node.

Similarly to Eqs. (1.4), (1.5) and(1.6) we define the heliocentric position vector r that
describes the elliptic orbit as follows

r(f) = r(f) [a cos (ω + f) + b sin (ω + f)] , (1.51)

where r(f) = aη2/(1+e cos f). It should be noted that Eqs. (1.4) and (1.51) are identical,
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but expressed in different variables. Unit vectors a and b read

a =





cosΩ
sinΩ
0



 , (1.52)

b =





− sin Ω cos I
+cosΩ cos I

sin I



 , (1.53)

with a directed along the ascending node, and b in the orbit plane, perpendicular to a.
At the ascending node we have a = er and b = cos Ieφ + sin Iez, while at the descending
node we get different expression a = −er and b = − cos Ieφ + sin Iez. This might be a
bit confusing at the first sight, however, as we see in following text, this representation
proves very beneficial.

We seek a representation of r(f) near the ascending and descending nodes, thus we
expand r(f) in true anomaly f , bearing in mind that r = aη2/(1 ± e cosω) at the nodal
intersection points (the upper sign for the ascending node). Using the Taylor series
expansion we obtain

r(f) = rer + dr = rer + rA1df +
r

2
A2df

2 +O(df 3) , (1.54)

where df = f − fnode is an infinitesimal increment of the true anomaly. The first term
with the vectorial coefficient A1 represents a rectilinear approximation, while the second
term with A2 describes a local curvature of the elliptic orbit. For the simplicity, we
omit terms of higher degrees, because we assume that their increments are infinitesimally
small. The expression of vectorial coefficient reads (the upper sign for the intersection at
the ascending node and the lower sign for the intersection at the descending node)

A1 = ∓e sinω
P

er + (cos Ieφ ± sin Iez) , (1.55)

A2 = −2

[

1− 3

2P
+
η2

P 2

]

er − 2
e sinω

P
(± cos Ieφ + sin Iez) , (1.56)

where P = aη2/r. Using this notation we can easily express the orbital velocity of the
projectile at the nodal intersection.

A similar expansion is also necessary for the description of the motion of the target
body. Since in this section we assume the target body to be on and circular and coplanar
heliocentric orbit, its orbital elements read (we denote variables of the target body with
subscript 0); the semimajor axis a = a0, the eccentricity e = e0 = 0, the inclination
I = I0 = 0, and the argument of pericenter ω = ω0. For the sake of simplicity and
without loss of generality let us set ω0 = 0. Using Eqs. (1.55) and (1.56) we easily obtain
the vectorial coefficients for the target body

A10 = eφ , (1.57)

A20 = −er . (1.58)

Since we deal with moving bodies it is necessary to express their orbital velocity. The
orbital velocity v of the projectile at the nodal intersection is easily obtainable from the
linear term in Eq. (1.54) and from the total derivative of the true anomaly f with respect
to time t that reads

df

dt
=
aη

r

du

dt
= nη

(a

r

)2

, (1.59)
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with the second term in Eq. (1.59) coming from the Kepler’s equation nt = u − e sin u,
where n is the mean motion of the body, and u is the eccentric anomaly of the body. If
we denote V0 = n0a0 as a normalization of velocity, we get for the orbital velocity of the
projectile

v = V0

√

a0
r

√
PA1

= V0

√

a0
r

√
P

[

∓e sinω
P

er + (cos Ieφ ± sin Iez)

]

,

(1.60)

where the upper and lower signs correspond to the intersections at the ascending and
descending nodes respectively. For the target body the situation is really simple, because
a0 = r0, P0 = 1, and thus

v0 = V0eφ . (1.61)

The relative velocity vector V is easily obtained by subtracting velocity vector of the
target body v0 from the projectile’s velocity vector v; note that r = a0 because of the
circular orbit of the target body

V = v − v0 = V0

(√
P

[

∓e sinω
P

er + (cos Ieφ ± sin Iez)

]

− eφ

)

, (1.62)

where the components of V read

Vr = ∓V0
e sinω√

P
= V0 cos b sin ℓ , (1.63)

Vφ = V0

(√
P cos I − 1

)

= V0 cos b cos ℓ , (1.64)

Vz = ±V0
√
P sin I = V0 sin b , (1.65)

where ℓ is a longitude and b latitude of the radiant seen by the observer on the target
body (the upper sign for the intersection at the ascending node and lower sign for the
descending node). This means that ℓ and b are measured from the apex direction of
the target body and that V points toward the radiant from which the projectile impacts
the target body. We recall that Eqs. (1.63), (1.64), and (1.65) express in a different
notation the standard velocity components (Ux, Uy, Uz) introduced in Öpik (1951) (note
that standard velocity components are normalized, thus V0 = 1 in Öpik, 1951).

1.3.2 Collision probability estimation

Here, we follow approach presented by Öpik (1951) or Wetherill (1967) who defined the
collision probability of a projectile with a target body as a combination of two mutually
independent parts: (1) the probability P1 that during one secular cycle of the projectile’s
orbit its nodal crossing is close enough to the orbit of the target body, and (2) the
probability P2 that the target body is in the sufficient proximity of the nodal crossing of
the projectile’s orbit. Our assumptions about the target body are satisfied in both works
by Öpik or Wetherill, where Wetherill assumed more general problem of the target body
on an arbitrary elliptic orbit, thus we borrow Wetherill’s result (Eq. 15 in Wetherill, 1967)
for P2 that expressed in our variables reads (r0 = a0 here)

P2 =
R

4a0

√

2a0
r0

− 1

√

V 2

V 2 − V 2
a

=
R

4a0

√

V 2

V 2 − V 2
φ

, (1.66)
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where Va is a velocity component of the target body directing towards instantaneous apex
(in the circular case Va = Vφ), V

2 = V 2
r + V 2

φ + V 2
z is the square of the relative velocity at

the intersection point of the orbits, and R is the radius of the target body (the projectile is
assumed to be negligibly small, otherwise, R would be a sum of the radii of both bodies).

Evaluation of P1 probability is, however, completely different story. Both Öpik (1951)
and Wetherill (1967) assumed that the projectile keeps its values of the eccentricity e and
inclination i constant and that its argument of perihelion ω circulates uniformly. As we
show in Sec. 1.2 it is not true even for orbits with very low inclination I and very low
eccentricity e, however, for such values it can be accepted as a meaningful approximation.
For higher values of e and I the original assumption fails, because the orbital elements
change significantly at short timescales (see Fig. 1.1).

In the following text, we determine the probability P1 for orbits influenced by Kozai-
Lidov oscillations we discussed in Sec. 1.2. The exact intersection configurations of
the projectile and target are determined by Eqs. (1.25) and (1.50) leading to a cubic
equation for k⋆ (or equivalently for h⋆, where ⋆ symbol denotes the orbital elements at
the intersection)

(5−3α∓3αk⋆)(3c
2−α∓αk⋆)+15(α±αk⋆−c2)(2k2⋆−1+α±αk⋆)−Cα(1±k⋆) = 0 , (1.67)

which is indeed a cubic equation a3k
3
⋆ + a2k

2
⋆ + a1k

1
⋆ + a0 = 0 with coefficients

a3 = ±30α , (1.68)

a2 = 6(3α2 + 5α− 5c2) , (1.69)

a1 = ±α(36α− 20− 24c2 − C) , (1.70)

a0 = 30c2 − 20α + 18α2 − 24αc2 − Cα . (1.71)

We can easily obtain h⋆ from Eq. (1.50), which gives us up to 8 possible impact configu-
rations because of the inversion symmetry h⋆ ↔ −h⋆ and the fact that the cubic equation
has always even number of roots different to ±1. There is also k⋆ ↔ −k⋆ symmetry for
the impact configurations in the ascending and descending nodes of the projectile’s orbit
stemming directly from Eq. (1.67). The number of impact configurations is following:
(1) the projectile has very low e and I thus does not exhibit changes of e and I (Fig.
2 in paper A). Such configuration gives 4 impact configurations (2 in the singular case,
when h⋆ = 0 or k⋆ = 0). (2) projectile has sufficiently high values of e or I to undergo
Kozai oscillations (Fig. 3 in paper A). This geometry provides 8 impact configurations
(6 the in singular case). (3) the combination of orbital elements of the projectile forces

the projectile’s libration around h± = ±
√

1− c
√

5/3 (see end of Sec. 1.2 for the further

reference) thus having 4 impact configurations (2 in the singular case), see Fig. 3 in paper
A.

We assume, similarly to Öpik and Wetherill, that the target body is considerably
smaller than its semimajor axis R ≪ a0. This assumption is correct for all known bodies
in the Solar System, and is even valid for the most extreme case of very close hot Jupiters
in known exoplanetary Systems (Sahu et al., 2006). Since the radius of the target body R
is finite, we expect that in a close proximity of the exact intersection point (k⋆, h⋆) values
in (k, h) space exist, giving distance from the intersection point smaller than R. This also
means that there also exist the limiting values klim and hlim, for which the distance from
the intersection point is equal to the radius of the target body2 R.

2We expect the target body to be a sphere with radius R. More complex shapes of the target body
would require further treatment.
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Now, we focus on finding the limiting values klim and hlim. We use the same reference
system defined in Sec. 1.3.1. The projectile’s position is close to the nodal intersection
point that is exactly at heliocentric distance a0. Using the linear part of Eq. (1.54) we
get for the distance of the projectile from the nodal intersection

∆r(λ) = rA1λ+ (r − a0)er +O(λ2) , (1.72)

with λ = df , where df is a small increment of true anomaly f near the ascending and
descending nodes. Similarly we express the target’s distance from the intersection point

∆r0(λ0) = a0eφλ0 +O(λ20) , (1.73)

where we used λ0 = df0. Now, we easily obtain the square of the projectile-target distance

d2(λ, λ0) = [∆r(λ)− r0(λ0)] · [∆r(λ)− r0(λ0)] ,

= (r − a0)
2 ± 2r(r − a0)

r

a

e sinω

η2
λ+ r2 − 2 cos Ia0λλ0 + a20λ

2
0

+

[

(r

a

)2
(

e sinω

η2

)2

sin2 I + cos2 I

]

λ2

(1.74)

and we search for its minimum value d2min as a minimization problem in the two-dimensional
space (λ, λ0). The minimization for λ0 is quite simple giving

∂d2min

∂λ0
= 2a20λ0 − 2a0 cos Iλ = 0 ⇔ λ0min

= λ cos I
r

a0
, (1.75)

and then the minimization for λ reads

d2min(λ) = (r − a0)
2 ± 2r(r − a0)

r

a

e sinω

η2
λ (1.76)

+ r2

[

(r

a

)2
(

e sinω

η2

)2

λ2 + sin2 I

]

λ2 , (1.77)

∂d2min(λ)

∂λ
= ±2r(r − a0)

r

a

e sinω

η2
+ 2r2

[

(r

a

)2
(

e sinω

η2

)2

+ sin2 I

]

λ , (1.78)

∂d2min(λ)

∂λ
= 0 ⇔ λmin = ∓

(r − a0)
r
a
e sinω
η2

r
(

r
a
e sinω
η2

)2

+ sin2 I
, (1.79)

thus the minimum distance finally yields

dmin = (r − a0)
aη2

r
sin I

√

(

aη2

r
sin I

)2

+ e2 sin2 ω

= (r − a0)
P sin I√

P 2 sin2 I + e2 sin2 ω
. (1.80)

Now, let us scale dmin by semimajor axis a and make it equal to scaled radius of the target
body ρ = R/a

ρ =
[

η2 − α(1± k)
]

Λ = K(k, h) , (1.81)

Λ =

√

η2 − c2

(η2 − c2) (1± k)2 + h2η2
, (1.82)
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where we used sin2 I = (η2 − c2)/η2 and α(1± k)) = η2. Since c remains constant during
the Kozai cycle and is determined by the initial conditions of the projectile’s orbit, we can
find the limiting values klim and hlim by solving a set of two independent equations, namely
Eqs. (1.25) and (1.81). This system of equations does not provide a simple analytical
solution. Assuming ρ ≪ 1 we might search for small displacements δk and δh that give
klim = k⋆ + δk and hlim = h⋆ + δh. Using two-dimensional Taylor expansion of H(k, h)
and K(k, h) at the point of exact intersection we get

H(k, h) = H(k⋆, h⋆) + (∂H/∂k)⋆δk + (∂H/∂h)⋆δh+O(δk + δh)2 = C , (1.83)

K(k, h) = K(k⋆, h⋆) + (∂K/∂k)⋆δk + (∂K/∂h)⋆δh+O(δk + δh)2 = ρ . (1.84)

Since K(k⋆, h⋆) = 0 and H(k⋆, h⋆) = C we obtain for δk and δh following expressions

δk = −ρ(∂H/∂h)⋆D⋆

, (1.85)

δh = +ρ
(∂H/∂k)⋆

D⋆
, (1.86)

D = (∂K/∂h)⋆(∂H/∂k)⋆ − (∂K/∂k)⋆(∂H/∂h)⋆ , (1.87)

recall that the symbol ⋆ represents the exact intersection configuration. Obtaining the
partial derivatives of functions K(k, h) and H(k, h) is a straightforward process, thus after
a brief algebra we find

(∂K/∂k)⋆ = −2
(

k⋆ ±
α

2

)

Λ , (1.88)

(∂K/∂h)⋆ = −2 h⋆Λ , (1.89)

(∂H/∂k)⋆ =
2k⋆
η2⋆

[

2
(

7− 3c2 − 12k2⋆ + 3h2⋆
)

+ C
]

, (1.90)

(∂H/∂h)⋆ =
2h⋆
η2⋆

[

2
(

−8 + 12c2 + 3k2⋆ + 18h2⋆
)

+ C
]

, (1.91)

Interestingly, in the linear approximation the (δk, δh) solution has also its symmetric
counterpart (−δk,−δh). Such displacements direct along the tangent to the isoline
H(k, h) = C at the point of exact intersection (k⋆, h⋆).

Now, we proceed to determination of the time interval (∆t)⋆ which the projectile
spends in the interval ranging from (k⋆ − δk, h⋆ − δh) to (k⋆ + δk, h⋆ + δh), i.e. in the
interval where the mutual distance of projectile and target body is smaller that the radius
R of the target body. Using the Eqs. (1.16) and (1.19) we, after a brief algebra, obtain
the time differentials dk

dt
and dh

dt
describing the motion of the projectile in the (k, h) plane

along the C integral isoline

dk

dt
= −3

2
Γ⋆ηh

[

1 +
5

2

c2(1− k2)− η4

η4

]

, (1.92)

dh

dt
= +

3

2
Γ⋆ηk

[

1 +
5

2

c2h2

η4

]

. (1.93)

Our linear solution of δk and δh is assumed to have values of the order ρ(≪ 1), thus
we adopt only a linear discretization of the Eqs. (1.92) and (1.93), namely we represent
dk → δk, dh→ δh, and dt→ (∆t)⋆/2. As we mentioned before, the solution is symmetric
in δk and δh, thus we need to evaluate only one half of the collisional region. Naturally,
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Eqs. (1.92) and (1.93) are evaluated at the point of exact intersection (k⋆, h⋆), where both
equations provide the same results, up to the terms of the second order in ρ.

However, this approach might fail when the displacements δk and δh are large. Such
situation occurs when D⋆ is very close to 0, which always occurs for intersections with
h⋆ = 0, but also when two solutions are very close to each other in (k, h) space. In such
cases, we should not use our simple linearized approach and solve Eqs. (1.92) and (1.93)
numerically. Our tests show that the exact value when the linear approach fails depends
on the orbital elements of both projectile and target, where the absolute value of |D| may
range from 1 × 10−3 to 5 × 10−2; for the purpose of our code we adopted critical value
|Dcrit| = 2×10−3. The determination of corresponding value of (∆t)⋆/2 is then performed
by a numerical integration of the Eqs. (1.92) and (1.93) from the intersection point to the
limiting value of mutual distance of projectile and target body. Such approach provide
validity for arbitrary orbits of both projectile and target body satisfying assumptions for
which our theory is valid.

Since we now know the time (∆t)⋆ that spend both bodies in the region where the
mutual collision is possible, the partial probability P1 for a particular intersection config-
uration is then reads

P1 =
(∆t)⋆
TKozai

, (1.94)

where TKozai comes from Eq. (1.45) and is the duration of the whole cycle of secular
evolution of the projectile along the level curve of the C integral. Now, we can evaluate
the collisional probability P of impact per one revolution of the projectile

P =
∑

P1P2 =
∑ (∆t)⋆

TKozai

P2(a, e⋆, I⋆) , (1.95)

where the summation is performed over all possible intersection configurations for both
the ascending and descending nodes. Contrary to Öpik’s approach, P1 is also a function of
ω, and P2 in our case must be evaluated for each intersection configuration independently
because we do not assume e and I to be constant in time.

It is also convenient to determine an intrinsic collision probability p per unit of time
and unit of cross sectional area, which we obtain by dividing P by the projectile’s orbital
period Torb and square of the target’s body radius R

p =
P

TorbR2
= P

√
GM⊙

2πa3/2R2
, (1.96)

where GM⊙ is the standard gravitational parameter of the Sun. For a detailed comparison
with the standard Öpik’s theory, and interesting facts about Öpik’s approximation, see
paper A.

1.4 Elliptic orbit of the target – paper B

Our theory for the target on the circular coplanar orbit was a good improvement to the
standard and widely used theories, providing better results and still maintaining analytical
form. However, we knew, from the very beginning, that further improvements of the
theory are needed. Impacts on Mercury, the most eccentric planet in the Solar System
with eMercury = 0.20563, provide very interesting resources for various scientific fields. A
lack of Mercury’s atmosphere, similarly to our Moon, does not provide any protection
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from incoming impactors thus leaving the unprotected surface severely bombarded (see,
e.g., Marchi et al., 2009, 2013, and references therein).

The Solar System experienced during its early stages a dynamical instability that
produced a cataclysmic cratering events seen even in the present as basins on the Mercury
or Moon. This event occurred ∼ 700 Myr after the planets formed, and is known as the
Late Heavy Bombardment (LHB; Gomes et al., 2005). While it is assumed that the LHB
ended about 3.7 to 3.8 Gyr ago, many craters over 300 km in diameter are known either
on the Earth or Moon (Wilhelms, 1987). Bottke et al. (2012) found that the LHB lasted
much longer than previously thought, where the majority of the late impactors originated
in the E-belt. The E-belt, now largely extinct, is an extended population of the asteroid
belt between 1.7 and 2.1 au.

Even the most ambitious simulations are not able to represent the realistic abundance
of bodies producing the LHB or the later cratering events caused by the E-belt population.
Thus, only a small fraction of the original ensemble of bodies can be simulated, which
significantly decreases the impact statistics of studied problems. During the LHB many
impactors were driven to high eccentric and/or inclined orbits forcing them to experience
Kozai oscillations. Since we showed, in previous section, that even the crudest approxi-
mation of the Kozai oscillations can greatly improve the determination of the collisional
probabilities. Here, motivated mostly by findings of Bottke et al. (2012), we develop an
extension of our original theory for the targets on the elliptic orbits. Still, we restrict the
target to be coplanar with the plane of the reference, however, we expect that our gen-
eralization improves the determination accuracy of the collisional rates for the Mercury,
and may become an interesting tool for many exoplanetary applications.

Our theory for a target on an elliptic coplanar orbit follows the same approach we used
in Sec. 1.3, thus we do not rewrite the whole theory, but we mainly focus on differences
between two theories.

We use the same reference system as in Sec. 1.3.1 and since the projectile was assumed
to be on an arbitrary bound orbit, there are no changes regarding formulas describing
projectile’s motion. For now, we focus on the motion of the target body. We must modify
Eqs. (1.57) and (1.58) describing the vectorial coefficients for the target body A10 and
A20, since the eccentricity of the target body is not assumed to be equal to zero, while we
still assume the inclination of the target body to be equal zero I0 = 0. Thus, we obtain

A10 = ∓e0 sin f0
P0

er + eφ , (1.97)

A20 = −2

[

1− 3

2P0

+
η20
P 2
0

]

er − 2
e0 sin f0
P0

eφ , (1.98)

where we recall η20 = 1−e20 and P0 = a0η
2
0/r0. Since e0 > 0, we cannot assume a0 = r0 and

set arbitrary value of f0 without a loss of generality. However, r0 is still only a function
of f0, thus we may substitute f0 in A10 and A20 by r0 using relation e0 sin f0 = η0R±,
where

R± = ±
√

(r0 − r1)(r2 − r0)

r0
, (1.99)

with r1 = a0(1−e0) and r2 = a0(1+e0) standing for the perihelion and aphelion distances
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of the target body, respectively, thus the rewritten equations for A10 and A20 yield

A10 =
η0R±

P0

er + eφ , (1.100)

A20 = −2

[

1− 3

2P0

+
η20
P 2
0

]

er − 2
η0R±

P0

eφ . (1.101)

The upper and lower sign in R± corresponds to f0 values in different parts of orbit, namely
the upper sign for interval (0, π) and the lower sign for the interval (π, 2π). Please bear in
mind that these signs must not be confused with signs denoting the impact configuration
in the ascending and descending nodes, and need to be treated separately.

Now, we express the orbital velocity v0 of the target body on the elliptic orbit using
Eqs. (1.60) and (1.97)

v0 = V0FA10 = V0(R±er + Feφ) , (1.102)

with F = η0a0/r0. From Eq. (1.60) we see, that the vector pointing to the instantaneous
apex of the target’s body motion is no longer parallel to vector eφ. We thus, for further
convenience, introduce a new orthonormal triad (ea, eb, ez), where ea is directed to the
instantaneous apex of the target’s motion, eb = ea × ez, and ez is still pointing along the
Z axis of the inertial frame. The new triad directly results from Eq. (1.60) and reads

ea =
R±er + Feφ
√

R2
± + F 2

, eb =
Fer −R±eφ
√

R2
± + F 2

, (1.103)

where R2
± + F 2 = 2(a0/r0) − 1. Using the new orthonormal triad the corresponding

relative velocity components yield

Va =
V0

√

R2
± + F 2

[
√

r0
r

√
P

(

∓R±

e sinω

P
+ F cos I

)

−
(

R2
± + F 2

)

]

, (1.104)

Vb =
V0

√

R2
± + F 2

√

r0
r

√
P

(

∓F e sinω
P

− R± cos I

)

, (1.105)

Vz = ±V0
√
P sin I , (1.106)

where Va = V · ea, Vb = V · eb, and Vz = V · ez. The longitude ℓ and latitude b of the
radiant position seen by the observer then read

ℓ = arctan

(

Vb
Va

)

, (1.107)

b = arcsin

(

Vz
V0

)

. (1.108)

The evaluation of the collision probability follows the same method as we presented
in Sec. 1.3, thus we will point out only the main differences to the previous method.
The distance of the target ∆r0 from the point of exact intersection is different due to the
non-zero eccentricity of the target body and in the elliptic case reads

∆r0(λ0) = r0A10λ0 +O(λ20) , (1.109)

where r0 is the heliocentric distance of the intersection point. If we compare Eqs. (1.109)
and (1.73), the elliptic expression for ∆r0 and its circular counterpart, we see, that unlike
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in the circular case, A10 has both radial and longitudinal components. Thus, we also must
anticipate changes in the evaluation of the minimum mutual orbital distance dmin of the
projectile and target body near the intersection point. The square of the projectile-target
distance reads

d2(λ, λ0) = [∆r(λ)− r0(λ0)] · [∆r(λ)− r0(λ0)] ,

= (r − r0)
2 ± 2r(r − r0)

r

a

e sinω

η2
λ+ r2 − 2 cos Ir0λλ0 + r20λ

2
0

+

[

(r

a

)2
(

e sinω

η2

)2

sin2 I + cos2 I

]

λ2 .

(1.110)

We follow a similar approach used in Sec. 1.3, however, in this case the situation is more
complex. First, we derive the first partial derivatives with respect to both variables (λ, λ0)

1

2

∂d2

∂λ
= (X1 +X2λ−X3λ0)X2 + (r cos Iλ− r0λ0)r cos I

+r2 sin2(I)λ = 0 , (1.111)

1

2

∂d2

∂λ0
= −(X1 +X2λ−X3λ0)X3 − r0(r cos Iλ− r0λ0) = 0 , (1.112)

where X1 = (r − r0), X2 = ±re sinω/P , and X3 = r0ηR±/P0. The system of Eqs.
(1.111) and (1.112) has following solutions for (λ, λ0) (using e.g., Cramer’s rule)

λ = X1

X2r
2
0 −X3r0r cos I

∆
, (1.113)

λ0 = X1

−X3r
2 +X2r0r cos I

∆
, (1.114)

∆ = 2r0rX2X3 cos I − r2r20 sin
2 I − r2X2

3 − r20X
2
2 . (1.115)

The minimum distance dmin in the case of the target on an elliptic orbit thus reads

dmin =
(r − r0) sin I

√

(1 + β2) sin2 I + (γ − β cos I)2
, (1.116)

where β = r0R±/(a0η0) and γ = ∓e sinω/P ). Eq. (1.116) is obtained straightforwardly
because terms in brackets in Eq. (1.110) give after the substitution of (λ, λ0) very simple
expressions. Note that dmin is a function of orbital parameters of the projectile with the
nodal distance r = aη2/(1± e cosω) and the heliocentric distance of the target r0 that is
assumed to be fixed.

Again, we follow the same procedure as in the circular case. The limiting impact
configuration is given by dmin = R, where R is the radius of the target body (for a
negligible size of the projectile), thus after scaling R with the semimajor axis a of the
projectile we get

ρ =
[

η2 − α(1± k)
]

Λ = K(k, h) , (1.117)

with

Λ =

√

η2 − c2

(η2 − c2) (1 + β2) (1± k)2 + [hη ± βc(1± k)]2
. (1.118)
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Using Eqs. (1.83) – (1.93), that are the same for the target on either circular or elliptic
orbit, we obtain the probability P1 which now depends also on r0

P1(r0) =
(∆t)⋆(r0)

TKozai

, (1.119)

thus we again express the total collisional probability P per one revolution of the projectile
as

P (r0) =
∑

P1P2 , (1.120)

where we sum over all possible impact configuration denoted by ⋆ symbol. The intrinsic
collisional probability p(r0) thus reads

p(r0) =
P (r0)

TorbR2
, (1.121)

where we again applied a normalization for the orbital period of the projectile Torb, and
to the cross-section factor R2 we adopt definition of the intrinsic collisional probabili-
ty from (Öpik, 1951; Wetherill, 1967; Greenberg, 1982). Since the probability P (r0) is
dimensionless, the convenient units of p(r0) are au−2y−1.

We derived the collisional probability P , now, for the target that is on an elliptic
orbit, following the similar approach as in circular case. There are some noticeable dif-
ferences, but overall both theories look almost the same. However, so far we fixed the
heliocentric distance r0 of the target body, thus we can derive using Eq. (1.120) the
collisional probability for a particular value of r0, but the target body with non-zero e
may reside in the time of the collision on an arbitrary value of r0 between the pericenter
and apocenter of the target’s orbit. In order to evaluate the final collisional probability
pfin, we thus need to consider all possible values of r0 in the range (r1, r2). Since the
values of r0 are not equally probable in time, we need to apply an appropriate weighting
to p(r0). Because the true anomaly differential df of an elliptic orbit satisfies relation
df ∝ dr0/(r

2
0|v · er|) ∝ dr0/(r

2
0R+), we finally identify the weighting factor to be

Ψ(r0) =
a0η0
π

1

r0
√

(r0 − r1)(r2 − r0)
. (1.122)

The constants at the right side of Eq. (1.122) are set that the integral over the range
(r1, r2) satisfies the normalization

∫ r2

r1

Ψ(r0)dr0 = 1 . (1.123)

We should note that one would expect also another weighting factor dt ∝ dr0/(|v · er|)
expressing the time interval that the target body spends in the region (r0, r0 + dr0),
however, this weighting factor is already contained in the P2 probability. Hence, the final
intrinsic collisional probability pfin over all possible impact configurations reads

pfin =

∫ r2

r1

Ψ(r0)p(r0)dr0 . (1.124)

The weighting factor Ψ(r0) is apparently singular at pericenter and apocenter distance
of the target body, at both lower and upper integration boundaries. Fortunately, the
integral itself is finite, however, the numerical evaluation of pfin must be performed with
caution. In our code we use the standard method of the improper integrals calculation
(Press et al., 2007). More specified information can be found in the Appendix Section of
paper B.
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1.5 Implementation of our approach

Our theory provides more complicated and not easily understandable formulas for the
evaluation of the collisional probability between two bodies compared to those of Öpik
(1951), or Wetherill (1967), and readers might find the theory too complex to use it
without making a big effort, thus leaving our theory aside and keep using theories in
situations where the original assumptions are violated. One of the crucial parts of both our
papers is the comparison between the direct impacts recorded in the N−body simulation
and the estimate of the collisional probability based on our theory. We wrote a simple
code in FORTRAN 77 that provided only an intrinsic collisional probability between
target and projectile. This code was later expanded and made more versatile providing
radiant distribution of the impactors, orbital elements at the moment of impact (our
theory cannot predict values of the longitude of the ascending node Ω and mean anomaly
l because of the averaging technique used to obtain integrals of motion), impact velocities
at infinity and influenced by gravitational focusing.

The code was later rewritten in FORTRAN 90 and was improved for the targets on
eccentric orbits. We successfully tested our code and used it in process of writing paper
(A,B and E). The most recent version of our code is presented in Appendix A and can be
found at http://sirrah.troja.mff.cuni.cz/~pokorny/Kozai/ . The code is currently
used by Gerhard Hahn who is implementing it as a part of a software package for modeling
a distribution of NEAs designated for the European Space Agency (ESA). The code
was recently used by Alessandro Morbidelli for evaluation of the collisional probabilities
between terrestrial planets and artificial population of NEAs (Granvik et al., 2013).

1.6 Conclusions and further work

We presented two extensions of the original works that were using assumptions contradic-
tory to observed behavior of many bodies in the Solar System. Our extensions are valid
even for high inclination and high eccentricity orbits of the projectiles. We restricted the
orbit of the target to circular coplanar orbit (paper A) and elliptic coplanar orbit (paper
B) to obtain purely analytic solution. Such solution is highly efficient because allows us
to evaluate the collisional probability between two bodies with an arbitrary precision with
almost no costs for computational time. This naturally led us to write a code providing
intrinsic collision probability, position of radiants and impact velocities base on our work.
This code is written in FORTRAN 77 and 90 (two separate versions) and is available at
http://sirrah.troja.mff.cuni.cz/~pokorny/Kozai/ .

Our approach and code was also successfully tested in a “real-life scenario”, a numerical
experiment of E-belt population evolution (paper B). We studied a dispersion of the
original population by all eight planets in the Solar System starting at the time when all
planets reached the current architecture. Using N -body code we recorded impacts of E-
belt objects on every planet and directly compared them with predictions of our collision
theory. Despite of fact that the investigated scenario incorporated far more complex
system than assumed in our theory, the direct comparison showed good performance of
our theory and fair improvement in comparison with the original theories.

Many challenging tasks are also ahead of us. A generalization to target orbits with
non-zero inclination would prove useful for implication is the Solar System as collisions
among objects in the asteroid belt and also in many exotic exoplanetary systems where
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some planets reside on inclined orbits. Another improvement would be to adopt a more
complex perturbing function P, which would allow us to consider more perturbing bodies
and allow the projectile’s orbit have close encounters with them. This would improve our
estimates e.g., collisions of the long-periodic comets with terrestrial planets.
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2. Sporadic meteoroid complex

In this chapter, we review our work on the modeling of the sporadic meteoroid complex
(SMC). We will recall crucial physical processes that influence the dynamics of the mete-
oroids in the Solar System. We focused mainly on a development of steady-state models
for various structures in the SMC. At the very end of our research we were fortunate to
obtain the whole dataset from Canadian Meteor Orbit Radar (CMOR) that, on the other
hand, could not be fully analyzed and described in presented papers. In what follows, we
present the whole dataset in some extend, describe observed structures, and also point
out the most interesting features. In total, we presented three papers, where each of them
is describing one of the most prolific sources of dust particles in the Solar System and
their contribution to the meteor flux observed on the Earth.

We would like to thank Margaret and Peter Brown, and other CMOR staff, for pro-
viding the data. Their contribution allowed us to understand CMOR observations in a
great detail, provided an essential input to our model presented in paper E, and allowed
us to explore many interesting phenomena in this thesis.

Papers reviewed in this section:

Paper C: Nesvorný, D., Vokrouhlický, D. Pokorný, P., & Janches, D., 2011, Dynamics
of Dust Particles Released from Oort Cloud Comets and Their Contribution to Radar
Meteors, Astrophysical Journal, 743, 129.
Paper D: Nesvorný, D., Janches, D., Vokrouhlický, D. Pokorný, P., Bottke, W. F., &
Jenniskens, P., 2011, Dynamical Model for the Zodiacal Cloud and Sporadic Meteors,
Astrophysical Journal, 743, 129.
Paper E: Pokorný, P., Vokrouhlický, D. Nesvorný, D., Campbell-Brown, M. D., &
Brown, P. G., 2014, Dynamical Model for the Toroidal Sporadic Meteors, Astrophysical
Journal, 789, 25

2.1 Introduction

The Solar System is a very dusty environment. Every second myriads of small micron sized
particles are released from comets, created in cometary and asteroidal breakups and also
a small portion of dust comes from the interstellar space. The Earth, passing through this
dusty environment, is constantly showered with particles. Shall the dust particle be large
enough, its deceleration in the Earth’s atmosphere may be visually seen by observers,
creating a phenomenon called meteor. The exact threshold of the detectability of the
visual meteor is a complex function of its size, composition, atmospheric entry velocity,
weather conditions and also sensitivity of a observing system. Modern visual meteor
survey like Cameras for Allsky Meteor Surveillance (CAMS; Jenniskens et al., 2011), or
Canadian Automated Meteor Observatory (CAMO; Weryk et al., 2013) observing a large
portion of the sky are able to detect dust particles with radii s & 5 mm (valid for the
fastest meteors). Smaller dust particles decelerating in the atmosphere are not bright
enough to be observed visually, however, during the deceleration they ablate, and thus
ionize surrounding air, which makes them visible to powerful radar systems. Radars do
not detect the particles directly, but a train of ionized air left behind the dust particle
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was found to be a very effective reflector of radio waves, which allows particles with
diameters of tens to hundreds micrometers to be detected (Jones et al., 2005). In the
past decade, the majority of the radar meteor detections were performed by two different
radar systems; Advanced Meteor Orbit Radar (AMOR; Galligan and Baggaley, 2004,
2005), and Canadian Meteor Orbit Radar (CMOR; Jones et al., 2005). Radars have
many advantages over the visual observation systems, such as the independence on the
weather conditions, ability to observe throughout all day regardless on the position of the
Sun, and also the ability to detect much smaller particles down to hundreds or even tens
micrometers, which provides an access to much richer sample of data when compared to
the observations performed by a visual system in the same period of time. Both visual and
radar observations provide a precise determination of the radiant location and velocity of
each impacting particle, thus, in other words, provide us a complete set of the Keplerian
elements for given particle. Moreover, since these systems are able to record the whole
deceleration process of the particle in the atmosphere, we can also obtain information
about the mass of the meteor (Verniani, 1973; Pecina and Ceplecha, 1983), which, as we
show in the following sections, is an essential piece of information for our modeling efforts.

Decades of analysis of different radar or visual observations distinguished two differ-
ent components of the Earth’s meteoroid complex: (1) particles associated with meteor
streams, and (2) particles belonging to a sporadic background. Particles belonging to
the meteor streams are concentrated in the interplanetary space and are not dynamically
evolved, thus revolve on the similar orbits to their parent body (see, e.g., Fernández, 2005;
Jenniskens, 2006; Brown et al., 2008, 2010). These bodies impact Earth’s atmosphere at
discrete intervals of time that last typically for a few days. Many different techniques
for meteor stream recognition were developed during the past decades, mostly comparing
the orbital elements of the recorded meteors and excluding the orbits that fall outside
a threshold value of similarity (e.g., Southworth and Hawkins, 1963; Jopek et al., 2006),
sometimes called a discriminant criteria (D) method. Since these methods compare the
orbital elements of the particles, they are used widely for both visual and radar observa-
tions. The exact values for threshold values may differ from author to author, which may
lead to discovery of a new meteor stream in one dataset, while in the different dataset the
same event may not pass the threshold value. The sporadic background is composed of
particles that are not associated with any stream. It is generally believed that the spo-
radic component of the meteoroid complex is actually a dynamically evolved population of
originally stream meteoroids, whose orbital elements due to the various dynamical effects
became less and less similar to the orbital elements of the parent body. Such dispersion
does not allow meteoroids to be distinguished individually among the various sources of
the dust particles anymore. However, there must be also some intermediate dynamical
state of the particles when they do not belong to the meteor streams due to the higher
dispersion of the orbital elements, but, on the other hand, the nodes of the particles are
still not randomly distributed, thus creating “semi-sporadic” structures in the meteoroid
complex (Brown et al., 2010).

Since meteor showers provide a spectacular show, when hundreds of meteors are ob-
servable by a naked eye, many might guess that the majority of the meteor influx is
brought by stream meteors. This opinion was proved to be wrong by various projects
in both visual (Jones and Brown, 1993) and radar (Campbell-Brown, 2008) observations.
In fact, the sporadic meteors dominate the time-integrated flux of meteors at Earth by a
factor of ten (Brown et al., 2010).
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2.1.1 Observations of sporadic meteoroid complex

Fig. 2.1 shows a radiant distribution map for more than a million meteors observed by
CMOR in 2012 where all recognized meteor streams were removed from the dataset. We
can clearly distinguish five different concentrations of meteors in the radiant map. Since
CMOR is located on the northern hemisphere, its sensitivity for meteors with southern
latitudes is much lower than for those with positive latitudes. From the symmetry of the
impacts1, we can also expect that there is another concentration of meteors located at
−60 degrees of latitude, which was, indeed, confirmed by independent observations made
by AMOR (Galligan and Baggaley, 2004).

We thus find six concentrations in the sporadic meteoroid complex, where the majority
of observed meteors belong to: (1) the helion and anti-helion sources (H/AH), (2) the
north and south apex sources (NA/SA), and finally (3) the north and south toroidal
sources (NT/ST). The exact positions and ranges of the areas defining sources differ from
author to author (e.g., Campbell-Brown, 2008; Kero et al., 2012), however, the areas
greatly overlap and contain the majority of observed meteors. We define the regions
similarly to Campbell-Brown (2008): (1) helion source as the rectangular region with the
center at (ℓ, b) = (−60◦, 0◦), with longitudinal width 60◦ and latitudinal width 90◦, (2)
anti-helion source is similar to helion, but with center at (ℓ, b) = (60◦, 0◦), (3) north apex
source is enclosed in a semicircle with radius 40◦ and center at (ℓ, b) = (0◦, 0◦), while (4)
south apex source is a symmetric counterpart of the north apex with respect to the ecliptic
plane, (5) north toroidal region is defined by an ellipse with center at (ℓ, b) = (0◦, 55◦)
with semimajor axis equal to 28◦ and semiminor axis equal to 15◦, and (6) south toroidal
source is again the symmetric counterpart of the north toroidal source with respect to
the ecliptic plane. Here, the longitude ℓ is measured from the apex direction, where the
apex of the Earth’s motion is at the origin (ℓ, b) = (0◦, 0◦), and the latitude b is measured
from the ecliptic plane. All six sources are marked in Fig. 2.2. The main features of each
source will be discussed in the following sections, namely the H/AH source in Sec. 2.9,
the NA/SA source in Sec. 2.7, and the NT/ST source in Sec. 2.11.

The ground-based observations provide a vast ensemble of data, however, also many
satellites and space probes were deployed in the past decades, some of which also contained
instruments with an ability to measure various characteristics of the interplanetary dust
particles. One of the most comprehensive observations of the terrestrial accretion rate
was performed by Long Term Duration Facility (LDEF ) experiment. Even though the
experiment is almost thirty years old (see, e.g, Love and Brownlee, 1993, and references
therein), the exact outcome of the experiment is still investigated (Cremonese et al., 2012),
and may change in the future. According to Cremonese et al. (2012) the total mass
accreted by the Earth is (7.4±1.0)×106 kg yr−1 for asteroidal sources and (4.2±0.5)×106

kg yr−1 for cometary sources. This gives us total mass approximately 15 tons per year,
where the majority of mass is brought by particles with diameters around ∼ 200 µm.

Meteoroids orbiting in the Solar System also emit an infrared light that can be mea-
sured by space probes. The first spacecraft that observed almost the whole sky in mid-
infrared (MIR) wavelengths, and became a pioneer of modern infrared astronomy, was
the Infrared Astronomical Satellite (IRAS ; e.g., Sykes et al., 1986). Followed by Cosmic
Background Explorer (COBE ; e.g., Kelsall et al., 1998), Wide-field Infrared Survey Ex-
plorer (WISE ; e.g., Kramer et al., 2012), or Planck (Planck Collaboration et al., 2013),

1As we show in Sec. 1.3.1, the impacts of the projectiles at the ascending nodes have always positive
value of latitude, while the impacts at the descending nodes have negative values of latitude
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a large amount of data was collected. Knowledge of the thermal emission in the Solar
System allows us to constrain the models for the zodiacal cloud, because we can compare
the emission from an artificial model population to the observations from different space
satellites (see, e.g., Nesvorný et al., 2006, 2010).

Finally, many different space probes traveled through various regions of the Solar
System. Some of them carried instruments, impact detectors, that were able to detect
impacts of particles from diameters about 20 µm like e.g. (Pioneer 10 and 11 space-
crafts (Landgraf et al., 2002) down to micron sizes particles observed by New Horizons
spacecraft (Poppe et al., 2010). Even though the statistics of such experiments are very
low compared to ground-based observations, they provide valuable information about the
dust distribution in the vast regions of the Solar System.
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Figure 2.1: Distribution of radiant positions of 1.3 million meteors measured by Canadian Meteor Orbit Radar in 2012. The color range
corresponds to the measured flux in 1◦ × 1◦ radiant bins. Longitude is measured from the apex direction, where apex is at the origin, and
latitude is measured from the ecliptic plane. CMOR is located at 43.3◦ northern latitude thus is not able to observe meteors coming from
souther sky (roughly radiant latitudes . −40◦).
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2.1.2 Modeling of sporadic meteoroid complex and motivation

In the previous chapter, we mentioned that the time-integrated flux of visual and radar
meteors impacting the Earth is dominated by about a factor ten by sporadic meteors
(Jones and Brown, 1993), and that sporadic meteors come mainly from six different radi-
ants. Since the sporadic meteors are not associated with particular streams, they certainly
experienced a long dynamical evolution. Once the dust particle is released from a parent
body it at once feels effects of gravity of the planets, solar radiative forces, and also col-
lisions with other small bodies in the Solar System (we will discuss these effects in more
detail in Sec. 2.2). The dynamical evolution of a dust particle is, thus, a very chaotic pro-
cess where even a small change in the initial conditions can cause a completely different
outcome. The stochastic nature of the problem does not allow an analytical solution and
needs a construction of a numerical model based on simulations of thousands of particles
of various sizes originating in different parent bodies.

The first models were usually composed of simple sets of empirical equations describ-
ing the up-to-date measurements, and used only very simple assumptions for speed of
meteors or their parent bodies (see, e.g., McNamara et al., 2004, for a review of NASA
models). Divine (1993) model was a great improvement of the modeling efforts of the
dust environment in the Solar System. It presented five populations of interplanetary and
was supported by various data sources from ground-based telescopes and space probes.
However, neither Divine’s model, nor models of NASA (McNamara et al., 2004), and
ESA (Dikarev et al., 2004), could precisely explain radiant and velocity distributions of
observed sporadic meteors.

Wiegert et al. (2009) presented a study with a challenging objective to explain all six
observed sources of the sporadic meteors. Authors assumed the known populations of
asteroids and comets as the source regions of meteoroids and made a few assumptions
(e.g., they magnified Earth’s radius to 0.1 au in order to get better impact statistics)
to make their model simpler and less time demanding. Their results were interesting,
however, the general conclusion from this model contained several drawbacks. Authors
did not perform any kind of fits, thus the agreement between model and observations
is only qualitative, which is the most apparent for the toroidal concentration (Fig. 4
in Wiegert et al., 2009). Authors also conclude that a single body may dominate the
contribution of the dust particles for a particular radiant region. This led Wiegert et al.
(2009) to a conclusion that the parent bodies for the north toroidal source were several
near-Earth asteroids (NEAs), which would have, however, pushed their dust ejection
activity well above any observed values.

To summarize the situation around 2010 we may say that the radar observations
recorded millions of meteors with accurate orbital elements and heliocentric velocities.
Yet, the existing models were not able to accurately explain observed structures and
orbital element distributions. Motivated by the considerable amount of precise data and
the complexity of the problem we started to investigate dynamics of particles coming from
various prolific sources of dust in the Solar System, their contribution to the sporadic
complex measured at the Earth, and validity of our models keeping in mind results of
Wiegert et al. (2009).
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2.2 Dynamics of the dust particles in the Solar Sys-

tem

The dynamics of the small meteoroids is dominated by two different types of forces: the
gravitational effects of all massive bodies in the Solar System, and the radiative forces
caused by the Sun. In the following text, we explore the most dominant effects on the
dynamics of the dust particles caused by radiative forces, while the direct effects of the
gravitational attraction are not discussed in detail. The reason is simple. In our papers
we study motion of dust particles in a very broad region of the Solar System which extents
from the Sun up to the Oort cloud, a region thousands astronomical units far from the
Sun. Such vast region is interwoven with mean motion resonances, secular resonances,
particles may undergo close encounters with planets, and also in many cases dust par-
ticles experience influence of secular mechanisms like Kozai oscillations. Even a brief
description of all known phenomena would fill several tens of pages, thus we refer to a
few publications to provide a basic overview of the topic (Murray and Dermott, 1999;
Morbidelli, 2002; Bertotti et al., 2003). However, in our models we take into account
effects of gravitation forces from massive bodies. We use a standard numerical pack-
age SWIFT (Levison and Duncan, 1994) that is able to accurately simulate dynamical
evolution of massive bodies and test particles on very long timescales (see also Sec. 2.4).

On the other hand, radiative forces originate only from one body, the Sun, thus we
may expect that the magnitude of their effects follow a specific power-law, or even such
forces could have the same effect regardless on the heliocentric distance of the body. A
standard reference for an introduction to radiation forces on small particles in the Solar
System is the work of Burns et al. (1979). We will introduce a notation used in this work,
follow its approach, discuss several assumptions used in our numerical models based on
our findings, and also add a few interesting consequences not discussed in Burns et al.
(1979).

Assume a small spherical particle of a geometrical cross-section A that absorbs light
incident on an area AQabs and scatters an amount of light that is equivalent to light
incident on an area AQsca. We thus define absorption Qabs and scattering Qsca coefficients
which correspond to the fraction of amount of energy that is absorbed or scattered,
respectively. For a given particle we define the radiation pressure coefficient

Qpr = Qabs +Qsca (1− 〈cosα〉) , (2.1)

where 〈cosα〉 is an anisotropy parameter that can be calculated from the Mie theory
(see, e.g., Burns et al., 1979; Horvath, 2009, for a review and historical background). In
our models and simulations we, for simplicity, assume Qpr = 1, which is equivalent to
a perfectly absorbing particle, similarly to the case originally considered by Robertson
(1937). Such particle feels a force from the solar photon radiation that can be viewed as a
composition of two different parts: (1) a radiation pressure caused by an initial incidence
of the dust particle by a momentum of the photon beam, and (2) a Poynting-Robertson
drag caused by a reradiation of the incident energy. If we denote S as the integrated flux
density (erg cm2 s−1), the total amount of incident energy on the particle per second is
SA. For a moving particle in the heliocentric reference frame with velocity v relative to
the Sun, we must make a correction for the limited speed of the light c –Doppler effect–
that reads

S ′ = S

(

1− v · Ŝ
c

)

, (2.2)
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where S ′ is a corrected integrated flux density for a moving particle and Ŝ is a unit vector
in the direction of the incident beam. The force F1 equal to a momentum removed per
second from the incident beam of photons is

F1 = Qpr

S ′A

c
Ŝ. (2.3)

Now, the absorbed energy flux is continuously reradiated by the particle. We assume
the reradiation process to be isotropic, because we are dealing with very small particles
(centimeters in size at maximum), and thus we may consider them effectively isothermal.
On the other hand, we also assume, that our theory corresponds to the geometrical optics
limit, where the particle size is much larger than the incident-light wavelength. In the
reference frame moving with the particle there is no net force, since the reradiation is
isotropic. However, in the heliocentric reference frame the particle has velocity v, and
thus the momentum flux from the particle is

F2 = −Qpr

S ′A

c2
v. (2.4)

The mass of the particle is conserved, thus, in fact, the particle losses its momentum and
is decelerated by force F2. The net force caused by radiation Frad is then the vectorial
sum of F1 and F2

Frad = Qpr

S ′A

c2

(

cŜ− v
)

= Qpr

SA

c

[(

1− v · Ŝ
c

)

Ŝ− v

c
+

(v · Ŝ)v
c2

]

, (2.5)

where the first term is the radiation pressure and the remaining terms are usually called
Poynting-Robertson drag. Since the maximum velocities of the bodies in the Solar System
are smaller than . 100 km s−1, the last term in Eq. (2.5) is usually not considered.

The most of the literature finds it useful to define a ratio β between the gravitational
attraction Fgrav of the Sun with mass M⊙ at heliocentric distance r upon a spherical
particle of radius s and density ρ that reads

Fgrav =
4πs3ρ

3

GM⊙

r2
, (2.6)

where G gravitational constant, and the magnitude of the radiation pressure force Fr

defined by Eq. (2.5) as

Fr = Qpr

LA

4πr2c
, (2.7)

where we used S = L/4πr2 for the radiation flux density at heliocentric distance r gener-
ated by the Sun with the solar luminosity L. Then the parameter β reads

β =
Fr

Fgrav

=
3L

16πGM⊙c

Qpr

ρs
= 5.7× 10−5Qpr

ρs
, (2.8)

where ρ, and s, are in units g cm−3, and cm, respectively. With the parameter β the total
net force caused by solar radiation upon the dust particle may be written as

Frad =
GM⊙mβ

r2

[(

1− v · Ŝ
c

)

Ŝ− v

c
+

(v · Ŝ)v
c2

]

, (2.9)
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wherem is the mass of the dust particle. From Eq. (2.9) we see that the radiation pressure
directly opposes a part of the gravitational attraction of the Sun, which causes the dust
particle to behave as if it were orbiting the center of gravity with mass of (1 − β)M⊙.
In our simulations, we assume particles to be composed of silicates with mean density
ρ = 2.0 g cm−3, thus we have only one free parameter in determination of β from Eq.
(2.8). If we are to compare our simulations with other works where different values of ρ
are used, we would simply recalibrate the size of particles without losing the validity of
our results.

The radiation pressure and Poynting-Robertson drag have very interesting consequences
on the dynamical behavior of the dust particles. For particles with β > 1 the radiation
forces are strong enough to push such bodies out of the Solar System on hyperbolic orbits.
However, this occurs only for very small particles with diameters D = 2s < 0.5 µm. These
bodies called β-meteoroids are observed by different space probes (Poppe et al., 2010),
but are too small to be observed on the Earth by either radars or ground-based optical
telescopes. Larger particles, with β < 1, feel lower gravity from the Sun than their parent
body, for which we have β = 0, and thus their orbital elements might change at the time
of ejection from the parent body.

Let us consider a parent body at heliocentric distance r moving along an orbit with
the semimajor axis a, the eccentricity e and the inclination I. The heliocentric velocity
Vhel of the parent body then reads

V 2
hel = GM⊙

(

2

r
− 1

a

)

. (2.10)

A small dust particle released from the parent body with a negligible ejection speed at
heliocentric distance r will instantly feel the effects caused by radiation pressure. Since
we neglected the ejection speed, the heliocentric velocity of the dust particle will be the
same as that of the parent body, however, with non-zero β we get

V 2
hel = G(1− β)M⊙

(

2

r
− 1

a′

)

, (2.11)

which gives us a solution for the new semimajor axis a′ of the dust particle after ejection

a′ = a
r(1− β)

r − 2βa
. (2.12)

Since the heliocentric position rhel and velocity vectors vhel are conserved upon ejection
of the particle, the specific relative angular momentum H of the dust particle equal to
the angular momentum of the parent body

H = r×mv = m
√

GM⊙a(1− e2) = m
√

G(1− β)M⊙a′(1− e′2) . (2.13)

Combining Eqs. (2.12) and (2.13), we obtain the solution for the new value of eccentricity
e′ after the ejection of the dust particle

e′ =

√

1− (1− e2)(r − 2βa)

r(1− β)2
. (2.14)

From Eqs. (2.12) and (2.14) we see that if β > r/2a then the orbit of the ejected
particle becomes unbound and the particle will escape from the Solar System. This factor
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becomes more important for parent bodies with very large semimajor axes such as Oort
Cloud Comets having a ∼ 1000 au, thus even quite large particles with diameters of tens
or hundreds of micrometers may be released on hyperbolic orbits, if the ejection occurs
very close to the Sun, even though β is a small number. Finally, there is no change in
inclination upon the release of the dust particle from the body, because the radiation from
the Sun is emitted radially, and also since rhel and vhel are conserved, the Z-component
of the specific relative angular momentum HZ is also conserved, and thus

HZ = H cos I = H cos I ′ ⇒ I = I ′ . (2.15)

Now, we will investigate the dynamical consequences of the radiative forces on the
orbital elements, averaged over one orbital period. We describe the results presented
by Wyatt and Whipple (1950) and Burns et al. (1979), that were originally obtained
by Robertson (1937). The secular change of the semimajor axis due to the Poynting-
Robertson drag reads

da

dt
= −N

a

(2 + 3e2)

(1− e2)3/2
, (2.16)

while the change of the eccentricity is

de

dt
= −5

2

N
a2

e

(1− e2)1/2
, (2.17)

where N = 2.53 × 1011Qpr/ρs = 4.44 × 1015β, with a, ρ, and s in units cm, g cm−3, and
cm, respectively. There is no secular change in the inclination I, thus we may formally
state that

dI

dt
= 0 . (2.18)

For a dust particle with e = 0 we can simply integrate Eq. (2.16) and get characteristic
orbital decay time tPR for a particle decaying from heliocentric distance R1 to distance
R2

tPR =
400

β
(R2

1 − R2
2) , (2.19)

where the heliocentric distances R1 and R2 are in astronomical units and tPR is in years.
The determination of the characteristic decay times tPR for the non-zero eccentricity is
not simple, but it is obtainable by the numerical integration of Eqs. (2.16) and (2.17).
Figs. 2.3 and 2.4 show tPR for a wide range of initial semimajor axes a and eccentricities
e at the time of ejection for the dust particle with radius s = 100 µm and density ρ = 2 g
cm−3. Dust particles were tracked until their heliocentric distance r reached the surface
of the Sun. We see that higher initial eccentricity greatly reduces the decay time, where
for e ∼ 0.9 the particles have one order of magnitude shorter dynamical lifetimes than
the particles with initially zero eccentricity. This effect is very important for particles
released from comets that are usually observed on very eccentric orbits. We also have
to take into account the effect of radiation pressure that increases e of the dust particle
upon its ejection from the comet as described by Eq. (2.14).

We should not neglect an effect of the solar wind that influences the dynamics of the
dust particles in the similar manner as the radiative forces from the Sun. According to
Mukai and Yamamoto (1982), the direct effect of the solar wind in the radial direction
is not negligible only for very small particles with s < 0.1 µm, when compared to the
magnitude of the radiation pressure force. However, the transverse part of the radiation
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distance r of the dust particle, TPR easily acquires extreme values for dust particles with
a > 100 au.
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forces, the Poynting-Robertson drag, is affected by the solar wind more effectively. In
our simulations we use a mean value of 30% increase of the magnitude of the Poynting-
Robertson drag, which is in accordance with calculations of Mukai and Yamamoto (1982)
that for micron to centimeter sized bodies acquired 40% increase for prograde magnetite
particles and 20% increase for retrograde magnetite particles. Again, such parameter is
transferable between different simulations by changing the size of the dust particles.

In previous paragraphs we omitted several other dynamical effects caused by radiative
forces that are important for larger bodies like Yarkovsky effect or YORP effect (see
e.g., Burns et al., 1979; Bottke et al., 2006, for excellent review of the problem), and also
effects that dominate in the close proximity of the Solar surface like differential Doppler
effect (Burns et al., 1979). These effects influence the dynamics of the dust particles we
study only in a negligible way.

2.3 Collisional lifetimes - theory

Collisions between dust particles and other bodies in the Solar System decrease the lifetime
of the dust particles, that may be very short, as we learned in the previous section. On
the other hand, dynamical lifetimes of larger particles may exceed billion years, thus there
must exist a mechanism that disrupts larger, dynamically stable, particles, because the
zodiacal cloud is dominated by particles with diameters D ∼ 10− 100 µm (Reach et al.,
2003). If we want to study the evolution of large populations of dust particles in the Solar
System, it is crucial to know, what the collisional lifetimes τcoll of population members
are. The dynamical lifetime can be much longer than the collisional lifetime τcoll of the
dust particles, and thus even though theoretically the particles would reach the proximity
of the Sun due to the radiative forces in finite time, in reality mutual collisions can break
them apart even very close to their parent bodies.

Most works today use two different approaches for an evaluation of the collisional
lifetime of the small bodies in the Solar System. Model from Grün et al. (1985) gives
meteoroid flux and collisional lifetimes for particles with different masses at heliocentric
distance 1 au, where the results are based on various observations from different space-
craft and Earth-based detectors. If we set a radial dependence of the meteoroid flux in
the Solar System, the knowledge of the collisional lifetimes at 1 au allows us to evalu-
ate the collisional lifetime for every particle on an arbitrary orbit (see Eqs. (16)–(19) in
Grün et al., 1985). We adopted Grün’s model in papers C and D (see, Nesvorný et al.,
2011b, for a more detailed description). Since this model is based on more than twen-
ty years old measurements, and more recent measurements indicate that fluxes used in
Grün et al. (1985) are higher than more recent values, we introduced two free parameters
that shift the collisional model in mass of the particles and the magnitude of the flux.
These two parameters allowed us to understand the direct effects of collisional lifetimes
and supported our hypothesis that the original collisional lifetimes are much shorter than
dust particles need for their evolution from the parent bodies to the Earth and to match
the observational constrains.

The second model, published by Steel, Baggaley, and Elford (Steel and Baggaley,
1985; Steel, 1985; Steel and Elford, 1986), uses a slightly different approach. Instead of
evaluating the collisional lifetime at certain heliocentric distance R it uses the collisional
frequency evaluation method developed by Kessler (1981), tracks every particle along its
orbit, and compute its collisional probability with the dust environment. Contrary to
Grün’s approach, it also take into account the inclination I of the studied particle, that
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may be an important factor for highly inclined dust particles.

Now, we will briefly discuss a method used in paper E based on Steel’s and Elford’s
method (Steel and Elford, 1986). Let us assume a simple model that the particles we
study orbit inside a dust cloud (zodiacal cloud in the Solar System) and represent only
a negligible fraction of the total amount of dust in the dust cloud, thus we omit can
omit mutual collisions among studied particles. A structure of the dust cloud can be
very complex, however, since our goal is to study large populations of dust particles, we
use a simpler model to decrease computational demands of our model. Supported by
various spacecraft measurements (e.g., Leinert et al., 1981; Mukai and Giese, 1984) we
adopt the radial spatial density of the dust cloud proportional to R −1.3. Furthermore, we
assume that the cloud as a doughnut-shaped structure with the mean inclination iZC and
eccentricity eZC. Then, we may assume that the spatial density varies with a latitude β
with respect to the cloud as (1− sin β). Our simple model thus allows us to obtain spatial
density Sz of the dust cloud at arbitrary position in the Solar System

Sz(R, β) = S1au(1− sin β)R −1.3 , (2.20)

where S1au represents the reference spatial density at 1 au. S1au should not be considered
constant for different sizes of the dust particles, but rather as a function of the meteoroid
radius. Since the mutual velocity of the dust grains easily exceeds 10 km s−1, we expect
that the meteoroids can be disrupted by much smaller particles. We adopt a radius
ratio of 30 (see, Steel and Elford, 1986, and references therein), which we assume, for
simplicity, to be valid for meteoroids of all sizes and collisions with various impact speeds.
Our assumption thus means that a meteoroid with diameter D = 3 mm is collisionally
destroyed by a particle with D ≥ 100 µm, where collisions with smaller particles are
omitted.

Table 2.3 shows the reference spatial densities at 1 au S1au for all particles assumed
in our model adopted from Cremonese et al. (2012), where we assumed that all particles
have the mean density ρ = 2 g cm−3. We evaluate S1au as a sum of spatial density of
asteroidal dust particles S1auast and cometary dust particles S1auast at 1 au, where the
mean impact velocity for is 18.6 km s−1, and 29.0 km s−1, for asteroids, and comets,
respectively.

Using the collision probability evaluation based on Kessler (1981), we proceed to the
evaluation of probability that the meteoroid collides with a dust cloud with spatial den-
sity defined by Eq. (2.20). The meteoroid passes through the dust cloud on an elliptic
orbit with constant orbital elements am,em,Im, ωm; the remaining orbital elements may be
omitted because of the symmetry of the problem. We divide the volume of space where
the collisions can take place into small volume elements ∆U . In each of these volume
elements we examine the collisions separately. Since the gravitational focusing in this
situation is negligible, and also the size of the impactors is negligible in comparison with
the size of the meteoroids, we assume the collision cross-section σ = πD2/4. We recall,
that for collisions of larger bodies such as asteroid-planet collisions, the collisional cross-
section must be treated more carefully, where the gravitational focusing, and also radii of
both bodies are taken into account (Öpik, 1951).

Now, assume that both particles in the dust cloud and meteoroid are moving along
their orbits, then the collisional rate P∆U in the volume element will be

P∆U = SzSmV σ∆U =
πD2

4
SzSmV∆U , (2.21)
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Dm [µm] S1auast
[AU−3] S1aucom

[AU−3] S1au [AU−3]
100 3.67× 1024 1.93× 1024 5.60× 1024

200 1.42× 1024 8.03× 1023 2.22× 1024

400 6.35× 1023 3.14× 1023 9.49× 1023

600 3.63× 1023 1.79× 1023 5.42× 1023

800 2.30× 1023 1.28× 1023 3.59× 1023

1000 1.62× 1023 7.08× 1022 2.33× 1023

1500 8.28× 1022 3.42× 1022 1.17× 1023

2000 4.79× 1022 2.05× 1022 6.84× 1022

3000 1.88× 1022 7.62× 1021 2.64× 1022

4000 8.17× 1021 2.71× 1021 1.09× 1022

Table 2.1: Reference spatial densities for different diameters Dm of the meteoroid at 1 au
based on measurements of LDEF where new theory of the impact evaluation was used
(Cremonese et al., 2012). The total spatial density of the dust cloud S1au is a sum of the
asteroidal S1auast

and cometary contribution S1aucom
.

where Sm is the spatial density of the meteoroid in the particular volume element ∆U ,
and V is the relative collisional velocity. The exact derivation of Sm and V is obtained
directly from Kessler’s theory (Kessler, 1981) and can be found e.g, in Steel and Baggaley
(1985). The total collisional probability between the dust cloud and the meteoroid is the
integral of P∆U over the whole volume shared by both objects

P =

∫

volume

πD2

4
SzSmV dU , (2.22)

where dU = 2πR2 cos βdRdβ. However, for the needs of the numerical solution of P we
may assume, that for a given volume element ∆U the spatial densities Sz, Sm, and the
velocity V remain almost constant, thus we can evaluate P as a sum of mean values of
given variables in every volume element

P =
∑

j

πD2

4
Szj SmjVj∆Uj , (2.23)

where the mean values for every element are denoted by bars, and ∆U = 2πR2
j cos βj∆R∆β.

The position in orbit of the meteoroid with fixed orbital elements is, however, fully de-
scribed by its true anomaly fm, and thus we can transform the two-dimensional integration
in dU to the one-dimensional integration in dfm

P = π(D/2)2S1au

∫ 2π

0

Sm(1− sin β)R−1.3V 2πR2 cos βδR⋆δβ⋆dfm , (2.24)

δR⋆ =

∣

∣

∣

∣

R2em sin fm
amη2m

∣

∣

∣

∣

, (2.25)

δβ⋆ =

∣

∣

∣

∣

cos (ωm + fm) sin Im
cos β

∣

∣

∣

∣

. (2.26)

where ηm =
√

1− e2m. The collisional lifetime τcoll of the meteoroid passing through the
dust cloud is then given by

τcoll = 1/P . (2.27)
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Figure 2.5: The dependence of the collisional lifetime τcoll on inclination of meteoroid Im
for different values of inclinations of the zodiacal dust IZC. All curves are represented by
a meteoroid with am = 1 AU, em = 0.1 and ωm = 0 all particles of the dust cloud are
assumed to be on circular orbits. The diameter of the meteoroid is Dm = 2000 µm.

Even though we used several simplifications in our model, the exact specification of the
dust cloud through its mean inclination iZC and eccentricity eZC remains unknown. Fig.
2.5 shows the dependence of the collisional lifetime τcoll for different values of meteoroid
orbit and dust cloud inclinations. The mean eccentricity of the dust cloud is assumed to
be zero, since due to the Poynting-Robertson drag the eccentricities of the dust particles
in the cloud are quickly decreased, and thus we may assume that all particles in the dust
cloud have circular orbits. The test meteoroid has following orbital elements: am = 1.0
au, em = 0.1, ωm = 0◦, with diameter Dm = 2000 µm, which are the same values as in
Steel and Elford (1986). We assumed four different values of IZC = 10◦, 30◦, 60◦ and 90◦.
When the inclination of meteoroid is equal to inclination of the dust cloud the collisional
lifetime is highest because the relative velocity V is minimal. We also see, that the
retrograde orbits are removed from the system much faster, than the prograde ones. In
paper E we use IZC = 30◦ since it is the observed mean inclination in the zodiacal cloud
in the Solar System (Leinert et al., 1983).

The dependence of τcoll on different values of the inclination Im and the eccentricity
em of the meteoroid is shown in Fig. 2.6. The semimajor axis am = 1 au and argument of
pericenter ωm = 0◦ are fixed, and the mean inclination of the dust cloud is iZC = 30◦. The
effect of the meteoroids eccentricity em is evident, the collisional lifetime τcoll decreases
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Figure 2.6: The dependence of the collisional lifetime τcoll, represented by colors, with
inclination im and eccentricity em of meteoroid. The levels of the same value of τcoll are
represented with white lines with 20 ky steps. All points on the map are represented by
a meteoroid with am = 1 AU, em = 0.1, ωm = 0 and all particles of the zodiacal cloud are
assumed to be on circular orbits with mean inclination iZC = 30◦. The diameter of the
meteoroid is 2,000 µm.

with increasing eccentricity. Interestingly, there is almost a plateau in τcoll for higher
eccentricities around meteoroid inclinations Im ∼ 70◦.

We also have to mention the variation of τcoll with the semimajor axis of the meteoroid
am. Perhaps unnoticed in the original work of Steel and Elford (1986), the variation can
be simply expressed as τcoll ∝ a1.8m . This is the direct consequence of our simplified model
of the dust cloud, where we assumed its radial variation to be proportional to R−1.3, and
the speed of the mutual collisions V ∝ a−0.5

m .

2.4 Numerical codes

One of the essential parts of our modeling efforts is the numerical integration of the
particle orbits in the Solar System. In all presented papers all numerical simulations
were performed by swift rmvs3 code (Levison and Duncan, 1994), where the authors
effectively implemented the Wisdom-Holman mapping (Wisdom and Holman, 1991). The
code itself can also deal with very close encounters between test particles and planets.
All particles are considered massless in or simulations and do not influence the motion of
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planets. The effects of radiation pressure and Poynting-Robertson drag are incorporated
in our numerical code. While the effect of radiation pressure is simply adopted as a change
of the mass of the Sun M⊙ for M⊙(1− β), the effect of PR drag is added to the vectorial
acceleration components. As we discussed in Sec. 2.2 the solar-wind drag force influences
particles similarly to P-R drag force, thus we included it also into the numerical code by
increasing the magnitude of the P-R drag by 30%.

Using the code, we track orbits of all particles as they evolve during their revolution
around the Sun. In papers C and D, we took into account only seven planets of the Solar
System (the Mercury was excluded and its mass was added to the mass of the Sun). In
paper E, we used all eight planets, because our computational capability improved. We
usually removed particles, as they reached heliocentric distance R < 0.05 au, for two rea-
sons. The first reason is that we used one-day time step in our numerical simulations and
orbits with smaller heliocentric distances are not properly resolved with such a timestep.
The second reason is that bodies reaching such close distances to the Sun would be heated
significantly and may vaporize (see, e.g., Nesvorný et al., 2011b).

In our models we track dust particles with different chemical composition. It is known,
that e.g., particles released from Jupiter Family comets (JFCs) quickly lose their volatile
ice layers after their ejection. We do not model the change of chemical composition of
the particles and also we cannot model the size change of the dust particles caused by
evaporation. Particles in our models thus remain chemically and structurally invariant
during the whole simulation.

All particles in our models are tracked until they leave the Solar System on a hyperbolic
orbit, impact one of the planets, or are too close to the Sun. We thus have the complete
record of the particle dynamical state from its birth, after the ejection from the parent
body, till its final end. However, in the real Solar System dust particles collide with
each other. To incorporate these collisions we apply on the recorded ensemble of possible
pathways of the dust particles at every recorded time step the collisional theory described
in Sec. 2.3. Since the collisional disruption of the dust particles is a stochastic process, it
is not included in the numerical integration, but it is applied subsequently, which allows us
to test different theories and free parameters for the evaluation of the collisional lifetimes,
and also effectively adjusting the statistics of our model by applying the collisional model
with different setups of the random number generator.

Even though the computational capabilities improve every year, we are still able to
handle the evolution of tens of thousands of particles within one numerical simulation. In
our models, we study direct impacts onto the Earth and compare them with the various
radar and optical observations of meteors. The collisional probability of a particular
meteoroid with the Earth is very low, thus we usually record only units of direct impacts
in our numerical simulations. This problem has two conceptually different solutions: 1)
we can increase the number of simulated particles until we obtain reasonable statistics,
and 2) we can evaluate for each particle at each time step its collisional probability, and
determine the total collisional probability with the Earth. Since the first solution would
be extremely time demanding, and also since we are considering large populations of dust
particles, theories of collisional probability determination provide an elegant solution of
our problem. In papers C and D, we used Greenberg’s method (Greenberg, 1982), while
for paper E we developed our own method described in Chap. 1, and papers A and B.

One of the constrains for our models is provided by the thermal emission of the zo-
diacal cloud in the Solar System. In papers D and E, we compared our model with the
thermal emission observed by IRAS using a code named Synthetic InfraRed Telescope
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(SIRT) developed by Nesvorný et al. (2006) that is able to model a thermal emission
from distributions of dynamically evolving dust particles. SIRT provides IR fluxes that
are comparable to space-borne IR telescope observations considering the location, pointing
direction, and the epoch of observation of the telescope.

The last but not least, we construct a model of a synthetic ground-based telescope
that is able to simulate the observations performed by radar systems or optical telescopes.
Characterization of the sensitivity of the system is obtained through an ionization factor

Iion =
m

10−7 kg

(

V

30 km s−1

)3.5

, (2.28)

where m is the mass of the meteoroid, and V its apparent velocity at the Earth (composed
of the relative velocity at intersection of the particle’s heliocentric orbit with the Earth and
the planet’s velocity vector including acceleration due to gravity). For each system we set
a critical threshold I⋆, which means that particles with Iion > I⋆ are detected, while those
with Iion < I⋆ cannot be detected by a particular system. We adopted thos approach from
Wiegert et al. (2009), where authors investigated measurements of CMOR system, but
the similar approach was also applied for the AMOR system, and should be applicable to
other systems as well. We recall that for CMOR I⋆ ∼ 1 (Wiegert et al., 2009), for AMOR
I⋆ ∼ 0.001 − 0.01 (personal communication with Margaret Campbell-Brown), and we
expect that for optical systems like CAMO or CAMS I⋆ ∼ 100 − 1000. Another aspects
influencing observations such as longitudinal and latitudinal dependence of detectability
throughout the year, sensitivity for different radiant positions and velocities, trail echo
height ceiling effect, and many more are very specific and vary from system to system,
thus should be discussed carefully with the operating staff, which was e.g., performed in
paper E, where we investigated CMOR observations of the north toroidal source.

2.5 Steady-state model – basics

Daily observations performed by various systems around the world provide information
about meteors coming from a vast population of the bodies in the Solar System. In Sec.
2.2, we showed that the dynamical timescale of the transport from the parent body to
the Earth linearly depends on the diameter of the particle D, and for the larger par-
ticles coming from distant bodies can exceed million years. It is modeled and also ob-
served (Fernández, 2005) that comets may disrupt or become dormant in relatively short
timescales, and thus the majority of meteors observed in the sporadic environment can
originate from bodies that are not observable today. Observations of meteors cover only a
few decades, and observations of the brightest comets cover thousand years at maximum,
which forbids us to search for specific very old and today inactive or nonexistent bodies
that could be the parent bodies of the sporadic meteoroids, we observe today. Thus, we
have no other option than to rely on dynamical models explaining the observed popu-
lations of comets and asteroids and assume that such models based on the dynamical
transfer of bodies from the e.g, Oort cloud, or Kuiper belt, are valid even when their
results are extrapolated to the distant past.

For the steady-state models, we assume that structure and composition of the par-
ent bodies remain the same. Another assumption is that the distribution of the orbital
elements of the parent bodies, namely, the semimajor axis a, the eccentricity e and the
inclination I, is constant in time. This means, that we assume the overall distribution
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of the orbital elements (a, e, I) of e.g., HTCs one million years ago was the same as to-
day. However, the observed population of HTCs one million years ago could be composed
of bodies with different orbital elements compared to their contemporary counterparts,
HTCs observed today. On the other hand, the remaining Euler angles, the longitude of
the ascending node Ω, the argument of pericenter ω, and the mean anomaly l, should be
taken randomly in the whole range of their possible values (0, 2π) due to the chaotic na-
ture of the dynamical transfer from the original population, and also due to the unknown
original values of these angles (Levison et al., 2006).

Our steady-state models are created in following steps: (1) we create a certain amount
of particles with orbits in accord with the modeled distribution of a particular group of
the parent bodies, (2) these particles are followed in time until the whole population
is eliminated, (3) then we determine for each particle at every timestep whether it is
destroyed, or not, in the collision with the zodiacal cloud using a comparison of the
disruption probability with a randomly generated number. However, this Monte Carlo
procedure brings a stochastic element to the model, thus we typically repeat the collisional
model 25 times and average over the results.

Since the particles of different sizes have different dynamical pathways due to the
dependence of the PR drag on the size of the particle we need to create such steady-state
models for a wide range of particle sizes. Contributions of particles of different sizes to
the general model for a given group of parent bodies are then determined by the size-
frequency distribution. Even though we usually start with thousands of the initial orbits
for a given particle size, during its pathway through the Solar System a single particle
creates thousands of imprints corresponding to every timestep with an unique set of the
orbital elements, thus the steady-state population is represented by millions of individual
orbits. For such a population, we can determine its dynamical lifetime, and consequently
estimate a mass needed to keep the model in steady state.

Such steady-state models, however, do not allow us to predict temporal variations of
the various observed features, like the well-known year variations of the north toroidal
meteor concentration, because we assume the uniform distribution of Ω, ω, and l. Steady-
state models cannot also predict a formation of young meteors streams because the orbital
elements (Ω, ω, l) of such stream meteors are not distributed randomly, which is one of
the main assumptions of our steady-state models.

Thus, in general, the steady-state models can predict only a behavior of the background
population that satisfies our assumptions we presented in the previous paragraphs. As we
will see, the background population corresponds to the majority of meteors observed in all
six sources of sporadic meteors, and it is usually possible to separate the background from
the stream-like structures, thus the development of the steady-state model represents one
of the most crucial parts for the understanding sporadic meteoroid complex.

2.6 A brief overview of the 2012 CMOR dataset

Canadian Meteor Orbit Radar (CMOR) provides the most complete radar observations
available today, and we were more than fortunate to get the whole dataset of the year
2012. In this section, we will briefly discuss general characteristics of the CMOR system,
and also present general plots before, we proceed to the more detailed study of the three
pairs of observed sources. We omit a significant portion of information that would be very
similar to a comprehensive study of CMOR dataset by Campbell-Brown (2008). Instead,
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we would like to present new figures that were not published, or are not commonly used
in the literature, rather than mention well-known features of CMOR data.

CMOR is a radar system located in Ontario, Canada at 43.26◦ N, 80.77◦ W. It has
been in operation since 2001 as a three station system, named as CMOR, while in 2009 it
underwent a major upgrade that has expanded the system to six stations, and also doubled
its transmit power to 15 kW, where the new facility was named CMOR II (Campbell,
2002; Campbell-Brown, 2008; Brown et al., 2012). The radar has three frequency systems
running at 17.45, 29.85, and 38.15 MHz. Only the 29.85 MHz system is capable to derive
the orbital elements of the observed meteor, thus, in the following text, we will present only
results from this particular system. According to Campbell-Brown (2008) the limiting
mass for CMOR is for a mean geocentric velocity 30 km s−1 about 10−7 kg, which is
equivalent to Iion ≃ 1 (see Eq. 2.28). A detailed description of CMOR system can be
found in Jones et al. (2005).

The 2012 dataset contains more than 1.3 million orbits, where for each orbit, the
heliocentric ecliptic latitude and longitude of the radiant were calculated. The corrections
for zenith attraction, diurnal aberration, and gravity acceleration, were taken into account
in the dataset (see, Campbell, 2002, for a great review of all recognized biases in for CMOR
system). All recognized meteor showers were removed from the dataset to provide the
most accurate data for the sporadic population. In order to keep radiant positions constant
with respect to the Earth, that orbits around the Sun on a slightly eccentric and inclined
orbit, the solar longitude of the Earth λ at the time of meteor observation is subtracted
from the measured ecliptic longitude, which makes the coordinates Sun-centered. In our
papers C, D, E, and also here, we use a slightly different coordinates, where the apex
is located at the origin of our coordinate system, and the Sun is located at longitude
−90◦. The map of the radiant distribution of the whole dataset is shown in Fig. 2.1 and
six recognized sources are marked in Fig. 2.2 (see Sec. 2.1 for the definition of source
regions).

The fundamental piece of information is a distribution of orbital elements and geocen-
tric velocities for the observed meteors. Fig. 2.7 shows the distribution of the geocentric
speed vg, heliocentric semimajor axis a, inclination I, and eccentricity e for 1.3 million
meteors measured by CMOR in 2012. We removed all meteors on hyperbolic orbits, thus
e does not exceed unity, and vg < 72 km s−1, which is the hyperbolic limit in the Solar
System for the particles impacting the Earth. According to Weryk and Brown (2004),
most of the hyperbolic orbits are in fact very eccentric orbits that are, due to the a small
error, moved to the hyperbolic regime with e > 1.

Fig. 2.7 also shows an approximate distribution of population with an ability of
generating observed meteors. Each recorded meteor is characterized by a set of orbital
elements (a, e, I,Ω, ω, l) that allows us to evaluate its collisional probability Pcoll with
the Earth. We can then assign a weight ∝ 1/Pcoll to each observed meteor, and thus
obtain a population of particles with an ability to generate observed meteor orbits. The
determination of the collisional probability Pcoll is performed by theory and code described
in Chap. 1, and papers A and B.

The vg distribution of all observed meteors has two visible peaks, one at ∼ 30 km
s−1 that is more dominant and is associated with the prograde meteors, and the second
one around 60 km s−1 associated with meteors on retrograde orbits. The generating
population has also two peaks, but the contribution of meteors with the lowest vg is
diminished. The peak for the prograde meteors moved to 45 km s−1, while the second
peak did not change significantly, moving to 65 km s−1.
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The semimajor axis a, shown in the top right panel in Fig. 2.7, is concentrated near
1 au, which is a direct consequence of the position of the detector, the Earth, which
amplifies the collisional probability of the particles with the similar a. The number of
impacts with a > 2 au is almost negligible, which might mean, that the parent bodies
may be of an asteroidal origin. However, when we investigate the generating population,
we see completely different picture. There is a peak at a ∼ 2.5 au, but the contribution of
the bodies with larger semimajor axes is not significantly lower. In fact, the slope is very
shallow and implies that the majority of observed meteors must be of cometary origin.

The inclination distribution is divided to two segments, with I < 90◦, and I > 90◦.
Near the I = 90◦ there is a significant absence of observed meteors, which is caused by
strong effect of the Kozai oscillations (see Sec. 1.2) that drives particles with polar orbits
to highly eccentric modes, where these particles can be driven to heliocentric distances very
close to the Sun. Flux of the meteors is dominated by prograde meteors with a prominent
contribution of meteors with low inclinations. There is also a visible contribution of
meteors with peculiar values of inclinations with peak near I ∼ 70◦. For retrograde
meteors there is only one peak near I ∼ 150◦, however, the distribution of retrograde
meteors is almost constant. Since the collisional probability strongly depends on I the
importance of low inclined meteors in the generating population is decreased and orbits
with I ∼ 70◦ become more prominent. This may suggest that the prograde meteors come
from two different populations.

Observed meteors have wide range of eccentricities with peak at e ∼ 0.8. The total
flux is dominated by very eccentric meteors, however, the contribution of the less eccen-
tric orbits is not negligible. The generating population is dominantly composed of very
eccentric bodies. Meteoroids with very high eccentricities, and also correlated semimajor
axes, have smaller Pcoll than meteoroids with more circularized orbits, thus to populate
the observed population of orbits a huge reservoir of very eccentric orbits must exist.

Since Fig. 2.7 represents only one-dimensional distributions of the geocentric impact
speed and orbital elements, we are not able to see correlations between these variables.
Fig. 2.8 shows two-dimensional correlations between geocentric impact speed vg, semi-
major axis a, eccentricity e and inclination I, while Fig. 2.9 shows the same correlations
but for the generating populations weighted by collisional probability Pcoll of each meteor.
There is a significant difference between Fig. 2.8 and Fig. 2.9, where the most evident
is a drift of generating population toward larger a and higher e. This suggests, that we
have to take into account even parent bodies with a > 20 au, which not evident from
unweighed distributions.

Fig. 2.10 shows the number of recorded particles in the CMOR dataset as a function
of the solar longitude λ at the time of detection, we recall that all hyperbolic and stream
meteors were excluded from our dataset. In other words, Fig. 2.10 represents the temporal
variations of meteoric flux detected by CMOR in 2012. During 2012 CMOR was not fully
functional for a brief period of time, which is represented by a sudden drop in the flux
near λ = 150◦. Many stream-like structures are visible in Fig. 2.7, and will be discussed
in the following sections where we describe in more detail the data for different sources
of sporadic meteors.

It is also very useful to plot distribution of the orbital elements with respect to the solar
longitude λ (Figs. 2.11 and 2.12, for observed and generating populations, respectively).
In Fig. 2.11 we immediately recognize a very prominent structure near solar longitude
λ ∼ 260◦, with vg ∼ 35 km s−1, a ∼ 1.4 au, e ∼ 0.9, and I ∼ 24◦. Even though
all streams were removed from our dataset, we can identify this structure as a more
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evolved part of Geminids meteor stream, that has almost the same orbital elements as
the original stream (see, e.g., Brown et al., 2008). Further analysis shows, that these
meteors, indeed, come from the similar radiant positions as the Geminids stream, which
implies that the parent body of this structure is the asteroid 3200 Phaethon (Jenniskens,
2006, 2008). However, since this structure is dynamically older, it is not removed from
the dataset by common techniques. The origin of Geminids dates to ∼1030 AD, when an
unknown body was fragmented during a collision and left 3200 Phaethon and Geminids as
products (Jenniskens, 2006), thus even the oldest particles coming from the breakup event
are not old enough to be dispersed in the sporadic background. Structure with similar
orbital elements can be seen also in Fig. 2.12, however, it is less prominent than in Fig.
2.11. One of the possible explanations is that the structure is not old enough to satisfy
assumptions of the collisional probability theory, the random distribution of longitudes
of the ascending node, and mean anomalies, thus the evaluated value Pcoll might provide
less reliable results.

On the other hand, Fig. 2.12 may be helpful to understand older structures evolved
enough that their observed elements are too different from their parent body. One of such
structures may be found near solar longitude λ ∼ 126◦, with vg ∼ 46 km s−1, a ∼ 2 − 3
au, e ∼ 0.99 and I ∼ 25 − 35◦. The same structure is almost invisible in Fig. 2.11, and
also the semimajor axis a of such meteors is observed near 1 au, which is given by the
position of the Earth. It is known that these meteors belong to Southern δ Aquarids
complex, associated with Marsden and Kracht sungrazing comets (Sekanina and Chodas,
2005; Jenniskens, 2006), however, without any modeling Fig. 2.12 gives us just a simple
hint, where we could search for the parent bodies of such meteors.

Fig. 2.13 shows two-dimensional distributions of orbital elements, where color of
each bin represents the mean particle diameter, and distribution of particle diameter
for 1.3 million meteors measured by CMOR in 2012. The mean diameter of particles
is almost constant in (a, e) plane, where for large values of a the size of particles tends
to be smaller. From (a, I) plot, we see that particles with smaller semimajor axes and
low inclinations are, in average, larger, which is a consequence of mutual effect of the
ionization cutoff threshold that is more easily overcome by faster particles, and longer
collisional lifetimes (Fig. 2.6). The correlation between e and I is readily evident from
bottom left panel in Fig. 2.13. It implies that the largest particles have low eccentricities
and inclinations, while meteors on retrograde orbits are much smaller, regardless on their
eccentricity. The size distribution is influenced by ionization factor I introduced in Eq.
(2.28). Particles with D < 100 µm are not detected by CMOR (we use ρ = 2 g cm−3, and
assume spherical particles to obtain D), the majority of detected meteors have diameters
400 < D < 800 µm, and also a fraction of meteors have D > 2000 µm.

Wiegert et al. (2009) introduced ionization factor Iion and presented the critical thresh-
old value for CMOR I⋆ = 1. Fig. 2.14 shows distribution of Iion for all meteors measured
by CMOR in 2012. We also plotted the black line representing Iion = 1 to evaluate the
accuracy of I⋆. Only a negligible fraction is detected below I⋆, and we must also admit
that a small error in vg may considerably change value of ionization factor for a given
meteor. Fig. 2.14 also shows that the distribution is not ideal, where one would expect a
significant increase of detected meteors near I⋆. This might mean that Eq. (2.28) is not
expressing the detectability correctly, however, we must also accept that the observations
have non-zero errors, and by using the approximation expressed by Eq. (2.28) we do not
incorporate a significant error to the modeling. In fact, we tested different expressions
for ionization function Iion, and also different values for I⋆ during our research of toroidal
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sporadic meteors, and we concluded that even very complicated functions expressing Iion
do not produce a significant change to our models, when compared with rather simple
expression given by Eq. (2.28).
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Figure 2.7: Distribution of geocentric impact speed (top left), heliocentric semimajor axis
(top right), inclination (bottom left), and eccentricity (bottom right) for 1.3 million me-
teors measured by CMOR in 2012. The grey histograms correspond to the observed data
from CMOR. The unfilled black histograms approximate the distribution of the popula-
tion with an ability of generating observed meteors. The construction of the generating
population is described in Sec. 2.6. The unfilled black histograms are normalized to unity.
The observed and generating distributions are significantly different, which implies strong
selection effects in the observed population caused by significant variation of the collision-
al probability of the meteoroid with the Earth for different sets of the orbital elements.
The parameters of the generating population imply that the majority of observed meteors
are of cometary origin, and the contribution of the asteroidal particles is rather low.
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Figure 2.8: Two-dimensional distributions of semimajor axis vs eccentricity (top left),
semimajor axis vs inclination (middle left), semimajor axis vs geocentric impact veloci-
ty (bottom left), eccentricity vs inclination (top right), eccentricity vs velocity (middle
right), and inclination vs geocentric impact velocity (bottom right) for 1.3 million meteors
measured by CMOR in 2012. The color scale represents number of meteors in each bin
that was normalized to unity (the bin with the highest magnitude is equal to unity).
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Figure 2.9: The same as in Fig. 2.8 but now weighted for the collisional probability Pcoll.
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Figure 2.10: Daily impact statistics vs solar longitude λ for all 1.3 million meteors recorded
by CMOR system during the year 2012, where all hyperbolic and shower meteors were
removed. The sudden drop in daily impacts statistics near λ = 150◦ is caused by a
malfunction of the system. Even though the streams were removed, we are still able
identify number of stream-like structures that will be discussed in the following sections.
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Figure 2.11: Two-dimensional distributions of solar longitude vs geocentric impact veloc-
ity (top left), solar longitude vs semimajor axis (top right), solar longitude vs inclination
(bottom left), and solar longitude vs eccentricity (bottom right) for 1.3 million meteors
measured by CMOR in 2012. The color scale represents number of meteors in each bin
that was normalized to unity (the bin with the highest magnitude is equal to unity).
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Figure 2.12: The same as in Fig. 2.11 but now weighted for the collisional probability
Pcoll.
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Figure 2.13: Two-dimensional distributions of semimajor axis vs eccentricity (top left),
semimajor axis vs inclination (top right), eccentricity vs inclination (bottom left), and
distribution of particle diameter for 1.3 million meteors measured by CMOR in 2012. The
color scale in two-dimensional plots represents the mean particle diameter for each bin,
while the histogram is filled with color that is equivalent to particular value of particle
diameter.

62



 0

 5000

 10000

 15000

 20000

 25000

 0  1  2  3  4  5  6  7  8  9  10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

N
um

be
r 

of
 o

bs
er

ve
d 

m
et

eo
rs

Ionization Factor

Figure 2.14: Distribution of ionization factor Iion for 1.3 million meteors measured by
CMOR in 2012. The black line represents Iion = 1, which is a critical threshold obtained
for CMOR system.
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2.7 North/south apex source - data

Now, we will discuss particular sporadic meteor sources in more detail. We start with
the apex complex that is composed from the north apex source with radiant positions
enclosed in a semicircle with radius 40◦ and center at (ℓ, b) = (0◦, 0◦), and the south apex
source, a symmetric counterpart of the north apex with respect to the ecliptic plane.
CMOR in 2012 observed 321785 meteors, which is ∼ 24.6% of all meteors detected in
2012 by CMOR.

Fig. 2.15 shows distribution of vg, a, e, and I both for observed and generating
populations. Apex meteors are very fast, having a peak of the impact velocity distribution
at vg ∼ 63 km s−1, with a small fraction of quite slow meteors. From the weighted part of
geocentric impact velocity plot we see that the generating population is mostly composed
from very fast meteors with speeds near to hyperbolic limit at ∼ 72 km s−1. Inclinations
of apex meteors are mostly higher than 90◦, which is strictly correlated with the vg
distribution. However, CMOR also observes a small fraction of prograde meteors in the
apex region. The generating population is almost strictly composed of retrograde particles
with peak near I ∼ 140◦. The fraction of observed meteors grows nearly linearly with
increasing eccentricity, while the generating population is evidently of cometary origin,
since the majority of generating particles have very high eccentricities e > 0.95.

Now, we will discuss the distribution of semimajor axis a. The observed population is
still concentrated at a ∼ 1 au, however, the generating population is much more interest-
ing. In Fig. 2.15, we see that number of generating particles is almost constant regardless
on a. We extended range of semimajor axis up to 1000 au (Fig. 2.16), to investigate this
trend for higher values of a. Even for a ∼ 100 au the contribution of particular bins is
still nearly constant with a slightly decreasing trend after a ∼ 150 au (bottom left panel
in Fig. 2.16). Such large semimajor axes and eccentricities imply cometary origin of apex
meteors with a high fraction of contribution from the Oort Cloud comets (OCCs). We
investigated dynamics of the dust particles released from OCCs in paper C, reviewed in
Sec. 2.8.

Fig. 2.17 represents number of observed meteors vs solar longitude λ, or, in other
words, temporal variations of the meteor flux observed by CMOR in 2012. We observe
many stream-like structures that are obviously remnants of removed streams in the apex
region, where many of them can be distinguished quite easily; Eta Aquarids at λ ∼ 45◦,
Orionids at λ ∼ 207◦, or e.g., Leonids at λ ∼ 237◦ (Brown et al., 2008). Let us recall
that the correct stream identification requires more precise techniques discussed briefly in
Sec. 2.1. Interestingly, all streams seem to lie on a very broad Gaussian-shaped structure
with the peak near λ ∼ 190◦. Since the sporadic background should be ideally constant
with no dependence on λ, this Gaussian-shaped structure may be a remnant of an event
that produced enormous amount of dust in the past, where a possible source might be
a cometary breakup, that occurred in the recent past. A proper randomization of nodes
of the dust particles requires tens of thousands years of dynamical evolution, however, a
certain modeling effort is needed for better understanding of this phenomenon. We must
admit that we were not aware of this structure, and thus we did not investigate its origin
in paper C.

Now, we focus on two-dimensional distributions of orbital elements with respect to
solar longitude λ. Observed distributions for apex region are shown in Fig. 2.18. The
flux in all orbital elements is dominated by the Gaussian-shaped structure recognized in
Fig. 2.17, however, at least one meteor stream is visible with a naked eye without further
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processing. The Eta Aquarids stream with vg ∼ 65 km s−1, a ∼ 7 au, e ∼ 0.92, and
I ∼ 163◦, may be recognized in bottom left plot, where its concentration in I is evident.
Since the observed population is concentrated near a = 1 au, we are not able to obtain
a of the parent body. Fig. 2.19 shows the same two-dimensional distributions but now
for the generating population that should at least partially represent the positions of the
parent bodies. The remnants of the Eta Aquarids stream are more evident in Fig. 2.19,
and also at least slight concentration near a ∼ 15 au, which together with other orbital
elements directly points to a Halley-type comet. It is known that the parent body of
the Eta Aquarids stream is the comet 1P/Halley (Jenniskens, 2006) with a = 17.83 au,
e = 0.967, I = 162.26◦ for the J2000 epoch2.

Figs. 2.20 and 2.21 represent two-dimensional distributions of vg, a, e, and I with
respect to each other, for observed and generating populations, respectively. The major-
ity of observed meteors from the apex source belong to the Gaussian-shaped structure
composed of meteors with retrograde orbits. Interestingly, the prograde meteors do not
have orbits with e < 0.5, while the orbits of their retrograde counterparts fill almost the
whole range of e. Another interesting feature of apex meteors can be found in a vs e plot
(top left panel Fig. 2.20), where the majority of observed meteors lie on the border of
area denoting possible impact configurations, while only a small fraction lies within this
area, contrary to distribution from all meteors observed by CMOR in 2012 (Fig. 2.8).
The generating population does not provide any surprising facts. The prograde part of
meteors observed by CMOR vanish due to their much larger collisional probability with
the Earth, the contribution of slower meteors is thus negligible, and the generating pop-
ulation consists of highly eccentric, fast, retrograde dust particles with large semimajor
axes.

2Orbital elements were obtained via JPL Small-Body Database Browser at JPL solar system dynamics
web site http://ssd.jpl.nasa.gov/.
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Figure 2.15: The same as in Fig. 2.7 but now for apex meteors only.
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Figure 2.16: Distribution of semimajor axis for the generating population of the apex
sporadic meteor complex for four different ranges of semimajor axis a, 0 < a < 10 au
with ∆a = 0.2 au (top left), 0 < a < 100 au with ∆a = 2.0 au (top right), 0 < a < 300
au with ∆a = 6.0 au (bottom left), 0 < a < 1000 au with ∆a = 20.0 au (bottom left),
where ∆a is the width of the bin.
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Figure 2.17: The same as in Fig. 2.10 but now for apex meteors only.
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Figure 2.18: The same as in Fig. 2.11 but now for apex meteors only.
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Figure 2.19: The same as in Fig. 2.12 but now for apex meteors only.
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Figure 2.20: The same as in Fig. 2.8 but now for apex meteors only.
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Figure 2.21: The same as in Fig. 2.9 but now for apex meteors only.
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2.8 North/south apex source - model - short review

- paper C - Dynamics of Dust Particles Released

from Oort Cloud Comets and Their Contribution

to Radar Meteors

In this section, we recall basic features and results from paper C (Nesvorný et al., 2011a).
The main goal of our paper is a development of a model for dust particles released from
Oort Cloud Comets (OCCs), find its contribution to the sporadic meteoroid environment,
and also try to compare the modeled distributions of orbital elements with the radar
observations from AMOR and CMOR.

The Oort Cloud is a cloud of comets with a roughly spherical shape (Oort, 1950)
surrounding the Solar System and extending to very large heliocentric distances r >
30, 000 au. We use the Oort Cloud as a reservoir of comets that come into the inner
Solar System at a rate about 12 comets with perihelion distance q < 3 au yr−3, where the
absolute magnitude of an active comet H < 10.9 (Wiegert and Tremaine, 1999). OCCs
can be divided into two different populations based on their dynamical histories: (1)
dynamically new OCCs, comets on their first passage through the inner Solar System with
typical semimajor axis a ≤ 10, 000 au, and (2) returning OCCs, comets that previously
passed thought the inner Solar System, and due to the dynamical effects they typically
have a < 10, 000 au.

Model

In our paper, we study only dust particles originating in returning OCCs with a ∼ 1, 000
au. We do not consider comets with a > 10, 000 au, corresponding to the Oort spike
(Wiegert and Tremaine, 1999), because the cometary disruptions that produce the largest
amounts of dust do not usually happen at very large heliocentric distance. Since we are
dealing with extreme values of a, the criterion for bound dust particles β > r/2a from
Eqs. (2.12) and (2.14) is very restrictive even for larger particles with D ∼ 300 µm and
ρ = 2.0 g cm−3, where heliocentric distance must be R > 36 au to keep released particles
on bound orbits. Due to the spherical shape of the Oort Cloud we also assume that the
initial distribution of I, Ω, and ω, may be considered isotropic for simplicity.

Our model is built in the following steps: (1) dust particles of different diameters D
are released from OCCs, (2) their orbit dynamically evolve in the Solar System due to the
gravitational and radiation forces, (3) a fraction of particles are thermally or collisionally
destroyed, or impact one of the planets in the Solar System, (4) a small fraction of the
initial particle population is accreted by Earth, where they produce meteors in the Earth’s
atmosphere, and (5) radars observe such meteors and allow us to compare observed and
modeled distributions of the orbital elements. All processes are in more detail described
in Sec.s 2.2, 2.3, 2.4, and also in paper C.

Results

Dust particles ejected from OCCs follow very interesting dynamical pathways. During
their passage through the inner parts of the Solar System their semimajor axes a undergo
a random walk caused by indirect planetary perturbations, due to the giant planets,
mainly by Jupiter. This process occurs during every perihelion passage and may produce
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a significant drop in a down to 40 au, where the particles start to interact with exterior
mean motion resonances with Neptune. This process is much faster that the decrease
of semimajor axis caused by P-R drag (see Fig. 2.4 for reference). However, after the
particles reach a = 40 au, the dynamics of their orbits are mainly controlled by P-R
drag. Many dust particles are not able to pass through Jupiter’s barrier, where the
mutual interactions and close encounters drive dust particles to very eccentric orbits, that
end either by thermal evaporation near the Sun, or on hyperbolic orbits. Only a small
fraction of original population is, in fact, able to eventually decouple from Jupiter, and
reach aphelion distance Q < 4 au. We reported that roughly 0.8% − 1.5% of particles
with diameter D = 100 µm are able to decouple from Jupiter. This number decreases
with D and for D = 1 mm the fraction is really small ∼ 0.02%.

Now, we shortly review our modeled distributions of orbital elements and radiant
positions for dust particles from OCCs. Decoupling from Jupiter is a very important
process, since we found that the main contribution to the density of OCC particles at
R = 1 au comes from recently decoupled particles, which have also much higher collisional
probabilities with the Earth than their non-decoupled counterparts. Fig. 5 in paper C
shows the steady state distribution of orbital elements of OCC particles with D = 100 µm.
The peak near a = 6 − 7 au is caused by concentration of orbits in the exterior mean
motion resonances with Jupiter, which are able to protect dust particles against the
close encounters with Jupiter (Liou et al., 1999). Eccentricity distribution almost linearly
increases towards e = 1, which is a direct consequence of P-R drag since the orbits
originally started with e > 0.995. Very interesting is a lack of orbits with I ∼ 90◦,
that were initially strongly populated, because we used an isotropic distribution of I.
This absence is a consequence of the Kozai oscillations that drive these polar orbits to
very high eccentricities, inevitably ending near the Sun, where the particles are thermally
destroyed.

Radiants of OCC dust particles are almost exclusively located near Earth’s apex lo-
cation. Since the retrograde particles have very high relative velocities with the Earth
(∼ 60 km s−1), they fall directly from the apex radiant positions, while prograde particles
may populate much wider area. Also, the collisional probability grows significantly with
increasing relative velocity, thus, the contribution of retrograde particles tends to be high-
er than that from prograde particles (Fig. 6 in paper C). Distribution of meteor radiants
expresses a lack near the ecliptic, which is caused by absence of meteors with I ∼ 180◦,
and is in accordance with AMOR and CMOR observations (e.g., Fig. 2.1 in Sec. 2.1.1).

The distribution of vg peaks at ∼ 60 km s−1 (Figs. 8 and 9 in paper C), and
provides a very good match to both CMOR (Fig. 2.15 in Sec. 2.7), and AMOR
(Galligan and Baggaley, 2005) observations of apex meteors. Also, the semimajor axis
distributions are in a good accordance with radar observations having peak at a ∼ 1 au,
and a sudden decrease with a long tail towards very high values of a. Our model also
predicts most of meteors on retrograde orbits with I ∼ 100◦−180◦, however, the shape of
strongly depends on a size of the dust particles and is not comparable to the measurements
yet. This might be caused by small statistics in our model, which is a consequence of
strong Jupiter’s barrier, and very small probability of particle’s decoupling from Jupiter.
The most puzzling is the eccentricity distribution that does not match well the CMOR
and AMOR measurements.
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Conclusions

Our conclusion is that only a small fraction ∼ 10−3÷4 of OCC particles is able to decrease
its aphelion distances below Jupiter’s orbit. This fraction also varies with particle’s size,
where the smaller particles have higher probability to overcome Jupiter’s barrier, and
become circularized in the inner Solar System. We find that smaller particles with D ∼
100 µm are able to reach Earth crossing orbits with higher probability, and also are able
to decrease their semimajor axis a down to the 1 au. Such particles have many orders of
magnitude higher collisional probabilities with the Earth, and thus dominate the observed
flux by ground-based radars.

We estimate the overall impact probability with the Earth per one particle released
from OCC to be 50− 80 times lower than for particles released from Halley-type comets
(HTCs), and 200−400 times lower than for particles released from Jupiter-family comets
(JFCs). Thus, only a substantial material production of OCCs will enable a significant
contribution of OCC particles to the sporadic meteoroid complex. From (Levison et al.,
2002) we roughly estimate that five returning OCCs disrupt in the Solar System every
year. This produces a mass input ∼ 3× 108 kg s−1, from which only a small fraction will
end in bound dust particles that are able to impact the Earth. For comparison, the active
JFCs produce ∼ 300 kg s−1 (Reach et al., 2007).

OCC particles dominantly contribute to the apex regions with a negligible contribu-
tion to helion/anti-helion sources and other regions of the sporadic meteoroid complex.
However, the observed distributions of the orbital elements cannot be fully reproduced
only by particles originating in OCCs, thus we suggest that there must be another signif-
icant source of meteors that can populate apex regions. We, indeed, found a significant
contribution from particles coming from HTCs in paper E (Pokorný et al., 2014), but a
more detailed modeling for the apex population is needed. We leave a development of a
more complete model for the apex population for the future work.

Revision of our original results

For the purpose of this thesis, we performed several numerical simulations with a goal
to reproduce, and more precisely investigate, the original simulations from paper C. We
were motivated by results of our model for the toroidal source of the sporadic meteoroid
complex (see Sec. 2.12 and paper E), where we found that the HTCs have an interesting
and promising contribution to the apex source. Since our model for OCC dust particles
is not perfect and is not able to precisely match observed orbital elements of meteors in
the apex source, we started to develop a new, two-component model, for which we show
the first results in the following paragraphs.

We used similar initial conditions, however, our population dust particles coming from
OCCs was four-times larger than the original one. Figs. 2.22 and 2.23 show distributions
of orbital elements and radiant positions for OCCs particles as seen by a radar similar to
AMOR with I⋆ = 0.01 for particle diameter D = 100 µm, and D = 400 µm, respectively.
We take into account only meteors populating the north/south apex source, while the
contributions to other regions are omitted3. The distribution of geocentric impact speed
vg is dominated by faster meteors with a negligible contribution of slow meteors.

3In fact, OCC particles populate also the ring structure, and have a negligible contribution to the
helion/anti-helion source and north/south toroidal source. However, the overall flux is dominated by
apex meteors.n
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We see that 100 µm particles are able to decrease their semimajor axis to very low
values, and the majority of them are near a ∼ 1 au. For particles with D = 100 µm the
eccentricity distribution is puzzling. Interestingly, the particles tend to be less eccentric,
similarly to those in the original model with the peak near e = 0.3 (Fig. 8 in paper
C), however, our new simulation suggests a lack of highly eccentric meteors near e ∼
1. Inclination distribution looks really promising, since it is dominated by retrograde
meteors. Larger particles, with D = 400 µm, have eccentricity distribution more similar
to particles observed by AMOR (Fig. 2.23). Inclinations are dominantly retrograde with a
negligible fraction of prograde meteors, however, still not perfectly matching the observed
distributions having peak at ∼ 120◦, while the AMOR meteors are concentrated close
to I ∼ 150◦. An anomalously high contribution to one of bins (top and bottom right
panels in Fig. 2.23) is caused by a single particle with a very high collisional probability
with the Earth that remained on the similar orbit for many time steps in the simulation.
Statistical significance of such effect may be decreased by increasing the total number of
simulated particles, or by a removal of that particles from the processed population.

Radar similar to CMOR with I⋆ = 1 detects only a negligible fraction of particles with
D = 100 µm, thus we investigate modeled distributions of orbital elements and radiants
for particles with D = 400 µm (Figs. 2.24), and D = 800 µm (2.25). The distributions
are overall very similar to each other, and also to distributions of D = 400 µm particles
measured by a radar similar to AMOR. Meteors produced by larger particles tend to be
more eccentric, and impact with larger vg, due to the longer P-R drag timescales, and
also their ability to overcome Jupiter’s barrier decreases with size.

These first results very promising results and provide smoother distributions of orbital
elements than those published in paper C due to the increased statistics. However, many
weeks of further work lie ahead of us. To develop a plausible two-component model com-
bining contributions of particles from HTCs and OCCs, we need to fit both observations
from AMOR4 and CMOR, find a reasonable ratio between HTC and OCC dust produc-
tion rates, and obtain a physically acceptable size-frequency distributions for both HTCs
and OCCs. Our modeling efforts are at the very beginning, thus a more detailed study is
left for future work.

4We are in a process of obtaining the raw data from AMOR since the published data
(Galligan and Baggaley, 2004, 2005) do not provide any absolute numbers.
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Figure 2.22: Distribution of geocentric impact speed (top left), heliocentric semimajor
axis (top middle), eccentricity (top right), inclination (bottom left), and radiant positions
(bottom left) of modeled dust particles from Oort Cloud comets with D = 100 µm
measured by radar with detection threshold similar to AMOR I⋆ = 0.01 in the north
apex region only.
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Figure 2.23: The same as in Fig. 2.22 but now for particles with D = 400 µm.
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Figure 2.24: The same as in Fig. 2.22 but now for particles with D = 400 µm and radar
with detection threshold similar to CMOR I⋆ = 1
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Figure 2.25: The same as in Fig. 2.24 but now for particles with D = 800 µm.
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2.9 Helion/anti-helion source - data

Helion/anti-helion sources are the prolific components of the sporadic meteoroid com-
plex. First, recognized by Hawkins (1956) using the Jordell Bank meteor-radar sys-
tem, and later supported by visual observations of strong anti-helion component by
Hawkins and Prentice (1957).5 Helion and anti-helion sources are located near ecliptic
approximately 60◦ in longitudinal distance from the apex (see Fig. 2.2 and Sec. 2.1 for
more detailed definition). CMOR observed 451130 meteors in 2012 in both helion and
anti-helion sources, which is more than 34.4% of the total amount of all observed meteors
in 2012.

Helion/anti-helion sporadic meteors have systematically lower geocentric impact ve-
locities vg than the apex meteors. Measured vg distribution peaks at v ≃ 30 km s−1, and
has almost a Gaussian shape (Fig. 2.26). The semimajor axis peaks at a ∼ 1 au with a
tail beyond 3 au. Helion/anti-helion meteors are known for their low orbital inclinations,
where the majority of meteors have I < 30◦, while eccentricities are dominantly larger
e > 0.7. The generating population, however, reveals several interesting facts. At least
a fraction of helion/anti-helion meteors is retrograde, due to the large a ≥ 8 au some
meteors originate in long-period comets, which is also reflected in extreme values of e,
and higher geocentric impact velocities. This might lead us to a preliminary conclusion,
that the helion/anti-helion source is populated by at least two different populations of
comets, where the majority of meteors come from the short period comets with low incli-
nations, and the rest is fed by long-period comets, where some of them are on retrograde
orbits. Fortunately, Jupiter-family comets and Halley-type comets, one of the most pro-
lific sources of dust in the Solar System, greatly fit into these sought categories, and thus
were the first candidates for the parent bodies of the helion/anti-helion source in paper
D reviewed in Sec. 2.10.

Variation of number of observed meteors with solar longitude λ is almost constant
during the whole year for the helion/anti-helion source, disturbed only by three non-
sporadic structures (Fig. 2.27). The first peak at λ ∼ 86◦ is associated with Daytime
lambda Taurids (DLT) stream, and since its width in λ is about 30◦, it must be a result of
an event several hundred years old. Brown et al. (2008) suggested, that this stream-like
structure was associated with a comet C/1733 K1 which had been observed in 1733 by
Dutch and Swedish sailors in the vicinity of the Cape of Good Hope (Koninckx et al.,
1995). There is also contribution of the Daytime Arietids (ARI) stream that is associated
with a comet SOHO - 2002 R4 (Brown et al., 2008), a sungrazing comet belonging to
the Kracht group. The second peak at λ ∼ 126◦ is mostly populated by Southern delta
Aquariids (SDA) stream. (Brown et al., 2008, 2010) found various sungrazing comets as
the parent bodies of this stream. Interestingly, many sungrazing comets are influenced
by the Kozai resonance, which significantly changes their orbital elements in time, and
subsequently their radiant positions that follow a ring structure with radius ∼ 60◦ with a
center at the apex. Radiants of such bodies may, in several thousands years, move from
the helion/anti-helion source to the north/south toroidal source (see, e.g., Fig. 3 in paper
A). The last peak at λ ∼ 261◦ is a remnant of the Geminids streams (GEM) associated
with the minor planet 3200 Phaethon (Jenniskens, 2006; Brown et al., 2008).

Figs. 2.28 and 2.29 further confirm our stream recognition. The Geminids are the most
prominent structure in both Figs. 2.28 and 2.29, pointing directly at 3200 Phaethon as the

5Visual systems are not able to observe the helion source because it is observable only during daytime,
and thus the Sun disallows measurements in optical wavelengths.
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possible parent body of the stream. Both DLT and ARI streams are convincingly products
of cometary activity or breakups of sungrazing comets. Their extreme eccentricities drive
these parent bodies to orbits with perihelia very close to the Sun, thus continuous erosion
process, fragmentation, and sublimation of the cometary material, allow these comets
survive only several passages through perihelion, and thus the original parent bodies of
these structures are not observable today (Sekanina, 2003; Knight et al., 2010).

Interestingly, correlations among orbital elements for helion/anti-helion meteors for
observed meteors are not completely different from the generating population (Figs. 2.30
and 2.31). There is a shift towards larger values of a and to extreme values of e due
to their strong effect on the value of collisional probability Pcoll, however, overall image
remains the same. Helion/anti-helion source is dominated by highly eccentric low inclined
meteors with orbits dominated by Jupiter. Generating population reveals a small fraction
of retrograde particles with very high eccentricities and significantly larger semimajor
axes than their prograde counterparts. This indicates that the helion/anti-helion source
is populated by a combination of two different sources of dust particles, where the most
of them originate in Jupiter-family comets and the rest is fed by Halley-type comets. Our
model for helion/anti-helion source is reviewed in the following section.
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Figure 2.26: The same as in Fig. 2.7 but now for helion/anti-helion meteors only.
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Figure 2.27: The same as in Fig. 2.10 but now for helion/anti-helion meteors only.
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Figure 2.28: The same as in Fig. 2.11 but now for helion/anti-helion meteors only.
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Figure 2.29: The same as in Fig. 2.12 but now for helion/anti-helion meteors only.
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Figure 2.30: The same as in Fig. 2.8 but now for helion/anti-helion meteors only.
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Figure 2.31: The same as in Fig. 2.9 but now for helion/anti-helion meteors only.
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2.10 Helion/anti-helion source - model - short review

- paper D - Dynamical Model for the Zodiacal

Cloud and Sporadic Meteors

Here, we review a our dynamical model for the zodiacal cloud and Solar System meteoroids
producing sporadic meteors belonging mainly to the helion/anti-helion source presented
in paper D (Nesvorný et al., 2011b). Our model takes Jupiter Family Comets (JFCs)
as the main source of the helion/anti-helion sources in the sporadic meteoroid complex.
Using IRAS observations, we are able to accurately calibrate our model, find the total
cross section, and mass of meteoroids in the inner Solar System. We are also able to
predict mass influx onto the Earth, which is compared with LDEF measurements. y The
zodiacal cloud (ZC) is a doughnut-shaped structure in the inner parts of the Solar System
populated by small meteoroids produced by asteroid collisions and cometary activity.
Nesvorný et al. (2010) developed a dynamical model for particle populations released by
asteroids and comets, and used this model to determine the ratio between asteroid and
cometary contribution to the ZC meteoroids. They found that the asteroidal particles
represent only a small fraction of the the total population of ZC, because the mid-infrared
(MIR) emission from asteroidal particles, produced by mutual collision in the asteroid belt,
is mostly confined to within latitudes b . 30◦ of the ecliptic. However, the ZC has a very
broad latitudinal distribution of the thermal emission, where a strong emission is also
measured in the direction to the ecliptic poles (Kelsall et al., 1998).

This model proposed that & 90% of the ZC’s emission at MIR wavelengths comes
from dust grains released from JFCs, and the rest comes from other prolific sources of
dust particles in the Solar System, the HTCs, OCCs, and asteroidal collisions. Moreover,
Nesvorný et al. (2010) also found, that the mass input required to keep the ZC in a steady
state exceeds the mass loss in JFCs due to their normal cometary activity (Reach et al.,
2007), which may be solved by feeding the dominant mass fraction needed for the steady
state of the ZC by spontaneous disruptions or fragmentation of JFCs (e.g., Fernández,
2005; Di Sisto et al., 2009).

The model presented by Nesvorný et al. (2010) seems almost perfect, however, when
compared with the radar observations of the sporadic meteoroid background performed
by AMOR and CMOR, the model cannot fit measured distributions of orbital elements
of sporadic meteors. Thus, we tune the JFCs model with additional constrains intro-
duced by the radar meteor observations. Still, the dominant mass of the ZC is produced
by JFCs, however, we include perihelion dependent meteoroid production rate, and the
different detection efficiency of the radar systems. These additional constrains allow us
to consider a continuous size-frequency distribution (SFD) of meteoroids, and also more
precise parametrization of the collisional timescales of the meteoroids in the Solar System.

The modeling phase is very similar to that presented in paper C (Sec. 2.8). Addi-
tionally, since the mass and cross section of meteoroids from JFCs dominate the ZC, we
calibrate our model using the observations at MIR wavelengths. The model also shows
that the accretion rate of the JFC meteoroids at Earth dominates the mass influx mea-
sured by LDEF, which provides us another constraint for the model calibration.

The orbital distribution of initial orbits of JFCs was taken from Levison and Duncan
(1997), who followed the orbital evolution of icy bodies originating in the Kuiper belt
from their initial scattering by ice giants, until they evolved into the inner Solar System.
We used 10 values of critical perihelion distance q⋆, equally spaced between 0.25 au and
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2.5 au, to select bodies from the simulations of Levison and Duncan (1997), where we
selected bodies when they perihelion distance q < q⋆ for the first time. We also use
six different sizes of particles in our model with D = 10, 30, 100, 300, 1000 and 3000 µm,
and with constant particle density ρ = 2 g cm−3. This size range covers the majority
of the observed meteors by both AMOR and CMOR, and also allows us to interpolate
a behavior of particles with intermediate diameters because the orbital dynamics of, let
us say, D = 400 µm dust particle is very similar to that of D = 300 µm particle. Since
the dynamics of the dust particles (see Sec. 2.2) depends on the mass of the particles,
density variations would only result in the shift in D of the particles. For each q⋆ and D
we released 10000 particles, which is in total 0.6 million initial orbits.

The dust particles in our model were numerically integrated with swift rmvs3 code
(Levison and Duncan, 1994), where the effects of radiation pressure and P-R drag were
taken into account (see Sec. 2.4). We used a system with seven planets, where the mass of
Mercury was added to the Sun, and particles were tracked until their heliocentric distance
reached 0.05 au, or the integration time reached 5 Myr. Every 1000 yr we recorded the
orbits of both particles and planets.

In Nesvorný et al. (2010) the source particle distributions were parametrized by the
“fading time”, particle production rate was assumed to be q-independent, and the distri-
bution of the diameters in the population dN(D) was approximated by single size. In our
model, we consider that both dN(q) and dN(D) can be approximated by power-law func-
tions. Thus, we introduce four new free parameters. For dN(q), we assume dN(q) ∝ qγdq,
where γ is a free parameter. For dN(D), we use two-slope SFD6 with dN(D) ∝ D−α1 for
D < D⋆, and dN(D) ∝ D−α2 for D > D⋆, where α1, α2 and D⋆ are free parameters.7

Collisional lifetimes of meteoroids τcoll were taken from Grün et al. (1985). Since the
model of Grün et al. (1985) may contain some uncertainties, we introduce a free parameter
S, so that τcoll = Sτ ⋆coll, where τ

⋆
coll is the collisional lifetime from Grün et al. (1985), to test

the validity of the collisional model. This allows us to keep meteoroids in our simulation
longer, and thus provide them enough time for their dynamical evolution towards the
inner parts of the Solar System. See also Sec. 2.3 for further details and another method
of determination of τcoll.

Our steady-state model is tested in two different ways. First, we compare MIR emis-
sion of the modeled meteoroids with IRAS observations, and second, we record impacting
particles on the Earth, determine their geocentric impact velocities and orbital elements,
and compare them with available data from AMOR and CMOR. All these processes are
described in Sec. 2.4, and references therein.

We performed hundreds of tests with different values of free parameters introduced
to our model. The main parameters of these tests were: (1) size frequency distribution
of JFC particles at the source, as defined by α1, α2, and D⋆, (2) index γ of the initial
perihelion distribution of JFCs, dN(q) ∝ qγdq, and (3) parameter S that adjusts the
value of collisional lifetime of particles τcoll. Our model was then compared with meteor
observations of two radar systems AMOR and CMOR, where we tested different ionization
cutoff values for AMOR, while for CMOR we used I⋆ = 1.

6We may also use a single-slope power-law SFD by setting α1 = α2.
7See Eqs. (5)-(10) in paper E (Pokorný et al., 2014) for a detailed definition of the two-slope size

frequency distribution.
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AMOR

Galligan and Baggaley (2004) states that the limiting diameter of meteor observed by
AMOR is roughly D ∼ 40 µm, and thus the radar is capable of detecting particles that
are thought to be dominant in the ZC. Fig. 4 in paper D shows distributions of vg, a, e, I
of JFC meteoroids for D⋆ = 100 µm, γ = 0, S = 1, and several values of I⋆. The
real distribution of particles impacting the Earth is corresponding to I⋆ = 0, where no
cutoff is applied on impact velocity or mass. This distribution is strongly peaked towards
Earth’s escape speed and is completely different from AMOR and CMOR observations.
We assume that I⋆ = 0.003 is roughly the limiting ionization cutoff of AMOR, for which
we obtained velocity distribution with maximum at vg ∼ 25 km s−1. This illustrates
that only a small fraction of dominating mass is, in fact, detected by radar systems and
the real distribution of orbits is very different from the observed one. We, thus, cannot
reconstruct the real distribution of meteoroids at 1 au directly from the observations
without an important contribution of dynamical modeling of meteoroids.

In similar fashion, the orbits of meteors with no cutoff applied and those observed
by radars are very different. Since the geocentric impact speed distribution peaks near
vg ∼ 11.2 for I⋆ = 0, orbital elements of such meteors have consequently mostly very small
e, and I, and are strongly concentrated near a = 1 au. However, AMOR sees completely
different image, where the distribution of a is much broader with a tail to larger values of
a, eccentricity distribution has maximum at e ∼ 0.8, and also I distribution is significantly
broader.

Interestingly, almost all JFC meteors with I > I⋆ = 0.003 populate exclusively
helion/anti-helion source, while meteors without any mass cutoff, I⋆ = 0, populate a
broad range of radiant positions (Fig. 11 in paper D). Thus, the effect of radiant cutoff
for helion/anti-helion source only has a negligible effect for I⋆ = 0.003 (Fig. 5 in paper D).
We also find that our model for I⋆ = 0.003 shows only a small sensitivity for variation of
parameter γ (Fig. 6 in paper D). Effect of variation of D⋆ is illustrated in Fig. 7 in paper
D. Since we usually use a steeper slope for particles with D > D⋆, and a shallower slope
for D < D⋆, the majority of particles is concentrated near D⋆. Thus, for larger particles
with D⋆ = 300 µm slower particles are detected, moving the maximum of vg towards 20
km s−1, while for smaller particles with D⋆ = 30 µm the vg maximum moves up to 40 km
s−1, which consequently shifts distribution of eccentricities towards higher values.

We obtain two preferred solutions for AMOR, where both of them have essentially
unconstrained values of γ and S. The first solution withD⋆ = 50 µm, α1 = 2 and α2 = 3.5,
better corresponds with impact experiments from Mathews et al. (2001), while the second
solution with D⋆ = 200 µm, α1 = 3.5 and α2 = 5, is closer to the original interpretation
of spacecraft impact experiments (Grün et al., 1985; Love and Brownlee, 1993). Fig. 10
in paper D represents our preferred model with D⋆ = 200 µm. The overall match between
model and AMOR observations is good, however, our model cannot reproduce meteors
with larger inclinations. We may thus miss a contribution from another prolific source of
dust particles. In Sec. 2.12 and paper E, we show that Halley-type comets contribute to
helion/anti-helion source, and, thus, may be a solution for a missing part of meteors with
large inclinations in our model.

CMOR

As we mentioned before, CMOR with I⋆ = 1 has the lower overall sensitivity than AMOR,
and is not able to detect particles withD < 200 µm coming from helion/anti-helion source.
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Thus, we deal with larger particles with longer dynamical decay times τPR, which makes
them more vulnerable to collisions with other particles. Using the model of Grün et al.
(1985) with S = 1 gives results that are at odds with observations of both AMOR and
CMOR (Fig. 12 in paper D). The major drawback is a lack of meteors with e < 0.6, and
also the distribution of semimajor axes a, where we observe a plateau in a = 1 − 3 au
region. We find that this problem can be resolved by taking significantly longer collisional
lifetimes (S & 30) than those in Grün et al. (1985) (Fig. 13 in paper D). Longer τcoll
allows the larger particles to undergo a larger decay in a, and e, due to the P-R drag, and
reach a ∼ 1 au. On the other hand, our previous models for AMOR do not match the
measurements well for S & 30. This implies that the size dependence of the Grün et al.
(1985) model may be incorrect.

Since both values of critical diameter of particles D⋆ = 50 µm and D⋆ = 200 µm are
beyond CMOR’s detection range, we fit only parameter α2. We find that our model for
JFC particles works best with α2 = 2, and S = 100 (Fig. 14 in paper D), where we were
able to fit data for helion/anti-helion source, and also data without radiant cutoff. We
recall, that fitted distributions were corrected for observing biases and mass weighted,
thus emphasizing meteors with larger sizes. Our model for helion/anti-helion source has
the vg maximum at 30 km s−1, orbits are concentrated at a = 1 au with a tail towards
a = 3 au, inclinations are still dominated by meteors with I < 30◦, and eccentricities are
rather high with maximum at e = 0.85. Radiant distributions of our preferred model for
I⋆ = 1 have dominant concentrations in helion/anti-helion sources, and, interestingly, we
also observe a small contribution to apex source (Fig. 15 in paper D). The apex meteors
produced by our model have prograde orbits, low impact velocities, and very low a. These
impacts happen near the aphelion at 1 au, where the orbital speed of meteoroid is smaller
than the Earth’s orbital velocity. Only a small fraction (< 1%) of JFC meteoroids can
reach retrograde orbits.

IRAS

Next constrains for our model are MIR fluxes of the ZC observed by IRAS. The ZC is
almost certainly a mixture of several meteoroid populations, with a fractional contribu-
tion from asteroids and long-period comets, but, here, we present only MIR emission
from the JFC component of the ZC. Our best fits to IRAS observations are therefore
only approximate and could be modified if missing components of the ZC population are
considered.

In general, the model MIR profiles are rather insensitive to variations of free parame-
ters in our models. The ZC emission is dominated by particles with D < 200 µm that can
survive long enough to experience substantial decrease of a, and e, due to the PR drag,
even for S = 1. Also variations of the input SFD of the JFC particles have negligible
effect. The most of the MIR emission is provided by smaller particles, where all these
particles have roughly similar orbital histories, thus produce similar MIR profiles. The
model MIR profiles of our solution for AMOR with D⋆ = 100 µm, α1 = 2, α2 = 5, γ = 0,
and S = 1, are slightly narrower than the observed ones, but otherwise the agreement is
reasonably good (Fig. 16 in paper D). We estimate that a small, . 10%, contribution for
a source with a more isotropic distribution of inclinations, such as HTCs and/or OCCs,
would easily compensate the small difference. With γ < 0 we can weight the distribution
of JFCs toward lower heliocentric distances, which results in a projection to a wider range
of ecliptic latitudes, when observed from 1 au. Contrariwise, choosing positive γ leads
to narrower MIR emission due to the larger weight of particles with larger heliocentric
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distances. Our best match was achieved with γ = −1.3 (Fig. 17 in paper D).
One of the most desired characteristics of the model is the absolute calibration of the

number of particles. IRAS data allows us to estimate the total observable cross section
σZC of the ZC particles, which with known SFD and density of the particles is comparable
with our model. Nesvorný et al. (2010) found σZC = (2.0± 0.5)× 1011, while our models
have a slightly wider spread with 1.7×1011 < σZC < 3.4×1011 km2. Our reference models
shown in Figs. 16 and 17 in paper D, however, provide the same result as Nesvorný et al.
(2010). Mass of the ZC mZC is more poorly constrained because of its strong dependency
on the SFD (Table 1 in paper D). Our preferred model estimates mZC = 3.8−3.9×1019 g,
which roughly corresponds to a 33 km diameter sphere with ρ = 2 g cm−3. Mass needed
for keeping the ZC in the steady state is roughly proportional to mZC, where we expect
values between 3000 and 7000 kg s−1. Our model implies that the total mass accreted by
the Earth is (15000± 3000) tons yr−1, which about two times lower than value found by
Nesvorný et al. (2010).

Discussion and Conclusions

We find that meteor radars are not able to detect majority of the overall mass flux
considering only constrain posed by ionization cutoff. There are also other observing biases
that prevent radar systems to observe all particles even with I > I⋆ (see e.g., Campbell,
2002, Chap. 6). Thus, these systems are not suitable for estimating the overall accretion
rate. Our model provides terrestrial accretion rate comparable to Love and Brownlee
(1993), however, is inconsistent with Mathews et al. (2001).

To match the CMOR measurements in our model, we find τcoll needs to be significantly
longer for D ∼ 1 mm sized meteoroids than originally suggested by Grün et al. (1985).
This results can be, however, difficult to reconcile with the inferred lifetimes of meteor
streams that seem to disappear on much shorter timescales (less than a few thousand
years; e.g., Jenniskens, 2008). The centimeter-sized meteoroids released from JFCs, which
dominate the visual observations of meteor streams, may be physically weaker and disrupt
in a few thousand years. The collisional cascade then produces millimeter-sized and
smaller population, that is no longer observable by visual systems, and could be more
resistant to collisions.

We show that the major problems of Nesvorný et al. (2010) can be resolved if (1)
the Nesvorný et al. (2010) model is modified to account for the detection efficiency of
meteor radars, (2) meteoroids are released from JFCs over a range of perihelion dis-
tances with at least a fraction initially having q < 1 au, and (3) the collisional lifetimes
for millimeter-sized meteoroids are significantly longer (& 30) than those estimated by
Grün et al. (1985).

Significantly longer collisional lifetimes are, however, incompatible with dynamics of
D ∼ 100 µm meteoroids observed by AMOR. We suggest, that D ∼ 100 µm and D ∼ 1
mm meteoroids may have more comparable collisional lifetimes than though before. This
may suggest that the observed SFD shape from the spacecraft measurements may be more
closely related to the initial SFD of meteoroids at source.

We show that our model is able to match IRAS observations of the ZC. We estimate
that the cross section and mass of the ZC are σZC = (1.7 − 3.4)× 1011 km2 and mZC ∼
4 × 1019 g. The terrestrial accretion rate of JFC particles is ∼ 15000 tons yr−1. To
keep the ZC in steady state JFCs must provide 103 − 104 kg s−1. This new input mass
estimate is ∼ 10 times larger than the one suggested by Nesvorný et al. (2010), because of
shorter dynamical lifetimes of particles with low initial perihelion distances that need to be
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resupplied at faster rates. We suggest that the ZC is dominated by the meteoroids released
by disrupting/splitting JFCs, because the observed activity of JFCs cannot provide the
needed mass input.

2.11 North/south toroidal source - data

The north toroidal source was first discovered by Hawkins (1962) as a concentration of
low eccentricity, and high inclination orbits. Its southern counterpart was recognized after
30 years by Jones and Brown (1993), who surveyed data from the Adelaide meteor radar.
Campbell-Brown (2008) in a more detailed study of the north toroidal source determined
that CMOR observes ∼ 10% of the total count of sporadic meteors in the north toroidal
source, which is approximately two times more than result from a previous study of
Brown and Jones (1995). The north toroidal source is located within an ellipse with center
at (0◦, 55◦) with semimajor axis equal to 28◦ and semiminor axis equal to 15◦, while the
south toroidal source is a symmetric counterpart of the north toroidal source with respect
to the ecliptic plane (see Fig. 2.2 and Sec. 2.1,u for more detailed definition). The north
toroidal source is known for its strong seasonal variations (Campbell-Brown and Wiegert,
2009), where several strong stream-like structures have yet to be recognized. CMOR
observed 109459 meteors in 2012 in the north toroidal source, which is ∼ 8.4% of the
total amount of all observed meteors in 2012.

Meteors coming from the north toroidal source have almost Gaussian-shaped distri-
bution of geocentric impact velocities vg with peak at ∼ 40 km s−1 ranging from 11.2 km
s−1 to 60 km s−1 (grey histograms in Fig. 2.32). The semimajor axis distribution has
similarly to other sources maximum at a = 1 au with a tail exceeding a > 6 au. The
main characteristic of the north toroidal source is its very specific inclination distribution
with a peak at I ∼ 70◦, and small fraction of retrograde orbits. Also, the eccentricity
distribution is rather peculiar since the majority of meteor orbits have small eccentricities
with maximum at e ∼ 0.3, and with a decreasing abundance towards higher eccentrici-
ties. No potential group of parent bodies with orbital elements similar to the observed
distributions of the north toroidal meteors is known in the Solar System, which implies
a need of proper dynamical modeling of this peculiar concentration of meteors. Recall,
that the bodies with I > 39.2◦ undergo Kozai oscillations that may significantly change
e, and I, in several thousands years (see Sec. 1.2).

The generating population is shifted towards higher vg with the maximum at ∼ 50 km
s−1 (open histograms in Fig. 2.32). According to the distribution of semimajor axis of
the generating population the majority of observed meteors in the north toroidal source
originates in long-period comets. A contribution of particles with low inclinations is de-
creased due to their higher collisional probability with the Earth, and thus the inclination
distribution of generating population moves to higher values with maximum at I ∼ 80◦.
Interestingly, we see almost no contribution of particles with e < 0.8 to the generating
population of the north toroidal source that is dominated by extremely eccentric orbits.

Fig. 2.33 shows the number of recorded north toroidal meteors in 2012 as a function
of the solar longitude λ at time of their detection. Campbell-Brown and Wiegert (2009)
studied extensively the temporal variations of the north toroidal source and provide a
great reference for a more detailed description of the problem. The most prolific struc-
tures in Fig. 2.33 are two strong streams, namely: (1) Quadrantids at λ ∼ 283◦, and (2)
θ and ξ Coronae Borealids at λ ∼ (285◦−300◦), that were identified as sources H and I in
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Campbell-Brown and Wiegert (2009), respectively. Next, we observe four broader, more
dispersed, stream contributions as given in Campbell-Brown and Wiegert (2009), namely:
(3) Helion and Antihelion arc and Toroidal at λ ∼ 17◦, (4) ψ Cassiopeids and α Lacertids
at λ ∼ 115◦, (5) Toroidal A and B at λ ∼ 216◦, and (6) an underlying Quadrantids exten-
sion consisting of the November ι Draconids and December α Draconids, perhaps indicat-
ing an old stream complex related to activity of the comet 96P/Machholz (Brown et al.,
2010). Perhaps a pure coincidence, however interestingly, (3) and (5) together with (4)
and (6) may be actually organized in two pairs with longitude difference of∼ (180◦−200◦),
which may point out that only two parent bodies are needed for an explanation of these
contributions. The pair (4) and (6) have a likely progenitor in the activity of comet 96P/-
Machholz several thousand years ago (e.g., Gonczi et al., 1992; Jones and Jones, 1993;
Sekanina and Chodas, 2005; Kaňuchová and Neslušan, 2007). The pair (3) and (5) is
much broader, indicating to longer dynamical age than previous pair, thus it is perhaps a
result of a cometary splitting or disruption ∼ ten thousand years ago, since no potential
parent body has not been found yet. North toroidal source is also composed of a signifi-
cant background population that remains almost constant during the whole year implying
that a large fraction of observed meteors experienced long dynamical evolution that led
to a randomization of their nodes.

Quadrantids (λ ∼ 283◦) form a prominent concentration in I vs λ, and vg vs λ plots
(bottom panels in Fig. 2.34), however, interestingly there is no visible concentration in e.
Even for generating population, we observe a broad range of eccentric orbits at the same λ
as the Quadrantid stream, and a significant concentration is visible at a ∼ 3 au revealing
the comet 96P/Machholz as a possible parent body of this stream (top panels in Fig.
2.34). We are also able to distinguish the pair (4) and (6) that has slightly higher mean
inclinations I ∼ 80◦ than Quadrantids, perhaps due to the longer dynamical lifetime of
particles, and thus slightly different position in the Kozai cycle. This pair has also slightly
smaller a than Quadrantids, which may be results of a small decrease due to the P-R drag.
Identification of the second pair (3) and (5) is far more difficult, because no significant
concentrations in semimajor axis distribution can be found. This might be a consequence
of close encounters with Jupiter that dramatically change all orbital elements, and thus
hide away traces leading to possible parent body.

Since the north toroidal meteors measured by CMOR are dominantly coming from
low eccentric orbits the generating population is very different to the observed one (Figs.
2.36 and 2.37). Interestingly, CMOR observes no meteors with e > 0.6 for inclinations
I < 55◦, which may be a result of existence of two different groups of parent bodies
populating the north toroidal source where the low inclined and low eccentric part is,
however, only a small fraction of the total number of observed meteors. The generating
population is almost exclusively composed from highly eccentric meteoroids with large
inclinations favoring a cometary origin of observed meteors. Again, we observe a strong
contribution of 96P/Machholz (e.g, middle left panel in Fig. 2.37), and also a significant
contribution of long-period comets with inclinations at I ∼ 80◦.

We investigated contribution of Oort Cloud Comets in paper C, and contribution
of Jupiter-family Comets in paper D, and none of them could explain the existence of
the north toroidal source. This led us to reinvestigation of a contribution of Halley-
type Comets (HTCs) to the sporadic meteoroid complex. Our first tests with HTCs
were not promising, since the model distributions of orbital elements were completely
different from the observed ones, and our tests with the comet 96P/Machholz were also
unsuccessful mainly due to inability to circularize initially highly eccentric orbits e ∼ 0.95
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of meteoroids. However, after a proper understanding the north toroidal source and
rigorous modeling we succeeded in a development of a plausible model for the background
population of the north toroidal complex that is reviewed in the following section.
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Figure 2.32: The same as in Fig. 2.7 but now for north toroidal meteors only.
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Figure 2.33: The same as in Fig. 2.10 but now for north toroidal meteors only.
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Figure 2.34: The same as in Fig. 2.11 but now for north toroidal meteors only.

 0

 5

 10

 15

 20

 25

 0  60  120  180  240  300  360

Se
m

im
aj

or
 a

xi
s 

(a
u)

Solar Longitude (deg)

 0

 0.2

 0.4

 0.6

 0.8

 1

 0  60  120  180  240  300  360

E
cc

en
tr

ic
ity

Solar Longitude (deg)

 0
 20
 40
 60
 80

 100
 120
 140
 160
 180

 0  60  120  180  240  300  360

In
cl

in
at

io
n 

(d
eg

)

Solar Longitude (deg)

 0

 10

 20

 30

 40

 50

 60

 70

 80

 0  60  120  180  240  300  360

V
el

oc
ity

 (
km

/s
)

Solar Longitude (deg)

Figure 2.35: The same as in Fig. 2.12 but now for north toroidal meteors only.
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Figure 2.36: The same as in Fig. 2.8 but now for north toroidal meteors only.
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Figure 2.37: The same as in Fig. 2.9 but now for north toroidal meteors only.
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2.12 North/south toroidal source - model - short re-

view - paper E - Dynamical Model for the Toroidal

Sporadic Meteors

In this paper, we focus on the dynamically most processed meteoroid population, namely
the sporadic component of meteoroids hitting the Earth. We were able to develop reason-
able models for north/south apex source, and helion/anti-helion source, however, no plau-
sible model for the toroidal meteors has not been published. It is interesting, and to some
extend actually puzzling, that understanding the parent source for the toroidal meteors
has proved to be the most difficult of all the sporadic sources. The north toroidal par-
ticles are characteristic for their high-inclination orbits with respect to ecliptic, I ∼ 70◦,
with semimajor axes close to 1 au and a long tail towards larger values, and their broad
distribution of eccentricities with a maximum at e ∼ 0.2 (Fig. 2.32). Taken straight,
we do not observe any significant population of parent bodies in the Solar System with
similar orbits that could feed the north toroidal source with a observed amount of dust.

Previous studies tried to explain the existence of the north toroidal source by using
comet populations with orbits that are not observed in the Solar System, and cannot be
reproduced by modeling the potential group of parent bodies, as in Jones et al. (2001).
More recent model of Wiegert et al. (2009) provides a reasonable fit for other sources of
sporadic meteors, however, their model for the north toroidal source suffers significant
drawbacks and potential degeneracies. First, the authors were not able to obtain a good
fit of the model to the observed distribution of the north toroidal meteors (Fig. 4 in
Wiegert et al., 2009). A more important drawback of the model is a conclusion that the
activity of a single or several individual objects may dominantly populate the apparent
radiant source. For the north toroidal source Wiegert et al. (2009) found that the domi-
nant contribution comes from several near-Earth asteroids. This is, however, the weakest
point of the model because there is no physical justification for significant activity from
most near-Earth asteroids. Also, CMOR sees a significant contribution from bodies with
larger a, which cannot be explained by activity of near-Earth asteroids.

Our main goal is to develop a model for the background sporadic population of the
north toroidal source based on observations of the sporadic meteoroid complex performed
by CMOR in 2012. To avoid confusion between background population and contributions
of individual sources we selected two intervals in λ apparently devoid of stream activity:
(1) ∼ (50◦ − 90◦), and (2) ∼ (320◦ − 360◦) (Fig. 2 in paper E). As a result, we consider
meteors in the first interval (1) to be our primary test sample of the background popula-
tion. Tests show, however, that orbital data observed in the second interval (2) are very
similar to those in the first interval (1), thus we feel justified in checking our results by
merging information from both intervals of time. Our restricted sample of background
north toroidal source particles contains 3550 individual particle orbits.

In our model, we use an up-to-date synthetic model of HTCs adopted from Levison et al.
(2006). These authors developed a steady-state model for HTCs orbital architecture,
assuming they originate in the scattered disk. Their model successfully matched the
observed distribution of HTC orbits that are preferentially prograde with a median incli-
nation value of ∼ 55◦, and only a small fraction of retrograde comets (Fig. 4 in paper E).
Nearly half of HTCs have inclination values between ∼ 40◦ and ∼ 80◦, which is favorable
for populating north/south toroidal source. We ran simulations for particles of different
diameters D, namely 100 µm, 200 µm, 400 µm, 600 µm, 800 µm, 1000 µm, 1200 µm,
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1500 µm, and 2000 µm, all with constant particle density ρ = 2 g cm−3. For each D,
we randomly generated 20, 000 orbits of particles, and propagated them in time. Most of
the runs were completed by integration time t = 10 Myr, and only some of the largest
particles survived longer in our simulations. We found that trajectories of particles with
D > 2 mm in a CMOR’s observable range are essentially the same, thus the results for
particles with D = 2 mm could be extrapolated to larger values of D. On the other
hand, we omitted to study particles smaller than D = 100 µm, because they are below
the sensitivity limit of CMOR.

The dust particles in our model were numerically integrated with swift rmvs3 code
(Levison and Duncan, 1994), where the effects of radiation pressure and P-R drag were
taken into account (see Sec. 2.4). Contrary to papers C and D, we used all eight planets
of the Solar System. Every 100 yr the orbital elements of particles and planets were
recorded, until their heliocentric distance reached 0.05 au, left the Solar System on a
hyperbolic orbit, or impacted one of the planets.

Similarly to procedure in paper D (Sec. 2.10), we introduce several free parameters.
The starting orbits of our particles have different perihelion distances q (Fig. 4 in paper
E), and we assume that comets with smaller q values are generally more active, and
may be a subject to splitting/disrupting. In order to account for this bias, we introduce
a weighting factor ∝ qγ , where γ is a free parameter. In our model, we consider only
particles with q < 1.3 au. We performed tests with q extending to 2.6 au, extrapolating
the trend from Levison et al. (2006) model, and found that the results are not sensitive
to this limit.

In our model, we implemented the collisional model of Steel and Elford (1986) that is
described in Sec. 2.3. Model of Steel and Elford (1986) provides the dependence of the
collisional lifetime τcoll on the orbital elements of the particles, including the inclination,
which is our largest concern in our model for the north toroidal source. However, similarly
to our experience with the model of Grün et al. (1985) in paper D, we introduce a free
parameter Fcoll by which we multiply the estimated collisional lifetime. We use values of
Fcoll between 1 and 30 that allow us to adjust our model to match the CMOR observations.

The last set of free parameters is connected with SFD of particles in our model.
In reality, the particle SFD may be a complicated function of diameter D in principle,
however, experience shows that a two-slope (broken) power-law representation is a fairly
good approximation unless the studied range of D is too large. We determine SFD of
particles in range 200 µm< D < 3 mm, which is a consequence of CMOR detection
sensitivity, because no smaller particles are detected by CMOR in the north toroidal
source, and particles larger thanD ∼ 3 mm are rarely detected, or create overdense echoes
that prevent a correct determination of their orbit. We introduce four free parameters
defining SFD of particles in our model: (1) Dmid is the position of midpoint, (2) N0

fixes the absolute number of particles with D = 3 mm, (3) α defining the slope of larger
particles with D > Dmid, and (4) β defining the slope of smaller particles with D < Dmid

(Eqs. 5-10 in paper E).

This makes in total six free parameters that characterize our model for HTC particles.
We found it useful to substitute for the N0 parameter a parameter Fimp = Nimp/Nobs,
where Nimp is a predicted number of particles impacting in the selected interval of λ, and
Nobs = 3550 is a number of truly detected particles. This allows us to cope with some
imperfections of our model while keeping in mind that Fimp should be in a reasonable
interval around unity.

Our fitting procedure is performed by a highly efficient Bayesian analysis search of
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the admitted solutions in the multi dimensional parameter space as described by the
multinode nested sampled method efficiently implemented by the MultiNest code (e.g.,
Feroz, 2008; Feroz et al., 2009). A correct representation of effect imposed by variations
of parameters (γ, Fcoll) introduces high computational demands to our model, thus we
opted to pre-compute the modeled distributions of impact speeds and orbital elements
for each of the particle sizes and a grid of (γ, Fcoll) that was sampled uniformly. The
Markov chain walking is thus applied only to the (α, β,Dmid, Fimp) space, but we accept
this limitation for simplicity.

Model - comparison with CMOR

Before we present our final results, we start with a description of the most important global
trends found when changing principal parameters of our model. First, we investigate the
importance of proper knowledge of ionization cutoff I⋆ for the comparison of our model
with observations. Synthetic population of north toroidal particles for D = 200 µm
observed without no limiting ionization cutoff provides a fairly good match to the observed
population (Fig. 5 in paper E). The most prominent feature, the predominance of particles
on orbits with low eccentricities, and inclinations near ∼ 60◦, is included in the model
population. This result is, indeed, promising since a reasonable SFD would favor smaller
particles more than larger ones. However, when the real ionization cutoff for CMOR
I⋆ = 1 is used, the distribution of velocities and orbital elements change drastically (Fig.
6 in paper E). CMOR is able to detect only the fastest particles with D = 200 µm, and
thus in our model remain only particles with retrograde and very high eccentric orbits,
which puts a sever constraint on the slope β of the SFD.

Larger particles with D = 600 µm have 30 times larger masses than particles with
D = 200 µm, which grants them greater potential for a detection by the CMOR system.
Orbits of D = 600 µm match also the observed distribution fairly well, mostly having
orbits with e ≤ 0.4 and favorable inclination distribution (Fig. 7 in paper E). However,
until now, we did not take into account collisional disruptions of the particles. Fig. 8
in paper E shows a simulation for D = 600 µm particles as observed by CMOR, but
now with collisional disruptions included. We consider a nominal collisional model by
Steel and Elford (1986), and show results with varying free parameter Fcoll in range 1 to
10. Shorter collisional lifetimes do not allow particles to evolve significantly from their
initial orbits, pushing thus the typical eccentricities to larger values, which is incompatible
with the observed population. We find that Fcoll ≥ 10 is needed to properly match
the CMOR observations, similarly to our experience with modeling of helion/anti-helion
sources (see Sec. 2.10 and paper D).

In the course of testing our fitting procedure we realized that it is more convenient,
and also more precise, to use reciprocal value of semimajor axis 1/a rather than a of
impacting particles. This parameter, equivalent to the heliocentric binding energy, allows
us to test our model more severely than using simply a distribution. We search the space
of free parameters with the limits defined in Table 1 in paper E.

Our formally best solution with the two-slope SFD was for (α, β,Dmid, Fimp, γ, Fcoll) =
(4.7, 1.1, 950 µm, 1.08, 0.0, 20) (Fig. 9 in paper E). Our model is able to reproduce all
observed features for the north toroidal meteors reasonably well, however, two major,
correlated, mismatches occur: our synthetic model provides an unobserved population on
high eccentric and orbits with larger semimajor axes (top right and bottom left panels
in Fig. 9 in paper E). We find that our model has only slight dependence on the free
parameter γ. Shorter collisional lifetimes with Fcoll produce models inconsistent with
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observed data, where at minimum Fcoll ≥ 10 is needed, while values over 20 provide
statistically equivalent results. Also, our fit has somewhat puzzling shape of SFD, where
the parameter β provides a very shallow slope, and the break-point near to 1 mm has
not been reported in any of the previous analyses. The missing high eccentric population
may be result of the fact that the highest-speed particles are subject to more bias in the
CMOR observations. We thus test, how our fit changes, when we discard all orbits with
e > 0.8. The overall quality of fit improved, except for a mismatch in the inclination fit
(Fig. 10 in paper E). However, the final set of free parameters did not change significantly
(α, β,Dmid, Fimp, γ, Fcoll) = (4.8, 1.6, 750 µm, 1.11, 0.3, 20), still having problems similar to
previous fit.

Still unsatisfied, we forced the SFD to be a single-slope power law distribution with a
single exponent α. Obviously, we lose two free parameters Dmid, and β, and thus we apply
the Markov chain walking only to the (α, Fimp) space. Our best-fit model for data without
orbits with e > 0.8 having (α, Fimp, γ, Fcoll) = (2.1, 1.11, 0.0, 20), is formally worse than
the broken power-law SFD fit (Fig. 10 in paper E), but the visual check of the results
we performed indicated no substantial differences. Our tests with artificial forcing the
parameter α to be closer to a more realistic values between ∼ (2.8 − 3) still provide
visually acceptable, though statistically worse fits.

Model - comparison with IRAS

Once we have the SFD parameters (α, β,Dmid, Fimp) determined, we can evaluate several
interesting quantities. The total mass Mtot (Eqs. 13 and 14 in paper E) characterize a
validity of our model with regards to the size of the parent population. For our models,
we obtain Mtot ≃ (3 − 50) × 1017 kg for particles in the size range 200 µm ≤ D ≤ 3
mm. Assuming a quasi-exponential decay of the population in our integrations with a
characteristic timescale of τ ≃ 2 Myr (see Sec. 3.2 in paper E for more details) we need
an average flux of F = Mtot/τ ≃ (1.3 − 25) × 1011 kg yr−1 to keep our model in the
steady state. This value is an order of magnitude smaller than value estimated for JFC
population by Nesvorný et al. (2011b), which is consistent with IRAS observations. The
orbit-averaged activity of large HTCs is estimated to be ∼ (1 − 5) × 109 kg yr9 (e.g.,
Hughes, 1985; Jenniskens, 2002), thus a steady-state population of tens to a hundred such
comets would, in the long term, feed interplanetary space with sufficient amount of dust.

One of the constrains of the model of Nesvorný et al. (2011b) was the observed cross
section of the zodiacal cloud meteoroids. Model of Nesvorný et al. (2010) proposed that
& 90% of the ZC’s emission at MIR wavelengths comes from dust grains released from
JFCs, while only . 10% remains for other sources of the dust particles in the Solar System.
Our models estimate that the cross section of particles with a heliocentric distance < 5 au
is Σtot(≤ 5au) ≃ (0.03−0.25)×1011 km2 (Eqs. 16 and 17 in paper E), which is 1−2 orders
of magnitude less compared to JFCs (Nesvorný et al., 2011a). Hence, our model for HTC
particles is not in conflict with IRAS infrared measurements by providing inconsistently
large cross sections that would flatten latitudinal profiles of infrared emission measured
by IRAS.

Other Radiant Source Regions

So far, we have focused on the contribution of the HTC particles exclusively to the north
toroidal source. However, these particles do not strictly impact the Earth only in this
radiant zone, and their contribution is rather complex. Since we calibrated our model
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for the north toroidal source, we might also estimate the contribution of HTCs to other
radiant zones as well.

We find that a significant part of HTC particles populate an arc (or ring) structure
at about 60◦ angular distance from the apex direction (left panel in Fig. 12 in paper
E), which is in a good agreement with all-sky observations made by CMOR in 2012 for
λ = 50◦ − 90◦ (right panel in Fig. 12 in paper E). We also find a depleted ring structure
at about 50◦ angular distance from the apex direction, where the orbits are efficiently
eliminated from our simulations. This is mainly because during their route to the inner
parts of the Solar System the perihelia of these particles become too close to the Sun and
are eliminated from the simulation. Contrary to Campbell-Brown (2008), who suggested
that the existence of the depleted ring is rather a consequence of collision, we find the
reason for its existence rather dynamical.

Interestingly, our model particles also contribute to the apex source, having predom-
inantly high eccentric and retrograde orbits. Even though retrograde orbits represented
only a small fraction of the total population in our initial conditions, we find the average
strength of the apex source ∼ 5 to ∼ 15 times larger than the strength of the north
toroidal source depending significantly on γ. Since the fitting of the north toroidal source
was rather insensitive to γ, further work on the relative contribution to apex source may
help in refining our model.

Discussion and Conclusions

Our findings show that the background sporadic population of toroidal meteors observed
by the CMOR system is likely provided by the activity and/or breakups of HTCs. Our
model provides a constraint on several model parameters, such as the mean comet activity
in relation to the perihelion distance, and size-frequency distribution function at the source
in the ∼ 200 µm− ∼ 3 mm size range.

We find that our model requires longer collisional lifetimes than predicted by standard
models (Grün et al., 1985; Steel and Elford, 1986), however, our findings are similar to
Nesvorný et al. (2011b). There are several possibilities to explain this difference. First,
we do not take into account collisional cascade in our model that may effectively extend
the lifetime of the meteoroids. Another solution is to incorporate a more in-depth analysis
of the solar wind interactions with the dust grains that may force particles to decay faster.
On the other hand, many measurements of the lifetime of cosmic spherules and interplane-
tary dust particles (e.g., Raisbeck and Yiou, 1989; Olinger et al., 1990; Nishiizumi et al.,
1991; Pepin et al., 2001; Kehm et al., 2006) suggest that meteoroid collisional lifetimes
are longer than assumed by standard models.

Some of the residual mismatches between observations and our model may originate in
our simplified description of the detection limits of the CMOR radar system. Similarly to
our previous works, we used a simple ionization factor I defined in Eq. (2.28) to character-
ize the sensitivity of the radar system. While this simplified treatment captures the most
important features of the detection process, the real situation might be more complex.
Most importantly, the instantaneous change from non-detectability to detectability of the
meteor at a single value I = I⋆ = 1, might be too simplified. Incorporating more complex
function that is taking into account a probabilistic nature of the detection process might
improve the precision of our model.

While we succeeded in modeling of the sporadic background of the north toroidal
source, many opened issues remain, and are related to our future work. First, we shall
analyze the time-variable component of the north toroidal source (Fig. 2.33), search for
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the possible individual sources of semi-sporadic structures, and determine, whether these
parent bodies still exits or the observed structures are remnants of the asteroidal/cometary
disruptions. Second, our finding of the contribution of HTC particles to the apex source
is a motivation for revisiting the dynamical modeling of the apex source, we performed
in paper C (Nesvorný et al., 2011a). Our findings suggest, that the proper model of the
apex source should consider at least two prolific groups of parent bodies, namely HTCs
and OCCs.

2.13 Conclusions and further work

The Solar System is a very dusty environment and the Earth is every second showered
with dust particles while revolving around the Sun. Many of these particles are detected
by ground-based or space-borne systems providing interesting variety of information that
allows us to model and predict behavior of various dust populations in the vast region
around the Sun. Ground-based radar and visual systems are able to accurately determine
radiant locations and velocities of impacting dust particles. Sporadic meteors, dynami-
cally evolved particles without an evident link to their parent bodies, dominate the dust
influx on the Earth, while only ∼ 10% remains for the shower meteors. Decades of radar
measurements distinguished three broad classes of sporadic meteors according to their
radiant positions: the helion and anti-helion source, the north and south apex sources,
and the north and south toroidal sources (Sec. 2.1).

Such an abundant population of meteors drew attention of many researchers who
sought dynamical model with an ability to explain the observed distribution of radiants,
velocities, and orbital elements of sporadic meteors. Despite of complexity of the dynam-
ical evolution of dust particles, time demanding simulations, and yet developing models
describing potentially rich sources of dust, many interesting results were discovered (Sec.
2.1.2). However, plausible models with an ability to explain the majority of observed
features and characteristics of the sporadic meteoroid complex had yet to be developed.

We reviewed fundamental physical processes dominating the dynamics of dust particles
in the Solar System. Except for the gravitational forces, the dynamics of the dust particles
are influenced by radiative processes, namely, the radiative pressure, Poynting-Robertson
drag, and effect of solar wind (Sec. 2.2). These processes force the majority of dust
particles to experience spiraling towards the inner parts of the Solar System, and their
final end in the proximity of the Sun, regardless on their initial orbital parameters.

Particles en route to the inner parts of the Solar System may collide with small me-
teoroids in the zodiacal cloud. In Sec. 2.3 we discuss two standard models, presented by
Grün et al. (1985) and Steel and Elford (1986), for the determination of the collisional
lifetime of the dust particles in the Solar System. While rather simple, these models are
one of the essential parts for development correct steady state model for the sporadic
meteoroid population.

Our goal, the development of steady-state models (Sec. 2.5) for each observed source
of the sporadic meteoroid complex, cannot be accomplished without many tools and codes
we use throughout the whole development process (Sec. 2.4). CMOR system is the longest
operating radar facility with over ten million observed orbits. We were fortunate to be
able to investigate a very accurate dataset recorded in 2012 by CMOR, determine its
basic characteristic, distribution of orbits, and discuss in a more detail some interesting
features observed by CMOR (Sec. 2.6).
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North/south apex source is populated by the fastest observed meteors near to the
hyperbolic limit in the Solar System. Such meteors on mainly retrograde orbits represent
approximately one quarter of all meteors orbits (Sec. 2.7) Our dynamical model for
the Oort Cloud Comets is able to reproduce the majority of observed features in the
north/south apex source (Sec. 2.8). However, our most recent findings of contribution
of the Halley-type comets show that a significant amount of north/south apex meteors
originates in the Halley-type comets (Sec. 2.12). A steady-state model taking into account
two different groups of parent bodies, and a precise determination of the ratio between
these two sources is left for the future work.

Helion/anti-helion source, the most abundant source in the sporadic meteoroid com-
plex with more than a third of the total number of observed meteors, is mainly populated
by slower and low inclination meteors (Sec. 2.9). We refined the model of Nesvorný et al.
(2010) for more complex characteristics of the Jupiter-family comet orbits, size-frequency
distribution of model particles, and for more complex collisional models. Our dynami-
cal model for Jupiter-family comets is able to find a good agreement with observations of
helion/anti-helion source from AMOR and CMOR systems (Sec. 2.10). Infrared measure-
ments of IRAS allowed us to obtain the absolute calibration for our model that provides
mass influx of dust particles onto the Earth comparable to space-borne measurements
performed by LDEF. We find that the model from Grün et al. (1985) provides collisional
lifetimes significantly lower than our model requires to fit CMOR data. The mass input
needed for keeping our model in steady state is ∼ 10 times larger than the one suggested
by Nesvorný et al. (2010), and we find that JFC meteoroids form & 90% of the total
population of the zodiacal cloud. We suggest that the zodiacal cloud is dominated by the
meteoroids released by disrupting/splitting JFCs, because the observed activity of JFCs
cannot provide the needed mass input.

North/south toroidal source, characteristic for its high inclination and low eccentricity
orbits of observed meteors, and strong seasonal variations, has no evident link to any pro-
lific group of dust producing bodies in the Solar System (Sec. 2.11). Even though known
for more than 50 years, no plausible dynamical model that can explain observed distribu-
tions of impact velocities and orbital elements with radiant positions at the north/south
toroidal source has been published. In Sec. 2.12,q we present our new dynamical model
for the background population of the north toroidal source. Using Halley-type comets as
the parent bodies of the dust particles we succeeded in matching all observed features.
The excellent dataset of 2012 observations provided by CMOR allowed us to obtain the
absolute calibration for our model, and to a great degree find constrains for free parame-
ters in our model. We find that the best solution for our model needs collisional lifetimes
∼ 20 times larger than the collisional model of Steel and Elford (1986) predicts. We de-
termined that the contribution of HTC particles from our model to the population of the
zodiacal cloud is 1− 2 orders of magnitude less than the contribution of JFC particles as
found in Sec. 2.10, which is compatible with IRAS measurements.

Many interesting projects were left for future work. Our model for the north/south
apex source based solely on particles from OCCs was not able to match all observed
structures, and also no absolute calibration was established. Our findings of the sig-
nificant contribution of HTC particles to the north/south apex source suggest that the
two-component model should be able to fit the observed population better, and also with
the knowledge of the absolute calibration of the HTC particle we may also seek the ra-
tio between OCC and HTC contribution to the north/south apex source, and ultimately
obtain the absolute calibration for OCC meteoroids. Once all sources of the sporadic
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meteors are calibrated, we may advance to a full-fledged model of the dust environment
in the Solar System. With a deeper understanding of the most prolific sources of the dust
particles we aspire to create a dynamical model that would match all ground-based and
space-borne measurements available to date.

Our modeling efforts has yet been focused only to the background population of the
sporadic meteoroid complex. Seasonal variations in all observed source of the sporadic
meteors, however, are still not fully understood, and many observed structures have un-
known parent bodies. Full dynamical understanding of such structures can tell us many
interesting facts about its parent bodies such as, the age of the event that caused the
significant production of the dust, the possible link of a non-existent body to a body
observed in the past, or the future of these structures in the sporadic meteoroid complex.

Evaluation of the collisional lifetimes of meteoroids in the Solar System was one of the
essential parts of our modeling process. We found that values provided by the standard
models are not compatible with our dynamical simulations and need to be adjusted to
allow our models to match observations properly. New, more advanced, and not neces-
sarily more complicated, model with an ability to determine more precisely the collisional
lifetimes among the member of the Solar System dust environment would be greeted by
the community.
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Final remarks

This thesis summarizes our almost four year lasting effort to improve theories for deter-
mination of the collisional probabilities in the Solar System, and also to knowledge of the
origin and dynamics of the sporadic meteors in the Solar System.

Our contribution to the problem the collisional probability determination may look
minor, but it already proved useful for estimating impact probabilities of the toroidal
meteoroids. Our work on this topic is not finished yet, since incorporating target bodies
on inclined orbits will further broaden applicability of our research. Moreover, changing
our rather simplified scenario with the idealized perturbing body to more complex system
with more perturbing bodies on arbitrary orbits may provide more accurate solutions. On
the other hand, the main advantages of our current approach, purely analytical solution
and consequential speed, may severely suffer during the development process.

The code providing estimates of the collisional probability for various bodies in the
Solar System based on our two papers presented in this thesis is already being used by
several colleagues.

Our work in the modeling of the sporadic meteoroid complex may seem more com-
plete. Various radar systems recognizes six concentrations in the all-sky radiant map, for
which we successfully created dynamical steady-state models based on well-known and
at least partially observed populations of comets. However, we focused only on a back-
ground sporadic populations, while measurements exhibit seasonal variations that cannot
be modeled by steady-state models. These semi-sporadic contributions to the sporadic
meteoroid complex are one of the future topics of our work.

Absolute calibration of the steady-state models of the sporadic meteoroid background
is another part of research we are really looking forward to. When the models are abso-
lutely calibrated we will obtain a distribution of the majority of micrometer to millimeter
sized particles in the whole Solar System.

Further extension of our model from the micrometer sized particles up to centimeter
sized meteoroids is what we expect to be possible in the near future. Centimeter sized
meteors are not easily detectable by radars, because of several effect such as saturation of
the signal or partial fragmentation of the detected body. However, forthcoming projects
like CAMS (Cameras for Allsky Meteor Surveillance) measuring meteors in visual spec-
trum may provide additional repository of information that will allow us to build models
for particles of these sizes.

At the very end of this thesis, I hope you enjoyed its reading, and that you find this
work worthy of level of the PhD thesis.
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Correia, A. C. M., Boué, G., Laskar, J., and Morais, M. H. M. (2013). Tidal damping of
the mutual inclination in hierarchical systems. A&A, 553:A39.

Cremonese, G., Borin, P., Martellato, E., Marzari, F., and Bruno, M. (2012). New
Calibration of the Micrometeoroid Flux on Earth. ApJ, 749:L40.

Di Sisto, R. P., Fernández, J. A., and Brunini, A. (2009). On the population, physical
decay and orbital distribution of Jupiter family comets: Numerical simulations. Icarus,
203:140–154.

Dikarev, V., Grün, E., Baggaley, J., Galligan, D., Landgraf, M., and Jehn, R. (2004).
Modeling the Sporadic Meteoroid Background Cloud. Earth Moon and Planets, 95:109–
122.

Divine, N. (1993). Five populations of interplanetary meteoroids. J. Geophys. Res.,
98:17029–17048.

Fabrycky, D. and Tremaine, S. (2007). Shrinking Binary and Planetary Orbits by Kozai
Cycles with Tidal Friction. ApJ, 669:1298–1315.

Farinella, P. and Davis, D. R. (1992). Collision rates and impact velocities in the Main
Asteroid Belt. Icarus, 97:111–123.

Fernández, J. A. (2005). Comets Nature, Dynamics, Origin and their Cosmological Rele-
vance. Springer.

Feroz, F. (2008). Bayesian methods for astrophysics and particle physics. PhD thesis,
Cambridge University.

Feroz, F., Hobson, M. P., and Bridges, M. (2009). MULTINEST: an efficient and robust
Bayesian inference tool for cosmology and particle physics. MNRAS, 398:1601–1614.

Ford, E. B., Kozinsky, B., and Rasio, F. A. (2000). Secular Evolution of Hierarchical
Triple Star Systems. ApJ, 535:385–401.

Galligan, D. P. and Baggaley, W. J. (2004). The orbital distribution of radar-detected
meteoroids of the Solar system dust cloud. MNRAS, 353:422–446.

Galligan, D. P. and Baggaley, W. J. (2005). The radiant distribution of AMOR radar
meteors. MNRAS, 359:551–560.

110



Gomes, R., Levison, H. F., Tsiganis, K., and Morbidelli, A. (2005). Origin of the cata-
clysmic Late Heavy Bombardment period of the terrestrial planets. Nature, 435:466–
469.

Gonczi, R., Rickman, H., and Froeschle, C. (1992). The connection between Comet
P/Machholz and the Quadrantid meteor. MNRAS, 254:627–634.

Granvik, M., Morbidelli, A., Jedicke, R., Bottke, W. F., Bolin, B., Beshore, E., Vokrouh-
licky, D., Nesvorny, D., and Michel, P. (2013). A New Population Model of the Orbits
and Absolute Magnitudes of Near-Earth Objects. In AAS/Division for Planetary Sci-
ences Meeting Abstracts, volume 45 of AAS/Division for Planetary Sciences Meeting
Abstracts, page 106.02.

Greenberg, R. (1982). Orbital interactions - A new geometrical formalism. AJ, 87:184–
195.

Gronchi, G. F. and Milani, A. (1998). Averaging on Earth-Crossing Orbits. Celest. Mech.
Dyn. Astron., 71:109–136.

Gronchi, G. F. and Milani, A. (1999). The stable Kozai state for asteroids and comets.
With arbitrary semimajor axis and inclination. A&A, 341:928–935.

Grün, E., Zook, H. A., Fechtig, H., and Giese, R. H. (1985). Collisional balance of the
meteoritic complex. Icarus, 62:244–272.

Harris, A. W., Barucci, M. A., Cano, J. L., Drube, L., Fitzsimmons, A., Fulchignoni,
M., Green, S. F., Hestroffer, D., Lappas, V., Michel, P., Morrison, D., Meshcheryakov,
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P. (2011b). Dynamical Model for the Zodiacal Cloud and Sporadic Meteors. ApJ,
743:129.
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Appendix A - Source code -
Determination of the collisional
probability

Here, we present the source for our code based on papers A and B where its main purpose
is a determination of the collisional probability between two bodies. See Sec. 1.5 and
papers A and B for further reference. Its most recent version is available at http://

sirrah.troja.mff.cuni.cz/~pokorny/Kozai/ .

PROGRAM KOZAIOPIKPROB

! Author:

! Petr Pokorny

!

! LICENCE:

! ____________

! This program is !!! FREE !!! to use, however, it would be very kind of you to

! ------------

! put a reference into your article (reference to Vokrouhlicky et al. 2012)

! or better an article with Pokorny, Vokrouhlicky 2013, where is the code cited (^_^)

! Reference publication:

!

! Opik-type collision probability for high-inclination orbits

! Vokrouhlicky, David; Pokorny, Petr; Nesvorny, David

! Icarus, Volume 219, Issue 1, p. 150-160.

!

! Opik-type collision probability for high-inclination orbits: Targets on eccentric orbits

! Pokorny, Petr; Vokrouhlicky, David

! Icarus, Volume 226, Issue 1, p. 682-693

! SUBROUTINE KOZAIOPIK computes impact probabilities between Target and Projectile

! The Target is assumed to be in eccentric and coplanar orbit (i = 0, 0 =< e < 1)

! The Projectile is assumed to be on bound elliptic orbit around the Sun and non-resonant with any other

planet

! The Projectile is defined by its semimajor axis (AU), eccentricity, Inclination (deg) and argument of

pericenter (deg)

!
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IMPLICIT NONE

real*8 apl ! Semimajor Axis of the target [AU]

real*8 epl ! Eccentricity of the target

real*8 a ! Semimajor Axis of the projectile [AU]

real*8 e ! Eccentricity of the projectile

real*8 inc ! Inclination of the projectile [deg]

real*8 omega ! Argument of pericenter of the projectile [deg]

real*8 outres ! Total intrinsic collisional probability in au^-2 yr^-1

real*8 pi

data pi/3.141592653589793/

! write(*,*) "Semimajor axis of projectile in [AU]"

read(*,*) a

! write(*,*) "Eccentricity of projectile"

read(*,*) e

! write(*,*) "Inclination of projectile in (deg)"

read(*,*) inc

! write(*,*) "Argument of projectile pericenter (deg)"

read(*,*) omega

! Degrees to radians

inc=inc/180.d0*pi

omega=omega/180.d0*pi

! write(*,*) "Semimajor Axis of the target [AU]"

read(*,*) apl

! write(*,*) "Eccentricity of the target"

read(*,*) epl

! Calling the main subroutine

call WETKOZ(apl,epl,a,e,inc,omega,outres)

! Write an output: Total intrinsic collisional probability

write(*,*) outres

end

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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SUBROUTINE WETKOZ(apl,epl,apr,e,inc,omega,outres)

IMPLICIT NONE

INTEGER n ! Counter for the number of iterations in computing of the integral

INTEGER it ! Number of steps in the integral

INTEGER j ! Loop integer

INTEGER nmax ! Maximal number of iterations in the evaluation of the integral

INTEGER coef ! Maximal number of steps used for the evaluation in all iterations - defines output

arrays

INTEGER l ! Counter determining the position of the element in arrays

INTEGER k ! Loop integer

INTEGER ik ! Integer 1 or 2 determining whether the true anomaly of the target is (0,180) or

(180,360) - we to investigate the whole orbit

parameter(nmax=7) ! Determines the precision of the evaluation of the integral. The value 7 seems to

give the best ratio between speed and precision

parameter(coef=2*2*(3**(nmax-1))) ! Formula for the total number of steps of the integral

!===== INPUTS =====

real*8 apl ! Semimajor Axis of the target [AU]

real*8 epl ! Eccentricity of the target

real*8 apr ! Semimajor Axis of the projectile [AU]

real*8 e ! Eccentricity of the projectile

real*8 inc ! Inclination of the projectile [radians]

real*8 omega ! Argument of pericenter of the projectile [radians]

!===== END OF INPUTS =====

!===== OUTPUTS ======

real*8 outres ! Output: Total intrinsic collisional probability in au^-2 yr^-1

!===== END OF OUTPUTS =====

real*8 prob(8)! Intrinsic collisional probability for 8 possible impact configurations for one r_0

of the target

real*8 prob1 ! Sum of prob(8), total intrinsic collisional probability for one r_0 of the target

real*8 pi

real*8 theta(8) ! Theta of the radiants for 8 possible impact configurations

real*8 phi(8) ! Phi of the radiants for 8 possible impact configurations

real*8 outk(8) ! k = e*cos(omega) for 8 possible impact configurations

real*8 outh(8) ! h = e*sin(omega) for 8 possible impact configurations

!===== POSSIBLE OUTPUTS =====

real*8 outR(coef) ! All heliocentric distances [AU] of the target evaluated in the integral

real*8 outP(coef,8) ! All intrinsic collisional probabilities [au^-2 yr^-1] evaluated in the

integral | 8 possible impact configurations for one r_0

real*8 outTH(coef,8) ! All theta [deg] of the radiants evaluated in the integral | 8 possible impact

configurations for one r_0

real*8 outPH(coef,8) ! All phi [deg] of the radiants evaluated in the integral | 8 possible impact

configurations for one r_0

real*8 outKK(coef,8) ! All k = e*cos(omega) evaluated in the integral | 8 possible impact

configurations for one r_0

real*8 outhh(coef,8) ! All h = e*sin(omega) evaluated in the integral | 8 possible impact

configurations for one r_0

!===== END POSSIBLE OUTPUTS =====

real*8 a ! Lower limit of the integral

real*8 b ! Upper limit of the integral

real*8 x ! r_0 in the integral

real*8 del ! Integration step (see Press et al. 1992, chap. 4.1)

real*8 ddel ! 2 * del

real*8 s1 ! Intermediate sum of the first integral [a ( 1 - e ) , a ]
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real*8 s2 ! Intermediate sum of the second integral [ a , a ( 1 + e ) ]

real*8 aa ! Pericenter of the target

real*8 bb ! Apocenter of the target

real*8 tnm ! Number of steps in the integral - denominator in the evaluation of the integral

real*8 funl ! Function subtitution for the first integral

real*8 funu ! Function subtitution for the second integral

real*8 sum ! Intermediate sum in the evaluation of the integrals

real*8 func ! External function

EXTERNAL func

data pi/3.141592653589793/

! function subtitution

funl(x) = 2.d0*x*func(aa+x**2,bb,aa)

funu(x) = 2.d0*x*func(bb-x**2,bb,aa)

! Zero to variables

l=0

outres=0d0

! Big loop over 2 segments of the orbit because of the true anomaly

do ik=1,2

! Pericenter, apocenter and lower and upper integration limits

aa=apl*(1d0-epl)

bb=apl*(1d0+epl)

b=sqrt(apl*epl)

a=0.d0

! Zeros to intermediate sums

s1=0d0

s2=0d0

! Loop over the consencutive iterations of the integral

! FIRST INTEGRAL

do n=1,nmax

! The first evaluation, the same as for the circular orbit of the target

if (n.eq.1) then

x=0.5*(a+b)

! Add 1 to the counter

l=l+1

CALL KOZAIOPIK(apr,e,inc,omega,apl,epl,aa+x**2,prob,prob1,theta,phi,ik,outh,outk)

outR(l)=aa+x**2

! Output flush

do k=1,8

outhh(l,k)=outh(k)

outkk(l,k)=outk(k)

outP(l,k)=prob(k)

outTH(l,k)=theta(k)

outPH(l,k)=phi(k)

enddo

s1=(b-a)*funl(x)*prob1

! Here comes the integral

else

it=int(3d0**(n-2))

tnm=it

del=(b-a)/(3*tnm)

ddel=del+del

x=a+0.5d0*del

sum=0.d0

do 11 j=1,it

! Add 1 to the counter

l=l+1

CALL KOZAIOPIK(apr,e,inc,omega,apl,epl,aa+x**2,prob,prob1,theta,phi,ik,outh,outk)
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outR(l)=aa+x**2

! Output flush

do k=1,8

outhh(l,k)=outh(k)

outkk(l,k)=outk(k)

outP(l,k)=prob(k)

outTH(l,k)=theta(k)

outPH(l,k)=phi(k)

enddo

sum=sum+funl(x)*prob1

x=x+ddel

! Add 1 to the counter

l=l+1

CALL KOZAIOPIK(apr,e,inc,omega,apl,epl,aa+x**2,prob,prob1,theta,phi,ik,outh,outk)

outR(l)=aa+x**2

! Output flush

do k=1,8

outhh(l,k)=outh(k)

outkk(l,k)=outk(k)

outP(l,k)=prob(k)

outTH(l,k)=theta(k)

outPH(l,k)=phi(k)

enddo

sum=sum+funl(x)*prob1

x=x+del

! Loop end

11 continue

s1=(s1+(b-a)*sum/tnm)/3.d0

endif

enddo

! Loop over the consencutive iterations of the integral

! SECOND INTEGRAL

do n=1,nmax

! The first evaluation, the same as for the circular orbit of the target

if (n.eq.1) then

x=0.5*(a+b)

! Add 1 to the counter

l=l+1

CALL KOZAIOPIK(apr,e,inc,omega,apl,epl,bb-x**2,prob,prob1,theta,phi,ik,outh,outk)

outR(l)=bb-x**2

! Output flush

do k=1,8

outhh(l,k)=outh(k)

outkk(l,k)=outk(k)

outP(l,k)=prob(k)

outTH(l,k)=theta(k)

outPH(l,k)=phi(k)

enddo

s2=(b-a)*funu(x)*prob1

else

it=int(3d0**(n-2))

tnm=it

del=(b-a)/(3.*tnm)

ddel=del+del

x=a+0.5*del

sum=0.d0

do 12 j=1,it

! Add 1 to the counter

l=l+1

CALL KOZAIOPIK(apr,e,inc,omega,apl,epl,bb-x**2,prob,prob1,theta,phi,ik,outh,outk)

outR(l)=bb-x**2

! Output flush

do k=1,8

outhh(l,k)=outh(k)
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outkk(l,k)=outk(k)

outP(l,k)=prob(k)

outTH(l,k)=theta(k)

outPH(l,k)=phi(k)

enddo

sum=sum+funu(x)*prob1

x=x+ddel

! Add 1 to the counter

l=l+1

CALL KOZAIOPIK(apr,e,inc,omega,apl,epl,bb-x**2,prob,prob1,theta,phi,ik,outh,outk)

outR(l)=bb-x**2

! Output flush

do k=1,8

outhh(l,k)=outh(k)

outkk(l,k)=outk(k)

outP(l,k)=prob(k)

outTH(l,k)=theta(k)

outPH(l,k)=phi(k)

enddo

sum=sum+funu(x)*prob1

x=x+del

12 continue

s2=(s2+(b-a)*sum/tnm)/3d0

endif

enddo

outres=(s1+s2)+outres

enddo

outres=outres/2d0

! SIMPLE ADDITIONAL OUTPUT EXAMPLE

! write(*,*) outres

! do j=1,coef

! do k=1,8

! if (outP(j,k).gt.(0d0)) then

! write(*,*)outP(j,k),outR(j),outTH(j,k),

! & outPH(j,k),outhh(j,k),outkk(j,k)

! endif

! enddo

! enddo

! END OF EXAMPLE

end

! Function \psi from the article Pokorny et al. 2013 - needed for

! the total probability

REAL*8 function func(x,a,b)

real*8 x,a,b

func = 1d0/x/sqrt((b-x)*(x-a))*sqrt(a*b)/(asin(1d0)*2)

end function

! This subroutine computes a collision probability for a target on elliptic

! non-inclined orbit with a projectile on bound heliocentric orbit

!

! The subroutine itself computes a probability only for one heliocentric

! distance of the target rpl, the total probability must be computed as

! an integral of individual probabilities from pericenter to apocenter

SUBROUTINE KOZAIOPIK(a,e,inc,om,apl,epl,rpl,prob,prob1,theta, phi,ik,outh,outk)
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IMPLICIT NONE

! INPUT VARIABLES

real*8 a ! Semimajor axis of the projectile [AU]

real*8 e ! Eccentricity of the projectile

real*8 inc ! Inclination of the projectile [rad]

real*8 om ! Argument of pericenter of the projectile [rad]

real*8 apl ! Semimajor axis of the target [AU]

real*8 epl ! Eccentricity of the target

real*8 rpl ! Heliocentric distance of the target [AU]

! END OF INPUT

! OUTPUT VARIABLES

real*8 prob(8) ! Intrinsic collisional probabilities for all impact configurations [1D array]

real*8 prob1 ! Total intrinsic collisional probability = sum of prob(8)

real*8 outk(8) ! Array of all obtained k=e*cos(omega) in the impact configurations

real*8 outh(8) ! Array of all obtained h=e*sin(omega) in the impact configurations

real*8 theta(8) ! Ecliptic latitude of the impact radiants for the impact configurations

real*8 phi(8) ! Ecliptic longitude of the impact radiants for the impact configurations

! END OF OUTPUT

complex*16 x(3) ! Roots of the system of equations (10) and (16) = impact configurations - cubic

equation

real*8 Ca ! Coefficients of the cubic Equation

real*8 Cb

real*8 Cc

real*8 Cd

real*8 y(4) ! Real part of the roots - maximum 8 impact configurations => 4 unique values of

k=e*cos(omega)

real*8 z(8) ! h=e*cos(omega) - from EQ (10) in Vokrouhlicky, Pokorny, Nesvorny 2012

real*8 k ! k=e*cos(omega) - just more convenient and readable variable without array

real*8 hh(2) ! Array of 2 possible values of h=e*sin(omega) for one unique k=e*cos(omega)

real*8 h ! Selected h from array hh(2)

real*8 kk ! Initial value of k=e*cos(omega) from the initial conditions

real*8 hhh ! Initial value of h=e*sin(omega) from the initial conditions

real*8 CapC ! Integral of the motion EQ (16) in Pokorny, Vokrouhlicky 2013

real*8 c ! Integral of the motion c = eta * cos (inc)

real*8 eta ! \eta = \sqrt{1-e^2}

real*8 gamm ! Factor Gamma for scaling the lenght of the Lidov-Kozai cycle - see below EQ (28) in

Vokrouhlicky, Pokorny, Nesvorny 2012

real*8 dk ! Displacement in k, for an exact impact configuration point - EQ (19) in Vokrouhlicky,

Pokorny, Nesvorny 2012

real*8 dh ! Displacement in h, for an exact impact configuration point - EQ (19) in Vokrouhlicky,

Pokorny, Nesvorny 2012

real*8 dkdt ! Derivation of k=e*cos(omega) by time - EQ (27) in Vokrouhlicky, Pokorny, Nesvorny 2012

real*8 dhdt ! Derivation of h=e*sin(omega) by time - EQ (28) in Vokrouhlicky, Pokorny, Nesvorny 2012

real*8 phk ! EQ (21) in Vokrouhlicky, Pokorny, Nesvorny 2012

real*8 phh ! EQ (22) in Vokrouhlicky, Pokorny, Nesvorny 2012

real*8 psk ! EQ (23) in Vokrouhlicky, Pokorny, Nesvorny 2012

real*8 psh ! EQ (24) in Vokrouhlicky, Pokorny, Nesvorny 2012

real*8 den ! EQ (20) in Vokrouhlicky, Pokorny, Nesvorny 2012

real*8 Pom ! T_Kozai - The lenght of the one Lidov-Kozai cycle [yr] - see Kinoshita & Nakai 2007

real*8 P2 ! EQ (17) in Pokorny, Vokrouhlicky 2013 - Probability part 2

real*8 aph

real*8 rho2

real*8 pi

real*8 kx

real*8 hx

real*8 dkdt1

real*8 dhdt1

real*8 dist

real*8 timm

real*8 r1

real*8 r2
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real*8 aa

real*8 th

real*8 ph

real*8 Ie

real*8 Iinc

real*8 Iom

integer i

integer j

integer l

integer m

integer m2

integer nroot

integer znk(2)

integer ddd

integer CUBIC

integer ik

data pi/3.141592653589793/

real*8 err

real*8 preci

! Pericenter r1 and apocenter r2 of the target

r1=apl*(1d0-epl)

r2=apl*(1d0+epl)

! Zeros to variables

theta=0d0

phi=0d0

prob=0d0

prob1=0d0

ddd=0

! Determine initial k,h for the projectile

kk=e*cos(om)

hhh=e*sin(om)

! Determine aplha,eta

aph=rpl/a

eta=sqrt(1d0-e*e)

! Evaluate integrals of motion

c=eta*cos(inc)

CapC=1./eta/eta*((2d0+3.*e*e)*(3d0*c*c-eta*eta)+15d0*(eta*eta-c*c)*(kk*kk-hhh*hhh))

! Gamma factor, where 0.0009546 is mass of the Jupiter in Solar Masses

! and 140.954423151 - this value is not important for the collision probability.

! However scales the length of Lidov-Kozai cycle

gamm=2d0*pi*0.0009546*sqrt(a**3)/140.954423151

! Iteration value

l=1

!!! Should be computed only once (CHANGE)

CALL KINOSHITA(CapC,c,eta,om,gamm,pom)

! Ascending/Descending node i = 1 Ascending, i = 2 Descending

do i=1,2

! Determine coefficients for the Cubic equation

Ca=(-1.)**(i+1)*30.*aph

Cb=6.*(3.*aph*aph+5.*aph-5.*c*c)

Cc=(-1.)**(i+1)*aph*(36.*aph-20.-24.*c*c-CapC)

Cd=18.*aph*aph-20*aph-24*aph*c*c+30*c*c-CapC*aph

! Call a routine to solve the cubic equation

nroot = CUBIC(Ca, Cb, Cc, Cd, x)

! Loop over the roots of the cubic equation ie. the impact configurations

do j=1, nroot
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! We want only non-complex solutions

if ((aimag(x(j)).eq.(0.)).and.(abs(real(x(j))).lt.(1.))) then

! Get the real part of the complex root of the equation, k=e*cos(omega)

y(l)= real(x(j))

! Evaluate h=e*cos(omega) - EQ (10) in Vokrouhlicky, Pokorny, Nesvorny 2012

z(2*l-1)=sqrt(1-y(l)**2-aph*(1+(-1.)**(i+1)*y(l)))

z(2*l-0)=-z(2*l-1)

! Check if h=e*cos(omega) can exist

if ((1-y(l)**2-aph*(1+(-1.)**(i+1)*y(l))).lt.(0d0)) then

goto 200 ! GOTO END OF THE MAIN LOOP (it should never happen, however :))

endif

! Assign to more conveniet(readable) variables

k=y(l)

hh(1)=z(2*l-1)

hh(2)=z(2*l-0)

! Set number of unique h=e*cos(omega)

m2=2

! Look whether h=e*cos(omega) is unique, if not m2=1

if (hh(2).eq.hh(1)) m2=1

! Forced oscillations - max 4 impact configurations

if (CapC.lt.(2*(3*c**2-1))) then

m2=1

hh(1)=abs(hh(1))

! See, whether omega is >180, if yes then h must be < 0

if (om.gt.pi) hh(1)=-hh(1)

endif

! Loop over the impact configurations

do m=1,m2

! Even more readable variables

h=hh(m)

eta=sqrt(1-h**2-k**2)

! Impact eccentricity,inclination and argument of pericenter

Ie=sqrt(k**2+h**2)

Iinc =acos(c/eta)

Iom = acos(k/Ie)

! Factor /beta from Eq (21) - see below the equation for a formula

aa=(-1.)**(ik+1)*sqrt((rpl-r1)*(r2-rpl))/(apl*sqrt(1d0-epl**2))

! Solution for the ambiquity of acos in the determination of argument of pericenter of the impact

if (h.lt.(0.0)) Iom = 2*pi - Iom

! Call Radiant and P2 determination (EQ. 17) - computes also impact velocities, which may be also

interesting output

CALL RADIANT_ECC(a,Ie,Iinc,Iom,apl,epl,rpl,th,ph,P2,ik)

! Outputs from radiants and also k,h for intersections to arrays

theta(l*2-2+m)=th

phi(l*2-2+m)=ph

outh(l*2-2+m)=h

outk(l*2-2+m)=k

! Factor /Lambda from EQ 23 (formerly named /rho_2 thus may be misleading (TO BE CHANGED FUTURE)

rho2=sqrt( &

& (eta**2 - c**2) / &

& ( &

& (1d0+aa**2)*(eta**2-c**2)*(1+(-1.)**(i+1)*k)**2 &

& + ( &

& (h*eta)+(-1.)**(i+1)*aa*c*(1+(-1.)**(i+1)*k) &

& )**2 &

& ) &

& )

! EQ 22

dist=(eta**2-aph*(1+(-1.)**(i+1)*k))*rho2

! Partial derivations of the distance EQs (21) - (24) in Vokrouhlicky, Pokorny, Nesvorny 2012

(ICARUS)

phk=2.*k*(2.*(7.-3.*c*c+3.*h*h-12.*k*k)+CapC)

phh=2.*h*(2.*(-8.+12.*c*c+3.*k*k+18.*h*h)+CapC)
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psk=-2.*(k+(-1.)**(i+1)*aph/2.)*rho2

psh=-2.*(h)*rho2

! Denominator EQ (20) in Vokrouhlicky, Pokorny, Nesvorny 2012 (ICARUS)

den=(phh*psk-phk*psh)

! And finally displacements EQ (19) in Vokrouhlicky, Pokorny, Nesvorny 2012 (ICARUS)

dk=phh/den/a

dh=-phk/den/a

kx=k

hx=h

timm=0

! If Denominator is too small we have to compute the time in the proximity of planet numerically (it

is a bit slower, but we have quite large steps)

! if (abs(den).lt.(2E-3)) then

if (abs(den).lt.(2E-3)) then

! We do not know the radius of the target, thus we set this value as an approximate value (but should

be ok for most of cases).

err=1D-9

preci=1D-7

! Set zero values for a special case commented in Vokrouhlicky, Pokorny, Nesvorny 2012 (ICARUS) -

Appendix

znk(1)=0

znk(2)=0

do while (abs(dist).lt.(err))

dkdt1=-3d0/2d0*preci*gamm*eta*h*(1- &

& 5d0/2d0*k*k*(eta*eta-c*c)/(1-eta*eta)/eta/eta+ &

& 5d0/2d0*(c*c-eta**4d0)/(eta**4d0)*h*h/(1d0-eta*eta))

dhdt1=3d0/2d0*preci*gamm*eta*k*(1+5d0/2d0*h*h*c*c/eta**4d0)

k=k-dkdt1

h=h-dhdt1

eta=sqrt(1-h*h-k*k)

dist=(eta*eta-aph*(1+(-1.)**(i+1)*k))* &

& sqrt((eta**2 - c**2) / &

& ( &

& (1d0+aa**2)*(eta**2-c**2)*(1+(-1.)**(i+1)*k)**2 &

& + ( &

& (h*eta)+(-1.)**(i+1)*aa*c*(1+(-1.)**(i+1)*k) &

& )**2 &

& ))

! Dist should be

if (dist.ge.(0.0)) znk(1)=1

if (dist.le.(0.0)) znk(2)=1

timm=timm+preci

enddo

if ((znk(1).eq.(1)).and.(znk(2).eq.(1))) ddd=1

znk(1)=0

znk(2)=0

! write(*,*) timm, "END 1", ddd

k=kx

h=hx

eta=sqrt(1-h*h-k*k)

dist=(eta*eta-aph*(1+(-1.)**(i+1)*k))* &

& sqrt((eta**2 - c**2) / &

& ( &

& (1d0+aa**2)*(eta**2-c**2)*(1+(-1.)**(i+1)*k)**2 &

& + ( &

& (h*eta)+(-1.)**(i+1)*aa*c*(1+(-1.)**(i+1)*k) &

& )**2 &

& ))

! write(*,*) dist

do while (abs(dist).lt.(err))

dkdt1=-3./2.*preci*gamm*eta*h*(1- &

& 5./2.*k*k*(eta*eta-c*c)/(1-eta*eta)/eta/eta+ &

& 5./2.*(c*c-eta**4.)/(eta**4.)*h*h/(1-eta*eta))

dhdt1=3./2.*preci*gamm*eta*k*(1+5./2.*h*h*c*c/eta**4.)

k=k+dkdt1

h=h+dhdt1

eta=sqrt(1-h*h-k*k)

dist=(eta*eta-aph*(1+(-1.)**(i+1)*k))* &
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& sqrt((eta**2 - c**2) / &

& ( &

& (1d0+aa**2)*(eta**2-c**2)*(1+(-1.)**(i+1)*k)**2 &

& + ( &

& (h*eta)+(-1.)**(i+1)*aa*c*(1+(-1.)**(i+1)*k) &

& )**2 &

& ))

if (dist.ge.(0.0)) znk(1)=1

if (dist.le.(0.0)) znk(2)=1

timm=timm+preci

! ! write(*,*) dist,k,h,timm

! call sleep(0)

enddo

if ((znk(1).eq.(1)).and.(znk(2).eq.(1))) ddd=1

znk(1)=0

znk(2)=0

! write(*,*) timm, "END 2",ddd

k=kx

h=hx

if (ddd.eq.(1)) then

timm=timm/2d0

! write(*,*) "PRESKOK DRAH", timm,abs(timm)/pom,P2

else

! write(*,*) "NEPRESKOK DRAH", timm,abs(timm)/pom,P2

endif

timm=timm/err

prob(l*2-2+m) = &

& abs(timm)/pom*P2/a

!!!! 1/a is from R/a = rho

! Denominator is OK, so we can go straighforward as in the article

else

k=kx

h=hx

dkdt=-3./2.*gamm*eta*h*(1- &

& 5./2.*k*k*(eta*eta-c*c)/(1-eta*eta)/eta/eta+ &

& 5./2.*(c*c-eta**4.)/(eta**4.)*h*h/(1-eta*eta))

dhdt=3./2.*gamm*eta*k*(1+5./2.*h*h*c*c/eta**4.)

prob(l*2-2+m)=abs(dk/dkdt)*2/pom*P2

endif

prob1=prob(l*2-2+m)+prob1

enddo

l=l+1

endif

200 continue

enddo

enddo

END

SUBROUTINE RADIANT_ECC(a,e,inc,om,apl,epl,rpl,theta,phi,P2,k)

IMPLICIT NONE

! This subroutine computes radiants of a particle (phi,theta)

! for a eccentric coplanar target and projectile

! apex of the target’s motion has theta = 0, phi = 0

! theta means ecliptic latitude

! phi means ecliptic longitude

!!! INPUT/OUTPUT
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! INPUT Variables:

! a ... semimajor axis of the projectile

! e ... eccentricity of the projectile

! inc ... inclination of the projectile in radians

! om ... argument of pericenter of the projectile in radians

! apl ... semimajor axis of the target

! epl ... eccentricity of the target

! rpl ... heliocentric distance of the target

real*8 a,e,inc,om,apl,epl,rpl

integer k

! OUTPUT Variables:

! theta ... ecliptic latitude (-pi/2,pi/2)

! phi ..... ecliptic longitude (-pi,pi)

! P2 ...... second term in probability calculation

real*8 theta,phi,P2

real*8 eta,etapl,asc,dsc,GM,r1,r2

real*8 v1,v2,v3,vel,pi,rad,bigR,bigF,P,R2F2

data pi/3.141592653589793/

! GM = gravitational constat * mass of the gravitational center

! in [astronomical unit**3 * mean solar day ** (-2) * solar mass**(-1)

GM = 0.2959122104742908d-03

! Some initial computations

rad=pi/180.0d0

eta=sqrt(1d0-e*e)

etapl=sqrt(1d0-epl**2)

r1=apl*(1d0-epl)

r2=apl*(1d0+epl)

bigR=(-1.)**(k+1)*sqrt((rpl-r1)*(r2-rpl))/rpl

bigF=etapl*apl/rpl

P=a*eta**2/rpl

R2F2=bigR**2+bigF**2

asc = P/(1d0+e*cos(om))

dsc = P/(1d0-e*cos(om))

! Zeros to variables

v1=0d0

v2=0d0

v3=0d0

vel=0d0

! write(*,*) "RADS ",asc,dsc

if ((1d0-1e-4.le.asc).and.(asc.le.1d0+1e-4)) then

v1 = -(sqrt(apl/rpl*P)*(bigF*cos(inc) - e*sin(om)/P*bigR) &

& - R2F2) / sqrt(R2F2)

v2 = (e*sin(om)*bigF/P + bigR*cos(inc)) * sqrt(apl/rpl*P) &

& / sqrt(R2F2)

v3 = - sqrt(apl/rpl*P) * sin(inc)

vel=sqrt(v1**2+v2**2+v3**2)

theta=asin(v3/vel)

phi=atan2(v2,v1)

! write(*,*)theta/rad,phi/rad, "asc"

endif

if ((1d0-1e-4.le.dsc).and.(dsc.le.1d0+1e-4)) then

v1 = -(sqrt(apl/rpl*P)*(bigF*cos(inc) + e*sin(om)/P*bigR) &

& - R2F2) / sqrt(R2F2)

v2 = ( - e*sin(om)*bigF/P + bigR*cos(inc)) * sqrt(apl/rpl*P) &

& / sqrt(R2F2)

v3 = + sqrt(apl/rpl*P) * sin(inc)

vel=sqrt(v1**2+v2**2+v3**2)

128



theta=asin(v3/vel)

phi=atan2(v2,v1)

endif

theta=theta/rad

phi=phi/rad

P2=1d0/apl/4d0/sqrt(R2F2)*vel/sqrt(vel**2-v1**2)/sqrt(a**3)

END

! ==================================================

SUBROUTINE COMELP(HK,CK,CE)

! ==================================================

! Purpose: Compute complete elliptic integrals K(k)

! and E(k)

! Input : K --- Modulus k ( 0 ?? k ?? 1 )

! Output : CK --- K(k)

! CE --- E(k)

! ==================================================

!

IMPLICIT NONE

real*8 PK,HK,CK,CE,AE,BE,AK,BK

PK=1.0-HK*HK

IF (HK.EQ.1.0) THEN

CK=1.0+300.

CE=1.0

ELSE

AK=(((.01451196212*PK+.03742563713)*PK &

& +.03590092383)*PK+.09666344259)*PK+ &

& 1.38629436112

BK=(((.00441787012*PK+.03328355346)*PK+ &

& .06880248576)*PK+.12498593597)*PK+.5

CK=AK-BK*dLOG(PK)

AE=(((.01736506451*PK+.04757383546)*PK+ &

& .0626060122)*PK+.44325141463)*PK+1.0

BE=(((.00526449639*PK+.04069697526)*PK+ &

& .09200180037)*PK+.2499836831)*PK

CE=AE-BE*LOG(PK)

CK=AK-BK*dlog(PK)

ENDIF

RETURN

END

! ==================================================

SUBROUTINE KINOSHITA(CapC,c,eta,om,gamm,pom)

! Kinoshita-Nakai 2007

!

! Input variables

! CapC .. energy integral in quadrupole Kozai oscillations

! c ..... particle’s integral of motion c = eta * cos(i)

! eta ... eta = (1 - e**2)

! om .... argument of pericenter of the particle

!

! Ms/Mj = 0.0009546, aJ**3 = 140.954423151 AU**3

! gamm ... gamm=2d0*pi*0.0009546*sqrt(a*a*a)/140.954423151

!

implicit none

real*8 CapC,c,eta,om,gamm

! Output variables

! pom .... one period of argument of pericenter in years

! (if in forced libration mode we take only 1/2 of it)

real*8 pom

! Temp variables

real*8 C1,C2,x0,x1,x2,DD,tmp,a0,a1,a2,HK,CK,CE,nom,pi

complex*16 xq(2)
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data pi/3.141592653589793/

a0=0d0

a1=0d0

a2=0d0

x1=0d0

x2=0d0

C1=5d0+5d0*c*c

C2=5d0*c*c/eta/eta+eta*eta+5d0*(1-eta*eta)*(1-c*c/eta/eta)* &

& cos(2*om)

x0=1d0/4d0*(C1-C2)

DD = 1d0/2d0*(C1+C2)*1d0/2d0*(C1+C2)-12d0*5d0*c*c

if(DD .ge. 0.)then

xq(1)=cmplx((-1d0/2d0*(C1+C2)+sqrt(DD))/2./(-3d0), 0.)

xq(2)=cmplx((-1d0/2d0*(C1+C2)-sqrt(DD))/2./(-3d0), 0.)

else

xq(1)=cmplx(-1d0/2d0*(C1+C2)/2./(-3d0), +sqrt(-DD)/2./(-3d0))

xq(2)=cmplx(-1d0/2d0*(C1+C2)/2./(-3d0), -sqrt(-DD)/2./(-3d0))

endif

if (aimag(xq(1)).eq.(0.)) x1=real(xq(1))

if (aimag(xq(2)).eq.(0.)) x2=real(xq(2))

if (x1.gt.x2) then

tmp=x1

x1=x2

x2=tmp

endif

if (x0.le.x1) then

a0=x0

a1=x1

a2=x2

endif

if (x0.ge.x2) then

a0=x1

a1=x2

a2=x0

endif

if ((x0.ge.x1).and.(x0.le.x2)) then

a0=x1

a1=x0

a2=x2

endif

! Complete Elliptic Integral of the First Kind = CK

HK=sqrt((a1-a0)/(a2-a0))

CALL COMELP(HK,CK,CE)

! write(*,*) CK

! IF (HK.NE.1.0) WRITE(*,*) HK,CK,CE

! IF (HK.EQ.1.0) WRITE(*,*) HK,CE

Nom=3d0*sqrt(6d0)*pi/8d0/CK*sqrt(a2-a0)*gamm

Pom=2d0*pi/nom

! Variable Pom is a period of one Kozai cycle (see Kinoshita-Nakai 2007)

if (CapC.lt.(2*(3*c*c-1))) pom=pom/2d0

END

FUNCTION quad(a, b, c, x)

! Solve a quadratic equation where a, b, and c are real.

! a*x*x + b*x + c = 0

! This function returns the number of roots

!

! Public Variables

! a, b, c ... coefficients (input)
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! x(i) ... two complex*16 solutions (output)

! nroot ... number of roots (output)

! ----------------------------------------------------------------------

IMPLICIT NONE

complex*16 x(2)

real*8 a,b,c,DD

integer QUAD,NROOT

if(a .eq. 0.)then

if(b .eq. 0.)then

! We have a non-equation; therefore, we have no valid solution

nroot = 0

else

! We have a linear equation with 1 root.

nroot = 1

x(1) = cmplx(-c/b, 0.)

endif

else

! We have a true quadratic equation. Apply the quadratic formula to find two roots.

nroot = 2

DD = b*b-4.*a*c

if(DD .ge. 0.)then

x(1) = cmplx((-b+sqrt(DD))/2./a, 0.)

x(2) = cmplx((-b-sqrt(DD))/2./a, 0.)

else

x(1) = cmplx(-b/2./a, +sqrt(-DD)/2./a)

x(2) = cmplx(-b/2./a, -sqrt(-DD)/2./a)

endif

endif

! Return the number of roots

QUAD = NROOT

end

! ----------------------------------------------------------------------

FUNCTION cubic(a, b, c, d, x)

! ----------------------------------------------------------------------

! Solve a cubic equation where a, b, c, and d are real.

! a*x**3 + b*x**2 + c*x + d = 0

! This function returns the number of roots

!

! Public Variables

! a, b, c, d ... coefficients (input)

! x(i) ... three (generally) complex*16 solutions (output)

! nroot ... number of roots (output)

! Local Variables:

! y1, y2, y3 ... three transformed solutions

!

! Formula used are given in Tuma, "Engineering Mathematics Handbook", p7

! (McGraw Hill, 1978).

! Step 0: If a is 0. use the quadratic formula to avoid dividing by 0.

! Step 1: Calculate p and q

! p = ( 3*c/a - (b/a)**2 ) / 3

! q = ( 2*(b/a)**3 - 9*b*c/a/a + 27*d/a ) / 27

! Step 2: Calculate discriminant D

! D = (p/3)**3 + (q/2)**2

! Step 3: Depending on the sign of D, we follow different strategy.

! If D<0, three distinct real roots.

! If D=0, three real roots of which at least two are equal.

! If D>0, one real and two complex*16 roots.

! Step 3a: For D>0 and D=0,

! Calculate u and v

! u = cubic_root(-q/2 + sqrt(D))

! v = cubic_root(-q/2 - sqrt(D))

! Find the three transformed roots

!

! y1 = u + v

! y2 = -(u+v)/2 + i (u-v)*sqrt(3)/2

! y3 = -(u+v)/2 - i (u-v)*sqrt(3)/2

! Step 3b Alternately, for D<0, a trigonometric formulation is more convenient

! y1 = 2 * sqrt(|p|/3) * cos(phi/3)
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! y2 = -2 * sqrt(|p|/3) * cos((phi+pi)/3)

! y3 = -2 * sqrt(|p|/3) * cos((phi-pi)/3)

! where phi = acos(-q/2/sqrt(|p|**3/27))

! pi = 3.141592654...

! Step 4 Finally, find the three roots

! x = y - b/a/3

! ----------------------------------------------------------------------

IMPLICIT NONE

! Declare variables

complex*16 x(3)

real*8 DD,q,p,temp1,phi,temp2,u,v,y1,y2,y3,y2r,y2i,a,b,c,d,pi

integer QUAD,NROOT,CUBIC

data pi/3.141592653589793/

! Step 0: If a is 0 use the quadratic formula. -------------------------

if(a .eq. 0.)then

nroot = QUAD(b, c, d, x)

CUBIC = NROOT

return

endif

! Cubic equation with 3 roots

nroot = 3

! Step 1: Calculate p and q --------------------------------------------

p = c/a - b*b/a/a/3.

q = (2.*b*b*b/a/a/a - 9.*b*c/a/a + 27.*d/a) / 27.

! Step 2: Calculate DD (discriminant) ----------------------------------

DD = p*p*p/27. + q*q/4.

! Step 3: Branch to different algorithms based on DD -------------------

if(DD .lt. 0.)then

! Step 3b:

! 3 real unequal roots -- use the trigonometric formulation

phi = acos(-q/2./sqrt(abs(p*p*p)/27.))

temp1=2.*sqrt(abs(p)/3.)

y1 = temp1*cos(phi/3.)

y2 = -temp1*cos((phi+pi)/3.)

y3 = -temp1*cos((phi-pi)/3.)

else

! Step 3a:

! 1 real root & 2 conjugate complex*16 roots OR 3 real roots (some are equal)

temp1 = -q/2. + sqrt(DD)

temp2 = -q/2. - sqrt(DD)

u = exp(log(abs(temp1))/3.)

v = exp(log(abs(temp2))/3.)

if(temp1 .lt. 0.) u=-u

if(temp2 .lt. 0.) v=-v

y1 = u + v

y2r = -(u+v)/2.

y2i = (u-v)*sqrt(3.)/2.

endif

! Step 4: Final transformation -----------------------------------------

temp1 = b/a/3.

y1 = y1-temp1

y1=y1-(d+y1*(c+y1*(b+y1*a))) &

& /(c+y1*(2.*b+y1*3.*a))

y2 = y2-temp1

y2=y2-(d+y2*(c+y2*(b+y2*a))) &

& /(c+y2*(2.*b+y2*3.*a))

y3 = y3-temp1

y3=y3-(d+y3*(c+y3*(b+y3*a))) &

& /(c+y3*(2.*b+y3*3.*a))

y2r=y2r-temp1
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! Assign answers -------------------------------------------------------

if(DD .lt. 0.)then

x(1) = cmplx( y1, 0.)

x(2) = cmplx( y2, 0.)

x(3) = cmplx( y3, 0.)

elseif(DD .eq. 0.)then

x(1) = cmplx( y1, 0.)

y2r=y2r-(d+y2r*(c+y2r*(b+y2r*a))) &

& /(c+y2r*(2.*b+y2r*3.*a))

x(2) = cmplx(y2r, 0.)

x(3) = cmplx(y2r, 0.)

else

x(1) = cmplx( y1, 0.)

x(2) = cmplx(y2r, y2i)

x(3) = cmplx(y2r,-y2i)

endif

! Return the number of roots

CUBIC = NROOT

end
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P., 2011, Dynamical Model for the Zodiacal Cloud and Sporadic Meteors, Astrophysical
Journal, 743, 129.
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✥ ■✦✧★✩★✪★✫ ♦✬ ❆✧★✭♦✦♦✮✯✰ ❈✲✳✭✴✫✧ ❯✦✩✵✫✭✧✩★✯✰ ✶ ❍♦✴✫✷♦✵✩✸✹❦✺✸✲ ✻✰ ❈✼✽✾✿❀❀❀ ❁✭✳❂✪✫ ✿✰ ❈❃✫✸✲ ❘✫❄✪❅✴✩✸❇ ❙♦✪★✲❊✫✧★ ❘✫✧✫✳✭✸✲ ■✦✧★✩★✪★✫✰ ✾❀❋❀ ❲✳✴✦✪★ ❙★●✰ ❙✪✩★✫ ❏❀❀✰ ❑♦✪✴▲✫✭✰ ❈▼ ✿❀❏❀✻✰ ❯❙❆

❖ ◗ ❚ ❳ ❨ ❩ ❬ ❳ ♥ ❭ ❪

❆✭★✩✸✴✫ ✲✩✧★♦✭✯❫
❴❵❞❵❡❣❵✐ ❥❧ ♠❵❞❵qr❵s ❥❧tt
❴❵❣❡✉❵✐ t✈ ✇❵rs①②s③ ❥❧t❥
④❞❞❵⑤⑥❵✐ ❥❧ ✇❵rs①②s③ ❥❧t❥
④❣②❡⑦②r⑦❵ ⑧⑨⑦❡⑨❵ ⑩ ❶②s❞❷ ❥❧t❥

❸✫✯❊♦✭▲✧❫
❹❵⑦❵✉⑥❡②⑦ q❵❞❷②⑨❡❞✉
❺q⑤②❞⑥ ⑤s⑧❞❵✉✉❵✉
④✉⑥❵s⑧❡✐✉
❺⑨⑥❵s⑤⑦②⑨❵⑥②s③ ✐①✉⑥

❖ ❻ ❼ ❚ ◗ ❖ ❨ ❚

❽❾❿ ➀➁➂➃➃➄➀➂➁ ➅➆➄➇ ➈❾❿➉➊➋ ➆➊➉➌➄➍❿➃ ➂➎ ❿➃➈➄➏➂➈❿ ➉➐ ➈❾❿ ➀➉➁➁➄➃➄➉➎ ➆➊➉➑➂➑➄➁➄➈➋ ➑❿➈➒❿❿➎ ➈➒➉ ➑➉➍➄❿➃ ➉➎ ➑➉➓➎➍➔
❾❿➁➄➉➀❿➎➈➊➄➀ ➉➊ ➆➁➂➎❿➈➉➀❿➎➈➊➄➀ ➉➊➑➄➈➃ ➓➎➍❿➊ ➊❿➃➈➊➄➀➈➄➌❿ ➂➃➃➓➏➆➈➄➉➎➃ ➉➐→ ➣➄↔ ➀➉➎➃➈➂➎➈ ❿➀➀❿➎➈➊➄➀➄➈➋ ➂➎➍ ➄➎➀➁➄↕
➎➂➈➄➉➎➔ ➂➎➍ ➣➄➄↔ ➓➎➄➐➉➊➏ ➀➄➊➀➓➁➂➈➄➉➎ ➉➐ ➈❾❿ ➁➉➎➙➄➈➓➍❿ ➉➐ ➎➉➍❿ ➂➎➍ ➂➊➙➓➏❿➎➈ ➉➐ ➆❿➊➄➀❿➎➈❿➊➛ ❽❾❿➃❿ ➂➃➃➓➏➆↕
➈➄➉➎➃ ➂➊❿ ➌➄➉➁➂➈❿➍ ➒❾❿➎❿➌❿➊ ❿➄➈❾❿➊ ➉➐ ➈❾❿ ➉➊➑➄➈➃ ❾➂➃ ➂ ➁➂➊➙❿ ➄➎➀➁➄➎➂➈➄➉➎ ➒➄➈❾ ➊❿➃➆❿➀➈ ➈➉ ➈❾❿ ➁➉➀➂➁ ➜➂➆➁➂➀❿
➆➁➂➎❿ ➉➊ ➁➂➊➙❿ ❿➀➀❿➎➈➊➄➀➄➈➋➔ ➂➎➍ ➈❾❿➄➊ ➏➉➈➄➉➎ ➄➃ ➆❿➊➈➓➊➑❿➍ ➑➋ ➂➎ ❿➝➈❿➊➄➉➊ ➣➈➄➍➂➁↔ ➙➊➂➌➄➈➂➈➄➉➎➂➁ ➞❿➁➍ ➉➐ ➂ ➆➁➂↕
➎❿➈ ➉➊ ➈❾❿ ➟➓➎➛ ➠➎ ➈❾➄➃ ➃➄➈➓➂➈➄➉➎➔ ➇➎➉➒➎ ➂➃ ➈❾❿ ➜➄➍➉➌➡➢➉➤➂➄ ➊❿➙➄➏❿➔ ➈❾❿ ❿➀➀❿➎➈➊➄➀➄➈➋ ➂➎➍ ➄➎➀➁➄➎➂➈➄➉➎ ➌➂➁➓❿➃
❿➝❾➄➑➄➈ ➁➂➊➙❿ ➂➎➍ ➀➉➊➊❿➁➂➈❿➍ ➉➃➀➄➁➁➂➈➄➉➎➃➛ ➥➈ ➈❾❿ ➃➂➏❿ ➈➄➏❿➔ ➈❾❿ ➁➉➎➙➄➈➓➍❿ ➉➐ ➎➉➍❿ ➂➎➍ ➈❾❿ ➂➊➙➓➏❿➎➈ ➉➐
➆❿➊➄➀❿➎➈❿➊ ➏➂➋ ❾➂➌❿ ➃➈➊➉➎➙➁➋ ➎➉➎➁➄➎❿➂➊ ➈➄➏❿ ❿➌➉➁➓➈➄➉➎➔ ➒➄➈❾ ➈❾❿ ➁➂➈➈❿➊ ➑❿➄➎➙ ❿➌❿➎ ➑➉➓➎➍ ➈➉ ➂ ➃➏➂➁➁ ➄➎➈❿➊↕
➌➂➁ ➉➐ ➌➂➁➓❿➃➛ ➦❿➊❿ ➒❿ ➍❿➌❿➁➉➆ ➂ ➎❿➒ ➅➆➄➇↕➈➋➆❿ ➀➉➁➁➄➃➄➉➎ ➆➊➉➑➂➑➄➁➄➈➋ ➈❾❿➉➊➋ ➒❾➄➀❾ ➄➃ ➌➂➁➄➍ ❿➌❿➎ ➐➉➊ ❾➄➙❾➁➋
➄➎➀➁➄➎❿➍ ➂➎➍➧➉➊ ❿➀➀❿➎➈➊➄➀ ➉➊➑➄➈➃ ➉➐ ➈❾❿ ➆➊➉➨❿➀➈➄➁❿➛ ➩❿ ➂➃➃➓➏❿ ➈❾➂➈ ➈❾❿ ➉➊➑➄➈ ➉➐ ➈❾❿ ➈➂➊➙❿➈ ➄➃ ➀➄➊➀➓➁➂➊ ➂➎➍ ➄➎
➈❾❿ ➁➉➀➂➁ ➜➂➆➁➂➀❿ ➆➁➂➎❿➛ ➟➓➀❾ ➂ ➙❿➎❿➊➂➁➄➤❿➍ ➃❿➈➈➄➎➙ ➄➃ ➎❿➀❿➃➃➂➊➋➔ ➂➃ ➂➎ ❿➝➂➏➆➁❿➔ ➈➉ ➀➉➊➊❿➀➈➁➋ ❿➃➈➄➏➂➈❿ ➈❾❿
➈❿➊➊❿➃➈➊➄➂➁ ➄➏➆➂➀➈ ➭➓➝❿➃ ➉➐ ➃➆➉➊➂➍➄➀ ➏➄➀➊➉➏❿➈❿➉➊➉➄➍➃ ➉➎ ❾➄➙❾↕➄➎➀➁➄➎➂➈➄➉➎ ➉➊➑➄➈➃ ➣➎➉➈➂➑➁➋ ➈❾➉➃❿ ➐➊➉➏ ➈❾❿
➈➉➊➉➄➍➂➁ ➃➉➓➊➀❿ ➂➎➍ ➈❾❿ ➂➃➃➉➀➄➂➈❿➍ ❾❿➁➄➉➎ ➂➎➍ ➂➎➈➄↕❾❿➁➄➉➎ ➂➊➀➃↔➛

➯ ➲➳➵➲ ➸➁➃❿➌➄❿➊ ➠➎➀➛ ➥➁➁ ➊➄➙❾➈➃ ➊❿➃❿➊➌❿➍➛

➺➻ ➼➽➾➚➪➶➹➘➾➴➪➽

➷➬➮➱ ✃❐❒❮❰ÏÐÑ Ò➮ ✃❰➬➮ÏÓ➬❐➱ ÑÔÒÏ➮ÔÏ ❐ÏÕ×Ò❐Ï Ó❒ ØÏÓÏ❐ÐÒ➮Ï ÓÙÏ
Ô❒❰❰ÒÑÒ❒➮ ✃❐❒❮➬❮Ò❰ÒÓ➱ ❒Ú ÓÛ❒ ❮❒ØÒÏÑ ❐ÏÑÒØÒ➮Ü ❒➮ ÓÙÏ ÝÏ✃❰Ï❐Ò➬➮ ❒❐❮ÒÓÑ
ÛÒÓÙ ÓÙÏ Ñ➬ÐÏ Ú❒Ô➬❰ ✃❒Ò➮ÓÞ ßÏ❐Ï ÛÏ Ô❒➮ÑÒØÏ❐ ÓÙÏ ÒÐ✃❒❐Ó➬➮Ó Ô➬ÑÏ Ò➮
ÛÙÒÔÙ ÓÙÏ Ô❒❰❰ÒÑÒ❒➮ ✃❐❒❮➬❮Ò❰ÒÓ➱ ➮ÏÏØÑ Ó❒ ❮Ï Ïà➬❰×➬ÓÏØ Ò➮ ➬ ÑÓ➬ÓÒÑÓÒÔ➬❰
ÑÏ➮ÑÏ Ú❒❐ ➬ ❰➬❐ÜÏ ✃❒✃×❰➬ÓÒ❒➮ ❒Ú ❮❒ØÒÏÑÞ á➮ ÓÙÒÑ Ô➬ÑÏâ ÒÓ ÒÑ ❒ÚÓÏ➮ ×ÑÏÚ×❰
ÒÚ ÓÙÏ ✃❐❒❮➬❮Ò❰ÒÓ➱ ÒÑ ➬àÏ❐➬ÜÏØ ❒àÏ❐ ÓÙÏ ÑÏÔ×❰➬❐ ❒❐❮ÒÓ➬❰ ÓÒÐÏÑÔ➬❰ÏÞ

ãÙÏ ÑÓ➬➮Ø➬❐Ø ÓÙÏ❒❐➱â ×ÑÏØ ➬➮Ø ÏäÓÏ➮ØÏØ ❮➱ Ð➬➮➱ ❐ÏÑÏ➬❐ÔÙÏ❐Ñâ
Û➬Ñ ØÏàÏ❰❒✃ÏØ ❮➱ å✃Òæ çèéêèë çÑÏÏ ➬❰Ñ❒ å✃Òæâ èéìíî ïÏÓÙÏ❐Ò❰❰â
èéíìî ð❐ÏÏ➮❮Ï❐Üâ èéñòëÞ á➮ ÙÒÑ ❒❐ÒÜÒ➮➬❰ Ú❒❐Ð×❰➬ÓÒ❒➮â å✃Òæ ➬ÑÑ×ÐÏØ
ÓÙ➬Ó ÓÙÏ Ó➬❐ÜÏÓ ❒➮ ➬ ÔÒ❐Ô×❰➬❐ ❒❐❮ÒÓ ÒÑ ❮❒Ð❮➬❐ØÏØ ❮➱ ➬ ✃❒✃×❰➬ÓÒ❒➮ ❒Ú
❮❒ØÒÏÑ ❒➮ ❒❐❮ÒÓÑ ÛÒÓÙ óäÏØ ÏÔÔÏ➮Ó❐ÒÔÒÓ➱ ➬➮Ø Ò➮Ô❰Ò➮➬ÓÒ❒➮ à➬❰×ÏÑÞ

å✃ÒæôÑ ÓÙÏ❒❐➱ Û➬Ñ ÜÏ➮Ï❐➬❰ÒõÏØ Ó❒ ÓÙÏ Ô➬ÑÏ ❒Ú ➬➮ ÏÔÔÏ➮Ó❐ÒÔ ❒❐❮ÒÓ ❒Ú
ÓÙÏ Ó➬❐ÜÏÓ ❮➱ ïÏÓÙÏ❐Ò❰❰ çèéíìë ➬➮Ø ð❐ÏÏ➮❮Ï❐Ü çèéñòëÞ ö ØÒÚÚÏ❐Ï➮Ó
ÜÏ➮Ï❐➬❰ÒõÏØ ÐÏÓÙ❒Ø Û➬Ñ ØÏàÏ❰❒✃ÏØ ❮➱ ÝÏÑÑ❰Ï❐ ➬➮Ø ÷❒×❐øù➬❰➬ÒÑ
çèéìñë çÑÏÏ ➬❰Ñ❒ ÝÏÑÑ❰Ï❐â èéñèëÞ ãÙÒÑ Ð❒❐Ï ÜÏ❒ÐÏÓ❐ÒÔ➬❰ ➬✃✃❐❒➬ÔÙ
❮➬ÑÏØ ❒➮ ÓÙÏ Ïà➬❰×➬ÓÒ❒➮ ❒Ú ÓÙÏ ✃❐❒❮➬❮Ò❰ÒÓ➱ ØÏ➮ÑÒÓ➱ ØÒÑÓ❐Ò❮×ÓÒ❒➮
Ù➬Ñ Ú❒×➮Ø ➬ ➮×Ð❮Ï❐ ❒Ú ➬✃✃❰ÒÔ➬ÓÒ❒➮Ñ Ò➮ ✃❰➬➮ÏÓ➬❐➱ ÑÔÒÏ➮ÔÏ çÏÞÜÞâ úÓÏÏ❰
➬➮Ø û➬ÜÜ➬❰Ï➱â èéñêî úÓÏÏ❰ ➬➮Ø ü❰Ú❒❐Øâ èéñíî ú➱æÏÑâ èééýëÞ

á➮ ÓÙÏÑÏ ÑÓ➬➮Ø➬❐Ø Ô❒❰❰ÒÑÒ❒➮➬❰ ÓÙÏ❒❐ÒÏÑâ ÓÙÏ ❒❐❮ÒÓ➬❰ ÏÔÔÏ➮Ó❐ÒÔÒÓ➱ þ
➬➮Ø Ò➮Ô❰Ò➮➬ÓÒ❒➮ ÿ ÒÑ ➬ÑÑ×ÐÏØ Ó❒ ❮Ï Ô❒➮ÑÓ➬➮Ó Ø×❐Ò➮Ü ÓÙÏ ÑÏÔ×❰➬❐ Ïà❒ø
❰×ÓÒ❒➮ Ô➱Ô❰ÏÞ ãÙÒÑ ÒÑ ➬✃✃❐❒✃❐Ò➬ÓÏ Ú❒❐ ÑÐ➬❰❰ þ ➬➮Ø ÿ à➬❰×ÏÑâ ÛÙÏ❐Ï þ

➬➮Ø ÿ ➬❐Ï ❐❒×ÜÙ❰➱ ÓÒÐÏøÒ➮à➬❐Ò➬➮ÓÞ ß❒ÛÏàÏ❐â Ñ❒ÐÏ ✃❐❒❮❰ÏÐÑ Ò➮ ✃❰➬➮ø
ÏÓ➬❐➱ ÑÔÒÏ➮ÔÏ ❐ÏÕ×Ò❐Ï ➬ ÐÏÓÙ❒Ø ÓÙ➬Ó ÒÑ à➬❰ÒØ Ú❒❐ ÙÒÜÙ ÏÔÔÏ➮Ó❐ÒÔÒÓÒÏÑ
➬➮Ø❛❒❐ ÙÒÜÙ Ò➮Ô❰Ò➮➬ÓÒ❒➮Ñâ ÛÙÏ❐Ï ÓÙÏ ÏÚÚÏÔÓÑ ❒Ú ÓÙÏ ▲ÒØ❒à�Ý❒õ➬Ò ❐ÏÑø
❒➮➬➮ÔÏ Ô➬➮ ❮Ï ÒÐ✃❒❐Ó➬➮Ó çÏÞÜÞâ ▲ÒØ❒àâ èéíèâ èéíòî Ý❒õ➬Òâ èéíòî
➷❒❐❮ÒØÏ❰❰Òâ òýýòëÞ

❋❒❐ Ïä➬Ð✃❰Ïâ ÓÙÏ Ø×ÑÓ ✃➬❐ÓÒÔ❰ÏÑ ❐Ï❰Ï➬ÑÏØ Ú❐❒Ð ❰❒➮Üø✃Ï❐Ò❒Ø
Ô❒ÐÏÓÑ Ô➬➮ ❮Ï ➬➮ ÒÐ✃❒❐Ó➬➮Ó Ô❒Ð✃❒➮Ï➮Ó ❒Ú ÓÙÏ õ❒ØÒ➬Ô➬❰ Ô❰❒×ØÞ áÚ
Ñ❒â ÒÓ Û❒×❰Ø ❮Ï ÒÐ✃❒❐Ó➬➮Ó Ó❒ Ô➬❰Ô×❰➬ÓÏ ÓÙÏÒ❐ ÒÐ✃➬ÔÓ ❐➬ÓÏÑ ❒➮ ÓÙÏ
ü➬❐ÓÙ ç➬➮Ø ❐Ï❰➬ÓÏ ÓÙÏ ❐ÏÑ×❰ÓÑ Ó❒ ÐÏÓÏ❒❐ ❒❮ÑÏ❐à➬ÓÒ❒➮Ñëâ ü➬❐ÓÙø❮❒×➮Ø
ØÏÓÏÔÓ❒❐Ñ ➬➮Ø Ñ✃➬ÔÏÔ❐➬ÚÓÑÞ ❖ÓÙÏ❐ ➬✃✃❰ÒÔ➬ÓÒ❒➮Ñ Ô➬➮ ❮Ï Ú❒×➮Ø Ò➮ ÑÓ×Øø
ÒÏÑ ❒Ú ✃❰➬➮ÏÓ➬❐➱ ÒÐ✃➬ÔÓ ❐➬ÓÏÑ Ò➮ ÓÙÏ Ï➬❐❰➱ ú❒❰➬❐ ú➱ÑÓÏÐ ÛÙÏ➮ ÑÐ➬❰❰
❮❒ØÒÏÑ ÛÏ❐Ï ÑÓ❒ÔÙ➬ÑÓÒÔ➬❰❰➱ Ø❐ÒàÏ➮ Ó❒ ÙÒÜÙøþ ➬➮Ø øÿ ❒❐❮ÒÓÑÞ á➮ ÓÙÏÑÏ
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❲❷❱t❱❲➈ ⑩⑥➃⑨❶②❿

✤ ❲✥ ✦✧✧★✩✥ ✪ ❹ ✵✫ ♦✬✮✥✯✰✱✧✥ ✦ ♥♦♥✲✧✱♥✳★✴✦✯ ✧✥✬ ♦✺ ♦✯✻✱✬✦✴ ✥✴✥✩✥♥✬✧ ✰♦★✴✇ ✻✥
♥✥✥✇✥✇✼ ■♥ ♦✯✇✥✯ ✬♦ ✽✥✥✾ ✦ ✿✴♦✧✥ ✧✱✩✱✴✦✯✱✬❀ ✱♥ ♥♦✬✦✬✱♦♥ ✬♦ ✬✮✥ ✰♦✯✽✧ ♦✺ ❁✾✱✽ ❃❄❅❈❄❉ ✦♥✇
❲✥✬✮✥✯✱✴✴ ❃❄❅❊●❉ ✰✥ ♦♥✴❀ ✿♦♥✧✱✇✥✯ ✬✮✥ ♥♦♥✲✾✴✦♥✦✯ ✿✦✧✥✼
❍ ◆♦✬✥ ✬✮✦✬ ✬✮✥ ❡❏ ✦♥✇ ❡❑ ▲✥✿✬♦✯✧ ✦✬ ✬✮✥ ✇✥✧✿✥♥✇✱♥✳ ♥♦✇✥ ✦✯✥ ♦✾✾♦✧✱✬✥ ✬♦ ✬✮✥✱✯ ▲✦✴★✥✧

✱♥ ✬✮✥ ✇✥✧✿✥♥✇✱♥✳ ♥♦✇✥✫ ✦♥✇ ▲✱✿✥ ▲✥✯✧✦✫ ✱♥ ♦★✯ ✇✥❞♥✱✬✱♦♥✼
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✸�✁� ▲✂✄☎✆✝✞☎✟✠✂ ✄❞✂✆✡☛ s✡☞✌✍✠❞ ✡✆☎✍✌❡✂☎☛ ☎♦ ❡t✡ ♣✠❞❡✂☞✍✡ ☎❞✎✂❡

❲✏ ❛✑✒✓✔ ❛ ✕✏✖✗✘❛✙ ♠✒✑✏✘ ❢✒✙ ✓❛✙✔✚✖✘✏ ✑✛✜❛♠✚✖✕✢ ✜❛♠✏✘✛ ❛✕✕✗♠✣

✚✜✐ ✚✔✕ ✒✙✤✚✔ ✚✕ ✜✒✔ ✙✏✕✒✜❛✜✔ ✇✚✔✥ ❛✜✛ ✒❢ ✔✥✏ ✓✏✙✔✗✙✤✚✜✐ ♠❛✕✕✚✦✏

✤✒✑✚✏✕ ✚✜ ✔✥✏ ❙✒✘❛✙ ✕✛✕✔✏♠✧ ❋✒✙ ✕✚♠✓✘✚✖✚✔✛ ❛✕✕✗♠✏ ✓✘❛✜✏✔✕ ♠✒✦✏

✒✜ ✖✚✙✖✗✘❛✙ ❛✜✑ ✖✒✓✘❛✜❛✙ ✒✙✤✚✔✕✧ ❲✚✔✥✚✜ ✔✥✚✕ ♠✒✑✏✘✢ ✔✥✏ ➇✙✕✔✣✒✙✑✏✙

✓✏✙✔✗✙✤❛✔✚✒✜✕ ✒❢ ✓❛✙✔✚✖✘✏ ✑✛✜❛♠✚✖✕ ❛✙✏ ✒✤✔❛✚✜✏✑ ✤✛ ✚✜✑✏✓✏✜✑✏✜✔

❛✦✏✙❛✐✚✜✐ ✒❢ ✔✥✏ ✓✏✙✔✗✙✤✚✜✐ ❢✗✜✖✔✚✒✜ ❢✙✒♠ ❛✜ ❛✙✤✚✔✙❛✙✛ ✜✗♠✤✏✙ ✒❢

✓✘❛✜✏✔✕ ✒✦✏✙ ✔✥✏✚✙ ♠✏❛✜ ✘✒✜✐✚✔✗✑✏ ✚✜ ✒✙✤✚✔ ❛✜✑ ✔✥❛✔ ✒❢ ✔✥✏ ✓❛✙✔✚✖✘✏

✭✏✧✐✧✢ ▼✒✙✤✚✑✏✘✘✚✢ ✷★★✷✮✧ ❙✗✖✥ ❛✜ ❛✓✓✙✒✩✚♠❛✔✚✒✜ ✚♠♠✏✑✚❛✔✏✘✛ ✓✙✒✣

✦✚✑✏✕ ✔✇✒ ✚✜✔✏✐✙❛✘✕ ✒❢ ♠✒✔✚✒✜✢ ✜✒✔❛✤✘✛ ✭✚✮ ✔✥✏ ✕✏♠✚♠❛✪✒✙ ❛✩✚✕ ✠ ✒❢

✔✥✏ ✓❛✙✔✚✖✘✏✢ ❛✜✑ ✭✚✚✮ ✓✙✒✪✏✖✔✚✒✜ ✒❢ ✔✥✏ ✒✙✤✚✔❛✘ ❛✜✐✗✘❛✙ ♠✒♠✏✜✔✗♠

✒✜ ✔✥✏ ✕✛♠♠✏✔✙✛ ❛✩✚✕ ✒❢ ✔✥✏ ✓✘❛✜✏✔❛✙✛ ✕✛✕✔✏♠ ✭✚✧✏✧✢ ✜✒✙♠❛✘ ✔✒ ✔✥✏

✫❛✓✘❛✖✏ ✓✘❛✜✏✮✧ ❚✥✏ ✘❛✔✔✏✙ ♠❛✛ ✤✏ ♠✒✕✔ ✖✒✜✦✏✜✚✏✜✔✘✛ ✏✩✓✙✏✕✕✏✑

✗✕✚✜✐ ❛ ✖✒✜✕✔❛✜✔ ☞ ❂ ❣✖✒✕ ✂✢ ✇✥✚✖✥ ✚♠✓✘✚✏✕ ✔✥❛✔ ❛✜✛ ✦❛✙✚❛✔✚✒✜ ✚✜

✏✖✖✏✜✔✙✚✖✚✔✛ ✡ ✭✒✙ ❣✮ ✚✕ ✖✒✙✙✏✘❛✔✏✑ ✇✚✔✥ ✔✥✏ ✖✒✙✙✏✕✓✒✜✑✚✜✐ ✦❛✙✚❛✔✚✒✜

✒❢ ✔✥✏ ✚✜✖✘✚✜❛✔✚✒✜ ✂✧ ■✜ ✒✔✥✏✙ ✇✒✙✑✕✢ ✚✜✖✘✚✜❛✔✚✒✜ ♠❛✛ ✤✏ ✖✒✜✕✚✑✏✙✏✑

❛✕ ❛ ✑✏✓✏✜✑✏✜✔ ✓❛✙❛♠✏✔✏✙ ✒✜ ✔✥✏ ✏✖✖✏✜✔✙✚✖✚✔✛✧ ❚✥✏ ❛✩✚❛✘ ✕✛♠♠✏✔✙✛

✒❢ ✔✥✏ ✕✏✖✗✘❛✙ ✭❛✦✏✙❛✐✏✑✮ ✓✙✒✤✘✏♠ ❛✘✕✒ ✚♠✓✘✚✏✕ ✔✥❛✔ ✔✥✏ ✘✒✜✐✚✔✗✑✏ ✒❢

✜✒✑✏ ❳ ✒❢ ✔✥✏ ✓❛✙✔✚✖✘✏ ✒✙✤✚✔ ✚✕ ❛ ✑✗♠♠✛ ✓❛✙❛♠✏✔✏✙ ✚✜ ✔✥✏ ✓✏✙✔✗✙✤✣

✚✜✐ ❢✗✜✖✔✚✒✜ P✢ ✇✥✚✖✥ ❹ ❛✓❛✙✔ ❢✙✒♠ ✖✒✜✕✔❛✜✔✕ ❹ ✑✏✓✏✜✑✕ ✒✜✘✛ ✒✜

✔✇✒ ✒✙✤✚✔❛✘ ✓❛✙❛♠✏✔✏✙✕✬ ✏✖✖✏✜✔✙✚✖✚✔✛ ✡ ❛✜✑ ❛✙✐✗♠✏✜✔ ✒❢ ✓✏✙✚✖✏✜✔✏✙

① ✭✒✙ ✔✥✏✚✙ ✖❛✜✒✜✚✖❛✘ ❛✜❛✘✒✐✕ ✇✚✔✥✚✜ ❛ ❍❛♠✚✘✔✒✜✚❛✜ ✔✥✏✒✙✛✯ ✕✏✏✢

✏✧✐✧✢ ▼✒✙✤✚✑✏✘✘✚✢ ✷★★✷✮✧ ❋✚✜❛✘✘✛✢ ✕✚✜✖✏ ❛✦✏✙❛✐✚✜✐ ✒✦✏✙ ✓✘❛✜✏✔✕✰ ♠✒✔✚✒✜

❛✤✒✗✔ ✔✥✏ ❙✗✜ ✏✘✚♠✚✜❛✔✏✕ ✔✚♠✏ ✑✏✓✏✜✑✏✜✖✏ ✒❢ ✔✥✏ ✓✏✙✔✗✙✤✚✜✐ ❢✗✜✖✣

✔✚✒✜✢ ✚✔✕ ✦❛✘✗✏ ✚✔✕✏✘❢ ✚✕ ❛✘✕✒ ❛✜ ✚✜✔✏✐✙❛✘ ✒❢ ♠✒✔✚✒✜✬ P✱✡❀✲✳
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■✜ ✔✥✏ ♠✒✕✔ ✐✏✜✏✙❛✘ ✕✚✔✗❛✔✚✒✜ ✒❢ ♠✗✘✔✚✓✘✏ ✓✘❛✜✏✔✕ ✇✚✔✥ ✓❛✙✔✚✖✘✏

✒✙✤✚✔ ✖✙✒✕✕✚✜✐ ❛✘✘ ✒✙ ✕✒♠✏ ✒❢ ✔✥✏♠✢ ✔✥✏ ❛✦✏✙❛✐✏✑ ✓✏✙✔✗✙✤✚✜✐ ❢✗✜✖✣
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✓✙✒✤✘✏♠ ✥❛✕✢ ❛✕✚✑✏ ✔✒ ✜✗♠✏✙✚✖❛✘ ✏✦❛✘✗❛✔✚✒✜✢ ❛✘✕✒ ✕✗✤✔✘✏ ✖✒✜✖✏✓✔✗❛✘

✭♠❛✔✥✏♠❛✔✚✖❛✘✮ ✑✚❢➇✖✗✘✔✚✏✕ ✙✏✘❛✔✏✑ ✔✒ ❛✦✏✙❛✐✚✜✐ ✒❢ ✓✏✙✔✗✙✤✚✜✐ ❢✗✜✖✣

✔✚✒✜ ✇✚✔✥ ✕✚✜✐✗✘❛✙ ✓✒✚✜✔✕ ✭✖❢✧✢ ●✙✒✜✖✥✚ ❛✜✑ ▼✚✘❛✜✚✢ ✶✵✵✺✮✧ ❖✗✙ ❛✓✣
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✜✗♠✏✙✚✖❛✘✘✛✧ ■✜ ✒✙✑✏✙ ✔✒ ✤✏✔✔✏✙ ✗✜✑✏✙✕✔❛✜✑ ✔✥✏ ✕✚✔✗❛✔✚✒✜ ✇✏ ✓✙✏❢✏✙

✔✒ ✙✏✕✔✙✚✖✔ ✔✒ ❛ ✕✚♠✓✘✏✙ ✖❛✕✏✢ ✚✜ ✇✥✚✖✥ ♠✒✙✏ ✖✒♠✓✗✔❛✔✚✒✜✕ ✖✒✗✘✑ ✤✏
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✔✙❛✑✚✔✚✒✜❛✘ Ö✓✚✻✰✕ ✔✥✏✒✙✛✧ ■✜ ✓❛✙✔✚✖✗✘❛✙✢ ✇✏ ❛✕✕✗♠✏ ✒✜✘✛ ✒✜✏ ✓✏✙✣
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❆❈❉ ❭❘◗❨ ④❉⑤❅⑤❩ ⑥❘❫❏❃❩ ⑦⑧⑨⑩❶ ⑥❃❄❘❁❈❃❆❏ ❏❄❴ ❷❏❸❏❃❩ ⑩❺❺❻❼

❽❾❿➀➁➂➃➄➅
➆

➈➉
➼❾➊þ➋➌➉➄❾➋➃➉ ➍➈➉➄þ➆➎❾➈➉➍➃➉➄❾❿

➉
➍➁

➉
➄➏➅➐➑ ❾➆➒➄

➓➔→➔➣ ↔➔ ↕➙➛→➜➝➞➟➔ ➛➠➔ ➙➜➙➡➢↕➙➤➞➥➦→ ➧➦→↕➦➨➥➔➢ ➩ ➦➙➝ ➫ ➭→➜➯ ➲➳➵ ➸➺➻➽➵

➾➜➚➜➥➜➤➪ ➜➭ ➛➠➔ ➶➡➟➜➙➢➔→➧➔➝ ↕➢➜➥↕➙➔➢ ↕➙ ➛➠➔ ➸➩➣➫➽ ➚➥➦➙➔ ➭➜→ ➧➦→↕➜➞➢

➧➦➥➞➔➢ ➜➭ ➹ ➦➙➝ ➶ ➠➦➢ ➨➔➔➙ ➔➘➛➔➙➢↕➧➔➥➪ ➢➛➞➝↕➔➝ ➸➔➵➤➵➣ ➴➜➷➦↕➣ ➺➬➮➱✃

❐➜→➨↕➝➔➥➥↕➣ ➱➻➻➱➽ ➦➙➝ ↔➔ ➝➜ ➙➜➛ ➙➔➔➝ ➛➜ ➝↕➢➟➞➢➢ ↕➛ ↕➙ ➝➔➛➦↕➥➵ ❒➞➭❮➟➔

↕➛ ➛➜ ➢➦➪ ➛➠➦➛ ↕➙ ➛➠➔ ➥↕➯↕➛ ➜➭ ❰➹❰ ➥➦→➤➔ ➔➙➜➞➤➠ ➛➠➔ ➥➔➧➔➥ ➟➞→➧➔➢ ➜➭ ➟➜➙➡

➢➛➦➙➛ ➶ ➦→➔ ➜➧➦➥➢ ➦➨➜➞➛ ➛➠➔ ➜→↕➤↕➙ ➜➭ ➛➠➔ ➸➩➣➫➽ ➚➥➦➙➔ ➛➠➦➛ ➨➔➟➜➯➔

➙➔➦→ ➟↕→➟➞➥➦→ ➭➜→ ❰➹❰ Ï ➺➵ Ð➙ ➛➠↕➢ ➥↕➯↕➛➣ ➨➜➛➠ ➔➟➟➔➙➛→↕➟↕➛➪ ➦➙➝ ↕➙➟➥↕➙➦➡

➛↕➜➙ ➜➭ ➛➠➔ ➚➦→➛↕➟➥➔ ➜→➨↕➛ ➦→➔ ➢➯➦➥➥ ➦➙➝ ➙➔➦→➥➪ ➟➜➙➢➔→➧➔➝➣ ➯➦➛➟➠↕➙➤

➛➠➞➢ ➛➠➔ ➦➢➢➞➯➚➛↕➜➙➢ ➜➭ ➛➠➔ ➜→↕➤↕➙➦➥ Ñ➚↕Ò ➟➜➥➥↕➢↕➜➙➦➥ ➛➠➔➜→➪➵ Ó➔ ➦➥➢➜

➙➜➛➔ ➛➠➦➛ ➭➜→ ➦ ➤↕➧➔➙ ➹ ➧➦➥➞➔➣ ➛➠➔ ➔➟➟➔➙➛→↕➟↕➛➪ ➟➦➙ ➛➦Ò➔ ➧➦➥➞➔➢ ➞➚ ➛➜ ➦

➯➦➘↕➯➞➯
ÔÔÔÔÔÔÔÔÔÔÔÔÔÔ
➺ Õ ➹×

Ø
➸➯➜→➔ →↕➤➜→➜➞➢ ➢➚➔➟↕❮➟➦➛↕➜➙ ➜➭ ➛➠➔ ↕➙➛➔→➧➦➥ ➜➭ Ù

➦➙➝ Ú ➧➦➥➞➔ ➭➜→ ➤↕➧➔➙ ➹ ➦➙➝ ➶ ↕➙➛➔➤→➦➥➢ ➟➦➙ ➨➔ ➭➜➞➙➝➣ ➭➜→ ↕➙➢➛➦➙➟➔➣

↕➙ ➴↕➙➜➢➠↕➛➦ ➦➙➝ Û➦Ò➦↕➣ ➱➻➻Ü➣ ➲➳➢➵ ➸Ý➺➽ ➦➙➝ ➸Ý➱➽➵ ß➛ ➛➠➔ ➟→↕➛↕➟➦➥ ➧➦➥➞➔

➹
à á Ýâã➣ ➛➜➚➜➥➜➤➪ ➜➭ ➛➠➔ ➥➔➧➔➥ ➟➞→➧➔➢ ➜➭ ➛➠➔ ➶ ↕➙➛➔➤→➦➥ ➟➠➦➙➤➔➢➣

➦➝➦➚➛↕➙➤ ➛➜ ➨↕➭➞→➟➦➛↕➜➙ ➜➭ ➛↔➜ ➙➔↔ ➢➛➦➛↕➜➙➦→➪ ➢➜➥➞➛↕➜➙➢ ➦➛ ➛➠➔ ➫ ➦➘↕➢

➸↕➵➔➵➣ ↔↕➛➠ ➟➜➢ä á ➻➽å ➸↕➽ ➭➜→ ➶ æ ➱➸Ý➹à Õ ➺➽ ➛➠➔➪ ➢➛↕➥➥ ➟↕→➟➞➥➦➛➔ ➦➨➜➞➛

➛➠➔ ➜→↕➤↕➙➣ ➨➞➛ ➯➦➪ ➛➦Ò➔ ➔➘➟➞→➢↕➜➙➢ ➛➜ ➦ ➧➔→➪ ➥➦→➤➔ ➔➟➟➔➙➛→↕➟↕➛➪ ➧➦➥➞➔

➜➙ ➛➠➔ ➫ ➦➘↕➢➣ ➦➙➝ ➸↕↕➽ ➭➜→ ➶ ç ➱➸Ý➹à Õ ➺➽ ➛➠➔➪ ➟↕→➟➞➥➦➛➔ ➦➨➜➞➛ ➛➠➔ ➢➛➦➡

➛↕➜➙➦→➪ ➚➜↕➙➛➢ ➜➙ ➛➠➔ ➫ ➦➘↕➢➵ ➲➘➦➯➚➥➔➢ ➦→➔ ➥➦➛➔→ ➢➔➔➙ ↕➙ è↕➤➢➵ Ý ➦➙➝ é➵

✸�ê� ë❞☎ss✂☛ì ☞☎☛íì✌❞✠❡✂☎☛s î✂❡t ✠ ❡✠❞ì✡❡ ☎♦ ✠ í☛✂❡✡ s✂✟✡
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❃❁ ❅◗❏❫❃❄❅ ❏❆ ❴❃❁❆❏❄❝❉ ✁ ❭◗❘❨ ❆❈❉ ❆❏◗❅❉❆t❁ ❘◗❬❃❆⑤

■✜ ✒✙✑✏✙ ✔✒ ❢✒✙♠✗✘❛✔✏ ✕✗✖✥ ❛ ✖✒✜✑✚✔✚✒✜✢ ✇✏ ✗✕✏ ✘✒✖❛✘ ✑✏✕✖✙✚✓✔✚✒✜
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à➸✑➣✑✖➽ á ✮✜✢➸✑➽ Õ ✜✢✖➸✑✖➽✣ ✤ ✮✜✢➸✑➽ Õ ✜✢✖➸✑✖➽✣➣ ➦➙➝ ↔➔ ➢➔➔Ò
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❂✽✬✿ ✩ ✼✩✿✿✭✷ ❁❢ ✼❁✷✭ ✩✾✲✭♣✷✩✱✫ ✾✩♣❁✷✯ ♣✽✿ ✰❁✭✬ ★❁✿ ✷✭❀✷✭✬✭★✿ ✩★✪ ✫❁★✫✭❀✿✽✩✾ ❁♣✬✿✩✫✾✭

✿❁ ❁✽✷ ✩❀❀✷❁✩✫✳❃

❄ ❅❀✩✷✿ ❢✷❁✼ ✿✳✭ ✼✭★✿✱❁★✭✰ ✬✪✼✼✭✿✷✪✯ ✬✿✭✼✼✱★✲ ❢✷❁✼ ✿✳✭ ❢✩✫✿ ✿✳✩✿ ●❍✬❃ ❏❑▲▼ ✩★✰

❏❑◗▼ ✫❁★✿✩✱★ ❁★✾✪ ❙❯✯ ✿✳✭✷✭ ✱✬ ✩✾✬❁ ❱✇ ❲ ❩❱✇ ✬✪✼✼✭✿✷✪ ❢❁✷ ✱✼❀✩✫✿ ✫❁★❬✲✽✷✩✿✱❁★✬ ✱★

✿✳✭ ✩✬✫✭★✰✱★✲ ✩★✰ ✰✭✬✫✭★✰✱★✲ ★❁✰✭✬ ❁❢ ✿✳✭ ❀✩✷✿✱✫✾✭ ❁✷♣✱✿❃
❭ ■★ ❢✩✫✿✯ ✿✳✭ ✲✭❁✼✭✿✷✱✫ ✷✩✰✱✽✬ ❪ ❁❢ ✿✳✭ ✿✩✷✲✭✿ ✬✳❁✽✾✰ ♣✭ ✩✽✲✼✭★✿✭✰ ♣✪ ✩ ❢✩✫✿❁✷
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❻ ✶❻▲✷ ✧ ❨ þ ➀❍

✷
❸ þ ✶❨❤

✷
❸

➁ ➂

þ ➃

➄ ➅

❀ ✤❻❻Þ

✤⑩❑❷⑩❍Þ❸ ➻ ✧❻ ❍❸ ❚
◗

❻

➁ ➂
✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬

❖✷❸ ✧ ▲✷

❖✷❸ ✧ ▲✷✤ Þ✤✶ ❚ ❍❸Þ
✷
þ ❤

✷
❸❖

✷
❸

❱

❀ ✤❻➀Þ

✤⑩❑❷⑩❤Þ❸ ➻ ✧❻❤❸

✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬✬
❖✷❸ ✧ ▲✷

❖✷❸ ✧ ▲✷✤ Þ✤✶ ❚ ❍❸Þ
✷
þ ❤

✷
❸❖

✷
❸

❱

❳ ✤❻➆Þ

➈t t❋✆✻s ✁❋t t✇☎t t✇❡ ✻✁❬❡❁ ✄✆✁✄❡✆t❇ ✁❢ ✁❋✆ ☎✄✄✆✁☎✟✇ ☎✆❡ ✝☎✞✻❁❇ t✇❡

ð➉➊➋➉❴➌➍ ☎✻✾ ð➉➊➋➉❥➌➍ ✾❡✆✞❬☎t✞❬❡s✱ ❜❡✟☎❋s❡ t✇❡ ✟✁✻✾✞t✞✁✻ ✭✸✈✮ ☎✻✾

✞ts ✄☎✆t✞☎❁ ✾❡✆✞❬☎t✞❬❡s ✆❡✝☎✞✻ ❢✁✆✝☎❁❁❇ t✇❡ s☎✝❡ ☎s ✞✻ t✇❡ ✟❁☎ss✞✟☎❁

Ö✄✞❈ t✇❡✁✆❇ ✭s❡❡ ❿✄✄❡✻✾✞❾ ❿✱ ♥❊s✠ ✭❿➎✮ ☎✻✾ ✭❿✈✮✮✠ ➏✁t❡ t✇☎t ✞✻ t✇❡

❁✞✻❡☎✆ ☎✄✄✆✁❾✞✝☎t✞✁✻✱ t✇❡ ✭⑤❴✱⑤❥✮ s✁❁❋t✞✁✻ ✞s ☎✟✟✁✝✄☎✻✞❡✾ �✞t✇ ☎

s❇✝✝❡t✆✞✟ ✭➐⑤❴✱➐⑤❥✮ s✁❁❋t✞✁✻✠ ➑❜❬✞✁❋s❁❇✱ s❋✟✇ ✾✞s✄❁☎✟❡✝❡✻ts ☎✆❡

☎❁✁✻✿ t✇❡ t☎✻✿❡✻t t✁ t✇❡ ❁❡❬❡❁ ❁✞✻❡ ✁❢ t✇❡ ➊ ➒ ➓ ✞✻t❡✿✆☎❁ ☎t t✇❡

✭❴⑥✱❥⑥✮ ✄✁✞✻t✠

➔ →➣↔↕➙➛ ➙↕➜➣➝ ➞→➟➣↔➠ ↕➡ ↕➢➤ ➞➟➟➤↕➞↔➥➦ ➞➙➛ ➞ ➨➣➙➣➤➞➝➩➫➞➠➩↕➙ ↕➡

➠➥➣ ↔➝➞→→➩↔➞➝ ➭➟➩➯ ➠➥➣↕➤➲➦ ➩→ ➠➥➞➠ ➡↕➤ ➣➞↔➥ ➟↕→→➩➳➝➣ ➩➙➠➣➤→➣↔➠➩↕➙

↔↕➙➵➨➢➤➞➠➩↕➙ ➸➺⑥➦➼⑥➽ ➾➣ ➛➣➠➣➤➚➩➙➣ ➠➩➚➣ ➩➙➠➣➤➜➞➝ ➸➪➶➽⑥ ➩➠ ➠➞➯➣→

➠➥➣ ➟➞➤➠➩↔➝➣ ↕➤➳➩➠ ➠↕ ➣➜↕➝➜➣ ➡➤↕➚ ➸➺⑥ ➹ ➘➺➦➼⑥ ➹ ➘➼➽ ➠↕ ➸➺⑥ ➴

➘➺➦➼⑥ ➴ ➘➼➽➦ ➩➷➣➷ ➞↔➤↕→→ ➠➥➣ ➩➙➠➣➤➜➞➝ ↕➡ ➜➞➝➢➣→ ➩➠ ➚➞➲ ➩➚➟➞↔➠ ↕➙➠↕

➠➥➣ ➠➞➤➨➣➠➷ ➬➥➣ ➟➞➤➠➩➞➝ ➮➱ ➟➤↕➳➞➳➩➝➩➠➲ ➡➤↕➚ ➠➥➩→ ➩➙➠➣➤→➣↔➠➩↕➙ ↔↕➙➵➨✃

➢➤➞➠➩↕➙ ➩→ ➠➥➣➙ ➸➪➶➽⑥❐❒❮❰ÏÐ❅➦ ➾➥➣➤➣ ❒❮❰ÏÐ❅ ➩→ ➠➥➣ ➟➣➤➩↕➛ ↕➡ ➾➥↕➝➣

→➣↔➢➝➞➤ ➣➜↕➝➢➠➩↕➙ ➞➝↕➙➨ ➠➥➣ ➝➣➜➣➝ ↔➢➤➜➣ ↕➡ ➠➥➣ Ñ ➩➙➠➣➨➤➞➝Ò ❒❮❰ÏÐ❅

➚➞➲ ➳➣ ➣➜➞➝➢➞➠➣➛ ➢→➩➙➨ ➞ ↔↕➚➟➝➣➠➣ ➣➝➝➩➟➠➩↔ ➩➙➠➣➨➤➞➝ ↕➡ ➠➥➣ ➵➤→➠

➯➩➙➛ ➞→ →➥↕➾➙ ➳➲ Ó➩➙↕→➥➩➠➞ ➞➙➛ Ô➞➯➞➩ ➸Õ××Ø➽➷ Ù➣ ➠➥➣➙ ➛➣➵➙➣

➠➥➣ ➭➟➩➯✃➠➲➟➣ ↔↕➝➝➩→➩↕➙ ➟➤↕➳➞➳➩➝➩➠➲ ↕➡ ➩➚➟➞↔➠ ➟➣➤ ➤➣➜↕➝➢➠➩↕➙ ↕➡

➠➥➣ ➟➞➤➠➩↔➝➣

P ➻
Ú ÛÜ

Ýßàáâ✢

ã ä

❸
P✷✤✥❀ ✯❸❀ ✐❸Þ❀ ✤❻åÞ

�✇✞✟✇ ✿❡✻❡✆☎❁✞●❡s ✭❿✸æ✮ ✆❡✟☎❁❁❡✾ ✞✻ ❿✄✄❡✻✾✞❾ ❿✠ ❫✇❡ s❋✝✝☎t✞✁✻ ✞✻

✭çè✮ ✞s ✄❡✆❢✁✆✝❡✾ ✁❬❡✆ ☎❁❁ ✞✻t❡✆s❡✟t✞✁✻ ✟✁✻➇✿❋✆☎t✞✁✻s ❢✁✆ ❜✁t✇

☎s✟❡✻✾✞✻✿ ☎✻✾ ✾❡s✟❡✻✾✞✻✿ ✻✁✾❡s✠ ➏✁t❡ t✇☎t✱ ❋✻❁✞❈❡ ✞✻ t✇❡ Ö✄✞❈ ☎✄✂

✄✆✁☎✟✇✱ t✇❡ ✁✆❜✞t☎❁ ❡✟✟❡✻t✆✞✟✞t❇ ✹⑥ ☎✻✾ ✞✻✟❁✞✻☎t✞✁✻ ❭⑥ ✞s ✻✁� ✾✞❢❢❡✆❡✻t

❢✁✆ ✾✞❢❢❡✆❡✻t ✟✆✁ss✞✻✿ ✟✁✻➇✿❋✆☎t✞✁✻s ☎✻✾ �❡ ✻❡❡✾ t✁ ✝❋❁t✞✄❁❇ t✇❡

✄☎✆t✞☎❁ é➱ ✄✆✁❜☎❜✞❁✞t❇ �✞t✇ t✇❡ ☎✄✄✆✁✄✆✞☎t❡ ☎✻✾ ✞✻✾✞❬✞✾❋☎❁ é✳ ✄✆✁❜☎✂

❜✞❁✞t❇ t✇☎t t✇❡ t☎✆✿❡t ✞s ✻❡☎✆ t✇❡ ✞✻t❡✆s❡✟t✞✁✻ ❁✁✟☎t✞✁✻✠ ê❡✟☎❋s❡ t✇❡

s❡✝✞✝☎ë✁✆ ☎❾✞s ❬☎❁❋❡ ✁❢ t✇❡ ✄☎✆t✞✟❁❡ ✞s ✟✁✻st☎✻t✱ t✇❡ ✞✻t✆✞✻s✞✟ ✟✁❁❁✞✂

s✞✁✻ ✄✆✁❜☎❜✞❁✞t❇ ✄❡✆ ❋✻✞t ✁❢ t✞✝❡ ✞s s✞✝✄❁❇

ì ➻ P❷Ýà★í ➻ ✤✶❷❻îÞ✤
✬✬✬✬✬✬✬✬
ïñ

ò
❷✥
óô✷ÞP❀ ✤❻õÞ

�✇❡✆❡ ö❰÷ø ✞s t✇❡ ✁✆❜✞t☎❁ ✄❡✆✞✁✾ ✁❢ t✇❡ ✄☎✆t✞✟❁❡ ☎✻✾ ù ✞s t✇❡ s✁❁☎✆

✝☎ss✠

ú➩➙➞➝➝➲➦ ➾➣ ➤➣➠➢➤➙ ➠↕ ➠➥➣ ➩→→➢➣ ➥↕➾ ➠↕ ➛➣➠➣➤➚➩➙➣ ➸➪➶➽⑥➷ ➬➥➣

û↕➾ ➞➝↕➙➨ ➠➥➣ Ñ ➩➙➠➣➨➤➞➝ ➩→↕➝➩➙➣ ➩→ ➨➩➜➣➙ ➳➲ ➠➥➣ ➛➩➡➡➣➤➣➙➠➩➞➝

➣ü➢➞➠➩↕➙→ ➸➣➷➨➷➦ Ó↕➫➞➩➦ ýÿ✶ÕÒ▼↕➤➳➩➛➣➝➝➩➦ Õ××ÕÒ Ó➩➙↕→➥➩➠➞ ➞➙➛ Ô➞➯➞➩➦

Õ××Ø➽

❋�✁✂ ✄✂ ●☎✆✝☎✞✟✠✡☛☞ q✌☛✍✞✠✞✠☎✎ ✌✎☎✉ ✞✆ ✟☎r✟☎✎☎✍✞ r☛✟✞✠✡☞☎ ☛✍✉ ✞☛✟t☎✞ ✝✆✞✠✆✍ ✍☎☛✟ ✞✏☎ ✠✍✞☎✟✎☎✡✞✠✆✍ ✡✆✍❝t✌✟☛✞✠✆✍✑ ❚✏☎ ✟☎✒☎✟☎✍✡☎ ✒✟☛✝☎ ✭❡✓✱❡✴✱❡③✮ ✏☛✎ ✞✏☎ ✆✟✠t✠✍ ☛✞ ✞✏☎ ✞☛✟t☎✞✔✎

✆✟♦✠✞✕ ❡✓ ✠✍ ✞✏☎ ✟☛✉✠☛☞ ✉✠✟☎✡✞✠✆✍ ✒✟✆✝ ✞✏☎ ❙✌✍ ☛✍✉ ❡✴ ✠✍ ✞✏☎ ☛r☎❛ ✉✠✟☎✡✞✠✆✍ ✆✒ ✞✏☎ ✞☛✟t☎✞✔✎ ✏☎☞✠✆✡☎✍✞✟✠✡ ✝✆✞✠✆✍ ✭☛✎✎✌✝☎✉ ✡✠✟✡✌☞☛✟ ✇✠✞✏ ✟☛✉✠✌✎ ✖✗✘✙✗✮✑ ❚✏☎ r☛✟✞✠✡☞☎✔✎ ✆✟♦✠✞ ✏☛✎ ☛ ✍✆✉☎

☛✞ ✏☎☞✠✆✡☎✍✞✟✠✡ ✉✠✎✞☛✍✡☎ ✖✵ ❹ ✖✗✘✙✗ ☛✍✉ ✠✞✎ r✆✎✠✞✠✆✍ ❉✚ ✠✍ ✞✏☎ ☞✆✡☛☞ ✒✟☛✝☎ ✭❡✓✱ ❡✴✱ ❡③✮ ✠✎ t✠❣☎✍ ♦❜ ❊q✑ ✭✛✜✮✑ ❲☎ ✎☎☎s ✝✠✍✠✝✌✝ ✉✠✎✞☛✍✡☎ ❞♠✘✢ ✆✒ ✞✏☎ r☛✟✞✠✡☞☎ ✒✟✆✝ ✞☛✟t☎✞✔✎ ✆✟♦✠✞✑
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⑧❶⑦⑥❺

⑧❶⑦⑥❷

⑧❶⑦⑥⑩

⑥ ⑧⑥ ❸⑥ ❻⑥ ❺⑥ ⑨⑥ ❷⑥ ❼⑥ ⑩⑥ ❶⑥

❽❾❿➀ ➁➂➄➅

➆➈➉➉

➊

➋
➌➍
➍➎
➏➎
➌➐
➑➒
➌➓
➔➓
➎➍
➎→
➣

↔↕➙➛ ➜➛ ➝➞➟➠➡➢➤ ➞➥➦➡➠➧➨➦➩ ➢➩➫ ➨➩➧➤➨➩➭➨➟ ➨➯➲➢➟➧ ➲➤➦➳➢➳➨➡➨➧➵ ➸➦➤ ➢ ➲➢➤➧➨➟➡➞ ➦➤➳➨➧ ➺➨➧➻ ➨➩➨➧➨➢➡ ➭➞➯➨➯➢➼➦➤ ➢➽➨➭ ➾ ➚ ➪➶➹➪ ➘➴➷ ➞➟➟➞➩➧➤➨➟➨➧➵ ➬ ➚ ➹➶➹➮➷ ➨➩➟➡➨➩➢➧➨➦➩ ➱ ➚ ✃❐ ➢➩➫ ➢➤❒➠➯➞➩➧ ➦➸
➲➞➤➨➟➞➩➧➞➤ ❮ ➚ ➹❐➶ ❰➞➸➧Ï Ð Ñ Ò ➨➭➦➡➨➩➞ ➨➩ ➧➻➞ ÓÔ➷Õ× ➲➡➢➩➞ ➦➸ ➥➢➤➨➢➳➡➞➭ Ó➳➡➢➟Ø ➭➦➡➨➫ ➟➠➤➥➞× ➢➩➫ ➩➦➫➢➡ ➨➩➧➞➤➭➞➟➧➨➦➩ ➟➦➩➫➨➧➨➦➩➭ ➺➨➧➻ ➾ÙÚÛÙ ➚ ➪ ➘➴ ➸➦➤ ➢➭➟➞➩➫➨➩❒ ➢➩➫ ➫➞➭➟➞➩➫➨➩❒ ➩➦➫➞➭
Ó➭➞❒➯➞➩➧➭ ➦➸ ❒➤➢➵ ➟➨➤➟➡➞➭Ü ➭➞➞ Ýß➶ Ó➪➹××➶ ➝➵➯➳➦➡➭ ➢➤➞ ➧➻➞ ➸➦➠➤ ➲➦➭➭➨➳➡➞ ➨➯➲➢➟➧ ❒➞➦➯➞➧➤➨➞➭➶ à➨❒➻➧Ï á➦➡➡➨➭➨➦➩ ➲➤➦➳➢➳➨➡➨➧➵ ➥➢➡➠➞ âãäÚåÓ➾➷➬➷ ➱× ➸➦➤➯➢➡➡➵ ➟➦➯➲➠➧➞➫ ➠➭➨➩❒ ➧➻➞ æ➲➨Ø
➸➦➤➯➢➡➨➭➯ ➸➦➤ ➧➨➯➞ç➫➞➲➞➩➫➞➩➧ ➥➢➡➠➞➭ ➦➸ ➬ ➢➩➫ ➱ ➢➭ ❒➨➥➞➩ ➳➵ ➧➻➞ ➭➞➟➠➡➢➤ ➞➥➦➡➠➧➨➦➩ ➦➸ ➧➻➞ ➦➤➳➨➧Ü ➧➻➞ ➢➳➭➟➨➭➭➢ ➨➭ ➧➨➯➞ ➨➩ Ø➵ ➫➠➤➨➩❒ ➦➩➞ ➭➞➟➠➡➢➤ ➟➵➟➡➞ èéêëìÚ➷ ➢➩➫ ➧➻➞ ➦➤➫➨➩➢➧➞ ➨➭ ➧➻➞
➨➩➧➤➨➩➭➨➟ ➟➦➡➡➨➭➨➦➩ ➲➤➦➳➢➳➨➡➨➧➵ ➲➞➤ ➘➴í ➢➩➫ ➵➤➶ î➻➞ ➻➦➤➨ï➦➩➧➢➡ ➡➨➩➞➭ ➢➤➞Ï Ó➨× âðññ ➫➞ò➩➞➫ ➨➩ Ýß➶ Ó➮ó×➷ ➢➩➫ Ó➨➨× ➧➻➞ ➧➤➠➞ ➟➦➡➡➨➭➨➦➩ ➲➤➦➳➢➳➨➡➨➧➵ â ➫➞ò➩➞➫ ➨➩ Ýß➶ Ó➮ô×➶

⑤⑧

⑤⑥⑦⑨

⑥

⑥⑦⑨

⑧

⑤⑧ ⑤⑥⑦⑨ ⑥ ⑥⑦⑨ ⑧ ⑥

⑥⑦⑨

⑧

⑧⑦⑨

❸

❸⑦⑨

⑥ ❸⑥ ❺⑥ ❷⑥ ⑩⑥

❽❾❿➀ ➁➂➄➅

➋
➌➍
➍➎
➏➎
➌➐
➑➒
➌➓
➔➓
➎➍
➎→
➣

õö÷÷

õ

⑤❶⑥

⑤❷⑥

⑤❻⑥

⑥

❻⑥

❷⑥

❶⑥

⑤❶⑥ ⑤❷⑥ ⑤❻⑥ ⑥ ❻⑥ ❷⑥ ❶⑥

↔↕➙➛ ø➛ ➝➞➟➠➡➢➤ ➞➥➦➡➠➧➨➦➩ ➢➩➫ ➨➯➲➢➟➧ ❒➞➦➯➞➧➤➨➞➭ ➸➦➤ ➢ ➲➢➤➧➨➟➡➞ ➦➤➳➨➧ ➺➨➧➻ ➨➩➨➧➨➢➡ ➭➞➯➨➯➢➼➦➤ ➢➽➨➭ ➾ ➚ ➪➶ù ➘➴➷ ➞➟➟➞➩➧➤➨➟➨➧➵ ➬ ➚ ➹➶➮➷ ➨➩➟➡➨➩➢➧➨➦➩ ➱ ➚ úô❐ ➢➩➫ ➢➤❒➠➯➞➩➧ ➦➸ ➲➞➤➨➟➞➩➧➞➤
❮ ➚ ➹❐➶ ❰➞➸➧Ï Ð Ñ Ò ➨➭➦➡➨➩➞ ➨➩ ➧➻➞ ÓÔ➷Õ× ➲➡➢➩➞ ➦➸ ➥➢➤➨➢➳➡➞➭ Ó➭➦➡➨➫ ➟➠➤➥➞× ➢➩➫ ➩➦➫➢➡ ➨➩➧➞➤➭➞➟➧➨➦➩ ➟➦➩➫➨➧➨➦➩➭ ➺➨➧➻ ➾ÙÚÛÙ ➚ ➪ ➘➴ ➸➦➤ ➢➭➟➞➩➫➨➩❒ ➢➩➫ ➫➞➭➟➞➩➫➨➩❒ ➩➦➫➞➭ Ó❒➤➢➵ ➟➨➤➟➡➞➭Ü ➭➞➞
Ýß➶ Ó➪➹××➶ ➝➵➯➳➦➡➭ ➢➤➞ ➧➻➞ ➞➨❒➻➧ ➲➦➭➭➨➳➡➞ ➨➯➲➢➟➧ ❒➞➦➯➞➧➤➨➞➭➶ û➨➫➫➡➞Ï à➢➫➨➢➩➧ ➲➦➭➨➧➨➦➩ ➦➸ ➧➻➞ ➞➨❒➻➧ ➨➯➲➢➟➧➨➩❒ ➟➦➩ò❒➠➤➢➧➨➦➩➭ ➢➭ ➭➞➞➩ ➳➵ ➧➻➞ ➦➳➭➞➤➥➞➤ ➦➩ ➢ ➟➨➤➟➠➡➢➤ ➻➞➡➨➦➟➞➩➧➤➨➟
➦➤➳➨➧ ➺➨➧➻ ➤➢➫➨➠➭ ➾ÙÚÛÙ ➚ ➪ ➘➴Ü ➭➨ï➞ ➦➸ ➧➻➞ ➭➵➯➳➦➡ ➨➭ ➭➟➢➡➞➫ ➳➵ ➧➻➞ ➲➢➤➧➨➢➡ ➟➦➡➡➨➭➨➦➩ ➲➤➦➳➢➳➨➡➨➧➵ ➸➦➤ ➧➻➨➭ ➲➢➤➧➨➟➠➡➢➤ ➨➯➲➢➟➧ ❒➞➦➯➞➧➤➵➶ î➻➞ ❒➤➢➵ ➢➤➟➭ ➢➤➞ ➟➦➡➡➞➟➧➨➦➩➭ ➦➸ üü➸➢Ø➞ ➤➢➫➨➢➩➧➭ýý
➟➦➩➭➧➤➠➟➧➞➫ ➸➦➤ ➦➤➳➨➧➭ ➺➨➧➻ ➟➦➩➭➧➢➩➧ ➞➟➟➞➩➧➤➨➟➨➧➨➞➭ ➢➩➫ ➨➩➟➡➨➩➢➧➨➦➩➭➷ ➺➻➦➭➞ ➥➢➡➠➞➭ ➢➤➞ ➢➟➻➨➞➥➞➫ ➫➠➤➨➩❒ ➧➻➞ ➭➞➟➠➡➢➤ ➞➥➦➡➠➧➨➦➩ ➦➸ ➧➻➞ ➲➢➤➧➨➟➡➞ ➦➤➳➨➧➶ î➻➞ ➢➳➭➟➨➭➭➢ ➨➭ ➡➦➩❒➨➧➠➫➞
➯➞➢➭➠➤➞➫ ➸➤➦➯ ➧➻➞ ➢➲➞➽ ➫➨➤➞➟➧➨➦➩➷ ➧➻➞ ➦➤➫➨➩➢➧➞ ➨➭ ➡➢➧➨➧➠➫➞ Ó➳➦➧➻ ➨➩ ➫➞❒➤➞➞➭×➶ à➨❒➻➧Ï á➦➡➡➨➭➨➦➩ ➲➤➦➳➢➳➨➡➨➧➵ ➥➢➡➠➞ âãäÚåÓ➾➷➬➷ ➱× ➸➦➤➯➢➡➡➵ ➟➦➯➲➠➧➞➫ ➠➭➨➩❒ ➧➻➞ æ➲➨Ø ➸➦➤➯➢➡➨➭➯ ➸➦➤
➧➨➯➞ç➫➞➲➞➩➫➞➩➧ ➥➢➡➠➞➭ ➦➸ ➬ ➢➩➫ ➱ ➢➭ ❒➨➥➞➩ ➳➵ ➧➻➞ ➭➞➟➠➡➢➤ ➞➥➦➡➠➧➨➦➩ ➦➸ ➧➻➞ ➦➤➳➨➧Ü ➧➻➞ ➢➳➭➟➨➭➭➢ ➨➭ ➧➨➯➞ ➨➩ Ø➵ ➫➠➤➨➩❒ ➦➩➞ ➭➞➟➠➡➢➤ ➟➵➟➡➞ èéêëìÚ➷ ➢➩➫ ➧➻➞ ➦➤➫➨➩➢➧➞ ➨➭ ➧➻➞ ➨➩➧➤➨➩➭➨➟
➟➦➡➡➨➭➨➦➩ ➲➤➦➳➢➳➨➡➨➧➵ ➲➞➤ ➘➴í ➢➩➫ ➵➤➶ î➻➞ ➻➦➤➨ï➦➩➧➢➡ ➡➨➩➞➭ ➢➤➞Ï Ó➨× âðññ ➫➞ò➩➞➫ ➨➩ Ýß➶ Ó➮ó×➷ ➢➩➫ Ó➨➨× ➧➻➞ ➧➤➠➞ ➟➦➡➡➨➭➨➦➩ ➲➤➦➳➢➳➨➡➨➧➵ â ➫➞ò➩➞➫ ➨➩ Ýß➶ Ó➮ô×➶

⑤⑧

⑤⑥⑦⑨

⑥

⑥⑦⑨

⑧

⑤⑧ ⑤⑥⑦⑨ ⑥ ⑥⑦⑨ ⑧ ⑥

⑥⑦⑨

⑧

⑧⑦⑨

❸

❸⑦⑨

⑥ ❸⑥ ❺⑥

❽❾❿➀ ➁➂➄➅

➋
➌➍
➍➎
➏➎
➌➐
➑➒
➌➓
➔➓
➎➍
➎→
➣

þÿ❡❡

➊
⑤❶⑥

⑤❷⑥

⑤❻⑥

⑥

❻⑥

❷⑥

❶⑥

⑤❶⑥ ⑤❷⑥ ⑤❻⑥ ⑥ ❻⑥ ❷⑥ ❶⑥

↔↕➙➛ ✹➛ î➻➞ ➭➢➯➞ ➢➭ ➨➩ ❋➨❒➶ ✃ ➳➠➧ ➸➦➤ ➢➩ ➦➤➳➨➧ ➺➨➧➻ ➨➩➨➧➨➢➡ ➭➞➯➨➯➢➼➦➤ ➢➽➨➭ ➾ ➚ ➪➶ù ➘➴➷ ➞➟➟➞➩➧➤➨➟➨➧➵ ➬ ➚ ➹➶➮➷ ➨➩➟➡➨➩➢➧➨➦➩ ➱ ➚ úô❐ ➢➩➫ ➢➤❒➠➯➞➩➧ ➦➸ ➲➞➤➨➟➞➩➧➞➤ ❮ ➚ ú➹❐➶
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✃➚Ï❰Ø➶➪ ➚ô➴Ø❰➹➘➴❒ ➴❮ ➶ å➴➹➚❒➹➘➶ØØÙ ➘Ðå➶Ï➹➘❒ä å➶➪➹➘ÏØ➚Ý ➽➾➚ ÔØ➶Ïó ✃ÙÐÔ➴Ø✃ ➶➪➚ ➘Ðå➶Ï➹
ä➚➴Ð➚➹➪➘➚✃ ❮➴➪ ô➶➪➘➴❰✃ ô➶Ø❰➚✃ ➴❮ ➚ÏÏ➚❒➹➪➘Ï➘➹Ù ➴❮ ➹➾➚ å➶➪➹➘ÏØ➚Ý ➽➾➚ ➘Ðå➶Ï➹ Ï➶✃➚ Ø➶Ô➚Ø➚×
ë Û ë✵ ❐➘➹➾ ❤ Û Üß Ï➴➪➪➚✃å➴❒×➘❒ä ➹➴ ➶å➴Ï➚❒➹➚➪ Ï➴❒×➘➹➘➴❒ ï Û Óèéêèß ❐➴❰Ø× ➾➶ô➚ Ô➚➚❒ ➘❒
➹➾➚ òå➘ó ➹➾➚➴➪Ù ➶❒ ➚❒×❡Ð➚ÐÔ➚➪ ➴❮ ➹➾➚ å➴✃✃➘ÔØ➚ ❮➶Ð➘ØÙ ➴❮ ➘Ðå➶Ï➹✃ ö✭✵ ❄ ë✵÷ ➶Ø➴❒ä ➹➾➚
❮➶Ð➘ØÙ ➴❮ Ï➴❒✃➹➶❒➹ ➚ÏÏ➚❒➹➪➘Ï➘➹Ù ➴➪Ô➘➹✃ ✃➾➴❐❒ ÔÙ ➹➾➚ ×➶✃➾➚× Ï➘➪ÏØ➚Ý õ➴➪ ➹➾➚ ➹➪❰➚ ➴➪Ô➘➹
➶❒ Ï➴❒➹➘❒❰➶➹➘➴❒ ➴❮ ➹➾➚ ➘Ðå➶Ï➹✃ ➘✃ å➴✃✃➘ÔØ➚ ❰å ➹➴ ➹➾➚ Ø➘Ð➘➹➘❒ä Ï➶✃➚ ➴❮ ä➪➶❣➘❒ä ➘Ðå➶Ï➹
ÞÝ

➵➸➺➻ ✼➻ õ➪➶Ï➹➘➴❒ ➴❮ å➶➪➹➘ÏØ➚ å➴å❰Ø➶➹➘➴❒ ➪➚Ð➶➘❒➘❒ä ➹➾➚ ❒❰Ð➚➪➘Ï➶Ø ✃➘Ð❰Ø➶➹➘➴❒ ✃➾➴❐❒
ÔÙ ✃ÙÐÔ➴Ø✃ ô✃Ý ➹➘Ð➚ t ö➘❒ ▼Ù➪÷Ý âÜÜ å➶➪➹➘ÏØ➚✃ ❐➚➪➚ ➘❒➘➹➘➶ØØÙ å❰➹ ➴❒ ➴➪Ô➘➹✃ ❐➘➹➾
✃➚Ð➘Ð➶Ñ➴➪ ➶Ò➘✃ Ó Û ëÝ✶ ìíß ➚ÏÏ➚❒➹➪➘Ï➘➹Ù Ú Û ÜÝÞß ➘❒ÏØ➘❒➶➹➘➴❒ à Û áâã ➶❒× ➶➪ä❰Ð➚❒➹ ➴❮
å➚➪➘Ï➚❒➹➚➪ æ Û Üã ö❰åå➚➪ å➶❒➚Ø÷ ➶❒× æ Û áÜã öÔ➴➹➹➴Ð å➶❒➚Ø÷♣ Ø➴❒ä➘➹❰×➚ ➴❮ ❒➴×➚ ➶❒×
Ø➴❒ä➘➹❰×➚ ➘❒ ➴➪Ô➘➹ ❐➚➪➚ ✃➚➹ ➪➶❒×➴ÐØÙÝ ➽➾➚➘➪ ➴➪Ô➘➹➶Ø ➚ô➴Ø❰➹➘➴❒ ❐➶✃ ❒❰Ð➚➪➘Ï➶ØØÙ
å➪➴å➶ä➶➹➚× ➶❒× ×➘➪➚Ï➹ ➘Ðå➶Ï➹✃ ➴❒➹➴ ➹➾➚ ❊➶➪➹➾ ➪➚Ï➴➪×➚× ➘❒ ➶ ➪➚×❰Ï➚× Ð➴×➚Ø ❐➾➚➪➚
➴❒ØÙ ❏❰å➘➹➚➪ ❐➶✃ Ï➴❒✃➘×➚➪➚× ➴❒ ➶ Ï➘➪Ï❰Ø➶➪ ➾➚Ø➘➴Ï➚❒➹➪➘Ï ➴➪Ô➘➹ ö➹➾➚ ❊➶➪➹➾ ➾➶× ❣➚➪➴ Ð➶✃✃
➶ ➪➶×➘❰✃ ❘ ëÜ ➹➘Ð➚✃ Ø➶➪ä➚➪ ➹➾➶➹ ➹➾➚ ➹➪❰➚ ô➶Ø❰➚÷Ý ➽➾➚ ä➪➶Ù Ï❰➪ô➚✃ ✃➘Ð❰Ø➶➹➚ ➪➚✃❰Ø➹✃ ❮➪➴Ð
➶ P➴➘✃✃➴❒➘➶❒ å➪➴Ï➚✃✃ ❐➘➹➾ ➶ Ï➾➶➪➶Ï➹➚➪➘✃➹➘Ï ➹➘Ð➚✃Ï➶Ø➚ sß ➹➾❰✃ ➚Òåö✄t➱s÷✮ ö➘÷ ➹➾➚ Ï❰➪ô➚ ë
➾➶✃ s ➄ ✾Ý✶▼Ù➪ ö❰åå➚➪ å➶❒➚Ø÷ ➶❒× s ➄ ë✭Ý✭ ▼Ù➪ öÔ➴➹➹➴Ð å➶❒➚Ø÷ß Ï➴➪➪➚✃å➴❒×➘❒ä ➹➴ ë➱
ö➷❘✷÷ß ➶❒× ö➘➘÷ ➹➾➚ Ï❰➪ô➚ Þ ➾➶✃ s ➄ ☎Ý☎ ▼Ù➪ öÔ➴➹➾ å➶❒➚Ø✃÷ß Ï➴➪➪➚✃å➴❒×➘❒ä ➹➴ ë➱ö➷➬➮➮❘
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❋✆♥✠ss☛✂ ✁✞ ☎✟�☎✠✉✠✝✞❛ ✝t✞ ➇✟✐✝ ✐✞✝ �♦ ☎✠✟✝✆✡s✞✐ ✭✆♥✆✝✆✠s ✈✠s✄✞

① ❂ ✵✖✮ ✆♥ ✝t✞ ✡✠✐✞ ✁t✞✟✞ ✠ss ✝✞✟✟✞✐✝✟✆✠s ☎s✠♥✞✝✐ ✁✞✟✞ ✝✠✇✞♥ ✠✐ ☎�☞

✝✞♥✝✆✠s ✝✠✟✉✞✝✐❜ ❚� ✐☎✞✞❛ ✄☎ ✝t✞ ✡�♠☎✠✟✆✐�♥✂ ✁✞ ✆♥✡✟✞✠✐✞❛ ✝t✞ ☎s✠♥☞

✞✝✠✟☛ ✟✠❛✆✆ ♣☛ ✠ ♦✠✡✝�✟ �♦ ✶✵❜

❲✞ ✄✐✞❛ �✄✟ ✡�ss✆✐✆�♥ ☎✟�♣✠♣✆s✆✝☛ ✝t✞�✟☛ ✝� ✡✠s✡✄s✠✝✞ ✒✗ ♦�✟ ✞✠✡t

☎s✠♥✞✝ ✭✘ ❂ ✶ ✙ ✙ ✙ ✓✂ ✁t✞✟✞ ✶ ✐✝✠♥❛✐ ♦�✟ ▼✞✟✡✄✟☛✂ ✞✝✡❜✮✂ ❉✞♥�✝✆♥✉ ❘✗ ✝t✞

✞♥t✠♥✡✞❛ ✟✠❛✆✆ �♦ ✝t✞ ✝✞✟✟✞✐✝✟✆✠s ☎s✠♥✞✝✐✂ ✝t✞ ✝�✝✠s ✡�ss✆✐✆�♥✠s ☎✟�♣☞

✠♣✆s✆✝☛ ☎✞✟ ☛✞✠✟ ✆✐ ✚✛✜✛ ➻
✢
✣✒✣❘
✤
✣ ❜ ❚t✞ ☎✠✟✝✆✡s✞ ☎�☎✄s✠✝✆�♥ ✆✐ ✝t✄✐

✞❝☎✞✡✝✞❛ ✝� ❛✞✡✠☛ ✁✆✝t ✠ ✡t✠✟✠✡✝✞✟✆✐✝✆✡ ✝✆♠✞✐✡✠s✞ ✏ ➄ ✶✑

✥✦✧✦ ➄ ✸❜✾ ▼☛✟❜ ❆✝ ✞✠✡t ✆♥✐✝✠♥✝✂ ✝t✞ ♥✄♠♣✞✟ �♦ ✆♠☎✠✡✝✐ �♥ ✞✠✡t �♦

✝t✞ ✝✞✟✟✞✐✝✟✆✠s ☎s✠♥✞✝✐ ✆✐ ✁✞✆✉t✝✞❛ ✄✐✆♥✉ ✝t✞✆✟ ☎✠✟✝✆✠s ✆♠☎✠✡✝ ☎✟�♣☞

✠♣✆s✆✝✆✞✐✂ ✆❜✞❜✂ ✴ ✒✣❘
✤
✣ ★✚✛✜✛ ♦�✟ ✝t✞ ✘✝t ☎s✠♥✞✝❜ ❚t✞✐✞ ☎✟✞❛✆✡✝✆�♥✐ ✠✟✞

✡�♥♦✟�♥✝✞❛ ✁✆✝t ✟✞✐✄s✝✐ ♦✟�♠ ✝t✞ ♥✄♠✞✟✆✡✠s ✞❝☎✞✟✆♠✞♥✝ ✆♥ ❋✆✉❜ ✾✂

✁t✞✟✞ ✝t✞ ✐☛♠♣�s✐ ✐t�✁ ✝t✞ ✟✞✡�✟❛✞❛ ☎s✠♥✞✝✠✟☛ ✆♠☎✠✡✝✐ ♦�✟ ✞✠✡t

�♦ ✝t✞ ☎s✠♥✞✝ ✠♥❛ ✝t✞ ❛✠✐t✞❛ ✉✟✠☛ ✞❝☎�♥✞♥✝✆✠s ❛✞✡✠☛ ✡✄✟✈✞✐ ✠✟✞

✝t✞ ✠♣�✈✞ ❛✞✐✡✟✆♣✞❛ ✝t✞�✟✞✝✆✡✠s ☎✟✞❛✆✡✝✆�♥✐❜ ❲t✆s✞ ✉✞♥✞✟✠ss☛ ✐t�✁☞

✆♥✉ ✠ ✉��❛ ♠✠✝✡t✂ ✝t✞ ✐�s✆❛ ✉✟✠☛ ❛✞✡✠☛ ✡✄✟✈✞✐ ✐s✆✉t✝s☛ ♣✞✝✝✞✟ ✞❝☞

☎✟✞✐✐ ✝t✞ ☎�☎✄s✠✝✆�♥ ❛✞✡✟✞✠✐✞ ✠♥❛ ✝t�✐✞ t✠✈✞ ✏ ➄ ✸❜✩ ▼☛✟❜

❚t✞ ✐♠✠ss ❛✆♦♦✞✟✞♥✡✞ ♣✞✝✁✞✞♥ ✝t✞ ✝t✞�✟☛ ✠♥❛ ♥✄♠✞✟✆✡✠s ✞❝☎✞✟☞

✆♠✞♥✝ ☎✟�♣✠♣s☛ ✐✝✞♠✐ ♦✟�♠ ✝t✞ ✠☎☎✟�❝✆♠✠✝✆�♥✐ ✆♥ �✄✟ ✡�ss✆✐✆�♥✠s

☎✟�♣✠♣✆s✆✝☛ ✠☎☎✟�✠✡t✂ ✁t✞✟✞ ✡�♠☎s✞❝ ☎s✠♥✞✝✠✟☛ ☎✞✟✝✄✟♣✠✝✆�♥✐

✠♥❛ ✡s�✐✞ ✞♥✡�✄♥✝✞✟✐ �♦ ☎✠✟✝✆✡s✞✐ ✝� ☎s✠♥✞✝✐ ✠✟✞ ♥✞✉s✞✡✝✞❛❜ ❖♣✈✆☞

�✄✐s☛✂ ✝t✞ ✁t�s✞ ☎✠✟✝✆✡s✞ ☎�☎✄s✠✝✆�♥ ♥�✁ ❛✞✡✠☛✐ ♦✠✐✝✞✟ ✝t✠♥ ✐✞✞♥

✆♥ ❋✆✉❜ ✽ ♣✞✡✠✄✐✞ ♠�✟✞ ✝✠✟✉✞✝✐ ✠✟✞ ✠✈✠✆s✠♣s✞ ✝� ❛✞✐✝✟�☛ ✝t✞♠❜ ❆✐ ✞❝☞

☎✞✡✝✞❛ ✠ss ☎s✠♥✞✝ ✆♠☎✠✡✝✐ ✠✟✞ ➇✝✝✞❛ ♣☛ ✟�✄✉ts☛ ✝t✞ ✐✠♠✞ ❛✞✡✠☛ ✟✠✝✞✂

♣✠✐✆✡✠ss☛ ✝t✠✝ �♦ ✝t✞ ✁t�s✞ ☎�☎✄s✠✝✆�♥✂ ✠♥❛ ✝t✞✆✟ ☎✠✟✝✆✝✆�♥✆♥✉ ✆✐

✟�✄✉ts☛ ✝t✠✝ ✞❝☎✞✡✝✞❛ ♦✟�♠ ✝t✞ ✝t✞�✟☛❜

▼✞✟✡✄✟☛ ✟✞✡✞✆✈✞❛ ✠ s✠✟✉✞ ♥✄♠♣✞✟ �♦ ✆♠☎✠✡✝✐✂ ♠�✟✞ ✝t✠♥ ✆✝ ✡�✄s❛

♣✞ ✞❝☎✞✡✝✞❛ ✔✄✐✝ ♣✠✐✞❛ �♥ ✆✝✐ ✟✞s✠✝✆✈✞s☛ ✐♠✠ss ✡✟�✐✐☞✐✞✡✝✆�♥❜ ❚t✆✐ ✆✐

♣✞✡✠✄✐✞ ✝t✞ ☎✠✟✝✆✠s ✆♠☎✠✡✝ ☎✟�♣✠♣✆s✆✝☛✂ ✒✪❘
✤
✪✂ ✆✐ ✆♥✡✟✞✠✐✞❛ ♣☛ ✠ s✠✟✉✞

✈✠s✄✞ �♦ ✒✫ ✭♥✞✠✟s☛ ✝t✟✞✞ ✝✆♠✞✐ s✠✟✉✞✟ ✝t✠♥ ✝t✠✝ �♦ ✝t✞ ❊✠✟✝t✮❜ ❚t✆✐

✡✠♥ ♣✞ ✞❝☎s✠✆♥✞❛ ♣☛ ✟✞✠s✆✎✆♥✉ ✝t✠✝ ✝t✞ ▼✞✟✡✄✟☛ ✆♠☎✠✡✝✐ ✠s✁✠☛✐

�✡✡✄✟ ♥✞✠✟ ✝t✞ ☎✞✟✆✡✞♥✝✞✟ �♦ ✝t✞ ☎✠✟✝✆✡s✞ �✟♣✆✝✐❜ ❙✄✡t ✆♠☎✠✡✝✐ ✠✟✞

✡t✠✟✠✡✝✞✟✆✎✞❛ ♣☛ s✠✟✉✞ ✆♠☎✠✡✝ ☎✟�♣✠♣✆s✆✝☛❜

✹✬ ❈✯✰✱✲✳✺✻✯✰✺

❲✞ ❛✞✈✞s�☎✞❛ ✠ ♥✞✁ ✡�ss✆✐✆�♥ ☎✟�♣✠♣✆s✆✝☛ ✝t✞�✟☛ ♦�✟ ✝t✞ t✆✉t

✆♥✡s✆♥✠✝✆�♥ ✠♥❛ t✆✉t ✞✡✡✞♥✝✟✆✡✆✝☛ �✟♣✆✝✐ ♦�✟ ✁t✆✡t ✝t✞ ▲✆❛�✈✌✍�✎✠✆

✡☛✡s✞✐ ✠✟✞ ✆♠☎�✟✝✠♥✝❜ ❚t✞ ✟✞✐✄s✝✐ �♦ ✝t✆✐ ✝t✞�✟☛ ✠✉✟✞✞ ✁✆✝t ✝t�✐✞

�♦ ✝t✞ ✐✝✠♥❛✠✟❛ Ö☎✆✇ ✝t✞�✟☛ ✆♥ ✝t✞ s✆♠✆✝ �♦ ✐♠✠ss☞✞✡✡✞♥✝✟✆✡✆✝☛ ✠♥❛

✐♠✠ss☞✆♥✡s✆♥✠✝✆�♥ �✟♣✆✝✐❜ ❋�✟ t✆✉t ✞✡✡✞♥✝✟✆✡✆✝✆✞✐ ✠♥❛ t✆✉t ✆♥✡s✆♥✠☞

✝✆�♥✐✂ ✁t✞✟✞ ✝t✞ ✐✝✠♥❛✠✟❛ Ö☎✆✇ ✝t✞�✟☛ ♦✠ss✐ ✐t�✟✝ ✆♥ ✡�✟✟✞✡✝s☛ ☎✟✞☞

❛✆✡✝✆♥✉ ✝t✞ ✟✠✝✞✐ ✠♥❛ ✟✠❛✆✠♥✝✐ �♦ ✝t✞ ✆♠☎✠✡✝✐✂ ✝t✞ ✉✞♥✞✟✠s✆✎✞❛

✝t✞�✟☛ ☎✟�❛✄✡✞✐ ✐✠✝✆✐♦✠✡✝�✟☛ ✟✞✐✄s✝✐ ✁t✞♥ ✡�♠☎✠✟✞❛ ✝� ♥✄♠✞✟✆✡✠s

✞❝☎✞✟✆♠✞♥✝✐❜

❚t✞ ✝t✞�✟☛ ❛✞✈✞s�☎✞❛ ✆♥ ✝t✆✐ ☎✠☎✞✟ ✡✠♥ ♣✞ ✉✞♥✞✟✠s✆✎✞❛ ♦✄✟✝t✞✟✂

♦�✟ ✞❝✠♠☎s✞✂ ♣☛ ✟✞s✠❝✆♥✉ ✝t✞ ✠✐✐✄♠☎✝✆�♥ �♦ ✝t✞ ✡✆✟✡✄s✠✟ �✟♣✆✝ �♦

✝t✞ ✝✠✟✉✞✝ ✭❲✞✝t✞✟✆ss✂ ✶✾✕✼❀ ●✟✞✞♥♣✞✟✉✂ ✶✾✽✩✮❜ ❙✄✡t ✠ ♦�✟♠✄s✠✝✆�♥

♠✠☛ ♣✞ ✟✞q✄✆✟✞❛✂ ♦�✟ ✞❝✠♠☎s✞✂ ✝� ☎✟�☎✞✟s☛ ✡✠s✡✄s✠✝✞ ✝t✞ ☎s✠♥✞✝✠✟☛

✆♠☎✠✡✝ ✟✠✝✞✐ �♦ ❛✄✟✆♥✉ ✝t✞ ✞✠✟s☛ ✞✈�s✄✝✆�♥ �♦ ✝t✞ ❙�s✠✟ ✐☛✐✝✞♠

✭✐✞✞✂ ✞❜✉❜✂ ❇�✝✝✇✞ ✞✝ ✠s❜✂ ✩✵✵✿✮❜

❆♥�✝t✞✟ ☎�✐✐✆♣✆s✆✝☛ ✁�✄s❛ ♣✞ ✝� ✟✞s✠❝ ✝t✞ s✆♥✞✠✟ ✠☎☎✟�❝✆♠✠✝✆�♥

✭✶✿✮ ✠♥❛ ✭✶✕✮ ♦�✟ ✝t✞ s�✡✠s ❛✞✐✡✟✆☎✝✆�♥ �♦ ♠�✝✆�♥ ✆♥ ✝t✞ ♥�❛✠s ✟✞♦✞✟☞

✞♥✡✞ ✐☛✐✝✞♠ ✭❡r✂❡❁✂❡③✮✂ ♦�✟ ✆♥✐✝✠♥✡✞ ♣☛ ✄✐✆♥✉ ✝t✞ q✄✠❛✟✠✝✆✡ �✟ t✆✉t☞

✞✟☞�✟❛✞✟ ✠☎☎✟�❝✆♠✠✝✆�♥✐❜ ❚t✆✐ ♠✠☛ ♣✞ �♦ ✐�♠✞ ✆♥✝✞✟✞✐✝ ♦�✟

✆♠☎✟�✈✆♥✉ ✝t✞ ✡�ss✆✐✆�♥ ☎✟�♣✠♣✆s✆✝☛ ✞✐✝✆♠✠✝✞ ✆♥ ✡✠✐✞✐ ✁t✞♥ ✝t✞

❃❄❅❑ ◗❑ ❯❱❳❨❩❬❭❪ ❭❫ ❴❳❱❩❬❨❵❞ ❴❭❴❢❵❳❩❬❭❪ ❱❞❣❳❬❪❬❪❥ ❩❧❞ ❪❢❣❞❱❬❨❳❵ ②❬❣❢❵❳❩❬❭❪ ②❧❭④❪
⑤⑥ ②⑥❣⑤❭❵② ⑦②⑧ ❩❬❣❞ ⑨ ⑩❬❪ ❶⑥❱❷⑧ ❸❹❹ ❴❳❱❩❬❨❵❞② ④❞❱❞ ❬❪❬❩❬❳❵❵⑥ ❴❢❩ ❭❪ ❭❱⑤❬❩② ④❬❩❧
②❞❣❬❣❳❺❭❱ ❳❻❬② ❼ ❽ ❾⑧❿ ➀➁➂ ❞❨❨❞❪❩❱❬❨❬❩⑥ ➃ ❽ ❹⑧➅➂ ❬❪❨❵❬❪❳❩❬❭❪ ➆ ❽ ➈❸➉ ❳❪➊ ❳❱❥❢❣❞❪❩ ❭❫
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❰ÏÐÏÑÏÒÓÏÔ

Õ×Ø×ÙÚÛ×ÜÝßà áâÕâà ãØäåØÝßà æåâçâà èééêâ ëßÝìåíîÝÜ Ýï ñÛÝäíòóôäîÝÙ õôíôÝäÝîÙ
ñíäô×õñâ öôìôñíâ ÷ôøÛâ ùúÜ×õâ ûñíäÝÜâ üýà èèèÿèê✶â

Õ×îìôúà ÷âáâà öÛ×õØôäñà ❏âëâà ❍×ÛÜà ●âà èééêâ ûñíäÝÜâ ûñíäÝóÛúñâ êü✶à ✸èüÿ✸êêâ
ÕÝíí❇ôà ❲â�âà ùåäÙ×à ùâùâà ◆ôñßÝäÜú➫ à ùâà ❏ôÙîø❇ôà ❘âà ÷ÝäØîÙôììîà ûâà çÝ❇äÝåÛìîø❇ú➫ à ùâà

▲ôßîñÝÜà ❍â�âà ê✷✷üâ ▲îÜ❇îÜ✁ íÛô øÝììîñîÝÜ×ì ÛîñíÝäú Ýï íÛô õ×îÜ ×ñíôäÝîÙ Øôìí íÝ îíñ
ÙúÜ×õîø×ì ô❡øîí×íîÝÜ ×ÜÙ ÙôóìôíîÝÜâ ■ø×äåñ è✶éà ✻✸ÿéýâ

ö×õóØôììòÕäÝ❈Üà ÷âùâà ê✷✷✂â ❍î✁Û äôñÝìåíîÝÜ ä×Ùî×Üí ÙîñíäîØåíîÝÜ ×ÜÙ ÝäØîíñ Ýï
ñóÝä×Ùîø ä×Ù×ä õôíôÝäÝîÙñâ ■ø×äåñ èé✻à èýýÿè✻✸â

●×ììî✁×Üà ùâáâà Õ×✁✁×ìôúà ❲â❏âà ê✷✷üâ ❚Ûô ä×Ùî×Üí ÙîñíäîØåíîÝÜ Ýï û÷ã❘ ä×Ù×ä õôíôÝäñâ
÷ÝÜâ ◆Ýíâ ❘â ûñíäÝÜâ ❙Ýøâ ✸üéà üüèÿü✻✷â

●äôôÜØôä✁à ❘âà èé✂êâ ãäØîí×ì îÜíôä×øíîÝÜñ ÿ û Üô❈ ✁ôÝõôíäîø×ì ïÝäõ×ìîñõâ ûñíäÝÜâ ❏â
✂✶à è✂ýÿèéüâ

●äÝÜøÛîà ●â�âà ÷îì×Üîà ûâà èéé✂â ûßôä×✁îÜ✁ ÝÜ ë×äíÛòøäÝññîÜ✁ ÝäØîíñâ öôìôñíâ ÷ôøÛâ
ùúÜ×õâ ûñíäÝÜâ ✶èà è✷éÿè✸✻â

●äÝÜøÛîà ●â�âà ÷îì×Üîà ûâà èéééâ ❚Ûô ñí×Øìô ❑ÝÚ×î ñí×íô ïÝä ×ñíôäÝîÙñ ×ÜÙ øÝõôíñâ ❲îíÛ
×äØîíä×äú ñôõîõ×sÝä ×❡îñ ×ÜÙ îÜøìîÜ×íîÝÜâ ûñíäÝÜâ ûñíäÝóÛúñâ ✸ýèà éê✂ÿé✸üâ

❑ôññìôäà ùâ❏âà èé✂èâ ùôäîß×íîÝÜ Ýï íÛô øÝììîñîÝÜ óäÝØ×Øîìîíú Øôí❈ôôÜ ÝäØîíîÜ✁ ÝØsôøíñâ
❚Ûô ìîïôíîõôñ Ýï ❏åóîíôä✄ñ Ýåíôä õÝÝÜñâ ■ø×äåñ ý✂à ✸éÿý✂â

❑ôññìôäà ùâ❏âà öÝåäòá×ì×îñà Õâ●âà èé✶✂â öÝììîñîÝÜ ïäô❢åôÜøú Ýï ×äíî❛øî×ì ñ×íôììîíôñ☎ ❚Ûô
øäô×íîÝÜ Ýï × ÙôØäîñ Øôìíâ ❏â ●ôÝóÛúñâ ❘ôñâ ✂✸à ê✻✸✶ÿê✻ý✻â

❑îÜÝñÛîí×à ❍âà ◆×❇×îà ❑âà ê✷✷✶â ●ôÜôä×ì ñÝìåíîÝÜ Ýï íÛô ❑ÝÚ×î õôøÛ×Üîñõâ öôìôñíâ
÷ôøÛâ ùúÜ×õâ ûñíäÝÜâ é✂à ✻✶ÿ✶ýâ

❑ÝÚ×îà æâà èé✻êâ ❙ôøåì×ä óôäíåäØ×íîÝÜñ Ýï ×ñíôäÝîÙñ ❈îíÛ Ûî✁Û îÜøìîÜ×íîÝÜ ×ÜÙ
ôøøôÜíäîøîíúâ ûñíäÝÜâ ❏â ✻✶à üéèÿüé✂â

▲îÙÝßà ÷â▲âà èé✻èâ ëßÝìåíîÝÜ Ýï íÛô óì×Üôíñ ×äíî❛øî×ì ñ×íôììîíôñ ÝäØîíñ åÜÙôä ôïïôøí Ýï
íÛô Ýåíôä ØÝÙîôñ ✁ä×ßîíú óôäíåäØ×íîÝÜñâ ûäíîïâ ❙×íôììâ ë×äíÛ ✂à üÿýü ✭îÜ ❘åññî×Ü✆â

▲îÙÝßà ÷â▲âà èé✻êâ ❚Ûô ôßÝìåíîÝÜ Ýï ÝäØîíñ Ýï ×äíî❛øî×ì ñ×íôììîíôñ Ýï óì×Üôíñ åÜÙôä íÛô
×øíîÝÜ Ýï ✁ä×ßîí×íîÝÜ×ì óôäíåäØ×íîÝÜñ Ýï ô❡íôäÜ×ì ØÝÙîôñâ áì×Üôíâ ❙ó×øô ❙øîâ éà
✶èéÿ✶üé ✭íÛô ëÜ✁ìîñÛ íä×Üñì×íîÝÜ Ýï ▲îÙÝß✄ñ èé✻è ó×óôä✆â

÷îøÛôìà áâà �äÝôñøÛì❋à öÛâà èéé✶â ❚Ûô ìÝø×íîÝÜ Ýï ìîÜô×ä ñôøåì×ä äôñÝÜ×Üøôñ ïÝä
ñôõîõ×sÝä ×❡ôñ ñõ×ììôä íÛ×Ü ê û❆â ■ø×äåñ èê✂à ê✸✷ÿêý✷â

✝✞✟✠ ✡☛✠ ÕôÛ×ßîÝä Ýï ✭❞♠☞✌✴✍✆
✎ ïåÜøíîÝÜ Üô×ä ô❡×øí îÜíôäñôøíîÝÜ øÝÜ❛✁åä×íîÝÜñ ×í

×ñøôÜÙîÜ✁ ÜÝÙô ßñâ ❤ ✭íÛô ❦ ß×ìåô îñ øÝÜñíä×îÜôÙ Øú × øÝÜÙîíîÝÜ ❦
✎
✰ ❤

✎
❂ ✏

✎
❂ øÝÜò

ñí×Üí✆â ❲ô ñÛÝ❈ íÛô ñîíå×íîÝÜ ïÝä ❤ ✑ ✷à îâôâ ❈ÛôÜ íÛô îõó×øíñ Ýøøåä ßôäú Üô×ä íÛô
óôäîøôÜíôä Ýï íÛô ó×äíîøìô ÝäØîíâ ❍×ßîÜ✁ íÛô í×ä✁ôí ÝäØîí ×í ✒❝☞✓❝ ❂ è û❆à ❈ô ñÛÝ❈ íÛäôô
ÙîïïôäôÜí ø×ñôñ☎ ✭î✆ ✒❝☞✓❝ ✔ q ❂ è✷

✕✹ û❆ ✭ìî✁Ûí ✁ä×ú✆à ✭îî✆ ✒❝☞✓❝ ✔ q ❂ ✶âü ✖ è✷
✕✺ û❆ ✭Ù×ä❇

✁ä×ú✆à ×ÜÙ ✭îîî✆ ✒❝☞✓❝ ✔ q ❂ ü ✖ è✷
✕✺ û❆ ✭Øì×ø❇✆à ×ìì ïÝä ✍ ❂ ýâ✻ ✖ è✷

✕✺ û❆ ô❢å×ì íÝ íÛô
ë×äíÛ ä×Ùîåñâ ❚Ûô ✭❞♠☞✌✴✍✆

✎
❂ ✷ øÝÜÙîíîÝÜ îñ ïÝä íÛô ó×äíîøìô ÜÝÙ×ì Ùîñí×Üøô ô❡×øíìú ×í

✒❝☞✓❝à ÙôÜÝíôÙ ❤✇ îÜ íÛô íô❡íâ ❚Ûô ×ääÝ❈ñ îÜÙîø×íô îÜíôäß×ì Ýï ❤ ß×ìåôñ Üô×ä ❤✇ ïÝä
❈ÛîøÛ íÛô õîÜîõåõ ÝäØîí Ùîñí×Üøô íÝ íÛô í×ä✁ôí îñ ìôññ íÛ×Ü ✍ ×ÜÙ ÝØìî❢åô îõó×øíñ
Ýøøåäâ ❚Ûôäô ×äô åñå×ììú ñôó×ä×íô ❤ ✭×ÜÙ øÝääôñóÝÜÙîÜ✁ìú ①✆ îÜíôäß×ìñ ïÝä ❤✇ óÝñîíîßô
×ÜÙ Üô✁×íîßôà Øåí ❈ÛôÜ ✒❝☞✓❝ ✔ q îñ ìôññ íÛ×Ü × øäîíîø×ì ß×ìåô íÛôú õôä✁ô îÜíÝ × ñîÜ✁ìô
îÜíôäß×ì ✭ñåøÛ ×ñ ïÝä íÛô Øì×ø❇ øåäßô✆â

❉✗ ❱✘❦✙✘✚❤✛✜✢❦✣✤ ✏✥ ✒✛✗ ✦ ✧✢✒✙✚★ ✩✪✫ ✬✩✮✪✩✯ ✪✱✮✲✪✳✮ èüé
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▼�✁✂✄☎✆ P✝✆ ❚✂✞✟✠✡✆ ❋✝✆ ✶☛☛☞✝ ❚✂✄ ❑✞✌✠� r✄✡✞✍✠✍✁✄ ❢✞r ✍✄✠r♥✎✠r✏✂ ✠✡✏✄r✞�❛✡ ✇�✏✂

✡✄✟�✟✠s✞r ✠✑✄✡ ✡✟✠☎☎✄r ✏✂✠✍ ✷ ❆✒✝ ❆✡✏r✞✍✝ ❆✡✏r✞✓✂✔✡✝ ✸✕✖✆ ✸✶✕✗✸✶✘✝

▼✞r✙�❛✄☎☎�✆ ❆✝✆ ✷✕✕✷✝ ▼✞❛✄r✍ ❈✄☎✄✡✏�✠☎ ▼✄✁✂✠✍�✁✡✚ ❆✡✓✄✁✏✡ ✞❢ ❙✞☎✠r ❙✔✡✏✄✟

❉✔✍✠✟�✁✡✝ ❚✠✔☎✞r ✫ ❋r✠✍✁�✡✆ ❈✠✟✙r�❛✛✄ ❙✁�✄✍✏�✜✁ P✢✙☎�✡✂✄r✡✆ ✸✖☞✓✓✝

◆✄✡✣✞r✍✔➫ ✆ ❉✝✆ ❱✞✤r✞✢✂☎�✁✤✔➫ ✆ ❉✝✆ P✞✤✞r✍✔➫ ✆ P✝✆ ❏✠✍✁✂✄✡✆ ❉✝✆ ✷✕✶✶✝ ❉✔✍✠✟�✁✡ ✞❢ ❛✢✡✏

✓✠r✏�✁☎✄✡ r✄☎✄✠✡✄❛ ❢r✞✟ ❖✞r✏ ✁☎✞✢❛ ✁✞✟✄✏✡ ✠✍❛ ✏✂✄�r ✁✞✍✏r�✙✢✏�✞✍ ✏✞ r✠❛✠r

✟✄✏✄✞r✡✝ ❆✡✏r✞✓✂✔✡✝ ❏✝ ✖✼✸✆ ✸✖✆ ✶✷✓✓✝

Ö✓�✤✆ ✎✝❏✝✆ ✶☛✥✶✝ ❈✞☎☎�✡�✞✍ ✓r✞✙✠✙�☎�✏�✄✡ ✇�✏✂ ✏✂✄ ✓☎✠✍✄✏✡ ✠✍❛ ✏✂✄ ❛�✡✏r�✙✢✏�✞✍ ✞❢

�✍✏✄r✓☎✠✍✄✏✠r✔ ✟✠✏✏✄r✝ Pr✞✁✝ ❘✞✔✝ ■r�✡✂ ❆ ✥✼✆ ✶☞✥✗✶☛☛✝

Ö✓�✤✆ ✎✝❏✝✆ ✶☛✖☞✝ ■✍✏✄r✓☎✠✍✄✏✠r✔ ✎✍✁✞✢✍✏✄r✡✚ ❈☎✞✡✄♥❘✠✍✛✄ ●r✠✣�✏✠✏�✞✍✠☎ ■✍✏✄r✠✁✏�✞✍✡✝

✎☎✡✄✣�✄r✆ ❆✟✡✏✄r❛✠✟✆ ✶✥✥✓✓✝

Pr✄✡✡✆ ❲✝❘✝✆ ❚✄✢✤✞☎✡✤✔✆ ❙✝❆✝✆ ❱✄✏✏✄r☎�✍✛✆ ❲✝✆ ❋☎✠✍✍✄r✔✆ ❇✝P✝✆ ✷✕✕✖✝ ◆✢✟✄r�✁✠☎ ❘✄✁�✓✄✡✚

❚✂✄ ❆r✏ ✞❢ ❙✁�✄✍✏�✜✁ ❈✞✟✓✢✏�✍✛✝ ❈✠✟✙r�❛✛✄ ✒✍�✣✄r✡�✏✔ Pr✄✡✡✆ ❈✠✟✙r�❛✛✄✆

✶✷✥☞✓✓✝

❙✏✄✄☎✆ ❉✝■✝✆ ❇✠✛✛✠☎✄✔✆ ❲✝❏✝✆ ✶☛✘✥✝ ❈✞☎☎�✡�✞✍✡ �✍ ✏✂✄ ❙✞☎✠r ❙✔✡✏✄✟ ✗ ■✚ ■✟✓✠✁✏✡ ✞❢ ✏✂✄

❆✓✞☎☎✞✗❆✟✞r✗❆✏✄✍ ✠✡✏✄r✞�❛✡ ✢✓✞✍ ✏✂✄ ✏✄rr✄✡✏r�✠☎ ✓☎✠✍✄✏✡✝ ▼✞✍✝ ◆✞✏✝ ❘✝ ❆✡✏r✞✍✝

❙✞✁✝ ✷✶✷✆ ✘✶✖✗✘✸☞✝

❙✏✄✄☎✆ ❉✝■✝✆ ✎☎❢✞r❛✆ ❲✝●✝✆ ✶☛✘☞✝ ❈✞☎☎�✡�✞✍✡ �✍ ✏✂✄ ❙✞☎✠r ❙✔✡✏✄✟✚ ■■■ ✗ ▼✄✏✄✞r✞�❛ ✡✢r✣�✣✠☎

✏�✟✄✡✝ ▼✞✍✝ ◆✞✏✝ ❘✞✔✝ ❆✡✏r✞✍✝ ❙✞✁✝ ✷✶✘✆ ✶✘✥✗✶☛☛✝

❙✔✤✄✡✆ ▼✝❱✝✆ ✶☛☛✕✝ ❩✞❛�✠✁✠☎ ❛✢✡✏ ✙✠✍❛✡✚ ❚✂✄�r r✄☎✠✏�✞✍ ✏✞ ✠✡✏✄r✞�❛ ❢✠✟�☎�✄✡✝ ■✁✠r✢✡ ✘✥✆

✷☞✖✗✷✘☛✝

❚✂✞✟✠✡✆ ❋✝✆ ▼✞r✙�❛✄☎☎�✆ ❆✝✆ ✶☛☛☞✝ ❚✂✄ ❑✞✌✠� r✄✡✞✍✠✍✁✄ �✍ ✏✂✄ ✞✢✏✄r ❙✞☎✠r ❙✔✡✏✄✟ ✠✍❛

✏✂✄ ❛✔✍✠✟�✁✡ ✞❢ ☎✞✍✛♥✓✄r�✞❛ ✁✞✟✄✏✡✝ ❈✄☎✄✡✏✝ ▼✄✁✂✝ ❉✔✍✠✟✝ ❆✡✏r✞✍✝ ☞✼✆ ✷✕☛✗✷✷☛✝

❱✠☎✡✄✁✁✂�✆ ●✝❇✝✆ ❏✞✓✄✤✆ ❚✝❏✝✆ ❋r✞✄✡✁✂☎✦✆ ❈✝✆ ✶☛☛☛✝ ▼✄✏✄✞r✞�❛ ✡✏r✄✠✟ �❛✄✍✏�✜✁✠✏�✞✍✚ ❆

✍✄✇ ✠✓✓r✞✠✁✂ ■✝ ❚✂✄✞r✔✝ ▼✞✍✝ ◆✞✏✝ ❘✝ ❆✡✏r✞✍✝ ❙✞✁✝ ✸✕✼✆ ✖✼✸✗✖✥✕✝

❲✄✏✂✄r�☎☎✆ ●✝❲✝✆ ✶☛☞✖✝ ❈✞☎☎�✡�✞✍✡ �✍ ✏✂✄ ✠✡✏✄r✞�❛ ✙✄☎✏✝ ❏✝ ●✄✞✓✂✔✡✝ ❘✄✡✝ ✖✷✆ ✷✼✷☛✗

✷✼✼✼✝

✶☞✕ ✧★ ✩✪✬✭✪✮✯✰✱✲✬✳✴ ❡✵ ✹✰★ ✺ ✻✲✹✭✮✽ ✾✿❀ ❁✾❂✿✾❃ ✿❄❂❅✿❊❂
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Paper B

Ö�✁✂✄☎✆�✝ ❝✞✟✟✁✠✁✞✡ �♣✞☛☞☛✁✟✁☎✆ ❢✞♣ ❤✁✌❤✄✁✡❝✟✁✡☞☎✁✞✡ ✞♣☛✁☎✠♦ ❚☞♣✌✝☎✠ ✞✡

✝❝❝✝✡☎♣✁❝ ✞♣☛✁☎✠

P✍✎✏ P✑✒✑✏✓✔➫ ✕✱ ❉✖✗✘✙ ❱✑✒✏✑✚✛✜✘✢✒✔➫

■✣✤✥✦✥✧✥★ ✩✪ ❆✤✥✫✩✣✩✬✭✮ ❈✯✰✫✲★✤ ❯✣✦✳★✫✤✦✥✭✮ ✴ ❍✩✲★✵✩✳✦✶✷❦✸✶✯ ✹✮ ❈✺✻✼✽✾✾✾✮ ✿✫✰❀✧★ ✽✮ ❈❁★✶✯ ❘★❂✧❃✲✦✶

❛ ❄ t ❅ ❇ ❧ ❡ ❅ ♥ ❊ ❋

❆✫✥✦✶✲★ ✯✦✤✥✩✫✭●
❏❑▲❑▼◆❑❖ ◗◗ ❙❲❳▼❨ ◗❩❬❭
❏❑◆▼❪❑❖ ❬❭ ❫❴❵❑ ◗❩❬❭
❙▲▲❑❲❜❑❖ ❬❞ ❫❴❵❑ ◗❩❬❭
❙◆❣▼❨❣✐❨❑ ❥❵❨▼❵❑ ◗♠ ❫❴❵❑ ◗❩❬❭

q★✭r✩✫s✤●
✉❑❨❑❪❜▼❣❨ ✈❑▲✇❣❵▼▲❪
①✈❲❣▲❜ ❲❳❥▲❑❪❪❑❪
❙❪❜❑❳❥▼❖❪
①❵❜❑❳❲❨❣❵❑❜❣❳② ❖❴❪❜

❛ ③ ④ t ❄ ❛ ❇ t

⑤⑥⑦⑧⑨⑩⑨❶❷⑦❸ ❹❺⑦❸❻⑦⑩⑨❶❷ ❶❼ ❽❶❸❸⑨❾⑨❶❷ ❿⑥❶➀⑦➀⑨❸⑨⑩➁ ➀❹⑩➂❹❹❷ ⑩➂❶ ➀❶⑧⑨❹❾ ❶❷ ➀❶❻❷⑧ ➃❹❸⑨❶❽❹❷⑩⑥⑨❽ ❶⑥ ❿❸⑦❷❹⑩❶❽❹❷➄
⑩⑥⑨❽ ❶⑥➀⑨⑩❾ ⑨❷❽❸❻⑧❹ ⑦❾❾❻➅❿⑩⑨❶❷❾ ⑩➃⑦⑩ ⑦⑥❹ ❶❼⑩❹❷ ❶❷❸➁ ⑦❷ ⑦❿❿⑥❶➆⑨➅⑦⑩⑨❶❷ ❶❼ ⑩➃❹⑨⑥ ⑥❹⑦❸ ➅❶⑩⑨❶❷➇ ➈❷ ❿⑦⑥⑩⑨❽❻❸⑦⑥➉
⑩➃❹❾❹ ⑦❿❿⑥❶⑦❽➃❹❾ ⑥❹➊❻⑨⑥❹ ➋⑨➌ ⑩➃❹ ❶⑥➀⑨⑩⑦❸ ❹❽❽❹❷⑩⑥⑨❽⑨⑩➁ ⑦❷⑧ ⑨❷❽❸⑨❷⑦⑩⑨❶❷ ❶❼ ➀❶⑩➃ ⑩⑦⑥➍❹⑩ ⑦❷⑧ ❿⑥❶➎❹❽⑩⑨❸❹ ❸❶❷➍➄
⑩❹⑥➅ ❽❶❷❾⑩⑦❷⑩➉ ⑦❷⑧ ➋⑨⑨➌ ⑩➃❹⑨⑥ ❸❶❷➍⑨⑩❻⑧❹ ❶❼ ⑦❾❽❹❷⑧⑨❷➍ ❷❶⑧❹ ⑦❷⑧ ⑦⑥➍❻➅❹❷⑩ ❶❼ ❿❹⑥⑨❽❹❷⑩❹⑥ ❿⑥❹❽❹❾❾⑨❷➍ ❻❷⑨➄
❼❶⑥➅❸➁ ⑨❷ ⑩⑨➅❹➇ ➏❶⑩➃ ❽❶❷⑧⑨⑩⑨❶❷❾ ➋⑨➌ ⑦❷⑧ ➋⑨⑨➌ ⑦⑥❹ ❾⑦⑩⑨❾➐❹⑧ ❼❶⑥ ❶⑥➀⑨⑩❾ ➂⑨⑩➃ ❺❹⑥➁ ❾➅⑦❸❸ ❹❽❽❹❷⑩⑥⑨❽⑨⑩⑨❹❾ ⑦❷⑧ ⑨❷❽❸⑨➄
❷⑦⑩⑨❶❷❾ ❶❷❸➁➇ ➑➃❹❷ ❹⑨⑩➃❹⑥ ❶❼ ⑩➃❹❾❹ ⑩➂❶ ❹❸❹➅❹❷⑩❾ ⑨❾ ❸⑦⑥➍❹➉ ⑦ ⑩⑨⑧⑦❸ ❿❹⑥⑩❻⑥➀⑦⑩⑨❶❷ ➀➁ ❿❸⑦❷❹⑩❾➉ ❶⑥ ⑩➃❹ ➒❻❷ ⑨❷ ⑦
❿❸⑦❷❹⑩❶❽❹❷⑩⑥⑨❽ ❽❶❷➐➍❻⑥⑦⑩⑨❶❷➉ ➅⑦➓❹❾ ⑩➃❹❾❹ ❹❸❹➅❹❷⑩❾ ❶❾❽⑨❸❸⑦⑩❹ ⑨❷ ⑦ ❽❶⑥⑥❹❸⑦⑩⑨❶❷ ➂⑨⑩➃ ⑩➃❹ ❷❶❷➄❸⑨❷❹⑦⑥ ❹❺❶❸❻➄
⑩⑨❶❷ ❶❼ ⑩➃❹ ❾❹❽❻❸⑦⑥ ⑦❷➍❸❹❾➇ ➔❶➓⑥❶❻➃❸⑨❽➓➁→ ❹⑩ ⑦❸➇ ➋➔❶➓⑥❶❻➃❸⑨❽➓➁→ ➉ ➣➇➉ ↔❶➓❶⑥❷➁→ ➉ ↔➇➉ ↕❹❾❺❶⑥❷➁→ ➉ ➣➇ ➙➛➜➝➛➞➇ ➈❽⑦⑥❻❾
➛➝➟➉ ➝➠➜➡➝➢➜➌ ⑧❹❺❹❸❶❿❹⑧ ⑦❷ ⑦❿❿⑥❶⑦❽➃ ➂➃⑨❽➃ ⑦❸❸❶➂❾ ⑩➃❹ ❶⑥➀⑨⑩ ❶❼ ⑩➃❹ ❿⑥❶➎❹❽⑩⑨❸❹ ❻❷⑧❹⑥➍❶ ❾❻❽➃ ⑦ ➍❹❷❹⑥⑦❸
❾❹❽❻❸⑦⑥ ❹❺❶❸❻⑩⑨❶❷➇ ➤❷ ⑦❾❾❻➅❿⑩⑨❶❷ ❶❼ ⑩➃❹ ❽⑨⑥❽❻❸⑦⑥ ❶⑥➀⑨⑩ ❶❼ ⑩➃❹ ⑩⑦⑥➍❹⑩➉ ➃❶➂❹❺❹⑥➉ ➂⑦❾ ⑦ ❾⑨➍❷⑨➐❽⑦❷⑩ ⑧⑥⑦➂➀⑦❽➓
❶❼ ⑩➃❹⑨⑥ ➅❹⑩➃❶⑧➇ ➥❹⑥❹➉ ➂❹ ❹➆⑩❹❷⑧ ➔❶➓⑥❶❻➃❸⑨❽➓➁→ ❹⑩ ⑦❸➇➦❾ ➂❶⑥➓ ⑩❶ ⑦❸❸❶➂ ⑦ ➍❹❷❹⑥⑦❸ ❹❽❽❹❷⑩⑥⑨❽ ⑦❷⑧ ❿⑥❹❽❹❾❾⑨❷➍
❶⑥➀⑨⑩ ❶❼ ⑩➃❹ ⑩⑦⑥➍❹⑩ ➋⑦❾❾❻➅⑨❷➍ ⑩➃❶❻➍➃ ➐➆❹⑧ ❶⑥➀⑨⑩⑦❸ ❿❸⑦❷❹ ⑨❷ ❾❿⑦❽❹➌➇ ➑❹ ⑩❹❾⑩ ❿⑥❹⑧⑨❽⑩⑨❶❷❾ ❶❼ ❶❻⑥ ❷❹➂
⑦❿❿⑥❶⑦❽➃➉ ⑦❾ ➂❹❸❸ ⑦❾ ❿⑥❹❺⑨❶❻❾ ⑩➃❹❶⑥⑨❹❾➉ ⑦➍⑦⑨❷❾⑩ ⑦ ⑧⑨⑥❹❽⑩ ❷❻➅❹⑥⑨❽⑦❸ ⑨❷⑩❹➍⑥⑦⑩⑨❶❷ ⑦❷⑧ ❹❾⑩⑨➅⑦⑩❹ ⑩➃❹⑨⑥ ❺⑦❸⑨⑧⑨⑩➁➇
➤ ❿⑦⑥⑩⑨❽❻❸⑦⑥ ⑥❻❷ ⑨❾ ❿❹⑥❼❶⑥➅❹⑧ ❼❶⑥ ➧➄➀❹❸⑩ ❿⑥❶➎❹❽⑩⑨❸❹❾ ⑨➅❿⑦❽⑩⑨❷➍ ⑩❹⑥⑥❹❾⑩⑥⑨⑦❸ ❿❸⑦❷❹⑩❾➇ ➑❹ ❽❶❷❽❸❻⑧❹ ⑦ ❾❻⑥❿⑥⑨❾➄
⑨❷➍❸➁ ➍❶❶⑧ ❽❶⑥⑥❹❾❿❶❷⑧❹❷❽❹ ❶❼ ⑩➃❹ ⑧⑨⑥❹❽⑩❸➁ ❶➀⑩⑦⑨❷❹⑧ ⑨➅❿⑦❽⑩ ⑥❹❽❶⑥⑧ ❼⑥❶➅ ⑩➃❹ ❷❻➅❹⑥⑨❽⑦❸ ❾⑨➅❻❸⑦⑩⑨❶❷ ⑦❷⑧ ⑩➃❹
❹❾⑩⑨➅⑦⑩❹ ❼⑥❶➅ ❶❻⑥ ⑩➃❹❶⑥➁➇ ➏⑦❾❹⑧ ❶❷ ⑩➃❹❾❹ ⑥❹❾❻❸⑩❾➉ ➂❹ ⑨❷❼❹⑥ ⑩➃⑦⑩ ⑩➃❹ ❽⑥⑦⑩❹⑥ ⑧❹❷❾⑨⑩➁ ❼⑥❶➅ ➧➄➀❹❸⑩ ❿⑥❶➎❹❽⑩⑨❸❹❾
❶❷ ➨❹⑥❽❻⑥➁ ❾➃❶❻❸⑧ ➀❹ ⑥❶❻➍➃❸➁ ❽❶➅❿⑦⑥⑦➀❸❹ ➋❶⑥ ❶❷❸➁ ❾❸⑨➍➃⑩❸➁ ❸⑦⑥➍❹⑥➌ ⑩❶ ⑩➃⑦⑩ ❶❷ ❶❻⑥ ➨❶❶❷➇

➩ ➛➜➝➭ ➧❸❾❹❺⑨❹⑥ ➈❷❽➇ ➤❸❸ ⑥⑨➍➃⑩❾ ⑥❹❾❹⑥❺❹⑧➇

➯➲ ➳➵➸➺➻➼➽➾➸➚➻➵

➪➶➹➘➴➷➬➮ ➹➱➱✃❐❒➹➘❮➴❰ Ï❮➷Ð ➷Ð➴❮Ñ ➬➹➷➴➶➶❮➷➴➬➮ ➹Ñ➴ ➘✃➷ ➹➶✃➘➴ ➷✃ Ñ➴Ò
Ó✃➶Ó➴ ➹Ô✃Õ➷ ➷Ð➴ ×Õ➘Ø ÙÐ➴Ñ➴ ❮➬ ➹ ❐ÚÑ❮➹❰ ✃Û ➬❐➹➶➶➴Ñ Ô✃❰❮➴➬➮ Ñ➹➘Ü❮➘Ü
ÛÑ✃❐ ➹➬➷➴Ñ✃❮❰➬ ➹➘❰ ➱✃❐➴➷➬ ❰✃Ï➘ ➷✃ ➬❮Ý➴➬ ✃Û ❰Õ➬➷ ❒➹Ñ➷❮➱➶➴➬➮ ✃ÑÔ❮➷❮➘Ü
➷Ð➴ ×Õ➘Ø ×✃❐➴ ✃Û ➷Ð➴❐ ❐➹Ú ✃➱➱➹➬❮✃➘➹➶➶Ú ➬Ð➹Ñ➴ ➷Ð➴ ➬➹❐➴ Ñ➴Ü❮✃➘ ❮➘
➬❒➹➱➴ ÏÐ➴Ñ➴ ❒➶➹➘➴➷➬ ❐✃Ó➴➮ ➹➘❰ ➷ÐÕ➬ ➱✃Õ➶❰ ❮❐❒➹➱➷ ✃➘ ➷Ð➴❐Ø Þ❮Ó❮➘Ü
❮➘ ➶➹ÑÜ➴ ❒✃❒Õ➶➹➷❮✃➘➬➮ ➷Ð➴➬➴ ➬❐➹➶➶➴Ñ Ô✃❰❮➴➬ ❐➹Ú ➹➶➬✃ Ð❮➷ ➴➹➱Ð ✃➷Ð➴ÑØ
ßÓ➹➶Õ➹➷❮➘Ü ➷Ð➴ ➬❐➹➶➶➮ ➷Ð✃ÕÜÐ ➘✃➘ÒÝ➴Ñ✃➮ ❒Ñ✃Ô➹Ô❮➶❮➷Ú ✃Û ➷Ð➴➬➴ ➴Ó➴➘➷➬
❮➬ ✃Û➷➴➘ ➹➘ ❮❐❒✃Ñ➷➹➘➷ ❮➘Û✃Ñ❐➹➷❮✃➘ ❮➘ ❒➶➹➘➴➷➹ÑÚ ➬➷Õ❰❮➴➬Ø à➘ ➷Ð❮➬
Ï✃Ñá➮ Ï➴ ❰✃ ➘✃➷ ❰➴➹➶ Ï❮➷Ð ➹➘ ❮❐❒➹➱➷ ❒Ñ✃Ô➹Ô❮➶❮➷Ú ✃Û ➹ ➬❒➴➱❮â➱ ❒Ñ✃Ò
ã➴➱➷❮➶➴ ✃Ó➴Ñ ➹ ➬Ð✃Ñ➷ ➷❮❐➴➬➱➹➶➴Ø ä➹➷Ð➴Ñ➮ Ï➴ Ð➹Ó➴ ❮➘ ❐❮➘❰ ➹➘ ➴Ó➹➶Õ➹Ò
➷❮✃➘ ✃Û ➹ ❐➴➹➘ ❮❐❒➹➱➷ ❒Ñ✃Ô➹Ô❮➶❮➷Ú ➹Ó➴Ñ➹Ü➴❰ ✃Ó➴Ñ ➹ ➷❮❐➴➬➱➹➶➴
➴åÕ➹➶ ✃Ñ ➶✃➘Ü➴Ñ ➷Ð➹➘ ➷Ð➹➷ ➱Ð➹Ñ➹➱➷➴Ñ❮Ý❮➘Ü ➹ ➬➴➱Õ➶➹Ñ ➴Ó✃➶Õ➷❮✃➘ ✃Û
➷Ð➴ ❒Ñ✃ã➴➱➷❮➶➴ ✃ÑÔ❮➷Ø

æ❒❮á çèéêèë Ï➹➬ ➷Ð➴ âÑ➬➷ ➷✃ ❰➴➹➶ Ï❮➷Ð ➷Ð❮➬ ❒Ñ✃Ô➶➴❐ ❮➘ ➷Ð➴ ❐✃❰Ò
➴Ñ➘ ➹➬➷Ñ✃➘✃❐❮➱➹➶ ➶❮➷➴Ñ➹➷ÕÑ➴Ø ÙÐ❮➬ Ï✃Ñá ➹➬➬Õ❐➴❰ ➹ ➷➹ÑÜ➴➷ ✃➘ ➹ ➱❮Ñ➱ÕÒ
➶➹Ñ ✃ÑÔ❮➷ âì➴❰ ❮➘ ➬❒➹➱➴➮ ➬Ï➴➴❒❮➘Ü ➷ÐÑ✃ÕÜÐ ➹ ❒✃❒Õ➶➹➷❮✃➘ ✃Û ❒Ñ✃ã➴➱➷❮➶➴➬
✃➘ Ô✃Õ➘❰ Ð➴➶❮✃➱➴➘➷Ñ❮➱ ✃ÑÔ❮➷➬ Ï❮➷Ð ➱✃➘➬➷➹➘➷ ➴➱➱➴➘➷Ñ❮➱❮➷❮➴➬ ➹➘❰

❮➘➱➶❮➘➹➷❮✃➘➬Ø æ❒❮áí➬ ➷Ð➴✃ÑÚ Ï➹➬ ➶➹➷➴Ñ Ü➴➘➴Ñ➹➶❮Ý➴❰ Û✃Ñ ➷➹ÑÜ➴➷➬ ✃➘
➴➱➱➴➘➷Ñ❮➱ ➹➘❰ ❮➘➱➶❮➘➴❰ ✃ÑÔ❮➷➬ ÔÚ î➴➷Ð➴Ñ❮➶➶ çèéïðë ➹➘❰ ñÑ➴➴➘Ô➴ÑÜ
çèéòóë ÏÐ❮➱Ð ➷Ð➴❐➬➴➶Ó➴➬ Õ➘❰➴ÑÜ✃ ➹ ➬❮❐❒➶➴ ➬➴➱Õ➶➹Ñ ➴Ó✃➶Õ➷❮✃➘➮ ➹Ü➹❮➘
á➴➴❒❮➘Ü ➷Ð➴ ➹➬➬Õ❐❒➷❮✃➘ ✃Û ➹ ➶✃➘ÜÒ➷➴Ñ❐ ➱✃➘➬➷➹➘➷ Ó➹➶Õ➴➬ ✃Û ✃ÑÔ❮➷➹➶
➴➱➱➴➘➷Ñ❮➱❮➷Ú ➹➘❰ ❮➘➱➶❮➘➹➷❮✃➘Ø ô ➬➶❮ÜÐ➷➶Ú ❰❮ÛÛ➴Ñ➴➘➷ ➹❒❒Ñ✃➹➱Ð Ï➹➬ ❮➘❰➴Ò
❒➴➘❰➴➘➷➶Ú ❒Ñ✃❒✃➬➴❰ ÔÚ õ➴➬➬➶➴Ñ çèéòèëØ

ô➶➶ ➷Ð➴➬➴ ➹Ô✃Ó➴ ❐➴➘➷❮✃➘➴❰ ➹❒❒Ñ✃➹➱Ð➴➬ ➹Ñ➴ ÛÑ➴åÕ➴➘➷➶Ú Õ➬➴❰ ➷✃
❰➴➷➴Ñ❐❮➘➴ ➹ ➱✃➶➶❮➬❮✃➘ ❒Ñ✃Ô➹Ô❮➶❮➷Ú ➹❐✃➘Ü ❐➴❐Ô➴Ñ➬ ✃Û ➹ ❒✃❒Õ➶➹➷❮✃➘
✃Û ➬❐➹➶➶ Ô✃❰❮➴➬ ✃Ñ Ï❮➷Ð Ñ➴➬❒➴➱➷ ➷✃ ❒➶➹➘➴➷➬ ➹➘❰ ➷Ð➴❮Ñ ➬➹➷➴➶➶❮➷➴➬Ø ö✃Ñ
❮➘➬➷➹➘➱➴➮ ➹➶➶ ➱✃➶➶❮➬❮✃➘➹➶ ➴Ó✃➶Õ➷❮✃➘ ➱✃❰➴➬ ➹Ñ➴ Ô➹➬➴❰ ✃➘ ➴❮➷Ð➴Ñ î➴➷Ð➴Ò
Ñ❮➶➶í➬ ✃Ñ ñÑ➴➴➘Ô➴ÑÜí➬ Ó➹Ñ❮➹➘➷➬ ✃Û ➷Ð➴ ❐➴➷Ð✃❰➮ ➬✃❐➴ ✃➱➱➹➬❮✃➘➹➶➶Ú Õ➬➴
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✟❃✝▲✝ ▲✐✟➥❛✟✐✠�▲ ❛▲ ❏✝✿✿❁ t✠▲✟ ❏✠✞➪ ❏✠➥✿✆ �✝✝✆ ✟✠ ❜✝ ❍✝✞❞✠✞t✝✆
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✻
Þ ➎➏➐

✻
➑ þ ð➔ ⑨ ➓ →➣➎ ➑Þ

✻
↔ ① ð❷✵Þ

♥☎❡✁❡ ↕ ❂ r✾➙➧✿✭❀✾➛✾✮ ❛❝✏ ➜ ❂ ➝➞✆✝❝➟✿➠☞ ⑥✂✞❡ ❽➆➈➉ ✝✆ ❛ ♦✡❝✄✞✝✂❝ ✂♦

❛✆✆✡♠❡✏ ❏✑❡✏ r✾ ❛❝✏ ✂✁❜✝✞❛✠ �❛✁❛♠❡✞❡✁✆ ✂♦ ✞☎❡ �✁✂♣❡✄✞✝✠❡ ♥✝✞☎ ✞☎❡

❝✂✏❛✠ ✏✝✆✞❛❝✄❡ r ❂ ❀➛
❾
✿✭✎ ➡ ➞✄✂✆➟✮☞ ➢✠✠ �✂✆✆✝❜✝✠✝✞✝❡✆ ♥✝✞☎ ❽➆➈➉ ➤ ➥

➦➨➩➭ ➯➭ ➲➳➵➸➺➻➼ ➳➽➾➺➸➚➪➾➶➹ ➪➘➴➻➵➚ ➷➳➾➘➳➚➼➪➳➬ ➮➼➻➱➪➻➶➚ ➴➾➬➪➚➪➾➶✃ ➻➶➱ ➪➶➚➼➪➶➬➪➵ ➪➘➴➻➵➚ ➴➼➾❐➻❐➪➺➪➚❒❮ ❰➻➬➬➺➳➬➬ ➚➻➼➷➳➚ ➾➶ ❰➳➼➵➸➼❒Ï➺➪Ð➳ ➾➼❐➪➚ Ñ➪➚Ò ➚Ò➳ ➬➳➘➪➘➻Ó➾➼ ➻Ô➪➬ ÕÖ × Ø❮ÙÚÛÜ Ýß

➻➶➱ ➚Ò➳ ➳➵➵➳➶➚➼➪➵➪➚❒ àÖ × Ø❮áØâã❮ ä➼➾Ó➳➵➚➪➺➳ Ò➻➬ ➚Ò➳ ➬➳➘➪➘➻Ó➾➼ ➻Ô➪➬ Õ × Ø❮å Ýß➹ ➻➶➱➪➶➪➚➪➻➺ ➳➵➵➳➶➚➼➪➵➪➚❒ à × Ø❮Øá➹ ➪➶➵➺➪➶➻➚➪➾➶ æ × Ùç ➻➶➱ ➻➼➷➸➘➳➶➚ ➾è ➴➳➼➪➵➳➶➚➳➼ é × Øç❮ ➲➪➶➷➺➳

➴➳➼➚➸➼❐➪➶➷ ➴➺➻➶➳➚ ➾➶ ➻ ê➸➴➪➚➳➼Ï➺➪Ð➳ ➾➼❐➪➚➹ ➵➾➴➺➻➶➻➼ Ñ➪➚Ò ➚Ò➳ ➚➻➼➷➳➚ ➪➬ ➻➬➬➸➘➳➱❮ ë➾➴ ➻➶➱ ➺➳è➚ì ➲➳➵➸➺➻➼ ➳➽➾➺➸➚➪➾➶ ➚➼➻➵Ð ➾è ➚Ò➳ ➴➼➾Ó➳➵➚➪➺➳ ➾➼❐➪➚ ➪➬ ➻ ➬➘➻➺➺ ➵➪➼➵➺➳ ➪➶ ➚Ò➳

➮í➹î✃ × à➮➵➾➬é➹➬➪➶é✃ ➴➺➻➶➳ ➮❐➺➻➵Ð ➵➸➼➽➳ ➸➶➱➳➼➶➳➻➚Ò ➚Ò➳ ➵➾➺➾➼Ï➵➾➱➳➱ ➴➻➚➚➳➼➶✃❮ ï➳➵➻➸➬➳ ➚Ò➳ ➾➼❐➪➚ ➾è ➚➻➼➷➳➚ ➪➬ ➳➵➵➳➶➚➼➪➵➹ ➚➼➸➳ ➪➘➴➻➵➚➬ ➻➼➳ ➴➾➬➬➪❐➺➳ ➻➺➾➶➷ ➚Ò➳ ÑÒ➾➺➳ ➚➼➻Ó➳➵➚➾➼❒

➵Ò➻➼➻➵➚➳➼➪ñ➪➶➷ ➚Ò➳ ➬➳➵➸➺➻➼ ➳➽➾➺➸➚➪➾➶ ➾è ➚Ò➳ ➴➼➾Ó➳➵➚➪➺➳ ò ➬➸èó➵➳ ➚➾ ➪➶➱➳➴➳➶➱➳➶➚➺❒ ➚➸➶➳ ➚Ò➳ ➺➾➶➷➪➚➸➱➳ ➾è ➴➳➼➪➵➳➶➚➳➼ ➾è ➚Ò➳ ➚➻➼➷➳➚❮ ëÒ➳ ➪➶➚➼➪➶➬➪➵ ➵➾➺➺➪➬➪➾➶ ➴➼➾❐➻❐➪➺➪➚❒ è➾➼ ➚Ò➻➚

➵➾➶ó➷➸➼➻➚➪➾➶ ➪➬ ➷➪➽➳➶ ❐❒ ➾➸➼ è➸➶➵➚➪➾➶ ô➮õÖ✃ è➼➾➘ ö÷❮ ➮áâ✃❮ ëÒ➳ ➵➾➺➾➼ ➴➻➚➚➳➼➶ Ñ➪➚Ò ➚Ò➳ ➵➾➺➾➼ ❐➻➼ ➾➶ ➚Ò➳ ➼➪➷Ò➚ ➷➪➽➳➬ ô➮õÖ✃ ➪➶ ➮Ýß
øù ❒øú✃❮ ëÒ➳ Ò➪➷Ò➺❒ ➪➶➵➼➳➻➬➳➱ ➪➶➚➼➪➶➬➪➵ ➵➾➺➺➪➬➪➾➶

➴➼➾❐➻❐➪➺➪➚❒ è➾➼ î û Ø ➽➻➺➸➳➬ ➵➾➼➼➳➬➴➾➶➱ ➚➾ ➶➳➻➼ ➴➳➼➪➵➳➶➚➼➪➵ ➪➘➴➻➵➚➬ ➮➬➳➳ Ý➴➴➳➶➱➪Ô ➾è ü➾Ð➼➾➸Ò➺➪➵Ð❒ý ➳➚ ➻➺❮➹ áØÜá✃❮ ë➾➴ ➻➶➱ ➼➪➷Ò➚ì ÿ➻➱➪➻➶➚ ➴➾➬➪➚➪➾➶➬ ➾è ➪➘➴➻➵➚ ➷➳➾➘➳➚➼➪➳➬ ➻➬ ➬➳➳➶

❐❒ ➾❐➬➳➼➽➳➼ ➻➚ ➚Ò➳ ➚➻➼➷➳➚ ❐➾➱❒❜ ➚Ò➳ ➻❐➬➵➪➬➬➻ ➪➬ ➚Ò➳ ➺➾➶➷➪➚➸➱➳ ➃ ➘➳➻➬➸➼➳➱ è➼➾➘ ➚Ò➳ ➻➴➳Ô ➱➪➼➳➵➚➪➾➶➹ ➚Ò➳ ➾➼➱➪➶➻➚➳ ➪➬ ➚Ò➳ ➺➻➚➪➚➸➱➳ � ➮❐➾➚Ò ➪➶ ➱➳➷➼➳➳➬✃❮ ö➽➳➶ ➚Ò➾➸➷Ò ➚Ò➳➼➳ ➪➬ ➻➶

➪➶ó➶➪➚➳ ➶➸➘❐➳➼ ➾è ➪➘➴➻➵➚ ➵➾➶ó➷➸➼➻➚➪➾➶➬➹ ➚Ò➳ ➬➘➻➺➺ ➳➵➵➳➶➚➼➪➵➪➚❒ ➾è ➚Ò➳ ➴➼➾Ó➳➵➚➪➺➳ ➾➼❐➪➚ ➘➻Ð➳➬ ➚Ò➳➪➼ ➪➶➱➪➽➪➱➸➻➺ ➼➻➱➪➻➶➚➬ ➵➾➺➺➻➴➬➳ ➚➾ ➘➳➼➳➺❒ ➚Ò➳ ➬➻➘➳ ➴➾➬➪➚➪➾➶❮ ❈➾➺➾➼ ➵➾➱➪➶➷

➻➵➵➾➼➱➪➶➷ ➚➾ ➚Ò➳ ➪➶➚➼➪➶➬➪➵ ➵➾➺➺➪➬➪➾➶ ➴➼➾❐➻❐➪➺➪➚❒ ➻➬ ➪➶ ➚Ò➳ ➺➳è➚ ➴➻➶➳➺❮ ï➾➚➚➾➘ ➴➻➶➳➺ì ëÒ➳ è➾➼➘➻➺ ➵➾➺➺➪➬➪➾➶ ➴➼➾❐➻❐➪➺➪➚❒ ô❲✁✂✄ ➮Õ➹ à✟➹ æ✟❜ÕÖ➹ àÖ✃ ➱➸➼➪➶➷ ➻ ➬➳➵➸➺➻➼ ➮✭➪➱➾➽ò☎➾ñ➻➪✃ ➵❒➵➺➳

➬Ò➾Ñ➶ ➪➶ ➚Ò➳ ➚➾➴ ➻➶➱ ➺➳è➚ ➴➻➶➳➺ ➮❐➺➻➵Ð ➬➾➺➪➱ ➺➪➶➳❜ ➚Ò➳ ➻❐➬➵➪➬➬➻ ➪➬ ➚➪➘➳ ➪➶ Ð❒ ➻➶➱ ➚Ò➳ ➾➼➱➪➶➻➚➳ ➪➬ ➚Ò➳ ➪➶➚➼➪➶➬➪➵ ➵➾➺➺➪➬➪➾➶ ➴➼➾❐➻❐➪➺➪➚❒ ➪➶ Ýßøù ❒øú✃❮ ëÒ➳ ✭➪➱➾➽ò☎➾ñ➻➪ ➵❒➵➺➳ ➻➽➳➼➻➷➳➱

➪➶➚➼➪➶➬➪➵ ➵➾➺➺➪➬➪➾➶ ➴➼➾❐➻❐➪➺➪➚❒ è➼➾➘ ➾➸➼➘➳➚Ò➾➱ ô➇✆ ➮ö÷❮ ➮áÚ✃✃ ➪➬ ➚Ò➳ ❐➺➸➳ ➺➪➶➳➹ ➚Ò➳✝➳➚Ò➳➼➪➺➺✞➬ ➘➳➚Ò➾➱ ❐➻➬➳➱ ➻➽➳➼➻➷➳ ➪➶➚➼➪➶➬➪➵ ➵➾➺➺➪➬➪➾➶ ➴➼➾❐➻❐➪➺➪➚❒ ô✁❡❡ ➮ö÷❮ ➮á✠✃✃ ➪➬ ➚Ò➳ ➷➼➳➳➶ ➺➪➶➳❮

➮✡➾➼ ➪➶➚➳➼➴➼➳➚➻➚➪➾➶ ➾è ➚Ò➳ ➼➳è➳➼➳➶➵➳➬ ➚➾ ➵➾➺➾➼ ➪➶ ➚Ò➪➬ ó➷➸➼➳ ➺➳➷➳➶➱➹ ➚Ò➳ ➼➳➻➱➳➼ ➪➬ ➼➳è➳➼➼➳➱ ➚➾ ➚Ò➳ Ñ➳❐ ➽➳➼➬➪➾➶ ➾è ➚Ò➪➬ ➻➼➚➪➵➺➳❮✃
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➝➞ ➟➠➡ ➢➤➡➥➦➧➨➩ ➭➡➯➟➦➧➞ ➲➡ ➳➡➟➡➤➵➦➞➡➳ ➟➠➡ ➢➤➧➸➡➯➟➦➺➡➼➟➽➤➾➡➟ ➯➧➺➼

➺➦➩➦➧➞ ➢➤➧➚➽➚➦➺➦➟➪ ➶➧➤ ➽ ➢➽➤➟➦➯➨➺➽➤ ➠➡➺➦➧➯➡➞➟➤➦➯ ➳➦➩➟➽➞➯➡ ➒❸ ➧➶ ➟➠➡ ➟➽➤➼

➾➡➟➹ ➝➞ ➧➤➳➡➤ ➟➧ ➡➥➽➺➨➽➟➡ ➟➠➡ ➘➞➽➺ ➯➧➺➺➦➩➦➧➞ ➢➤➧➚➽➚➦➺➦➟➪ ➑➴✌➷ ➲➡ ➞➡➡➳

➟➧ ➯➧➞➩➦➳➡➤ ➽➺➺ ➢➧➩➩➦➚➺➡ ➥➽➺➨➡➩ ➧➶ ➟➠➡ ➳➦➩➟➽➞➯➡ ➒❸ ➦➞ ➟➠➡ ➤➽➞➾➡ ➬➒✾➷➒❫➮➹
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➽➢➢➤➧➢➤➦➽➟➡ ➲➡➦➾➠➟➦➞➾➷ ➲➠➦➯➠ ➩➠➧➨➺➳ ➡❰➢➤➡➩➩ ➽➞ ➨➞➦➶➧➤➵ ➯➦➤➯➨➺➽➼
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Ð ÑÒÓÔÕ×Ø

ÙÚÛ ÜÝßÜ ÜÝÔ ÜÕàÔ ßÚáâßãä åÙææÔÕÔÚÜÙßã çè áæ ßÚ ÔããÙéÜÙê áÕÒÙÜ ÓßÜÙÓëÔÓ

çè ì çíîï íñîòó ô õöò
÷ ø

ì çíîï íñîùú
÷ ø

û üÔ ÙåÔÚÜÙæä ÜÝÔ ÚÔêÔÓÓßÕä üÔÙÛÝÜØ

ÙÚÛ æßêÜáÕ Üá ÒÔ
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✎✓✎♥✕✤ ✗✙✏✖♥✉ ✒✢✎ ▲✖✗✘✓❁❃✘❄✔✖ ✑✎✜✙✕✔✏ ✜✤✜✕✎ ✘★ ✘✏♣✖✒✑ ✑✢✘✚♥ ✖♥

❋✖✉✑✦ ✰ ✔♥✗ ✫ ✻✒✘✛ ✕✎★✒ ✛✔♥✎✕✑✼✦ ❚✢✎ ✖♥✖✒✖✔✕ ✗✔✒✔ ✚✎✏✎ ✔✜✒✙✔✕✕✤ ✜✏✎✔✒✎✗

✚✖✒✢ ✒✢✎ ✢✎✕✛ ✘★ ✖♥✒✎✉✏✔✒✖✘♥ ✗✎✑✜✏✖♣✎✗ ✖♥ ✳✎✜✒✖✘♥ ✫✦✮✣ s✔✧✖♥✉ ✔♥

✘✙✒✛✙✒ ✘★ ✘✏♣✖✒✔✕ ✎✕✎s✎♥✒✑ ✻✝❳✣ ✂❳✣①❳✼ ✻✏✎✜✔✕✕ ✞ ❂ ✪✦✹ ❆✯ ✖✑ ✑✎✜✙✕✔✏✕✤

✜✘♥✑✒✔♥✒✼✦ ❆✕✕ ✖♥✒✎✉✏✔✒✖✘♥✑ ✚✎✏✎ ✛✎✏★✘✏s✎✗ ✙✑✖♥✉ ✒✢✎ ❣❤✐❥❧♠t②③❣④

✛✔✜✧✔✉✎✣
❢

⑤⑥⑦⑤ ⑧⑨ ⑦⑩❶❷ ⑤❸ ❹❷❺❸❹❻ ❻⑧❹❷❺⑤ ⑧❼❽⑦❺⑤⑨ ❸❾⑤❸ ⑤⑥❷ ⑤⑦❹❿❷⑤➀ ➁❷

➂⑨❷❻ ➃➀➅ ❻⑦➆ ⑧❾⑤❷❿❹⑦⑤⑧❸❾ ⑤⑧❼❷⑨⑤❷❽ ⑤❸ ❹❷⑨❸❶➈❷ ➉⑦⑨⑤ ❼❸⑤⑧❸❾ ❸➉ ⑤⑥❷ ➊❷❹➋

❺➂❹➆➋❶⑧➌❷ ⑤⑦❹❿❷⑤ ❽❶⑦❾❷⑤➀

■♥ ✘✙✏ ✑✖s✛✕✖➇✎✗ s✘✗✎✕ ✒✢✎✏✎ ✔✏✎ ♥✘ ✘✒✢✎✏ ✑✖♥✧✑ ✘★ ✒✎✑✒ ✛✔✏✒✖✜✕✎✑

✘✒✢✎✏ ✒✢✔♥ ✒✢✎ ✖s✛✔✜✒ ✘♥ ✒✢✎ ✒✔✏✉✎✒✦ ✳✖♥✜✎ ✒✢✎ ✖s✛✔✜✒✑ ✔✏✎ ✛✏✘♣✔♣✖✩

✕✖✑✒✖✜✣ ➍✘✖✑✑✘♥ ✛✏✘✜✎✑✑✣ ✚✎ ✢✔✓✎ ✔ ✑✖s✛✕✎ ✎✑✒✖s✔✒✘✏ ✘★ ✒✢✎ ✜✙s✙✕✔✩

✒✖✓✎ ✖s✛✔✜✒✘✏ ✒✖s✎ ✛✏✘➇✕✎➎ ❫➏➐➑✻✠✼ ❂ ❫✵ ➒✮ ● ✎✴✛ ✻●✠➓➔✼→ ✻❫✵ ❂ ✱✪✪

✖♥ ✘✙✏ ✜✔✑✎✼✦ ❍✎✏✎✣ ➔ ✖✑ ✔ ✜✢✔✏✔✜✒✎✏✖✑✒✖✜ ✒✖s✎✑✜✔✕✎✣ ✉✖✓✎♥ ♣✤ ➔ ❂ ✮➓

✻❝
❩
☎✼✣ ✚✢✎✏✎ ☎ ✖✑ ✒✢✎ ✜✘✕✕✖✑✖✘♥ ✛✏✘♣✔♣✖✕✖✒✤✦ ❲✎ ✢✔✓✎ ✒✢✏✎✎ ✔✕✒✎✏♥✔✩

✒✖✓✎ ★✘✏s✙✕✔✒✖✘♥✑ ✘★ ☎✣ ♥✔s✎✕✤ ☎✽✾ ★✏✘s ✘✙✏ ✒✢✎✘✏✤✣ ☎❡✿✿ ★✏✘s ✒✢✎

★✘✏s✔✕ ✔✛✛✕✖✜✔✒✖✘♥ ✘★ ✒✢✎ ❲✎✒✢✎✏✖✕✕✺✑ ✒✢✎✘✏✤ ✔♥✗ ✔✕✑✘ ✚✎ ✖♥✒✏✘✗✙✜✎

➣ ↔↕↕➙➛➜➜➝➝➝➞➟➠➡➢➤➥➦➞➧➝➦➨➞➥➤➡➜➩↔➭➢➜➧➝➨➯↕➞↔↕➲➢ ➳➵➸➺➻➼➽➾ ➚➾➪➶➹➾➘➚➾➴ ➷➬➬➮➱✃
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♣❝�✁❝ ❢✂✄ t☎✆ ✝✞✄✝✟✠✡✄ ✂✄♦✞t ✂❢ t☎✆ t✡✄☛✆t ♦✡❜✆☞ ✂✌ ❱✂✍✄✂✟☎✠✞✝✍✎➫ ✆t ✡✠❛

✭✏✑✒✏✓✱ ❜✂ t☎✡t ✇✆ ✝✡✌ ✝✂✔✕✡✄✆ t☎✆ t☎✄✆✆ ✆❜t✞✔✡t✂✄❜ ✂❢ t☎✆ ☞✆✝✡✎

t✞✔✆❜✝✡✠✆ ❚P✖✗ ❂ ✒✶✭s
✷
♣➇✘✓✱ ❚❲✙✚✛ ❂ ✒✶✭s

✷
♣✙❡❡✓ ✡✌☞ ❚✗P✜ ❂ ✒✶✭s

✷
♣❝�✁❝✓

✇✞t☎ t☎✆ ✌✟✔✆✄✞✝✡✠✠✎ ☞✆t✆✄✔✞✌✆☞ ✈✡✠✟✆✱ ✇☎✆✄✆ ♣❝�✁❝ ✞❜ ✝✂✔✕✟t✆☞

❢✂✄✔✡✠✠✎ ✡❜ ✞❢ t☎✆ t✡✄☛✆t ☎✡☞ ❜✆✔✞✔✡✢✂✄ ✡✣✞❜ ✤✵ ✡✌☞ ③✆✄✂

✆✝✝✆✌t✄✞✝✞t✎❛

❋✞☛❛ ✹ ❜☎✂✇❜ ✄✆❜✟✠t❜ ❢✂✄ ✕✄✂✢✆✝t✞✠✆❜ ✂✌ ✂✄♦✞t❜ ❜✞✔✞✠✡✄ t✂ t☎✡t ✂❢

❋✞☛❛ ✏❛ ❖✟✄ ✆❜t✞✔✡t✆☞ ☞✆✝✡✎ t✞✔✆❜✝✡✠✆ ✞❜ ❚P✖✗ ➄ ✒✹❛✥✦ ▼✎✄ ✡✌☞

❚❲✙✚✛ ➄ ✒✧❛✥✦ ▼✎✄❛ ■✌ ✝✡❜✆ ✂❢ t☎✆ ✝✞✄✝✟✠✡✄ t✡✄☛✆t t☎✆✄✆ ✡✄✆ ✌✂ ✕✂❜❜✞★

♦✠✆ ✞✔✕✡✝t❜✱ t☎✟❜ ❚✗P✜ ✞❜ ❢✂✄✔✡✠✠✎ ✞✌✐✌✞t✆ ❜✞✌✝✆ ♣❝�✁❝ ❂ ✑❛ ✩☎✆ ✝✂✄✄✆★

❜✕✂✌☞✞✌☛ ◆�✪✫✭✬✓ ✕✄✂✐✠✆❜ ✭☛✄✡✎ ✝✟✄✈✆❜✓ ✡✄✆ ❜☎✂✇✌ ✂✌ t☎✆ ✠✆❢t ✕✡✌✆✠

✡✌☞ ✝✂✔✕✡✄✆☞ ✇✞t☎ t☎✆ ✄✆✝✂✄☞✆☞ ❜✆✮✟✆✌✝✆ ✂❢ ✞✔✕✡✝t❜ ✭☞✡✄✍ ❜✎✔★

♦✂✠❜✓❛ ❆✌ ✆✎✆★♦✡❜✆☞ ✝✂✔✕✡✄✞❜✂✌ ✇✂✟✠☞ ❢✡✈✂✄ ✄✆❜✟✠t❜ ❢✄✂✔ ✂✟✄ ✄✆★

✝✆✌t t☎✆✂✄✎❛ ■✌☞✆✆☞✱ ✐tt✞✌☛ t☎✆ ✄✆✡✠ ✞✔✕✡✝t ✄✆✝✂✄☞ ✇✞t☎ t☎✆

◆�✪✫✭✬✓ ✠✡✇ ✇✂✟✠☞ ✎✞✆✠☞ ❚✯�✚ ❂ ✒✰❛✹✥ ➧ ✑❛✑✦ ▼✎✄❛ ❆☞☞✞t✞✂✌✡✠ ❜✟✕✕✂✄t

❢✂✄ ✂✟✄ ✝✂✌✝✠✟❜✞✂✌❜ ✝✂✔✆❜ ❢✄✂✔ ✝✂✔✕✡✄✞❜✂✌ ✂❢ t☎✆ ✕✄✆☞✞✝t✆☞

✞✔✕✡✝t✂✄ ✄✡☞✞✡✌t❜ ✡✌☞ t☎✂❜✆ ☞✆t✆✄✔✞✌✆☞ ❢✄✂✔ t☎✆ ✌✟✔✆✄✞✝✡✠ ❜✞✔✟★

✠✡t✞✂✌❛ ✩☎✞❜ ✞❜ ❜☎✂✇✌ ✂✌ t☎✆ ✄✞☛☎t ✕✡✌✆✠ ✂❢ ❋✞☛❛ ✹❛ ❖✟✄ ✕✄✆☞✞✝t✆☞

✠✂✂✕★✠✞✍✆ ✄✡☞✞✡✌t ☞✞❜t✄✞♦✟t✞✂✌ ✞❜ ✞✌☞✆✆☞ ✈✆✄✎ ✇✆✠✠ ✔✡t✝☎✆☞ ♦✎ t☎✆

✠✂✝✡t✞✂✌ ✂❢ ✌✟✔✆✄✞✝✡✠✠✎ ✄✆✝✂✄☞✆☞ ✄✡☞✞✡✌t❜ ✭♦✠✡✝✍ ❜✎✔♦✂✠❜✓❛

❋✞☛❛ ✰ ❜☎✂✇❜ t☎✆ ❜✡✔✆ ❢✂✄ ✕✄✂✢✆✝t✞✠✆❜ ✂✌ ✂✄♦✞t❜ ❜✞✔✞✠✡✄ t✂ t☎✡t ✂❢

❋✞☛❛ ✦❛ ❙✞✌✝✆ t☎✆ ✝✂✠✠✞❜✞✂✌ ✕✄✂♦✡♦✞✠✞t✞✆❜ ✇✆✄✆ ✠✡✄☛✆✄ ✌✂✇✱ t☎✆ ☞✆✝✡✎

t✞✔✆ ✝✂✌❜t✡✌t ✞❜ ❜☎✂✄t✆✄ ✡✌☞ t☎✆ ✕✂✕✟✠✡t✞✂✌ ❢✡☞✆❜ ❢✡❜t✆✄❛ ✲✆ ✂♦t✡✞✌

❚P✖✗ ➄ ✰❛✧✺ ▼✎✄✱ ❚❲✙✚✛ ➄ ✥❛✥✏ ▼✎✄ ✡✌☞ ❚✗P✜ ❂ ✏❛✥✹ ▼✎✄✱ ✇☎✞✠✆ t☎✆

✐t t✂ ✌✟✔✆✄✞✝✡✠✠✎★☞✆t✆✄✔✞✌✆☞ ◆�✪✫✭✬✓ ✕✄✂✈✞☞✆❜ ❚✯�✚ ❂ ✰❛✥✰ ➧ ✑❛✑✒ ★

▼✎✄❛ ❆☛✡✞✌✱ t☎✆ ✄✡☞✞✡✌t ☞✞❜t✄✞♦✟t✞✂✌ ❜☎✂✇✌ ✂✌ t☎✆ ✄✞☛☎t ✕✡✌✆✠ ✂❢

❋✞☛❛ ✰ ✞✌☞✞✝✡t✆❜ ✡✌ ✆✣✝✆✠✠✆✌t ✝✂✄✄✆❜✕✂✌☞✆✌✝✆ ♦✆t✇✆✆✌ t☎✆ t☎✆✂✄✎

✕✄✆☞✞✝t✞✂✌ ✡✌☞ t☎✆ ✌✟✔✆✄✞✝✡✠✠✎ ✄✆✝✂✄☞✆☞ ✞✔✕✡✝t❜❛ ❇✂t☎ ❜✞t✟✡t✞✂✌❜

✕✄✂✈✞☞✆ ✡ ☛✂✂☞ ✞✠✠✟❜t✄✡t✞✂✌ ✂❢ ☞✞❢❢✆✄✆✌✝✆❜ ♦✆t✇✆✆✌ ✌✆✇ ✡✌☞ ✕✄✆✈✞★

✂✟❜ ❢✂✄✔✡✠✞❜✔❜❛

✳✴ ✸ r✻✼✽ ✽❧✾✻ ✼✿✿✽❧❀✼❁❧❃❄❅ ❈❉✿✼❀❁❃r❊ ✾r❃❉ ❁●✻ ❍❏❑✻✽❁

✩☎✆ ✆✣✡✔✕✠✆❜ ☞✞❜✝✟❜❜✆☞ ✞✌ t☎✆ ✕✄✆✈✞✂✟❜ ❙✆✝t✞✂✌ ✞✌☞✞✝✡t✆☞ ✈✡✠✞☞★

✞t✎ ✂❢ ✂✟✄ ✄✆❜✟✠t❜✱ ✡❜ ✇✆✠✠ ✡❜ t☎✆✞✄ ✌✟✔✆✄✞✝✡✠ ✞✔✕✠✆✔✆✌t✡t✞✂✌ ✞✌ ✂✟✄

✝✂☞✆✱ ♦✟t ✇☎✡t ☞✂✆❜ ✞t ❜✡✎ ✡♦✂✟t t☎✆✞✄ ➃➃✄✆✡✠★✠✞❢✆▲▲ ✡✕✕✠✞✝✡♦✞✠✞t✎❛ ❆❢t✆✄

✡✠✠✱ t☎✆❜✆ ✝✡❜✆❜ ✇✆✄✆ ☎✞☛☎✠✎ ❜✞✔✕✠✞✐✆☞◗ ✇✆ ✟❜✆☞ ✂✌✠✎ ✂✌✆ ☞✞❜t✟✄♦✞✌☛

✕✠✡✌✆t ✞✌ ✡ ✐✣✆☞ ✆✠✠✞✕t✞✝ ✂✄♦✞t✱ ✡ ✝✂✕✠✡✌✡✄ ✔✡❜❜✠✆❜❜ t✡✄☛✆t✱ ✇☎✞✝☎

✞✔✕✠✞✆☞ t☎✡t t☎✆ ✕✡✄t✞✝✠✆❜ ✭✕✄✂✢✆✝t✞✠✆❜✓ ✝✂✌❜✆✄✈✆☞ t☎✆✞✄ ✞✌✞t✞✡✠ ❘✞★

☞✂✈❞❯✂③✡✞ ✞✌t✆☛✄✡✠❜ ❳ ✡✌☞ ❨❛ ■✌ ✄✆✡✠✞t✎✱ t☎✂✟☛☎✱ t☎✆ ❜✞t✟✡t✞✂✌ ✞❜ ☞✞❢★

❢✆✄✆✌t❛ ❆✠✠ ✕✠✡✌✆t❜ ✡✄✆ ✔✡❜❜✞✈✆ ✡✌☞ ✞✌t✆✄✡✝t✞✌☛✱ ✇☎✞✝☎ ✝✂✔✕✠✞✝✡t✆❜

t☎✆ ❜✆✝✟✠✡✄ ✆✈✂✠✟t✞✂✌ ✂❢ t☎✆ ✕✄✂✢✆✝t✞✠✆ ✂✄♦✞t❜❛ ▼✂✄✆✂✈✆✄✱ ✡❜ t☎✆ ✕✄✂★

✢✆✝t✞✠✆ ✞✌t✆✄✡✝t ✇✞t☎ t☎✆ ✕✠✡✌✆t❜ ✞✌ ✡ ❜☎✂✄t★✄✡✌☛✆ ✝✠✂❜✆ ✡✕✕✄✂✡✝☎✆❜✱

t☎✆✞✄ ✂✄♦✞t✡✠ ❜✆✔✞✔✡✢✂✄ ✡✣✞❜ ✞❜ ✌✂t ✝✂✌❜✆✄✈✆☞❛ ❙✂✔✆ ✔✡✎ ♦✆

♦✄✂✟☛☎t ✝✠✂❜✆ t✂ ✔✆✡✌ ✔✂t✞✂✌ ✄✆❜✂✌✡✌✝✆❜ ✇✞t☎ t☎✆ t✡✄☛✆t ✂✄♦✞t❛

❆✠✠ t☎✆❜✆ ✆❢❢✆✝t❜ ✞✌✈✡✠✞☞✡t✆✱ ❜t✄✞✝t✠✎ ❜✕✆✡✍✞✌☛✱ ✡❜❜✟✔✕t✞✂✌❜ ✂❢ ♦✂t☎

✲✆t☎✆✄✞✠✠▲❜ ✡✌☞ ✂✟✄❜ ✡✕✕✄✂✡✝☎✆❜❛ ❙t✞✠✠✱ ✇✆ ✔✡✎ ♦✆ ✞✌t✆✄✆❜t✆☞ t✂

✍✌✂✇ ☎✂✇ t☎✆✎ ✕✆✄❢✂✄✔ ✞✌ ❜✟✝☎ ✡ ✝✂✔✕✠✆✣ ✝✡❜✆❛

❖✟✄ ➃➃✄✆✡✠★✠✞❢✆ ✝✡❜✆▲▲ ✞❜ ♦✡❜✆☞ ✂✌ t☎✆ ✄✆✝✆✌t ✇✂✄✍ ✂❢ ❇✂tt✍✆ ✆t ✡✠❛

✭✏✑✒✏✓ ✇☎✂ ✆✣✡✔✞✌✆☞ ✡ ☞✆✝✡✎ ✂❢ ✡ ✕✟t✡t✞✈✆ ✕✡❜t ✆✣t✆✌❜✞✂✌ ✂❢ t☎✆

✔✡✞✌ ✡❜t✆✄✂✞☞ ♦✆✠t t✂✇✡✄☞ ❜✔✡✠✠✆✄ ☎✆✠✞✂✝✆✌t✄✞✝ ☞✞❜t✡✌✝✆❜✱ ♦✂✟✌☞✆☞

♦✡❜✞✝✡✠✠✎ ♦✎ t☎✆ ✂✟t✆✄✔✂❜t t✆✄✄✆❜t✄✞✡✠ ✕✠✡✌✆t❛ ❇✂tt✍✆ ✆t ✡✠❛ ✭✏✑✒✏✓

✝✡✠✠✆☞ t☎✞❜ ✆✣t✆✌❜✞✂✌ t☎✆ ❩★♦✆✠t ✡✌☞ ❢✂✟✌☞ ❜✆✈✆✄✡✠ ✞✌t✄✞☛✟✞✌☛ ❢✡✝t❜

✞✌ ❢✡✈✂✄ ✂❢ t☎✞❜ ✕✂✕✟✠✡t✞✂✌ ✂✟t ✂❢ ✇☎✞✝☎ ✇✆ ✔✆✌t✞✂✌ t✇✂ ✂✟t❜t✡✌☞★

✞✌☛◗ ✭✞✓ t☎✆ ❩★♦✆✠t ✞❜ ✡ ✌✡t✟✄✡✠ ❜✂✟✄✝✆ ✂❢ ✕✄✂✢✆✝t✞✠✆❜ t☎✡t ✞✔✕✡✝t✆☞

t✆✄✄✆❜t✄✞✡✠ ✕✠✡✌✆t❜ ✡✌☞ t☎✆ ▼✂✂✌ ☞✟✄✞✌☛ t☎✆ ❆✄✝☎✡✆✡✌ ✕✆✄✞✂☞ ✡✌☞

❬❭❪❫ ❴❫ ❵❣❤ ❥❦♠❤ ❦❥ ♥q✉① ②④ ⑤⑥⑦ ⑧⑨⑩ ❶⑨❷ ⑦❣❤ ❸❷⑨❹❤❺⑦q❻❤ ⑩q⑦❣ ⑦❣❤ ❥❤♠q♠❦❹⑨❷ ❦❼q❥ ❽ ❾ ❿①➀ ➁➂④ ⑦❣❤ q⑧q⑦q❦❻ ❤❺❺❤⑧⑦❷q❺q⑦➅ ➆ ❾ ❿①②④ q⑧❺❻q⑧❦⑦q⑨⑧ ➈ ❾ ➉➉➊ ❦⑧➋ ❦❷✉⑥♠❤⑧⑦ ⑨❶ ❸❤❷q❺❤⑧⑦❤❷ ➌ ❾ ❿➊①

❵⑨❸ ❦⑧➋ ❻❤❶⑦➍ ❵❣❤ ❤➎⑨❻⑥⑦q⑨⑧ ⑦❷❦❹❤❺⑦⑨❷➅ ➋⑥❷q⑧✉ ⑨⑧❤ ❥❤❺⑥❻❦❷④ ➏q➋⑨➎➐➑⑨➒❦q ❺➅❺❻❤ ➓⑤❻❦❺➔ ❻q⑧❤→④ ➋❤➣⑧❤➋ ⑤➅ ⑦❣❤ ↔↕➙➛ ➜➝ ➞Þ ➟ ➠ q⑧⑦❤✉❷❦❻ ❶❷⑨♠ ➡➢① ➓②➤→→④ q❥ ⑧⑨⑩ ➋q❶❶❤❷❤⑧⑦ ❶❷⑨♠ ❦ ❥q♠❸❻❤

❺q❷❺❻❤① ➡❼❦❺⑦ q♠❸❦❺⑦ ❺⑨⑧➋q⑦q⑨⑧ ⑩q⑦❣ ⑦❣❤ ⑦❦❷✉❤⑦ ⑤⑨➋➅ q❥ ✉❷❦❸❣q❺❦❻❻➅ ❥❣⑨⑩⑧ ⑤➅ ⑦❣❤ ❥❤⑦ ⑨❶ ✉❷❦➅ ❺q❷❺❻❤❥ ➓⑤⑨⑦❣ ❦❥❺❤⑧➋q⑧✉ ❦⑧➋ ➋❤❥❺❤⑧➋q⑧✉ ⑧⑨➋❤❥→ ❦⑧➋ ⑦❣❤➅ ❺⑨❷❷❤❥❸⑨⑧➋ ⑦⑨ ❥⑨❻⑥⑦q⑨⑧❥ ⑨❶

➡➢① ➓②➥→ ❶⑨❷ ❦❻❻ ❸⑨❥❥q⑤❻❤ ⑦❦❷✉❤⑦ ❣❤❻q⑨❺❤⑧⑦❷q❺ ➋q❥⑦❦⑧❺❤❥ ➦➨① ➩♠❸❦❺⑦❥ ❦❷❤ ❸⑨❥❥q⑤❻❤ ⑨⑧❻➅ q⑧ ⑦❣❤ ❷❤✉q⑨⑧ ⑨❶ ⑤❻❦❺➔ ❻q⑧❤ ❺❷⑨❥❥q⑧✉ ⑩q⑦❣ ✉❷❦➅ ❺q❷❺❻❤❥① ❵❣❤ ❺⑨❻⑨❷ ❺⑨➋q⑧✉ ❺⑨❷❷❤❥❸⑨⑧➋❥ ⑦⑨ ⑦❣❤

q⑧➋q➎q➋⑥❦❻ ➎❦❻⑥❤❥ ⑨❶ ❺⑨❻❻q❥q⑨⑧ ❸❷⑨⑤❦⑤q❻q⑦➅ ➭➓➦➨→ ➓❥❤❤ ❦❻❥⑨ ⑦❣❤ ⑤❦❷ ⑨⑧ ⑦❣❤ ❷q✉❣⑦→① ➯❦❼q♠❦ ❦❷❤ ❶⑨❷ ⑦❣❤ ❸❤❷q❺❤⑧⑦❷q❺ ❺⑨⑧➣✉⑥❷❦⑦q⑨⑧❥① ❵⑨❸ ❦⑧➋ ❷q✉❣⑦➍ ➲❦➋q❦⑧⑦ ❸⑨❥q⑦q⑨⑧ q⑧ ⑦❣❤ ❦❸❤❼

❺⑨⑨❷➋q⑧❦⑦❤ ❥➅❥⑦❤♠ ➐ ❻❦❷✉❤❷ ❤❺❺❤⑧⑦❷q❺q⑦➅ ⑨❶ ⑦❣❤ ❸❷⑨❹❤❺⑦q❻❤ ⑨❷⑤q⑦❥ ♠❦➔❤❥ ⑦❣❤ ❷❦➋q❦⑧⑦❥ ❥❸❦⑧ ❶⑨⑥❷ ❻⑨⑨❸➳❻q➔❤ ❷❤✉q⑨⑧❥ ⑨⑧ ⑦❣❤ ❻⑨❺❦❻ ❥➔➅ ⑨❶ ⑦❣❤ ⑦❦❷✉❤⑦➳⑤❦❥❤➋ ⑨⑤❥❤❷➎❤❷① ❵❣❤ ❥❤⑦ ⑨❶ ❷❤➋ ➋⑨⑦❥

❦❷❤ ❶❦➔❤ ❷❦➋q❦⑧⑦❥ ❶⑨❷♠❦❻❻➅ ❺⑨⑧❥⑦❷⑥❺⑦❤➋ ⑤➅ ➵❤⑦❣❤❷q❻❻➸❥ ❦❸❸❷⑨❦❺❣ ❦⑧➋ ❺⑨♠⑤q⑧❦⑦q⑨⑧❥ ⑨❶ ➓❽④➆➺④ ➻➺→ ⑨❷⑤q⑦❦❻ ❤❻❤♠❤⑧⑦❥ ⑨❶ ⑦❣❤ ❸❷⑨❹❤❺⑦q❻❤ ❦⑧➋ ➓❽➨④➆➨→ ⑨❷⑤q⑦❦❻ ❤❻❤♠❤⑧⑦❥ ⑨❶ ⑦❣❤ ⑦❦❷✉❤⑦①

➼⑨⑦⑦⑨♠ ❸❦⑧❤❻➍ ❵❣❤ ❶⑨❷♠❦❻ ❺⑨❻❻q❥q⑨⑧ ❸❷⑨⑤❦⑤q❻q⑦➅ ➭➽➾➚➪➓❽④➆➺④ ➻➺➶❽➨④ ➆➨→ ➋⑥❷q⑧✉ ❦ ❥❤❺⑥❻❦❷ ➓➏q➋⑨➎➐➑⑨➒❦q→ ❺➅❺❻❤ ❥❣⑨⑩⑧ q⑧ ⑦❣❤ ⑦⑨❸ ❦⑧➋ ❻❤❶⑦ ❸❦⑧❤❻ ➓⑤❻❦❺➔ ❥⑨❻q➋ ❻q⑧❤→① ➹❤❷⑨ ➎❦❻⑥❤❥ ❶⑨❷ ⑧⑨

❺❷⑨❥❥q⑧✉ ❺⑨⑧➋q⑦q⑨⑧❥ ⑤❤⑦⑩❤❤⑧ ⑦❣❤ ❸❷⑨❹❤❺⑦q❻❤ ❦⑧➋ ⑦❦❷✉❤⑦ ⑨❷⑤q⑦❥① ❵❣❤ ➏q➋⑨➎➐➑⑨➒❦q ❺➅❺❻❤ ❦➎❤❷❦✉❤➋ q⑧⑦❷q⑧❥q❺ ❺⑨❻❻q❥q⑨⑧ ❸❷⑨⑤❦⑤q❻q⑦➅ ❶❷⑨♠ ⑨⑥❷ ♠❤⑦❣⑨➋ ➭➘➴ ➓➡➢① ➓➷➥→→ q❥ ⑦❣❤ ⑤❻⑥❤ ❻q⑧❤④ ⑦❣❤

➵❤⑦❣❤❷q❻❻➸❥ ♠❤⑦❣⑨➋ ⑤❦❥❤➋ ❦➎❤❷❦✉❤ q⑧⑦❷q⑧❥q❺ ❺⑨❻❻q❥q⑨⑧ ❸❷⑨⑤❦⑤q❻q⑦➅ ➭➾➬➬ ➓➡➢① ➓➷➀→→ q❥ ⑦❣❤ ✉❷❤❤⑧ ❻q⑧❤① ➓♥⑨❷ q⑧⑦❤❷❸❷❤⑦❦⑦q⑨⑧ ⑨❶ ⑦❣❤ ❷❤❶❤❷❤⑧❺❤❥ ⑦⑨ ❺⑨❻⑨❷ q⑧ ⑦❣q❥ ➣✉⑥❷❤ ❻❤✉❤⑧➋④ ⑦❣❤ ❷❤❦➋❤❷ q❥

❷❤❶❤❷❷❤➋ ⑦⑨ ⑦❣❤ ⑩❤⑤ ➎❤❷❥q⑨⑧ ⑨❶ ⑦❣q❥ ❦❷⑦q❺❻❤①→
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➸ÛÚ➺Ó❒ ÓÔ Ò➮➸ç➺Ú➸Ú➺Ó❒➸➼ ß➽➮ÚÕ➮➬➸Ú➺Ó❒➱ ÓÔ ➽èÚ➽➮❒➸➼ ➬ÓÜ➺➽➱➶ ú➼➸❒➽Ú➶ ÷ß➸Û➽ ÷Û➺➶ Ï➚
á❰Ï×áàÏ➶

ïÏÐ ûü ûýÿýP�✁➫✱ ❉ü ❱ýÿPý✂✄☎✆✝ÿ✁➫ ✴ ■✝✞P✂✟ ✷✷✠ ✭✷✡☛☞✌ ✠✻✷✍✠✎☞
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▼�✁✂✄☎✆ ❙✝✆ ▼✞✟✟✞✠�✆ ❙✝✆ ❈✁✡☛✞☞✡✌✡✆ ●✝✆ ▼�✌✌☎✁✞☞☎✆ ▼✝✆ ▼�✁✟✡✠✠�✟✞✆ ❊✝✆ ✷✍✍✎✝ ❆ ☞✡♥

✂✄✁✞☞✞✠✞❝✏ ❢✞✁ ✟✄✡ ▼✞✞☞ �☞❛ ▼✡✁✂✑✁✏✝ ❆✌✟✁✞☞✝ ❏✝ ✶✒✓✆ ✹✎✒✔✕✹✎✹✖✝

▼✞✁✗☎❛✡✠✠☎✆ ❆✝✆ ✷✍✍✷✝ ▼✞❛✡✁☞ ❈✡✠✡✌✟☎�✠ ▼✡✂✄�☞☎✂✌✘ ❆✌✙✡✂✟✌ ✞❢ ❙✞✠�✁ ❙✏✌✟✡☛

❉✏☞�☛☎✂✌✝ ❚�✏✠✞✁ ✫ ❋✁�☞✂☎✌✆ ▲✞☞❛✞☞✝

Ö✙☎✚✆ ❊✝❏✝✆ ✶✎✛✶✝ ❈✞✠✠☎✌☎✞☞ ✙✁✞✗�✗☎✠☎✟✏ ♥☎✟✄ ✟✄✡ ✙✠�☞✡✟✌ �☞❛ ✟✄✡ ❛☎✌✟✁☎✗✑✟☎✞☞ ✞❢

✙✠�☞✡✟�✁✏ ☛�✟✟✡✁✝ P✁✞✂✝ ❘✝ ■✁☎✌✄ ❆✂�❛✝ ❙✡✂✟✝ ❆ ✛✹✆ ✶✔✛✕✶✎✎✝

P✁✡✌✌✆ ❲✝✜✝✆ ❚✡✑✚✞✠✌✚✏✆ ❙✝❆✝✆ ❱✡✟✟✡✁✠☎☞❝✆ ❲✝❚✝✆ ❋✠�☞☞✡✁✏✆ ❇✝P✝✆ ✶✎✎✷✝ ◆✑☛✡✁☎✂�✠ ❘✡✂☎✙✡✌

☎☞ ❋✢❘❚❘❆◆✆✆ ✝✝ ❚✄✡ ❆✁✟ ✞❢ ❙✂☎✡☞✟☎✣✂ ❈✞☛✙✑✟☎☞❝✆ ✌✡✂✞☞❛ ✡❛✝ ❯☞☎✤✡✁✌☎✟✏ P✁✡✌✌✆

❈�☛✗✁☎❛❝✡✝

❚✄✞☛�✌✆ ❋✝✆ ▼✞✁✗☎❛✡✠✠☎✆ ❆✝✆ ✶✎✎✔✝ ❚✄✡ ❑✞✥�☎ ✁✡✌✞☞�☞✂✡ ☎☞ ✟✄✡ ✞✑✟✡✁ ❙✞✠�✁ ❙✏✌✟✡☛ �☞❛

✟✄✡ ❛✏☞�☛☎✂✌ ✞❢ ✠✞☞❝❧✙✡✁☎✞❛ ✂✞☛✡✟✌✝ ❈✡✠✡✌✟✝ ▼✡✂✄✝ ❉✏☞�☛✝ ❆✌✟✁✞☞✝ ✔✹✆ ✷✍✎✕✷✷✎✝

❱✞✚✁✞✑✄✠☎✂✚✏➫ ✆ ❉✝✆ P✞✚✞✁☞✏➫ ✆ P✝✆ ◆✡✌✤✞✁☞✏➫ ✆ ❉✝✆ ✷✍✶✷✝ Ö✙☎✚❧✟✏✙✡ ✂✞✠✠☎✌☎✞☞ ✙✁✞✗�✗☎✠☎✟✏ ❢✞✁

✄☎❝✄❧☎☞✂✠☎☞�✟☎✞☞ ✞✁✗☎✟✌✝ ■✂�✁✑✌ ✷✶✎✆ ✶✛✍✕✶✔✍✝

❲✡✟✄✡✁☎✠✠✆ ●✝❲✝✆ ✶✎✔✓✝ ❈✞✠✠☎✌☎✞☞✌ ☎☞ ✟✄✡ �✌✟✡✁✞☎❛ ✗✡✠✟✝ ❏✝ ●✡✞✙✄✏✌✝ ❘✡✌✝ ✓✷✆ ✷✹✷✎✕

✷✹✹✹✝

✦✧ ✦★✩★✪✬✭✮✱ ✯✧ ✰★✩✪★✲✳✴✵✸✩✭✮ ✺ ✻✸✼✪✲✽ ✾✾✿ ❀✾❁❂❃❄ ✿❅✾❍✿❖❃ ✔✎✒
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Paper C
❚�✁ ❆✂✄☎✆✝�✞✂✟✠✡☛ ❏✆☞☎✌✡☛✱ ✼✍✎✏✎✼ ✭✑✒✓✓✔✱ ✒✷✑✑ ❉✕✖✕✗✘✕✙ ✑✷ ❞✚✛✏✑✷✶✑✷✜✜✢✷✷✷✍✣✤✎✼✥✢✼✍✎✢✑✢✎✼

❈✦ ✧★✩✩✪ ✫✬✮ ✯♠✮✰✲✳✴✵ ✯✸✹✰✺✵✺♠✲✳✴✻ ❙✺✳✲✮✹✽✪ ✯✻✻ ✰✲✐✬✹✸ ✰✮✸✮✰❡✮✾✪ P✰✲✵✹✮✾ ✲✵ ✹✬✮ ❯✪❙✪✯✪

✿❨◆❀▼❁❂❃ ❖❋ ✿❄❃❅ ❇❀❊❅❁❂●❍❃ ❊❍●❍❀❃❍✿ ❋❊❖▼ ❖❖❊❅ ❂●❖❄✿ ❂❖▼❍❅❃

❀◆✿ ❅■❍❁❊ ❂❖◆❅❊❁❑❄❅❁❖◆ ❅❖ ❊❀✿❀❊ ▼❍❅❍❖❊❃

▲◗❘❱❲ ❳❩❬❘❭❪❫➠②❴❵ ▲◗❘❱❲ ❛❭♦❪❭❜❝❢❱❣♦➠②❴❤❥❵ ❦❩❧❪ ❦❭♦❭❪❫➠②❴❤❥❵ ◗❫❲ ▲❱❩♥❭ ♣◗❫❣❝❩❬q

✩ ❉✕✓r✙s✗✕ts ✚✉ ✈✓r✖✕ ✈s✇❞✛✕①✱ ✈✚✇s③④✕①s ⑤✕①✕r✙✖③ ⑥t①s✛s✇s✕✱ ✑✷⑦✷ ⑧r⑨t✇s ✈s✙✕✕s✱ ✈✇✛s✕ ✎✷✷✱ ⑩✚✇⑨❞✕✙✱ ❶❷ ✜✷✎✷✒✱ ❸✈❹
✧ ⑥t①s✛s✇s✕ ✚✉ ❹①s✙✚t✚✗❺✱ ❶③r✙⑨✕① ❸t✛❻✕✙①✛s❺✱ ❼ ❽✚⑨✕ÿ①✚❻✛ÿ✖❝➠r✖③ ✒✱ ❶❈✣✑✜✷✷✷✱ P✙r�✇✕ ✜✱ ❶✁✕✖③ ⑤✕✓✇✘⑨✛✖

✸ ✈✓r✖✕ ⑧✕rs③✕✙ ▲r✘✚✙rs✚✙❺✱ ❶✚❞✕ ✤✼✍✱ ●✈✂❶✴◆❹✈❹✱ ●✙✕✕t✘✕⑨s✱▼❉ ✒✷✼✼✑✱ ❸✈❹
❘✄☎✄✆✝✄✞ ✷✟✠✠ ❆✡☛✆☞ ✠✶✌ ❛☎☎✄✡✍✄✞ ✷✟✠✠ ❙✄✡✍✄✎✏✄☛ ✶✌ ✡♣✏☞✆✑✒✄✞ ✷✟✠✠ ✓✔✝✄✎✏✄☛ ✷✠

✕✖✗✘✙✕✚✘

✘❚✛ ❖♦✜✢ ✚❧♦✣✤ ✚♦✥✛✢✦ ✭❖✚✚✦✧★ ✛①✛✥♠❧✩✪✛✤ ❜✫ ✢❚✛ ✬✜✛r✢ ✚♦✥✛✢ ♦❢ ✮✯✯✰ ✭✱r❧✛✲✖♦♠♠✧★ r✜✛ ♦✳✳r✦✩♦✵r❧ ✈✩✦✩✢♦✜✦

❢✜♦✥ ✢❚✛ ❚✛r✢❧✛✦✦ ♠✛✜✩♠❚✛✜✫ ♦❢ ✢❚✛ ✦♦❧r✜ ✦✫✦✢✛✥② ✹✜✛✈✩♦✣✦ ✇♦✜✺✦ ❚✫♠♦✢❚✛✦✩✻✛✤ ✢❚r✢ r ❣✜✛r✢ ✥r✼♦✜✩✢✫ ♦❢ ❖✚✚✦ ✥✣✦✢

♠❚✫✦✩✳r❧❧✫ ✤✩✦✜✣♠✢ r❢✢✛✜ ♦✵✛ ♦✜ ✢✇♦ ♠r✦✦r❣✛✦ ✢❚✜♦✣❣❚ ✢❚✛ ✩✵✵✛✜ ✦♦❧r✜ ✦✫✦✢✛✥★ ✇❚✛✜✛ ✦✢✜♦✵❣ ✢❚✛✜✥r❧ ❣✜r✤✩✛✵✢✦ ✳r✵

✳r✣✦✛ ♠❚r✦✛ ✢✜r✵✦✩✢✩♦✵✦ ♦✜ ✈♦❧r✢✩❧✛ ♠✜✛✦✦✣✜✛ ❜✣✩❧✤✣♠② ✱✛✜✛ ✇✛ ✦✢✣✤✫ ✢❚✛ ❢r✢✛ ♦❢ ✦✥r❧❧ ✤✛❜✜✩✦ ♠r✜✢✩✳❧✛✦ ♠✜♦✤✣✳✛✤ ❜✫

❖✚✚ ✤✩✦✜✣♠✢✩♦✵✦ ✢♦ ✤✛✢✛✜✥✩✵✛ ✇❚✛✢❚✛✜ ✢❚✛ ✩✥♠✜✩✵✢✦ ♦❢ r ❚✫♠♦✢❚✛✢✩✳r❧ ♠♦♠✣❧r✢✩♦✵ ♦❢ ❖✚✚ ✥✛✢✛♦✜♦✩✤✦ ✳r✵ ❜✛ ❢♦✣✵✤

✩✵ ✢❚✛ ✛①✩✦✢✩✵❣ ✥✛✢✛♦✜ ✜r✤r✜ ✤r✢r② ❲✛ ✪✵✤ ✢❚r✢ ❖✚✚ ♠r✜✢✩✳❧✛✦ ✇✩✢❚ ✤✩r✥✛✢✛✜✦ ❉ ✽ ✮✾➭✥ r✜✛ ❜❧♦✇✵ ♦✣✢ ❢✜♦✥ ✢❚✛

✦♦❧r✜ ✦✫✦✢✛✥ ❜✫ ✜r✤✩r✢✩♦✵ ♠✜✛✦✦✣✜✛★ ✇❚✩❧✛ ✢❚♦✦✛ ✇✩✢❚ ❉ ✿ ✮ ✥✥ ❚r✈✛ r ✈✛✜✫ ❧♦✇ ❊r✜✢❚✲✩✥♠r✳✢ ♠✜♦❜r❜✩❧✩✢✫② ✘❚✛

✩✵✢✛✜✥✛✤✩r✢✛ ♠r✜✢✩✳❧✛ ✦✩✻✛✦★ ❉ ❀ ✮✾✾➭✥★ ✜✛♠✜✛✦✛✵✢ r ✦✇✛✛✢ ✦♠♦✢② ✕❜♦✣✢ ✮❁ ♦❢ ✢❚✛✦✛ ♠r✜✢✩✳❧✛✦ ♦✜❜✩✢r❧❧✫ ✛✈♦❧✈✛ ❜✫

✹♦✫✵✢✩✵❣❂✙♦❜✛✜✢✦♦✵ ✤✜r❣ ✢♦ ✜✛r✳❚ ♦✜❜✩✢✦ ✇✩✢❚ ✦✛✥✩✥r✼♦✜ r①✩✦ ❃ ❀ ✮ ✕❯② ✘❚✛✫ r✜✛ ✛①♠✛✳✢✛✤ ✢♦ ♠✜♦✤✣✳✛ ✥✛✢✛♦✜✦

✇✩✢❚ ✜r✤✩r✵✢✦ ✵✛r✜ ✢❚✛ r♠✛① ♦❢ ❊r✜✢❚❄✦ ♦✜❜✩✢r❧ ✥♦✢✩♦✵② ❲✛ ✪✵✤ ✢❚r✢ ✢❚✛ ✥♦✤✛❧ ✤✩✦✢✜✩❜✣✢✩♦✵✦ ♦❢ ✢❚✛✩✜ ✩✥♠r✳✢ ✦♠✛✛✤✦ r✵✤

♦✜❜✩✢✦ ♠✜♦✈✩✤✛ r ❣♦♦✤ ✥r✢✳❚ ✢♦ ✜r✤r✜ ♦❜✦✛✜✈r✢✩♦✵✦ ♦❢ r♠✛① ✥✛✢✛♦✜✦★ ✛①✳✛♠✢ ❢♦✜ ✢❚✛ ✛✳✳✛✵✢✜✩✳✩✢✫ ✤✩✦✢✜✩❜✣✢✩♦✵★ ✇❚✩✳❚

✩✦ ✥♦✜✛ ✦✺✛✇✛✤ ✢♦✇r✜✤ ❡ ❀ ✮ ✩✵ ♦✣✜ ✥♦✤✛❧② ❋✩✵r❧❧✫★ ✇✛ ♠✜♦♠♦✦✛ r✵ ✛①♠❧r✵r✢✩♦✵ ❢♦✜ ✢❚✛ ❧♦✵❣✲✦✢r✵✤✩✵❣ ♠✜♦❜❧✛✥ ✩✵

✥✛✢✛♦✜ ✦✳✩✛✵✳✛ ✜✛❧r✢✛✤ ✢♦ ✢❚✛ ✜✛❧r✢✩✈✛ ✦✢✜✛✵❣✢❚ ♦❢ r♠✛① r✵✤ ❚✛❧✩♦✵❅r✵✢✩❚✛❧✩♦✵ ✦♦✣✜✳✛✦② ✕✦ ✇✛ ✦❚♦✇ ✩✵ ✤✛✢r✩❧★ ✢❚✛

♦❜✦✛✜✈✛✤ ✢✜✛✵✤★ ✇✩✢❚ ✢❚✛ r♠✛① ✥✛✢✛♦✜✦ ❜✛✩✵❣ ✥♦✜✛ ♠✜♦✥✩✵✛✵✢ ✩✵ ♦❜✦✛✜✈r✢✩♦✵✦ ♦❢ ❚✩❣❚❧✫ ✦✛✵✦✩✢✩✈✛ ✜r✤r✜✦★ ✳r✵ ❜✛

✜✛❧r✢✛✤ ✢♦ ♦✜❜✩✢r❧ ✤✫✵r✥✩✳✦ ♦❢ ♠r✜✢✩✳❧✛✦ ✜✛❧✛r✦✛✤ ♦✵ ✢❚✛ ❧♦✵❣✲♠✛✜✩♦✤ ♦✜❜✩✢✦②

❑❇❍ ■❏◗❞❱❳ ✥✛✢✛♦✜✩✢✛✦★ ✥✛✢✛♦✜✦★ ✥✛✢✛♦✜♦✩✤✦ ❂ ✻♦✤✩r✳r❧ ✤✣✦✢

✮② ❨❩✘✙❖❬❯✚✘❨❖❩

✘❚✛ ❖♦✜✢ ✚❧♦✣✤ ✩✦ r ✜♦✣❣❚❧✫ ✦♠❚✛✜✩✳r❧ ✳❧♦✣✤ ♦❢ ✳♦✥✛✢✦

✭❖♦✜✢ ✮✯❭✾✧★ ✇❚✩✳❚ ✦✣✜✜♦✣✵✤✦ ✢❚✛ ✦♦❧r✜ ✦✫✦✢✛✥ r✵✤ ✛①✢✛✵✤✦ ✢♦

❚✛❧✩♦✳✛✵✢✜✩✳ ✤✩✦✢r✵✳✛✦ ❧r✜❣✛✜ ✢❚r✵ ✮✾✾★✾✾✾ ✕❯② ✘❚✛ ❖♦✜✢ ✚❧♦✣✤

✩✦ ✳✣✜✜✛✵✢❧✫ ❢✛✛✤✩✵❣ ✳♦✥✛✢✦ ✩✵✢♦ ✢❚✛ ✩✵✵✛✜ ✦♦❧r✜ ✦✫✦✢✛✥ r✢ r ✜r✢✛

♦❢ r❜♦✣✢ ✮❪ ✳♦✥✛✢✦ ✇✩✢❚ q ❫ ❴ ✕❯ ✫✜❾❴ ✇✩✢❚ r✵ r✳✢✩✈✛ ✳♦✥✛✢

r❜✦♦❧✣✢✛ ✥r❣✵✩✢✣✤✛ ❵❴❤ ❫ ✮✾✐✯ ✭❲✩✛❣✛✜✢ ❥ ✘✜✛✥r✩✵✛ ✮✯✯✯❦

♥ ✩✦ ✢❚✛ ♠✛✜✩❚✛❧✩♦✵ ✤✩✦✢r✵✳✛ r✵✤ s❴❤ ✩✦ r ✤✩✦✢r✵✳✛✲✩✵✤✛♠✛✵✤✛✵✢

✥✛r✦✣✜✛ ♦❢ ✢❚✛ r✳✢✩✈✛ ✳♦✥✛✢ ❜✜✩❣❚✢✵✛✦✦ ✢❚r✢ ✩✵✳❧✣✤✛✦ ✢❚✛ ✳♦✥r✧②

✘❚✛ ❖♦✜✢ ✚❧♦✣✤ ✚♦✥✛✢✦ ✭❚✛✜✛r❢✢✛✜ ❖✚✚✦✧ ✳r✵ ❜✛ ✤✩✈✩✤✛✤

✩✵✢♦ ✢✇♦ ♠♦♠✣❧r✢✩♦✵✦ ❜r✦✛✤ ♦✵ ✢❚✛✩✜ ✤✫✵r✥✩✳r❧ ❚✩✦✢♦✜✩✛✦t ✭✮✧

✤✫✵r✥✩✳r❧❧✫ ✵✛✇❖✚✚✦★ ✇❚✩✳❚ r✜✛ ♦✵ ✢❚✛✩✜ ✪✜✦✢ ♠r✦✦r❣✛ ✢❚✜♦✣❣❚

✢❚✛ ✩✵✵✛✜ ✦♦❧r✜ ✦✫✦✢✛✥ r✵✤ ✢✫♠✩✳r❧❧✫ ❚r✈✛ ❃ ✿ ✮✾✉✾✾✾ ✕❯ r✵✤

✭❪✧ ✜✛✢✣✜✵✩✵❣ ❖✚✚✦ ✇❚✩✳❚ ❚r✈✛ ♠✜✛✈✩♦✣✦❧✫ ♠r✦✦✛✤ ✢❚✜♦✣❣❚ ✢❚✛

✩✵✵✛✜ ✦♦❧r✜ ✦✫✦✢✛✥ r✵✤ ✢✫♠✩✳r❧❧✫ ❚r✈✛ ❃ ❫ ✮✾✉✾✾✾ ✕❯②③

✘❚✛ ✤✫✵r✥✩✳r❧ ✥♦✤✛❧✦ ♦❢ ✢❚✛ ♦✜❜✩✢r❧ ✛✈♦❧✣✢✩♦✵ ♦❢ ✵✛✇ ❖✚✚✦

✩✵✢♦ ✜✛✢✣✜✵✩✵❣ ❖✚✚✦ ♠✜✛✤✩✳✢ ✥r✵✫ ✢✩✥✛✦ ✥♦✜✛ ✜✛✢✣✜✵✩✵❣ ✳♦✥✛✢✦

✢❚r✵ r✜✛ ♦❜✦✛✜✈✛✤ ✭❲✩✛❣✛✜✢ ❥ ✘✜✛✥r✩✵✛ ✮✯✯✯✧② ✘❚✩✦ ✩✦ ✢❚✛ ✦♦✲

✳r❧❧✛✤ ❢r✤✩✵❣ ♠✜♦❜❧✛✥★ ✇❚✩✳❚ ✩✦ ✢❚♦✣❣❚✢ ✢♦ ❜✛ ✜✛❧r✢✛✤ ✢♦ ✢❚✛

♠❚✫✦✩✳r❧ ✛✈♦❧✣✢✩♦✵ ♦❢ ❖✚✚✦② ✘♦ ✜✛✦♦❧✈✛ ✢❚✩✦ ♠✜♦❜❧✛✥★ ④✛✈✩✦♦✵

✛✢ r❧② ✭❪✾✾❪★ ❚✛✜✛r❢✢✛✜ ④✾❪✧ ♠✜♦♠♦✦✛✤ ✢❚r✢ ❖✚✚✦ ✥✣✦✢ ♠❚✫✦✩✳r❧❧✫

✤✩✦✜✣♠✢ r✦ ✢❚✛✫ ✛✈♦❧✈✛ ✩✵✇r✜✤ ❢✜♦✥ ✢❚✛ ❖♦✜✢ ✚❧♦✣✤② ✗♠✛✳✩✪✳r❧❧✫★

④✾❪ ✛✦✢✩✥r✢✛✤ ✢❚r✢★ ✇❚✛✵ r✵ ❖✚✚ ❜✛✳♦✥✛✦ ✩✵r✳✢✩✈✛★ ✩✢ ❚r✦

♦✵❧✫ ❀✮❁ ✳❚r✵✳✛ ♦❢ ❜✛✳♦✥✩✵❣ ✤♦✜✥r✵✢★ r✵✤ ❀✯✯❁ ✳❚r✵✳✛

♦❢ ❜✛✩✵❣ ✤✩✦✜✣♠✢✛✤② ❨❢ ✥♦✜✛ ❖✚✚✦ ✇♦✣❧✤ ❜✛✳♦✥✛ ✤♦✜✥r✵✢★

④✾❪ r✜❣✣✛✤★ ✢❚✛ ✥♦✤✛✜✵ ✦✣✜✈✛✫✦ ♦❢ ✵✛r✜✲❊r✜✢❚ ♦❜✼✛✳✢✦ ✇♦✣❧✤

✤✩✦✳♦✈✛✜ r ❣✜✛r✢✛✜ ✵✣✥❜✛✜ ♦❢ ✤♦✜✥r✵✢ ❖✚✚✦ ♠r✦✦✩✵❣ ✢❚✜♦✣❣❚

♠✛✜✩❚✛❧✩♦✵ ✛r✳❚ ✫✛r✜ ✢❚r✵ ✢❚✛✫ ✤♦② ✗✢✜♦✵❣ ✢❚✛✜✥r❧ ❣✜r✤✩✛✵✢✦★

♠❚r✦✛ ✢✜r✵✦✩✢✩♦✵✦★ r✵✤ ✈♦❧r✢✩❧✛ ♠✜✛✦✦✣✜✛ ❜✣✩❧✤✣♠ ✛①♠✛✜✩✛✵✳✛✤ ❜✫

⑤ ✈✕✕ ❉❺✘✖✁❺➠t①❝✛ ✭✒✷✷✑✔ ✉✚✙ rt r⑨s✕✙trs✛❻✕ ❞✕⑥t✛s✛✚t✶

❖✚✚✦ ✤✣✜✩✵❣ ✢❚✛✩✜ r♠♠✜♦r✳❚✛✦ ✢♦ ✢❚✛ ✗✣✵ r✜✛ ✢❚♦✣❣❚✢ ✢♦ ❜✛

✜✛✦♠♦✵✦✩❜❧✛ ❢♦✜ ✤✩✦✜✣♠✢✩♦✵✦②

❨❢ ✢❚✛✦✛ ✜✛✦✣❧✢✦ r✜✛ ✳♦✜✜✛✳✢★ ✢❚✛ ✤✩✦✜✣♠✢✛✤ ❖✚✚✦ ✥✣✦✢ ❜✛ r

♠✜♦✤✩❣✩♦✣✦ ✦♦✣✜✳✛ ♦❢ ✤✣✦✢ ♠r✜✢✩✳❧✛✦ r✵✤ ❧r✜❣✛✜ ❢✜r❣✥✛✵✢✦ ✢❚r✢

✥r✫ ❢✣✜✢❚✛✜ ✤✩✦✩✵✢✛❣✜r✢✛② ❨✵ ♠r✜✢✩✳✣❧r✜★ ✢❚✛ ✤✣✦✢ ♠✜♦✤✣✳✢✩♦✵ ✜r✢✛

❢✜♦✥ ❖✚✚ ✤✩✦✜✣♠✢✩♦✵✦ ✦❚♦✣❧✤ ❜✛ ✈r✦✢❧✫ ❧r✜❣✛✜ ✢❚r✵ ✢❚r✢ ♦❢

r✳✢✩✈✛ ❖✚✚✦② ❖✵ ✢❚✛ ♦✢❚✛✜ ❚r✵✤★ ✢❚✛ ✦✥r❧❧✛✦✢ ✤✣✦✢ ♠r✜✢✩✳❧✛✦

♠✜♦✤✣✳✛✤ ✩✵ ✢❚✛✦✛ ✤✩✦✜✣♠✢✩♦✵ ✛✈✛✵✢✦ ✥r✫ ❜✛ ❧♦✦✢ ❢✜♦✥ ✢❚✛

✦♦❧r✜ ✦✫✦✢✛✥ ✤✣✛ ✢♦ ✢❚✛ ✛❢❢✛✳✢✦ ♦❢ ✜r✤✩r✢✩♦✵ ♠✜✛✦✦✣✜✛★ ✇❚✩❧✛

✢❚✛ ❧r✜❣✛ ❢✜r❣✥✛✵✢✦ ✦❚♦✣❧✤ ❜✛ ✤✩✦♠✛✜✦✛✤ ♦✈✛✜ ✛✵♦✜✥♦✣✦ ✜r✤✩r❧

✤✩✦✢r✵✳✛✦② ❨✢ ✩✦ ✢❚✛✜✛❢♦✜✛ ✵♦✢ ✳❧✛r✜ ✇❚✛✢❚✛✜ ✢❚✛ ✤✩✦✜✣♠✢✛✤ ❖✚✚✦

✳r✵ ✦✣♠♠❧✫ r ✦✩❣✵✩✪✳r✵✢ r✥♦✣✵✢ ♦❢ ✥r✢✛✜✩r❧ ✢♦ ✢❚✛ ✩✵✵✛✜ ✻♦✤✩r✳r❧

✳❧♦✣✤★ r✵✤ ✇❚✛✢❚✛✜ ✢❚✛✫ ✳♦✣❧✤ ✜✛♠✜✛✦✛✵✢ r ✦✩❣✵✩✪✳r✵✢ ✦♦✣✜✳✛ ♦❢

✩✵✢✛✜♠❧r✵✛✢r✜✫ ✤✣✦✢ ♠r✜✢✩✳❧✛✦ r✳✳✜✛✢✛✤ ❜✫ ✢❚✛ ❊r✜✢❚②

✬✩✈✛✵ ✢❚✛✩✜ ❧r✜❣✛ ✦♠✛✛✤✦ ✜✛❧r✢✩✈✛ ✢♦ ✢❚✛ ❊r✜✢❚★ ✢❚✛ ❖✚✚

♠r✜✢✩✳❧✛✦ ♠❧✣✵❣✩✵❣ ✩✵✢♦ ✢❚✛ ✣♠♠✛✜ r✢✥♦✦♠❚✛✜✛ ✳♦✣❧✤ ♠✜♦✤✣✳✛

✥✛✢✛♦✜ ♠❚✛✵♦✥✛✵r r✵✤ ❜✛ ✤✛✢✛✳✢✛✤ ❜✫ ♦♠✢✩✳r❧ r✵✤ ✜r✤r✜ ✥✛✢✛♦✜

✦✣✜✈✛✫✦ ✭✛②❣②★ ✦✛✛ ✗✢✛✛❧ ✮✯✯⑦ ❢♦✜ r ✜✛✈✩✛✇✧② ✱✛✜✛ ✇✛ ✳♦✵✦✩✤✛✜ ✢❚✛

✜r✤r✜ ✥✛✢✛♦✜✦② ✘❚✛ ✥♦✤✛✜✵ ✥✛✢✛♦✜ ✜r✤r✜ ✦✣✜✈✛✫✦ ♠✜♦✤✣✳✛✤ ✈r✦✢

✤r✢r ✦✛✢✦ ✩✵✳❧✣✤✩✵❣ ✥✩❧❧✩♦✵✦ ♦❢ ❚✩❣❚✲⑧✣r❧✩✢✫ ♦✜❜✩✢✦ ✳♦✈✛✜✩✵❣ ❜♦✢❚

✢❚✛ ✵♦✜✢❚✛✜✵ r✵✤ ✦♦✣✢❚✛✜✵ ❚✛✥✩✦♠❚✛✜✛✦ ✭✛②❣②★ ⑨♦✵✛✦ ❥ ✖✜♦✇✵

✮✯✯❴❦ ✘r✫❧♦✜ ❥ ❊❧❢♦✜✤ ✮✯✯⑩❦ ✬r❧❧✩❣r✵ ❥ ✖r❣❣r❧✛✫ ❪✾✾❶★ ❪✾✾❭❦

⑨r✵✳❚✛✦ ✛✢ r❧② ❪✾✾❴❦ ⑨r✵✳❚✛✦ ❥ ✚❚r✣ ❪✾✾❭❦ ✚❚r✣ ✛✢ r❧② ❪✾✾✰❦

✚r✥♠❜✛❧❧✲✖✜♦✇✵ ❪✾✾⑩✧② ❷♦✜✛♦✈✛✜★ ✢❚✛ ✦✛✵✦✩✢✩✈✩✢✫ ♦❢ ✥✛✢✛♦✜

♦❜✦✛✜✈r✢✩♦✵✦ ❜✜♦✺✛ ✵✛✇ ❣✜♦✣✵✤✦ ✇✩✢❚ ✜♦✣✢✩✵✛ ✥✛r✦✣✜✛✥✛✵✢✦ ♦❢

✥✛✢✛♦✜ ✛✳❚♦✛✦ ✣✦✩✵❣ ✱✹④✕❸ ✜r✤r✜✦ ✦✣✳❚ r✦ ✢❚✛ ✕✜✛✳✩❜♦ ✭✕❖✧

✜r✤r✜★ ✇❚✩✳❚ ✩✦ ✳r♠r❜❧✛ ♦❢ ✤✛✢✛✳✢✩✵❣ ❀ ❭✾ ➭✥ ♠r✜✢✩✳❧✛✦ ✤♦✇✵

✢♦ ❀❪✾ ✺✥ ✦
❾❴ ✭✛②❣②★ ⑨r✵✳❚✛✦ ✛✢ r❧② ❪✾✾❴★ ❪✾✾⑦❦ ❋✛✵✢✻✺✛ ✛✢ r❧②

❪✾✾✯✧② ❨✢ ✩✦ ✵r✢✣✜r❧ ✢♦ r✦✺ ✇❚✛✢❚✛✜ ✦♦✥✛ ♦❢ ✢❚✛✦✛ ♦❜✦✛✜✈r✢✩♦✵✦

✳r✵ ❜✛ ❧✩✵✺✛✤ ✢♦ ✢❚✛ ♠r✜✢✩✳❧✛ ♠♦♠✣❧r✢✩♦✵✦ ❢✜♦✥ ✤✩✦✜✣♠✢✛✤ ❖✚✚✦②

❹ ❽✛�③ P✚④✕✙ rt❞ ▲r✙�✕ ❹✓✕✙s✇✙✕✶

✮
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❚�✁ ❆✂✄☎✆✝�✞✂✟✠✡☛ ❏✆☞☎✌✡☛✱ ✼✍✎✏✎✼ ✭✑✒✓✓✔✱ ✒✷✑✑ ❉✕✖✕✗✘✕✙ ✑✷ ◆✁✂✚✆☎✌➠✞ ✁✄ ✡☛✳

▼✛✜✛✢✣✤ ❛✣✛ ♣✣✢✥✦✧✛✥ ❜★ ✤s❛✩✩ ✐♥✜✛✣♣✩❛♥✛✜❛✣★ ♣❛✣✜✐✧✩✛✤✪ ❛✩✤✢

❦♥✢✇♥ ❛✤ ✜t✛ ♠✫✬✫✮✯✮♦✰✲✪ ✜t❛✜ ✐♥✜✛✣❛✧✜ ✇✐✜t ❛✐✣ s✢✩✛✧✦✩✛✤ ✦♣✢♥

❛✜s✢✤♣t✛✣✐✧ ✛♥✜✣★✴ ❇❛✤✛✥ ✢♥ s✛✜✛✢✣ ✥❛✜❛✪ ✜t✛ s✛✜✛✢✣✢✐✥✤ ✧❛♥

❜✛ ✥✐✈✐✥✛✥ ✐♥✜✢ ✜✇✢ ❣✣✢✦♣✤r ✤♣✢✣❛✥✐✧ s✛✜✛✢✣✢✐✥✤ ❛♥✥ s✛✜✛✢✣✢✐✥

✤✜✣✛❛s✤✴ ✵t✛s✛✜✛✢✣✢✐✥ ✤✜✣✛❛s✤ ❛✣✛ ♣✣✢s✐♥✛♥✜ ✧✢♥✧✛♥✜✣❛✜✐✢♥✤ ✢✶

♣❛✣✜✐✧✩✛✤✇✐✜t ✤✐s✐✩❛✣ ✢✣❜✐✜✤ ✸✹t✐♣♣✩✛ ✺●✢✤✤♥✛✣ ✻✽✾✽❀✹t✐♣♣✩✛

✻✽✿✻❁✴ ✵t✛★ ❛✣✛ ✜t✢✦❣t✜ ✜✢ ❜✛ ♣✣✢✥✦✧✛✥ ❜★ ♣❛✣✜✐✧✩✛✤ ✣✛✩✛❛✤✛✥

❜★ ❛✧✜✐✈✛ ❛♥✥ ✣✛✧✛♥✜✩★ ✸❂ ✶✛✇ ✜t✢✦✤❛♥✥ ★✛❛✣✤ ❛❣✢❁ ✥✐✤✣✦♣✜✛✥

✧✢s✛✜✤ ✸✛✴❣✴✪ ❃✛♥♥✐✤❦✛♥✤ ❄❅❅❈❁✴ ❙♣✢✣❛✥✐✧ s✛✜✛✢✣✢✐✥✤ ❛✣✛ ✜t✢✤✛

♣❛✣✜✐✧✩✛✤ ✜t❛✜ t❛✈✛ ✛✈✢✩✈✛✥ ✤✐❣♥✐❊✧❛♥✜✩★ ✶✣✢s ✜t✛✐✣ ♣❛✣✛♥✜ ❜✢✥★

✤✢ ✜t❛✜ ✜t✛★ ❛✣✛ ♥✢ ✩✢♥❣✛✣ ✛❛✤✐✩★ ✩✐♥❦✛✥ ✜✢ ✜t❛✜ ♣❛✣✛♥✜✪ ✢✣ ✜✢ ✢✜t✛✣

s✛✜✛✢✣✢✐✥✤ ✶✣✢s ✜t✛ ✤❛s✛ ♣❛✣✛♥✜✴ ❋✢✜❛❜✩★✪ ✜t✛ ✜✐s✛❍✐♥✜✛❣✣❛✜✛✥

ß✦■ ✢✶ s✛✜✛✢✣✤ ❛✜ ❑❛✣✜t ✐✤ ✥✢s✐♥❛✜✛✥ ❜★ ❛❜✢✦✜ ❛ ✶❛✧✜✢✣ ✢✶ ▲ ✻❅

❜★ ✤♣✢✣❛✥✐✧✤ ✸❃✢♥✛✤ ✺ ❇✣✢✇♥ ✻✽✽❖❁✴

✵t✛ ✣❛✥✐❛♥✜ ✥✐✤✜✣✐❜✦✜✐✢♥ ✢✶ ✤♣✢✣❛✥✐✧ s✛✜✛✢✣✤ ✤t✢✇✤ ✤✛✈✛✣❛✩

✧✢♥✧✛♥✜✣❛✜✐✢♥✤ ✢♥ ✜t✛ ✤❦★✪ ❦♥✢✇♥ ❛✤ ✜t✛ t✛✩✐✢♥P❛♥✜✐t✛✩✐✢♥✪

♥✢✣✜tP✤✢✦✜t ❛♣✛■✪ ❛♥✥ ♥✢✣✜tP✤✢✦✜t ✜✢✣✢✐✥❛✩ ✤✢✦✣✧✛✤ ✸✛✴❣✴✪

❨✢✦♥❣✛✣ ✛✜ ❛✩✴ ❄❅❅✽✪ ❛♥✥ ✣✛✶✛✣✛♥✧✛✤ ✜t✛✣✛✐♥❁✴ ✹✐✛❣✛✣✜ ✛✜ ❛✩✴

✸❄❅❅✽✪ t✛✣✛❛✶✜✛✣ ✹❅✽❁ ✥✛✈✛✩✢♣✛✥ ❛ ✥★♥❛s✐✧❛✩ s✢✥✛✩ ✜✢ ✛■♣✩❛✐♥

✜t✛✤✛ ✧✢♥✧✛♥✜✣❛✜✐✢♥✤✴ ✵t✛✐✣ s❛✐♥ ✣✛✤✦✩✜✤ ✧✢♥✧✛✣♥ ✜t✛ ♣✣✢s✐♥✛♥✜

t✛✩✐✢♥P❛♥✜✐t✛✩✐✢♥ ✤✢✦✣✧✛✤ ✶✢✣ ✇t✐✧t ✜t✛ ♣❛✣✜✐✧✩✛✤ ✣✛✩✛❛✤✛✥ ❜★

❃✦♣✐✜✛✣❍✶❛s✐✩★ ✧✢s✛✜✤ ✸❃◗❘✤❁ ✤✦✧t ❛✤ ❄❯P❑♥✧❦✛ ♣✣✢✈✐✥✛ ✜t✛

❜✛✤✜ s❛✜✧t✪ ✐♥ ❛❣✣✛✛s✛♥✜ ✇✐✜t ♣✣✛✈✐✢✦✤ ✤✜✦✥✐✛✤ ✸✛✴❣✴✪ ❃✢♥✛✤ ✛✜ ❛✩✴

❄❅❅✻❁✴ ❱✤ ✶✢✣ ✜t✛ ♥✢✣✜tP✤✢✦✜t ❛♣✛■ ✤✢✦✣✧✛✪ ✹❅✽ ♣✢✐♥✜✛✥ ✢✦✜ ✜t✛

♣✢✜✛♥✜✐❛✩ ✐s♣✢✣✜❛♥✧✛ ✢✶ ✣✛✜✣✢❣✣❛✥✛ ❲❛✩✩✛★❍✜★♣✛ ✧✢s✛✜✤ ✸❲✵❘✤❁

✤✦✧t ❛✤ ✿✿❯❳✵✛s♣✛✩❍✵✦✜✜✩✛ ✸✢✣ ❛♥ ✢✣❜✐✜❛✩✩★ ✤✐s✐✩❛✣ ✩✢✤✜ ✧✢s✛✜❁✴

✵t✛ ✧❛✤✛ ✶✢✣ ✜t✛ ✣✛✜✣✢❣✣❛✥✛ ❲✵❘ ♣❛✣✜✐✧✩✛✤ ✐✤ ✧✢s♣✛✩✩✐♥❣✪ ❜✛❍

✧❛✦✤✛ ✜t✣✛✛ ♣✣✢s✐♥✛♥✜ ✣✛✜✣✢❣✣❛✥✛ ❲✵❘✤✪ ♥❛s✛✩★✪ ✻❯P❲❛✩✩✛★✪

✿✿❯❳✵✛s♣✛✩❍✵✦✜✜✩✛✪ ❛♥✥ ✻❅✽❯❳❙✇✐✶✜❍✵✦✜✜✩✛✪ ❛✩✩ t❛✈✛ ❛✤✤✢✧✐❛✜✛✥

✤✜✣✛❛s✤✪ ❦♥✢✇♥ ❛✤ ❩✣✐✢♥✐✥✤❳❬ ❱❭✦❛✣✐✥✤✪ ❪✛✢♥✐✥✤✪ ❛♥✥ ❯✛✣✤✛✐✥✤✪

✣✛✤♣✛✧✜✐✈✛✩★✴ ✵t✛ ✤♣✢✣❛✥✐✧s✛✜✛✢✣✢✐✥✤ ✇✐✜t ✜t✛ ♥✢✣✜tP✤✢✦✜t ❛♣✛■

✣❛✥✐❛♥✜✤ ✧❛♥ ✜t✦✤ ♣✩❛✦✤✐❜✩★ ❜✛ ❛ ✥★♥❛s✐✧❛✩✩★ ✢✩✥ ✧✢s♣✢♥✛♥✜ ✢✶

❲✵❘ ♣❛✣✜✐✧✩✛✤✴

❲✛✣✛ ✇✛ ✧✢♥✤✐✥✛✣ ✜t✛ ♣✢✤✤✐❜✐✩✐✜★ ✜t❛✜ ❛✜ ✩✛❛✤✜ ✤✢s✛ ♣❛✣✜ ✢✶ ✜t✛

s✛✜✛✢✣✢✐✥ ✧✢s♣✩✛■ ✐✤ ♣✣✢✥✦✧✛✥ ❜★ ✥✐✤✣✦♣✜✐♥❣ ❩❘❘✤ ✸❪❅❄❀ ✤✛✛

❛✩✤✢ ❃✢♥✛✤ ✛✜ ❛✩✴ ❄❅❅✻❁✴ ✹✛ ✤✜✦✥★ ✜t✛ ✛✶✶✛✧✜✤ ✢✶ ✣❛✥✐❛✜✐✢♥ ♣✣✛✤✤✦✣✛

✢♥ ♣❛✣✜✐✧✩✛✤ ✣✛✩✛❛✤✛✥ ✶✣✢s ✜t✛ t✐❣t✩★ ✛✧✧✛♥✜✣✐✧ ❩❘❘ ✢✣❜✐✜✤✪

❛♥✥ ✜t✛✐✣ ✥★♥❛s✐✧❛✩ ✛✈✢✩✦✜✐✢♥ ✦♥✥✛✣ ❣✣❛✈✐✜❛✜✐✢♥❛✩ ♣✛✣✜✦✣❜❛✜✐✢♥✤

✶✣✢s ♣✩❛♥✛✜✤ ❛♥✥ ❯✢★♥✜✐♥❣②❫✢❜✛✣✜✤✢♥ ✸❯❍❫❁ ✥✣❛❣ ✸✤✛✛ ❙✛✧✜✐✢♥ ❄

✶✢✣ ✢✦✣ s✢✥✛✩❁✴ ✹✛ ✤t✢✇ ✜t❛✜ ❛ ✤✐❣♥✐❊✧❛♥✜ ✧✢♥✜✣✐❜✦✜✐✢♥ ✢✶

❩❘❘ ♣❛✣✜✐✧✩✛✤ ✜✢ ✜t✛ ✐♥♥✛✣ ③✢✥✐❛✧❛✩ ✧✩✢✦✥ ❛♥✥ s✛✜✛✢✣ ✣✛✧✢✣✥ ✐✤

✤✢s✛✇t❛✜ ♣✣✢❜✩✛s❛✜✐✧✪ ❜✛✧❛✦✤✛ s✢✤✜ ✤s❛✩✩ ❩❘❘ ♣❛✣✜✐✧✩✛✤ ❛✣✛

❜✩✢✇♥ ✢✦✜ ✶✣✢s ✜t✛ ✤✢✩❛✣ ✤★✤✜✛s ❜★ ✣❛✥✐❛✜✐✢♥ ♣✣✛✤✤✦✣✛✪ ✇t✐✩✛

s✢✤✜ ✩❛✣❣✛ ✢♥✛✤ ❣✛✜ ✤✧❛✜✜✛✣✛✥ ❜★ ♣✩❛♥✛✜✤ ❛♥✥ ♥✛✈✛✣ s❛❦✛ ✐✜ ✐♥✜✢

✜t✛ ✐♥♥✛✣ ✤✢✩❛✣ ✤★✤✜✛s ✸❙✛✧✜✐✢♥ ❖❁✴ ❙✜✐✩✩✪ ✇✛ ❊♥✥ ✜t❛✜ ✜t✛✣✛ ✐✤ ❛

✤✇✛✛✜ ✤♣✢✜ ❛✜ ♣❛✣✜✐✧✩✛ ✤✐③✛✤ ▲✻❅❅②❖❅❅ ➭s✴ ❩✦✣ s✢✥✛✩✐♥❣ ✇✢✣❦

✤t✢✇✤ ✜t❛✜ ✜t✛ ✢✣❜✐✜✤ ❛♥✥ ✐s♣❛✧✜ ✤♣✛✛✥✤ ✢✶ ✜t✛✤✛ ✐♥✜✛✣s✛✥✐❛✜✛❍

✤✐③✛ ❩❘❘ ♣❛✣✜✐✧✩✛✤ ✧❛♥ s❛✜✧t ✜t✢✤✛ ✥✛✣✐✈✛✥ ✶✣✢s ✜t✛ s✛✜✛✢✣

✣❛✥❛✣ ✥❛✜❛ ✶✢✣ ❛♣✛■ s✛✜✛✢✣✢✐✥✤✴ ◗✦✣✜t✛✣s✢✣✛✪ ✇✛ ❊♥✥ ✜t❛✜ ✜t✛

♣✣✛♣✢♥✥✛✣❛♥✧✛ ✢✶ ✶❛✤✜ ❛♣✛■ s✛✜✛✢✣✤ ✐♥ ❲❯❪❱ ✣❛✥❛✣ ✢❜✤✛✣✈❛✜✐✢♥✤

✸✛✴❣✴✪ ❱❩✪ ❱❪✵❱❴❫✪ ❃✐✧❛s❛✣✧❛❁ ✧❛♥ ❜✛ ✩✐♥❦✛✥ ✜✢ ✜t✛ ✧✢s♣✛✜✐♥❣

✛✶✶✛✧✜✤ ✢✶ ❯❍❫ ✥✣❛❣ ❛♥✥ ❃✦♣✐✜✛✣ ♣✛✣✜✦✣❜❛✜✐✢♥✤✪ ✇t✐✧t ❛✧✜ ❛✤ ❛ ✤✐③✛

❊✩✜✛✣ ✢♥ ♣✢♣✦✩❛✜✐✢♥✤ ✢✶ ✜t✛ ✩✢♥❣❍♣✛✣✐✢✥ s✛✜✛✢✣✢✐✥✤ ✸❙✛✧✜✐✢♥ ✾❁✴

❄✴ ▼❩❵❑❪

✹✛ ✤✜✦✥✐✛✥ ✜t✛ ✶✢✩✩✢✇✐♥❣ ✤✛❭✦✛♥✧✛ ✢✶ ✛✈✛♥✜✤r ✸✻❁ ♣❛✣✜✐✧✩✛✤ ✢✶

✥✐✶✶✛✣✛♥✜ ✤✐③✛✤ ✇✛✣✛ ✣✛✩✛❛✤✛✥ ✶✣✢s ❩❘❘✤ ✸❙✛✧✜✐✢♥ ❄✴✻❁✪ ✸❄❁ ✜t✛✐✣

✢✣❜✐✜✤ ✛✈✢✩✈✛✥ ✦♥✥✛✣ ✜t✛ ✐♥ß✦✛♥✧✛ ✢✶ ❣✣❛✈✐✜❛✜✐✢♥❛✩ ❛♥✥ ✣❛✥✐❛✜✐✢♥

✶✢✣✧✛✤ ✸❙✛✧✜✐✢♥ ❄✴❄❁✪ ✸❖❁ ✤✢s✛ ♣❛✣✜✐✧✩✛✤ ✇✛✣✛ ✜t✛✣s❛✩✩★ ✢✣

✧✢✩✩✐✤✐✢♥❛✩✩★ ✥✛✤✜✣✢★✛✥ ✸❙✛✧✜✐✢♥ ❄✴❖❁✪ ❛♥✥ ✸✾❁ ❛ ✤s❛✩✩ ✶✣❛✧✜✐✢♥ ✢✶

✜t✛ ✐♥✐✜✐❛✩ ♣❛✣✜✐✧✩✛ ♣✢♣✦✩❛✜✐✢♥ ✇❛✤ ❛✧✧✣✛✜✛✥ ❜★ ❑❛✣✜t✪ ♣✣✢✥✦✧✐♥❣

s✛✜✛✢✣✤ ✸❙✛✧✜✐✢♥ ❄✴✾❁✴ ✹✛ ✥✛✤✧✣✐❜✛ ✢✦✣ s✢✥✛✩ ✶✢✣ ✸✻❁②✸✾❁ ❜✛✩✢✇✴

❝❞❡❞ ❢❤♦✬♦❥❧ q✯✉♦✬✲

❱✧✧✢✣✥✐♥❣ ✜✢ ◗✣❛♥✧✐✤ ✸❄❅❅✿❁✪ ❩❘❘✤ t❛✈✛ ①④✸⑤❁ ⑥ ✸✻ ⑦
⑧
⑤❁ ①⑤ ✶✢✣ ⑤ ❂ ❄ ❱⑨✴ ◗✢✣ ⑤ ⑩ ❄ ❱⑨✪ ◗✣❛♥✧✐✤❶ ✣✛✤✦✩✜ ♣✣✛✥✐✧✜✤

①④✸⑤❁ ❜✛✐♥❣ ß❛✜ ✢✣ ✥✛✧✩✐♥✐♥❣✪ ✇t✐✩✛ ✇✛ ✇✢✦✩✥ ✛■♣✛✧✜ ✜t✛

♣✛✣✐t✛✩✐✢♥ ✥✐✤✜✣✐❜✦✜✐✢♥ ✜✢ ✐♥✧✣✛❛✤✛ ✇✐✜t ❷✴ ❴✜ ♣✣✢❜❛❜✩★ ❸✦✤✜ ✤t✢✇✤

✜t❛✜ ✜t✛ ✥✐✤✜✣✐❜✦✜✐✢♥ ✐✤ ♥✢✜ ✇✛✩✩ ✧✢♥✤✜✣❛✐♥✛✥ ✶✢✣ ⑤ ⑩ ❄ ❱⑨✴ ✹✛

✦✤✛✥ ①④✸⑤❁ ⑥ ❄❹✾✻✸⑤P❄❁
❺
①⑤ ✶✢✣ ⑤ ⑩ ❄ ❱⑨✪ ✇✐✜t ❅ ❻ ❼ ❻ ✻✴

✵t✛ ✐♥✐✜✐❛✩ ✈❛✩✦✛✤ ✢✶ ❷ ✐♥ ✢✦✣ ♥✦s✛✣✐✧❛✩ ✐♥✜✛❣✣❛✜✐✢♥✤ ✇✛✣✛ ✤✛✜

✜✢ ❜✛ ✦♥✐✶✢✣s✩★ ✣❛♥✥✢s ❜✛✜✇✛✛♥ ❅ ❛♥✥ ✿ ❱⑨✪ ❜✛✧❛✦✤✛ ♣❛✣✜✐✧✩✛✤

✤✜❛✣✜✐♥❣ ✇✐✜t ⑤ ⑩ ✿ ❱⑨ ✥✢ ♥✢✜ ✣✛❛✧t ✻ ❱⑨ ✸✤✛✛ ❙✛✧✜✐✢♥ ❖✴✻❁✪

✇t✛✣✛ ✜t✛★ ✧✢✦✩✥ ✧✢♥✜✣✐❜✦✜✛ ✜✢ ✜t✛ ❑❛✣✜t❍✐s♣❛✧✜ ✣✛✧✢✣✥✴ ✵t✛

✣✛✤✦✩✜✤ ✶✢✣ ✥✐✶✶✛✣✛♥✜ ①④✸⑤❁ ✇✛✣✛ ✢❜✜❛✐♥✛✥ ❜★ ❛✤✤✐❣♥✐♥❣ ✜t✛

❛♣♣✣✢♣✣✐❛✜✛ ✇✛✐❣t✜ ✜✢ ♣❛✣✜✐✧✩✛✤ ✤✜❛✣✜✐♥❣ ✇✐✜t ✥✐✶✶✛✣✛♥✜ ❷✤ ✸✐✴✛✴✪

✐♥✤✜✛❛✥ ✢✶ ✻ ✇✛ ✧✢✦♥✜✛✥ ✛❛✧t ♣❛✣✜✐✧✩✛ ❛✤ ①④✸⑤❁P①⑤❁✴

⑨♣✢♥ ✐✜✤ ✣✛✩✛❛✤✛ ✶✣✢s ❛ ✩❛✣❣✛✣ ✢❜❸✛✧✜✪ ❛ ✤s❛✩✩ ♣❛✣✜✐✧✩✛ ✇✐✩✩

✶✛✛✩ ✜t✛ ✛✶✶✛✧✜✤ ✢✶ ✣❛✥✐❛✜✐✢♥ ♣✣✛✤✤✦✣✛✴ ✵t✛✤✛ ✛✶✶✛✧✜✤ ✧❛♥ ❜✛ ❜✛✤✜

✥✛✤✧✣✐❜✛✥ ❜★ ✣✛♣✩❛✧✐♥❣ ✜t✛ s❛✤✤ ✢✶ ✜t✛ ❙✦♥✪ ❽❾✪ ❜★ ❽❾✸✻❿ ➀❁✪

✇✐✜t ➀ ❣✐✈✛♥ ❜★

➀ ➁ ✿❹➂ × ✻❅
➃➄ ➅➆➇

➈➉
➊ ✸✻❁

✇t✛✣✛ ✣❛✥✐✦✤ ✲ ❛♥✥ ✥✛♥✤✐✜★ ➈ ✢✶ ✜t✛ ♣❛✣✜✐✧✩✛ ❛✣✛ ✐♥ ✧❣✤ ✦♥✐✜✤✴

❯✣✛✤✤✦✣✛ ✧✢✛✶❊✧✐✛♥✜ ➋➆➇ ✧❛♥ ❜✛ ✥✛✜✛✣s✐♥✛✥ ✦✤✐♥❣ ✜t✛▼✐✛ ✜t✛✢✣★

✸❇✦✣♥✤ ✛✜ ❛✩✴ ✻✽➂✽❁✴ ✹✛ ✤✛✜ ➅➆➇ ➁ ✻✪ ✇t✐✧t ✧✢✣✣✛✤♣✢♥✥✤ ✜✢

✜t✛ ❣✛✢s✛✜✣✐✧❛✩ ✢♣✜✐✧✤ ✩✐s✐✜✪ ✇t✛✣✛ ✲ ✐✤ s✦✧t ✩❛✣❣✛✣ ✜t❛♥ ✜t✛

✐♥✧✐✥✛♥✜❍✩✐❣t✜ ✇❛✈✛✩✛♥❣✜t✴✹✛✦✤✛✥ ♣❛✣✜✐✧✩✛✤✇✐✜t➌ ➁ ❄➉ ➁ ✻❅✪

❖❅✪ ✻❅❅✪ ❖❅❅✪ ✻❅❅❅ ➭s✪✇t✐✧t ✤t✢✦✩✥ ✧✢✈✛✣ ✜t✛ ✐♥✜✛✣✛✤✜✐♥❣ ✣❛♥❣✛

✢✶ ✤✐③✛✤✪ ❛♥✥ ➈ ➁ ❄❹❅ ❣ ✧s➃➍✴

◗✢✣ ✩❛✣❣✛ ✛✧✧✛♥✜✣✐✧✐✜★ ✫ ✢✶ ✜t✛ ♣❛✣✛♥✜ ✢❜❸✛✧✜ ❛♥✥P✢✣ ✶✢✣ ✩❛✣❣✛

➀✪ ✜t✛ ✣✛✩✛❛✤✛✥ ♣❛✣✜✐✧✩✛ s❛★ ❜✛✧✢s✛ ✦♥❜✢✦♥✥ ❛♥✥ ✛✤✧❛♣✛ ✜✢

✐♥✜✛✣✤✜✛✩✩❛✣ ✤♣❛✧✛✴ ✵✢ ✤✜❛★ ❜✢✦♥✥✪ ✜t✛ t✛✩✐✢✧✛♥✜✣✐✧ ✥✐✤✜❛♥✧✛✪ ➎✪ ✢✶

✜t✛ ✣✛✩✛❛✤✛✥ ♣❛✣✜✐✧✩✛ s✦✤✜ ✶✦✩❊✩✩ ✜t✛ ✶✢✩✩✢✇✐♥❣ ✧✢♥✥✐✜✐✢♥ ✸✛✴❣✴✪

➏✣✛✤❛❦ ✻✽➂➐❀ ❪✐✢✦ ✛✜ ❛✩✴ ✻✽✽✽❁r

➑ ⑩ ➑
➒
➁ ❄➀➓❹ ✸❄❁

✵t✐✤ ✧✢♥✥✐✜✐✢♥ ✤t✢✇✤ ✜t❛✜ ❛✩✩ ♣❛✣✜✐✧✩✛✤ ✇✐✜t ➀ ✣✛✩✛❛✤✛✥ ❛✜ ✜t✛

✢✣❜✐✜❶✤ ♣✛✣✐t✛✩✐✢♥ ✇✐✩✩ ❜✛ ✣✛s✢✈✛✥✪ ✐✶ ❄➀ ⑩ ✻ ❿ ➔✴ ✵t✛ ♥✛✇

❩❘❘✤ t❛✈✛ ✻ ❿ ➔ → ✻❅➃➣✴ ❴✜ ✶✢✩✩✢✇✤ ✜t❛✜ ♣❛✣✜✐✧✩✛✤ ♣✣✢✥✦✧✛✥ ❜★

❛ ♥✛✇ ❩❘❘ ♥✛❛✣ ✐✜✤ ♣✛✣✐t✛✩✐✢♥ ✇✐✩✩ ❜✛✧✢s✛ ✦♥❜✢✦♥✥ ✶✢✣ ✤✐③✛✤

✦♣ ✜✢ ➌ ▲ ✻ ✧s✴ ✵t✛ ✦✤✦❛✩ ♥✛❛✣❍♣✛✣✐t✛✩✐✢♥ ❛✧✜✐✈✐✜★ ✢✶ ❩❘❘✤

✜t✛✣✛✶✢✣✛ ✧❛♥♥✢✜ ❜✛ ❛ s❛❸✢✣ ✤✢✦✣✧✛ ✢✶ ✤s❛✩✩ ✥✦✤✜ ♣❛✣✜✐✧✩✛✤ ✐♥ ✜t✛

✐♥♥✛✣ ✤✢✩❛✣ ✤★✤✜✛s✴

▼✢✜✐✈❛✜✛✥ ❜★ ✜t✛ ❪❅❄ ✣✛✤✦✩✜✤✪ ✇✛ ♥✢✇ ✧✢♥✤✐✥✛✣ ❩❘❘✤ ✥✐✤❍

✣✦♣✜✐✢♥✤✴ ❴♥✜✛✣✛✤✜✐♥❣✩★✪ ✢❜✤✛✣✈❛✜✐✢♥✤ ✢✶ ✜t✛ ✥✐✤✣✦♣✜✐✢♥ ✛✈✛♥✜✤

✢✶ ✧✢s✛✜✤ ✤t✢✇ ✜t❛✜ ✜t✛✣✛ ✥✢✛✤ ♥✢✜ ✤✛✛s ✜✢ ❜✛ ❛♥★ ✧✢✣✣✛✩❛❍

✜✐✢♥ ❜✛✜✇✛✛♥ ✜t✛ ✜✐s✛ ✢✶ ✥✐✤✣✦♣✜✐✢♥ ❛♥✥ ✜t✛ ✢✣❜✐✜❛✩ ♣t❛✤✛ ✢✶

✜t✛ ♣❛✣✛♥✜ ✢❜❸✛✧✜✴ ▼❛♥★ ✧✢s✛✜✤ ✇✛✣✛ ✤✛✛♥ ✜✢ ✥✐✤✣✦♣✜ ✸✢✣ ✤✦✶✶✛✣

✢✦✜❜✦✣✤✜P✤♣✩✐✜✜✐♥❣ ✛✈✛♥✜✤❁ ❛✜ ✩❛✣❣✛ t✛✩✐✢✧✛♥✜✣✐✧ ✥✐✤✜❛♥✧✛✤✴ ◗✢✣ ✛■❍

❛s♣✩✛✪ ✻➂✾❯P❑✧t✛✧✩✦✤ ✤t✢✇✛✥ ❛♥ ✢✦✜❜✦✣✤✜ ✇✐✜t ➑ ↔ ✻❖ ❱⑨✪

s✢✣✛ ✜t❛♥ ➐❱⑨❜✛★✢♥✥ ✐✜✤ ♣✛✣✐t✛✩✐✢♥ ✥✐✤✜❛♥✧✛ ✸❘t✢✐ ✛✜ ❛✩✴ ❄❅❅➐❁✴

❴✜ s❛★ ✜t✛✣✛✶✢✣✛ ❜✛ ♣✢✤✤✐❜✩✛ ✜t❛✜ ❩❘❘✤ ✧✢✦✩✥ ✥✐✤✣✦♣✜ ❛✜ ✣✛✩❛✜✐✈✛✩★

✩❛✣❣✛ ➎ ❛♥✥ ♣✣✢✥✦✧✛ ♣❛✣✜✐✧✩✛✤ ✜t❛✜✪ ❛✧✧✢✣✥✐♥❣ ✜✢ ❑❭✦❛✜✐✢♥ ✸❄❁✪

✇✐✩✩ ✤✜❛★ ✢♥ ❜✢✦♥✥ ✢✣❜✐✜✤✴

✹✛ ✣✛✩✛❛✤✛ ♣❛✣✜✐✧✩✛✤ ✇✐✜t ➑ ⑩ ➑➒ ✐♥ ✢✦✣ s✢✥✛✩✴ ◗✢✣ ✛■❛s♣✩✛✪

❛ ➌ ➁ ✻❅❅➭s ♣❛✣✜✐✧✩✛ ✇✐✜t ➈ ➁ ❄❹❅ ❣ ✧s➃➍ ✛❸✛✧✜✛✥ ✶✣✢s

✜t✛ ♣❛✣✛♥✜ ✧✢s✛✜ ✇✐✜t ➓ ➁ ✻❅➍ ❱⑨ ✇✐✩✩ t❛✈✛ ➀ ↕ ❅❹❅❅➐ ❛♥✥

➑
➒
➁ ✻❄ ❱⑨✴ ✹✛ ✜t✦✤ ✣✛✩✛❛✤✛ ✜t✛✤✛ ♣❛✣✜✐✧✩✛✤ ✇✐✜t ➑ ⑩ ✻❄ ❱⑨✴

❴♥ ❛✥✥✐✜✐✢♥✪ ✇✛ ✢♥✩★ ✤✜✦✥★ ♣❛✣✜✐✧✩✛✤ ✛❸✛✧✜✛✥ ✶✣✢s ✢✣❜✐✜✤ ✤✐s✐✩❛✣

✜✢ ✜t✢✤✛ ✢✶ ✜t✛ ✯✫✬➙✯❤♦❤➛ ❩❘❘✤ ✇✐✜t ➓ ▲ ✻❅➍ ❱⑨✴ ✹✛ ✥✢

♥✢✜ ✧✢♥✤✐✥✛✣ ✢✣❜✐✜✤ ✇✐✜t ➓ ➜ ✻❅➣ ❱⑨✪ ✧✢✣✣✛✤♣✢♥✥✐♥❣ ✜✢ ✜t✛

❄

164



❚�✁ ❆✂✄☎✆✝�✞✂✟✠✡☛ ❏✆☞☎✌✡☛✱ ✼✍✎✏✎✼ ✭✑✒✓✓✔✱ ✒✷✑✑ ❉✕✖✕✗✘✕✙ ✑✷ ◆✁✂✚✆☎✌➠✞ ✁✄ ✡☛✳

❖✛✜✢ s✣✤✥❡✦✻ ❜❡✧★✩s❡ ✇❡ ❜❡✪✤❡✈❡ ✤✢ ✩✉✪✤✥❡✪✫ ✢❤★✢ ❞✤s✜✩✣✢✤✛✉s

✧✛✩✪❞ ❤★✣✣❡✉ ★✢ ✢❤❡ ✈❡✜✫ ✪★✜❣❡ ❤❡✪✤✛✧❡✉✢✜✤✧ ❞✤s✢★✉✧❡ ✤✐✣✪✤❡❞

❜✫ ❊✬✩★✢✤✛✉ ✮✯✰ ✲✛✜ ❛ ✴ ✶✵✹ ✸❯✺ ❋✛✜ ❡①★✐✣✪❡✦ ★ ✽ ❂ ✾✵✵➭✐

✣★✜✢✤✧✪❡ ✇✤✢❤ ✿ ❂ ✯❀✵ ❣ ✧✐❾❁✦ ✜❡✪❡★s❡❞ ✲✜✛✐ ★ ✣★✜❡✉✢ ✛✜❜✤✢ ✇✤✢❤

❛ ❂ ✶✵✹ ✸❯✦ ✇✛✩✪❞ ❜❡✧✛✐❡ ✩✉❜✛✩✉❞✦ ✩✉✪❡ss ❘ ❃ ✾❄ ✸❯✺

❅❤❡ ✣★✜✢✤✧✪❡ ✣✛✣✩✪★✢✤✛✉s s✢✩❞✤❡❞ ❤❡✜❡ ❤★✈❡ ❜✛✩✉❞ ✤✉✤✢✤★✪

✛✜❜✤✢s✺ ❅❤❡✫ ✜❡✣✜❡s❡✉✢ ✛✉✪✫ ★ ✲✜★✧✢✤✛✉ ✛✲ ★✪✪ ✣★✜✢✤✧✪❡s ✜❡✪❡★s❡❞

✲✜✛✐ ❖❈❈s✺ ❅❤✤s ✲✜★✧✢✤✛✉✦ ❞❡✉✛✢❡❞ ❢❇ ✤✉ ❙❡✧✢✤✛✉ ●✦ ✤s ❞✤✲Þ✧✩✪✢

✢✛ ❡s✢✤✐★✢❡✦ ❜❡✧★✩s❡ ✇❡ ❞✛ ✉✛✢ ❤★✈❡ ★ ❞❡✢★✤✪❡❞ ✩✉❞❡✜s✢★✉❞✤✉❣

✛✲ ✢❤❡ ✣✜✛✧❡ss❡s✦ ★✉❞ ✢❤❡✤✜ ❞❡✣❡✉❞❡✉✧❡ ✛✉ ❍✦ ✢❤★✢ ❣✛✈❡✜✉ ✧✛✐❡✢

❞✤s✜✩✣✢✤✛✉s✺ ❲❡ ✇✤✪✪ ✜❡✢✩✜✉ ✢✛ ✢❤✤s ✤ss✩❡ ✤✉ ❙❡✧✢✤✛✉ ●✺ ❅❤❡ ✤✉✤✢✤★✪

❞✤s✢✜✤❜✩✢✤✛✉ ✛✲ ✛✜❜✤✢★✪ ✤✉✧✪✤✉★✢✤✛✉ ✈❡✧✢✛✜s ✇★s s❡✢ ✢✛ ❜❡ ✤s✛✢✜✛✣✤✧✺

❅✛ s✤✐✣✪✤✲✫ ✢❤✤✉❣s✦ ✇❡ ✉❡❣✪❡✧✢❡❞ ✢❤❡ ❡❥❡✧✢✤✛✉ ✈❡✪✛✧✤✢✤❡s ✛✲ ❞✩s✢

✣★✜✢✤✧✪❡s ✲✜✛✐ ✢❤❡✤✜ ✣★✜❡✉✢ ✛❜❥❡✧✢s ✮s❡❡ ■✛✉❡s ❡✢ ★✪✺ ✯✵✵✶✰ ★✉❞

★ss✩✐❡❞ ✢❤★✢ ✢❤❡✫ ✇✤✪✪ ✤✉✤✢✤★✪✪✫ ✲✛✪✪✛✇ ✢❤❡ ✣★✜❡✉✢ ✧✛✐❡✢❝s ✛✜❜✤✢

✐✛❞✤Þ❡❞ ❜✫ ✜★❞✤★✢✤✛✉ ✣✜❡ss✩✜❡✺

❋✛✜ ✜❡✲❡✜❡✉✧❡✦ ✇❡ ★✪s✛ ✲✛✪✪✛✇❡❞ ✐❡✢❡✛✜✛✤❞s ✲✜✛✐ ✶P❑▲★✪✪❡✫✦

✯P❑❊✉✧✥❡✦ ★✉❞ ▼▼P◗❅❡✐✣❡✪♠❅✩✢✢✪❡✺ ❅❤❡s❡ ✧✛✐❡✢s ✇❡✜❡ s✩❣♠

❣❡s✢❡❞ ✢✛ ❜❡ ✤✐✣✛✜✢★✉✢ s✛✩✜✧❡s ✛✲ ✢❤❡ s✣✛✜★❞✤✧ ✐❡✢❡✛✜s ❜✫ ❲✵❱✺

❅❤❡ ✧✛✐❡✢❝s ✛✜❜✤✢s ✇❡✜❡ ✛❜✢★✤✉❡❞ ✲✜✛✐ ✢❤❡ ■P❳ ▲✛✜✤❨✛✉s s✤✢❡✺

P★✜✢✤✧✪❡s ✛✲ ❞✤✲✲❡✜❡✉✢ s✤❨❡s ✇❡✜❡ ✜❡✪❡★s❡❞ ✲✜✛✐ ✢❤❡ ✣★✜❡✉✢ ✛✜❜✤✢s

★✉❞ ✢✜★✧✥❡❞ ✤✉✢✛ ✲✩✢✩✜❡✺❲❡ ★✣✣✪✤❡❞ ✢❤❡ s★✐❡ ✣✜✛✧❡❞✩✜❡s❑✧✜✤✢❡✜✤★

✢✛ ✢❤❡✐ ✢❤★✢ ✇❡ ✩s❡❞ ✲✛✜ ✢❤❡ ❖❈❈ ✣★✜✢✤✧✪❡s✺

❩❬❩❬ ❭❪❫❴❵ ❦♥❵❧♦❪♣❵❴t♥

❅❤❡ ✛✜❜✤✢s ✛✲ s✐★✪✪ ✣★✜✢✤✧✪❡s ✤✉ ✢❤❡ ✤✉✢❡✜✣✪★✉❡✢★✜✫ s✣★✧❡ ★✜❡

s✩❜❥❡✧✢ ✢✛ ❣✜★✈✤✢★✢✤✛✉★✪ ✣❡✜✢✩✜❜★✢✤✛✉s ✛✲ ✣✪★✉❡✢s ★✉❞ ✜★❞✤★✢✤✛✉

✲✛✜✧❡s ✮q✛❜❡✜✢s✛✉ ✶❱✾r② ③✩✜✉s ❡✢ ★✪✺ ✶❱r❱✰✺ ❅❤❡ ★✧✧❡✪❡✜★✢✤✛✉ ④⑤

❞✩❡ ✢✛ ✜★❞✤★✢✤✛✉ ✲✛✜✧❡s ✤s

④⑤ ❂ ⑥⑦
⑧⑨

❘⑩

❶❷

✶ ❸
❹❘

❺

❻
④❘

❘
❸

④❼

❺

❽

❿ ✮✾✰

✇❤❡✜❡ ④❘ ✤s ✢❤❡ ❤❡✪✤✛✧❡✉✢✜✤✧ ✣✛s✤✢✤✛✉ ✈❡✧✢✛✜ ✛✲ ✣★✜✢✤✧✪❡✦ ④❼ ✤s ✤✢s

✈❡✪✛✧✤✢✫✦ ➀ ✤s ✢❤❡ ❣✜★✈✤✢★✢✤✛✉★✪ ✧✛✉s✢★✉✢✦ ⑧⑨ ✤s ✢❤❡ ✐★ss ✛✲ ✢❤❡

❙✩✉✦ ➁ ✤s ✢❤❡ s✣❡❡❞ ✛✲ ✪✤❣❤✢✦ ★✉❞ ❹❘ ❂ ➂❘❑➂➃✺ ❅❤❡ ★✧✧❡✪❡✜★✢✤✛✉

❊✬✩★✢✤✛✉ ✮✾✰ ✧✛✉s✤s✢s ✛✲ ✢❤❡ ✜★❞✤★✢✤✛✉ ✣✜❡ss✩✜❡ ★✉❞ ✢❤❡ ✈❡✪✛✧✤✢✫♠

❞❡✣❡✉❞❡✉✢ P♠q ✢❡✜✐✺ P★✜★✐❡✢❡✜ ⑥ ✤s ✜❡✪★✢❡❞ ✢✛ ✢❤❡ ✜★❞✤★✢✤✛✉

✣✜❡ss✩✜❡ ✧✛❡✲Þ✧✤❡✉✢ ➄➅➆ ❜✫ ❊✬✩★✢✤✛✉ ✮✶✰✺

❅❤❡ ✣★✜✢✤✧✪❡ ✛✜❜✤✢s ✇❡✜❡ ✉✩✐❡✜✤✧★✪✪✫ ✤✉✢❡❣✜★✢❡❞ ✇✤✢❤ ✢❤❡

➇➈➉➊➋➌➍➎➏➇➐ ✧✛❞❡ ✮❳❡✈✤s✛✉ ➑ ➒✩✉✧★✉ ✶❱❱●✰✦ ✇❤✤✧❤ ✤s ★✉

❡✲Þ✧✤❡✉✢ ✤✐✣✪❡✐❡✉✢★✢✤✛✉ ✛✲ ✢❤❡❲✤s❞✛✐➓▲✛✪✐★✉✐★✣ ✮❲✤s❞✛✐

➑ ▲✛✪✐★✉ ✶❱❱✶✰ ★✉❞ ✇❤✤✧❤✦ ✤✉ ★❞❞✤✢✤✛✉✦ ✧★✉ ❞❡★✪ ✇✤✢❤ ✧✪✛s❡

❡✉✧✛✩✉✢❡✜s ❜❡✢✇❡❡✉ ✣★✜✢✤✧✪❡s ★✉❞ ✣✪★✉❡✢s✺ ❅❤❡ ✜★❞✤★✢✤✛✉ ✣✜❡ss✩✜❡

★✉❞ ❞✜★❣ ✲✛✜✧❡s ✇❡✜❡ ✤✉s❡✜✢❡❞ ✤✉✢✛ ✢❤❡ ➔❡✣✪❡✜✤★✉ ★✉❞ ✥✤✧✥ ✣★✜✢s

✛✲ ✢❤❡ ✤✉✢❡❣✜★✢✛✜✦ ✜❡s✣❡✧✢✤✈❡✪✫✺ ❅❤❡ ✧❤★✉❣❡ ✢✛ ✢❤❡ ➔❡✣✪❡✜✤★✉

✣★✜✢ ✇★s ✢✜✤✈✤★✪✪✫ ❞✛✉❡ ❜✫ s✩❜s✢✤✢✩✢✤✉❣ ⑧⑨ ❜✫ ⑧⑨✮✶ ❸ ⑥✰✺ ❅❤❡

➇➈➉➊➋➌➍➎➏➇➐ ✤✉✢❡❣✜★✢✛✜ ✤s s✢★❜✪❡ ❡✈❡✉ ✲✛✜ ✉❡★✜♠✣★✜★❜✛✪✤✧ ✛✜❜✤✢s✦

★✉❞ ✢❤✩s ✇❡✪✪ s✩✤✢❡❞ ✲✛✜ ✢❤❡ ✤✉✢❡❣✜★✢✤✛✉s ✢❤★✢ ✇❡ ✧★✜✜✤❡❞ ✛✩✢ ❤❡✜❡✺

❅❤❡ ✧✛❞❡ ✢✜★✧✥s ✢❤❡ ✛✜❜✤✢★✪ ❡✈✛✪✩✢✤✛✉ ✛✲ ★ ✣★✜✢✤✧✪❡ ✢❤★✢ ✜❡✈✛✪✈❡s

★✜✛✩✉❞ ✢❤❡ ❙✩✉ ★✉❞ ✤s s✩❜❥❡✧✢ ✢✛ ✢❤❡ ❣✜★✈✤✢★✢✤✛✉★✪ ✣❡✜✢✩✜❜★✢✤✛✉s

✛✲ s❡✈❡✉ ✣✪★✉❡✢s ✮→❡✉✩s ✢✛ ➣❡✣✢✩✉❡② ✢❤❡ ✐★ss ✛✲ ↔❡✜✧✩✜✫ ✇★s

↕ ➙➛✕ ➜✕✗➝✗➞➟➡✙ ➞➢➝➜ ➤➞➥➦✕➜ ➡➧ ✗➡➜➨ ➩➫➫➜ ➞✙✕ ✑✷➯ ➲ ➳ ➲ ➵ × ✑✷➯ ➸➺✱
➻➛➝✖➛ ➝➜ ➼➽➡➻➽ ➞➜ ➨➛✕ ➩➡✙➨ ➜✓➝➼✕ ✭✕➾➚➾✱ ➪➝✕➚✕✙➨ ➶ ➙✙✕✗➞➝➽✕ ✑➹➹➹✔➾ ➫➡✗✕➨➜ ➝➽
➨➛✕ ➜✓➝➼✕ ➞✙✕ ✗➡➜➨➥➘ ➴➘➽➞✗➝✖➞➥➥➘ ➽✕➻ ✖➡✗✕➨➜✱ ➡➽ ➨➛✕➝✙ ➷✙➜➨ ✓➞➜➜➞➚✕ ➝➽➨➡ ➨➛✕
➝➽➽✕✙ ✓➥➞➽✕➨➞✙➘ ➜➘➜➨✕✗ ➧✙➡✗ ➨➛✕ ➩➡✙➨ ➫➥➡➦➴➾ ➸ ✖➡✗✕➨ ➨➛➞➨ ✓➞➜➜✕➜ ➨➛✙➡➦➚➛ ➨➛✕
✓➥➞➽✕➨➞✙➘ ➜➘➜➨✕✗ ✙✕✖✕➝➤✕➜ ➞ ➚✙➞➤➝➨➞➨➝➡➽➞➥ ➼➝✖➼ ➧✙➡✗ ➨➛✕ ✓➥➞➽✕➨➜➾ ➙➛✕ ➨➘✓➝✖➞➥
✕➽✕✙➚➘ ➼➝✖➼✱ ➬➮✱ ➴✕✓✕➽➴➜ ➜➨✙➡➽➚➥➘ ➡➽ ➨➛✕ ✓✕✙➝➛✕➥➝➡➽ ➴➝➜➨➞➽✖✕ ➡➧ ➨➛✕ ✖➡✗✕➨➱➜
➡✙✘➝➨➾ ➸✖✖➡✙➴➝➽➚ ➨➡ ➪➝✕➚✕✙➨ ➶ ➙✙✕✗➞➝➽✕ ✭✑➹➹➹✔✱ ➬➮ ✃ ✑✷❐❒ ➸➺❐❮ ➧➡✙ ❰ ➲ Ï

➸➺✱ ➻➛➝➥✕ ✖➡✗✕➨➜ ➝➽ ➨➛✕ ➩➡✙➨ ➜✓➝➼✕ ➛➞➤✕ ➮ Ð ✑Ñ➳ ➲ ✑✷❐➯ ➸➺❐❮➾ ❉✕✓✕➽➴➝➽➚
➡➽ ➨➛✕ ➜➝➚➽ ➡➧ ➨➛✕ ➼➝✖➼✱ ➨➛✕➘ ➻➝➥➥ ✕➝➨➛✕✙ ➥✕➞➤✕ ➨➛✕ ✓➥➞➽✕➨➞✙➘ ➜➘➜➨✕✗ ➡➽ ➦➽✘➡➦➽➴
➡✙✘➝➨✱ ➽✕➤✕✙ ➨➡ ✙✕➨➦✙➽✱ ➡✙ ✘✕ ➨➛✙➡➻➽ ➡➽➨➡ ➞ ✗➡✙✕ ➨➝➚➛➨➥➘ ✘➡➦➽➴ ➡✙✘➝➨ ➻➝➨➛
➳ ➲ ✑✷❒ ➸➺➾

★❞❞❡❞ ✢✛ ✢❤❡ ❙✩✉✰ ✩✉✢✤✪ ✢❤❡ ✣★✜✢✤✧✪❡ ✤✐✣★✧✢s ★ ✣✪★✉❡✢✦ ✤s ❡❥❡✧✢❡❞

✲✜✛✐ ✢❤❡ s✛✪★✜ s✫s✢❡✐ ✛✜ ❡✈✛✪✈❡s ✢✛ ✇✤✢❤✤✉ ✵✺✵▼ ✸❯ ✲✜✛✐ ✢❤❡ ❙✩✉✺

❲❡ ✜❡✐✛✈❡❞ ✣★✜✢✤✧✪❡s ✢❤★✢ ❡✈✛✪✈❡❞ ✢✛ ❘ Ò ✵❀✵▼ ✸❯ ❜❡✧★✩s❡ ✢❤❡

✛✜❜✤✢★✪ ✣❡✜✤✛❞ ✲✛✜ ❘ Ò ✵❀✵▼ ✸❯ ✇★s ✉✛✢ ✣✜✛✣❡✜✪✫ ✜❡s✛✪✈❡❞ ❜✫

✛✩✜ ✶ ❞★✫ ✤✉✢❡❣✜★✢✤✛✉ ✢✤✐❡ s✢❡✣✺

❙❡✈❡✜★✪ ✢❤✛✩s★✉❞ ✣★✜✢✤✧✪❡s ✇❡✜❡ ✲✛✪✪✛✇❡❞ ✲✛✜ ❡★✧❤ Ó✺ ❅❤❡✤✜

✛✜❜✤✢★✪ ❡✪❡✐❡✉✢s ✇❡✜❡ ❞❡Þ✉❡❞ ✇✤✢❤ ✜❡s✣❡✧✢ ✢✛ ✢❤❡ ❜★✜✫✧❡✉✢❡✜ ✛✲

✢❤❡ s✛✪★✜ s✫s✢❡✐✺ ❅❤❡ ❜★✜✫✧❡✉✢✜✤✧ ❡✪❡✐❡✉✢s ★✜❡ s✤✐✤✪★✜ ✢✛ ✢❤❡

❤❡✪✤✛✧❡✉✢✜✤✧ ❡✪❡✐❡✉✢s ✲✛✜ ❘ Ò ▼ ✸❯✦ ❜✩✢ ❞✤✲✲❡✜ ✲✛✜ ✪★✜❣❡ ❍✦

✇❤❡✜❡ ✢❤❡ ❙✩✉❝s ✛✜❜✤✢★✪ s✣❡❡❞ ★❜✛✩✢ ✢❤❡ ❜★✜✫✧❡✉✢❡✜ ✛✲ ✢❤❡ s✛✪★✜

s✫s✢❡✐ ✤s ✉✛✢ ✉❡❣✪✤❣✤❜✪❡ ✜❡✪★✢✤✈❡ ✢✛ ✢❤❡ ✛✜❜✤✢★✪ s✣❡❡❞ ✛✲ ★ ✣★✜✢✤✧✪❡✺

✸✪✪ ✛✜❜✤✢s ✇❡✜❡ ✲✛✪✪✛✇❡❞ ✲✜✛✐ ✢❤❡ ✣✜❡s❡✉✢ ❡✣✛✧❤ ✤✉✢✛ ✢❤❡

✲✩✢✩✜❡✺ ❊★✧❤ ✣★✜✢✤✧✪❡❝s ✛✜❜✤✢★✪ ❡✪❡✐❡✉✢s ✇❡✜❡ s✢✛✜❡❞ ★✢ ✶✵❁ ✫✜

✤✉✢❡✜✈★✪s✺ ❲❡ ✩s❡❞ ✢❤❡ ✛✩✢✣✩✢ ✢✛ ✧✛✉s✢✜✩✧✢ ★ Ô❵❧♣ÕÖ Ô❵♣❵❧

Õ❴Ô❵❪❴❫Ø❵❴t♥ ✛✲ ❖❈❈ ✣★✜✢✤✧✪❡s ✤✉ ✢❤❡ ✤✉✉❡✜ s✛✪★✜ s✫s✢❡✐✺ ❅❤✤s

★✣✣✜✛★✧❤ ❞✤✲✲❡✜s ✲✜✛✐ ✢❤★✢ ✛✲ ➣❡s✈✛✜✉Ù✫ ❡✢ ★✪✺ ✮✯✵✵❄✰ ★✉❞

❲✵❱✦ ✇❤✛ s✢★✜✢❡❞ ✣★✜✢✤✧✪❡s ★✢ ✐★✉✫ ❞✤✲✲❡✜❡✉✢ ✣★s✢ ❡✣✛✧❤s ★✉❞

✩s❡❞ ✢❤❡s❡ ✤✉✢❡❣✜★✢✤✛✉s ✢✛ ❞❡✢❡✜✐✤✉❡ ✢❤❡ Ú❪❧Ô❧♥❵ Õ❴Ô❵❪❴❫Ø❵❴t♥

✛✲ ✣★✜✢✤✧✪❡s✺ ❅❤❡ ✢✇✛ ❞✤s✢✜✤❜✩✢✤✛✉s ★✜❡ ❡①✣❡✧✢❡❞ ✢✛ ❜❡ s✪✤❣❤✢✪✫

❞✤✲✲❡✜❡✉✢✦ ❡①✣✜❡ss✤✉❣ ✐★✤✉✪✫ ✢❤❡ ❞✤✲✲❡✜❡✉✧❡ ❜❡✢✇❡❡✉ ✢❤❡ ✣✜❡s❡✉✢

✧✛✉Þ❣✩✜★✢✤✛✉ ✛✲ ✣✪★✉❡✢s✦ ✇✤✢❤ ❡★✧❤ ✣✪★✉❡✢ ❤★✈✤✉❣ ★ s✣❡✧✤Þ✧

s❡✧✩✪★✜ ✣❤★s❡✦ ★✉❞ ✢❤❡ ✢✤✐❡♠★✈❡✜★❣❡❞ s✫s✢❡✐✦ ✇❤❡✜❡ ★✪✪ ✣❤★s❡s

★✜❡ ✐✤①❡❞✺ ❙✤✉✧❡ ✢❤✤s ❞✤✲✲❡✜❡✉✧❡ ✤s s✐★✪✪✦ ❤✛✇❡✈❡✜✦ ✇❡ ✧★✉ ✩s❡

✢❤❡ s✢❡★❞✫ s✢★✢❡ ❞✤s✢✜✤❜✩✢✤✛✉✦ ✇❤✤✧❤ ✤s ❡★s✤❡✜ ✢✛ ✛❜✢★✤✉✦ ★s ★

✜❡★s✛✉★❜✪❡ ★✣✣✜✛①✤✐★✢✤✛✉✺

❩❬Û❬ ÜÝÖÔ❴➁♣ß à❢❢❧➁❵Ô

❙✛✪★✜ s✫s✢❡✐ ✐✤✧✜✛✐❡✢❡✛✜✛✤❞s ✧★✉ ❜❡ ❞❡s✢✜✛✫❡❞ ❜✫ ✧✛✪✪✤s✤✛✉s

✇✤✢❤ ✛✢❤❡✜ ✣★✜✢✤✧✪❡s ★✉❞ ❜✫ s✛✪★✜ ❤❡★✢✤✉❣✦ ✢❤★✢ ✧★✉ ✪❡★❞ ✢✛

s✩❜✪✤✐★✢✤✛✉ ★✉❞ ✈★✣✛✜✤❨★✢✤✛✉ ✛✲ ✐✤✉❡✜★✪s✺ ▲❡✜❡ ✇❡ ❞❡s✧✜✤❜❡

❤✛✇ ✇❡ ✣★✜★✐❡✢❡✜✤❨❡ ✢❤❡s❡ ✣✜✛✧❡ss❡s ✤✉ ✛✩✜ ✐✛❞❡✪✺

áâãâäâ åæçèéêë ìçíîèïðîñòó

❅❤❡✜✐★✪ ★✪✢❡✜★✢✤✛✉ ✛✲ ❣✜★✤✉s ✤✉ ✢❤❡ ✤✉✢❡✜✣✪★✉❡✢★✜✫ ❣✜★✤✉s ✤s

★ ✧✛✐✣✪❡① ✣✜✛✧❡ss✺ ❅❤❡ ❖❈❈ ✣★✜✢✤✧✪❡s ❡✈✛✪✈✤✉❣ ✤✉✢✛ ✢❤❡ ✤✉✉❡✜

s✛✪★✜ s✫s✢❡✐ ✇✤✪✪ Þ✜s✢ ✪✛s❡ ✢❤❡✤✜ ✈✛✪★✢✤✪❡ ✤✧❡s✦ ✇❤✤✧❤ ✇✤✪✪ ✜★✣✤❞✪✫

s✩❜✪✤✐★✢❡ ✛✉✧❡ ✢❤❡ ❣✜★✤✉s ★✜❡ ❤❡★✢❡❞ ✢✛ ★ ✧✜✤✢✤✧★✪ ✢❡✐✣❡✜★✢✩✜❡✺

❲❡ ❞✛ ✉✛✢ ✐✛❞❡✪ ✢❤❡ ✈✛✪★✢✤✪❡ ✪✛ss ✤✉ ❞❡✢★✤✪✺ ô✉s✢❡★❞✦ ✇❡ ✧✜✩❞❡✪✫

★ss✩✐❡ ✢❤★✢ ✢❤❡ ❣✜★✤✉s ❤★✈❡ ✪✛s✢ õ ▼✵ö ✛✲ ✢❤❡✤✜ ✐★ss❑✈✛✪✩✐❡
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s✐★✪✪ ❍✺
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✐✤✧✜✛✐❡✢❡✛✜✛✤❞s s❤✛✩✪❞ s❤✛✇ ❡✈✤❞❡✉✧❡ ✛✲ ✢❤❡✜✐★✪ ❞❡s✛✜✣✢✤✛✉
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❅❤❡ ✢❡✐✣❡✜★✢✩✜❡ ✛✲ ★ s✐★✪✪✦ ✲★s✢ s✣✤✉✉✤✉❣ ❣✜★✤✉ ✤✉ ✤✉✢❡✜✣✪★✉♠
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✫❛✢✦✥❝❧✜ ✥✣ ✹ ❛✣★ ❡ ❝❛✣ ✦✛✧s r✜ ♦r✦❛✥✣✜★ r✰ ❝❛❧❝✧❧❛✦✥✣✤ ➄ ❢♦✢ ✦✛✜

✥✣✥✦✥❛❧ ♦✢r✥✦✲ ❛✣★ ✢✜Ñ✧✥✢✥✣✤ ✦✛❛✦ ❊Ñ✧❛✦✥♦✣ ✺✶P❁ ✛♦❧★s ❛✦ ❛❧❧ ✦✥♠✜s

✺❋✥✤✧✢✜ ▼✺❛❁❁✮ ❋♦✢ ➌ ⑤ ✶✲ ✦✛✜ ♦✢r✥✦ ✦✢❛➍✜❝✦♦✢✥✜s ❢♦❧❧♦✇ ✦✛✜ ❧✥✣✜s

♦❢ ❝♦✣s✦❛✣✦ Ó✲ r✜❝❛✧s✜ ➉ ⑨ ▼Ô ❢♦✢ ➌ ⑨ ✶✮ ✴✛✜ s✜♠✥♠❛➍♦✢ ❛①✥s

♦❢ ♦✢r✥✦s s✛✢✥✣✬s ✧✣✦✥❧ ✢✜❛❝✛✥✣✤ ❛ ✈❛❧✧✜ ♦✣❧✰ s✜✈✜✢❛❧ ✦✥♠✜s ❧❛✢✤✜✢

✦✛❛✣ Ó✮ ❘✦ ✦✛❛✦ ✫♦✥✣✦✲ ❛ ♠♦✢✜ ❢❛♠✥❧✥❛✢ ❢♦✢♠ ♦❢ ➈❑❈ ★✢❛✤ ✦❛✬✜s

✫❧❛❝✜ ✇✥✦✛ r♦✦✛ ✹ ❛✣★ Ó ❝♦✣✈✜✢✤✥✣✤ ✦♦ ❩✜✢♦✮

✴✛✜ ✦✥♠✜s❝❛❧✜ ♦❢ ♦✢r✥✦❛❧ ✜✈♦❧✧✦✥♦✣ ✥s ❛s ❢♦❧❧♦✇s✮ ❋♦✢ ❛✣ ✥✣✥✦✥❛❧

♦✢r✥✦ ✇✥✦✛ ✹✲ ❡✲ ❛✣★ Ô ❂ ➊✺✶➋ ➌❁✲ ✦✛✜ ✦♦✦❛❧ ✦✥♠✜ ♦❢ ❢❛❧❧ ✦♦ ✦✛✜ ❙✧✣

✥s ✺❭✰❛✦✦ ❱ ❭✛✥✫✫❧✜ ✶❪❳P❁

ÕÖ×ØØ ❂ ▼P ❇✰✢

❥
⑧

✶ ❝♠

❦ Ù
Ú

▼ ✤ ❝♠❾♣

Û ❥
Ô

✶ ❘⑩

❦✵

Ü ✺➌❁❵ ✺✶✶❁

❳
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✯✰✴ ✻❤✕ ✓❛✙✦✥✖✩✕ ✕✫❞✐ ✵✓ ❤❛✈✥✫✽ ✬ ✾ ✷✲✑ ✯✰✱ ❛✫❞ ✐✵✘✩✥✗❛✦✕✐ ✵✓✧✫ ✙✕❛✖❤✥✫✽ ❘ ✾ ✷✲✷✺ ✯✰✴

✿❀❁❃❁

❢ ❄❅❇ ❈ ❊●❊❍
❄❊ ■ ❅❇

❑

❅▲P◗

❙ ❯

❱

❲❳
❳

❨P◗

❄❊ ❾ ❳❑❇❨P❑
● ❄❊❩❇

❬❭❪❫❃❁ ❩❄❴❇ s❀❵✿s ❜❝❣❧❧ ❥❵❃ ❵❃❴❭rs ❃❁❦❁♠♥♣r r❵ t✉✉ ①♥❃r❭②❦❁s③

④♣r❁❃❁sr❭♣❪❦⑤⑥ r❀❁ r❭⑦❁s②♥❦❁ ❥❵❃ ❦♥❃❪❁ ⑧ ②♥♣ ❴❁ ❃❁❦♥r❭♠❁❦⑤ s❀❵❃r

❭❥ ⑨ ❭s s⑦♥❦❦③ ❬❵❃ ❁⑩♥⑦①❦❁⑥ ♥♣ t✉✉ ①♥❃r❭②❦❁ ✿❭r❀ ❶ ❈ ❊❷❷ ❸⑦⑥

❹ ❈ ❊❷
❺

❻❼⑥ ♥♣❽ ❿ ❈ ❊ ❻❼ r♥➀❁s ♥❴❵❫r ❩❷ ➁⑤❃ r❵ ❥♥❦❦ r❵ r❀❁

➂❫♣③ ➃❀❭s ❭s ❵♣❦⑤ ♥❴❵❫r ❩❷ ❵❃❴❭r♥❦ ①❁❃❭❵❽s ❥❵❃ ❹ ❈ ❊❷
❺

❻❼③

❻②②❵❃❽❭♣❪ r❵ ➄➅❫♥r❭❵♣ ❄❊❊❇⑥ ❜❝❣❧❧ s②♥❦❁s ❦❭♣❁♥❃❦⑤ ✿❭r❀ ①♥❃r❭②❦❁

s❭➆❁③ ➃❀❫s⑥ ♥ ❶ ❈ ❊❷ ❸⑦ ①♥❃r❭②❦❁ ✿❭r❀ r❀❁ s♥⑦❁ ❭♣❭r❭♥❦ ❵❃❴❭r ❀♥s

❜❝❣❧❧ ❈ ❩ ➁⑤❃③

t♣❁ ❭⑦①❵❃r♥♣r ♥s①❁②r r❀♥r ②♥♣♣❵r ❴❁ ②♥①r❫❃❁❽ ❴⑤ r❀❁ ♥♣♥❦⑤r❭②♥❦

❃❁s❫❦rs ❽❭s②❫ss❁❽ ♥❴❵♠❁ ❭s r❀❁ ❁❥❥❁②r ❵❥ ①❦♥♣❁r♥❃⑤ ①❁❃r❫❃❴♥r❭❵♣s

❵♣ ❽❃❭❥r❭♣❪ ❵❃❴❭rs ❵❥ t✉✉ ①♥❃r❭②❦❁s③ ➃❵ ❁♠♥❦❫♥r❁ r❀❭s ❁❥❥❁②r⑥ ♥s

❽❁s②❃❭❴❁❽ ❭♣ ➂❁②r❭❵♣ ❩③❩⑥ ✿❁ ♣❫⑦❁❃❭②♥❦❦⑤ ❭♣r❁❪❃♥r❁❽ r❀❁ ❵❃❴❭rs

❵❥ t✉✉ ①♥❃r❭②❦❁s ♥s r❀❁⑤ ❁♠❵❦♠❁ ❥❃❵⑦ ❦♥❃❪❁ ⑧ ♥♣❽ ❭♣r❁❃♥②r ✿❭r❀

r❀❁ ①❦♥♣❁rs③

❬❭❪❫❃❁ ❍ s❀❵✿s r❀❁ ❵❃❴❭r♥❦ ❀❭sr❵❃⑤ ❵❥ ♥ ①♥❃r❭②❦❁⑥ ✿❀❵s❁ ❵❃❴❭r

❁♠❵❦♠❁❽ ♥❦❦ r❀❁ ✿♥⑤ ❽❵✿♣ ❭♣r❵ r❀❁ ❭♣♣❁❃ s❵❦♥❃ s⑤sr❁⑦③ ④♣❭r❭♥❦❦⑤⑥

r❀❁ ①♥❃r❭②❦❁➇s s❁⑦❭⑦♥➈❵❃ ♥⑩❭s ❫♣❽❁❃✿❁♣r ♥ ❃♥♣❽❵⑦ ✿♥❦➀ ②♥❫s❁❽

❴⑤ ❭♣❽❭❃❁②r ①❦♥♣❁r♥❃⑤ ①❁❃r❫❃❴♥r❭❵♣s⑥ ⑦♥❭♣❦⑤ ❥❃❵⑦ ➉❫①❭r❁❃⑥ ❽❫❃❭♣❪

❁♥②❀ ①❁❃❭❀❁❦❭❵♣ ①♥ss♥❪❁ ❄➊❭❁❪❁❃r ➋ ➃❃❁⑦♥❭♣❁ ❊➌➌➌❇③ ➃❀❁♣⑥ ♥r

r❭⑦❁ ➍ ➎ ➏ × ❊❷
◗

⑤❃⑥ ♥ s❭♣❪❦❁ ①❁❃❭❀❁❦❭❵♣ ①♥ss♥❪❁ ①❃❵❽❫②❁❽ ♥

s❭❪♣❭➐②♥♣r ❽❃❵① ❵❥ ⑧ ❥❃❵⑦ ❊➏❷ r❵ ➑❷ ❻❼⑥ ✿❀❁❃❁ r❀❁ ①♥❃r❭②❦❁

sr♥❃r❁❽ r❵ ❭♣r❁❃♥②r ✿❭r❀ r❀❁ ❁⑩r❁❃❭❵❃ ⑦❁♥♣ ⑦❵r❭❵♣ ❃❁s❵♣♥♣②❁s

✿❭r❀ ➒❁①r❫♣❁③ ➃❀❁ ❥❵❦❦❵✿❭♣❪ ❁♠❵❦❫r❭❵♣ ✿♥s ⑦♥❭♣❦⑤ ②❵♣r❃❵❦❦❁❽ ❴⑤

➓➔→ ❽❃♥❪③ ➄♠❁♣r❫♥❦❦⑤⑥ r❀❁ ❵❃❴❭r ❽❁②❵❫①❦❁❽ ❥❃❵⑦ ➉❫①❭r❁❃⑥ ❃❁♥②❀❁❽

❹ ➣ ❊ ❻❼⑥ ♥♣❽ ➀❁①r s❀❃❭♣➀❭♣❪ ❥❫❃r❀❁❃ r❵✿♥❃❽ r❀❁ ➂❫♣⑥ ✿❀❁❃❁ r❀❁

①♥❃r❭②❦❁ ✿♥s r❀❁❃⑦♥❦❦⑤ ❽❁sr❃❵⑤❁❽③ ➃❀❁ ❦♥❃❪❁ ❵s②❭❦❦♥r❭❵♣s ❵❥ ⑨ ❥❵❃

❷●➌ ↔ ➍ ↔ ❊●↕ ➁⑤❃⑥ ②❵❃❃❁❦♥r❁❽ ✿❭r❀ r❀❵s❁ ❭♣ ➙⑥ ✿❁❃❁ ①❃❵❽❫②❁❽

❴⑤ ➛❵➆♥❭ ❽⑤♣♥⑦❭②s ❄❁③❪③⑥ ➛❵➆♥❭ ❊➌➜❩❇③

➃❀❁ ❵❃❴❭r ❀❭sr❵❃⑤ s❀❵✿♣ ❭♣ ❬❭❪❫❃❁ ❍ ❭s r⑤①❭②♥❦ ❥❵❃ ♥♣ t✉✉

①♥❃r❭②❦❁ r❀♥r ❭s ♥❴❦❁ r❵ ⑦♥➀❁ ❭r ❭♣r❵ r❀❁ ❭♣♣❁❃ s❵❦♥❃ s⑤sr❁⑦③

➃❀❁s❁ ①♥❃r❭②❦❁s⑥ ❀❵✿❁♠❁❃⑥ ❃❁①❃❁s❁♣r ♥ ❃❁❦♥r❭♠❁❦⑤ s⑦♥❦❦ ❥❃♥②r❭❵♣

❵❥ r❀❁ ❭♣❭r❭♥❦ ①❵①❫❦♥r❭❵♣⑥ ✿❭r❀ ⑦❵sr ①♥❃r❭②❦❁s ❴❁❭♣❪ ❁➈❁②r❁❽ ❥❃❵⑦

r❀❁ s❵❦♥❃ s⑤sr❁⑦ ❴⑤ ①❦♥♣❁r♥❃⑤ ①❁❃r❫❃❴♥r❭❵♣s③ ❼s❭♣❪ ❲➝❄❿❇ ✿❭r❀

❷ ➞ ➟ ➞ ❊ ❄➂❁②r❭❵♣ ❩③❊❇⑥ ❹ ➣ ❊❷
❨

❻❼ ♥♣❽ ❭s❵r❃❵①❭② ❽❭sr❃❭❴❫r❭❵♣

❵❥ ❭♣②❦❭♣♥r❭❵♣ ♠❁②r❵❃s⑥ ❃❵❫❪❀❦⑤ ❷③➡➢➤❊③➏➢ ❵❥ ①♥❃r❭②❦❁s ✿❭r❀

❶ ❈ ❊❷❷ ❸⑦ ❁♠❵❦♠❁ ❽❵✿♣ ❭♣r❵ r❀❁ ❭♣♣❁❃ s❵❦♥❃ s⑤sr❁⑦ ♥♣❽

❽❁②❵❫①❦❁ ❥❃❵⑦ ➉❫①❭r❁❃ ❄♥s ❽❁➐♣❁❽ ❴⑤ r❀❁ ♥①❀❁❦❭❵♣ ❽❭sr♥♣②❁

➥ ❈ ❹❄❊ ■ ❅❇ ↔ ➑ ❻❼❇⑥ ✿❭r❀❵❫r ❴❁❭♣❪ ❽❭s❃❫①r❁❽ ❴⑤ ♥♣

❭⑦①♥②r ❄✿❭r❀ sr♥♣❽♥❃❽ ➦➧ ❈ ➦❑ ❈ ❷➨ ➂❁②r❭❵♣ ❩③❍❇ ❵❃ ❁♠❁❃

❀♥♠❭♣❪ ❿ ↔ ❷●❷➏ ❻❼ ❄r❵ ♥♠❵❭❽ s❫❴❦❭⑦♥r❭❵♣❇③ ➃❀❁s❁ ①♥❃r❭②❦❁s

②♥♣ ①❵r❁♣r❭♥❦❦⑤ ❴❁ ❭⑦①❵❃r♥♣r ❥❵❃ r❀❁ r❁❃❃❁sr❃❭♥❦ ❭⑦①♥②r ❃❁②❵❃❽

♥♣❽ ❭♣r❁❃①❃❁r♥r❭❵♣ ❵❥ r❀❁ ⑦❁r❁❵❃ ❃♥❽♥❃ ❽♥r♥③ ➃❀❁ ❴❫❦➀ ❵❥ t✉✉

①♥❃r❭②❦❁s r❀♥r ❽❵ ♣❵r ❃❁♥②❀ ❹ ➣ ❊ ❻❼⑥ ❽❵ ♣❵r s❭❪♣❭➐②♥♣r❦⑤

②❵♣r❃❭❴❫r❁ r❵ ➄♥❃r❀➇s ♥②②❃❁r❭❵♣⑥ ❴❁②♥❫s❁ r❀❁s❁ ①♥❃r❭②❦❁s s①❁♣❽

⑦❵sr ❵❥ r❀❁❭❃ ❦❭❥❁r❭⑦❁s ♥r ➩ ➫ ❊ ❻❼③

➃❀❁ ❥❃♥②r❭❵♣ ❵❥ t✉✉ ①♥❃r❭②❦❁s ❃❁♥②❀❭♣❪ ❹ ➣ ❊ ❻❼⑥ ➯➧⑥

♣❵❃⑦♥❦❭➆❁❽ r❵ r❀❁ ♣❫⑦❴❁❃ ❵❥ ①♥❃r❭②❦❁s ✿❀❵s❁ ❵❃❴❭rs ✿❁❃❁

❭♣❭r❭♥❦❦⑤ ❴❵❫♣❽ ❄s❁❁ ➂❁②r❭❵♣ ❩③❊❇⑥ ❭s s❁♣s❭r❭♠❁ r❵ ①♥❃r❭②❦❁ s❭➆❁③

❬❵❃ ❶ ❈ ❊❷ ❸⑦⑥ ❲➝❄❿❇ ❽❁s②❃❭❴❁❽ ❭♣ ➂❁②r❭❵♣ ❩③❊⑥ ♥♣❽ ❭♣❭r❭♥❦

❹ ➣ ❊❷
❨

❻❼⑥ ❢➧ ➎ ❷●❊➏➤❷●❩③ ❬❵❃ ❶ ❈ ❍❷❷ ❸⑦⑥ ❵♣ r❀❁ ❵r❀❁❃

❀♥♣❽⑥ ❢➧ ➎ ❩ × ❊❷
➲❨

③ ➁❵❃❁❵♠❁❃⑥ ❥❵❃ ❶ ❈ ❊ ⑦⑦⑥ ❵♣❦⑤ ❵♣❁

①♥❃r❭②❦❁ ❵❫r ❵❥ r❀❁ r❵r♥❦ ❵❥ ➏❷❷❷ ❃❁♥②❀❁❽ ❹ ➣ ❊ ❻❼③ ➃❀❭s r❃❁♣❽⑥
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⑦❁r❁❵❃s ❄➂❁②r❭❵♣ ➑❇③
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✉❵❦❦❭s❭❵♣♥❦ ❽❭s❃❫①r❭❵♣⑥ ❀❵✿❁♠❁❃⑥ r❫❃♣❁❽ ❵❫r r❵ ❀♥♠❁ ❵♣❦⑤ ♥

⑦❵❽❁sr ❁❥❥❁②r ❥❵❃ r❀❁ sr♥♣❽♥❃❽ ➸➡➏ ❜➳➵❧❧ ❄➦➧ ❈ ➦❑ ❈ ❷❇ ♥♣❽

r❀❁ ①♥❃r❭②❦❁ s❭➆❁s ②❵♣s❭❽❁❃❁❽ ❀❁❃❁③ ❬❵❃ ❁⑩♥⑦①❦❁⑥ ❵♣❦⑤ ➣❩➢ ❵❥

①♥❃r❭②❦❁s ✿❭r❀ ❶ ❈ ❊❷❷ ❸⑦ r❀♥r ❃❁♥②❀❁❽ ❹ ➣ ❊ ❻❼ ❭♣ ❵❫❃

♣❫⑦❁❃❭②♥❦ ❭♣r❁❪❃♥r❭❵♣ ❀♥♠❁ ❽❭s❃❫①r❁❽ ①❃❭❵❃ r❵ ❽❁②❵❫①❦❭♣❪ ❥❃❵⑦

➉❫①❭r❁❃⑥ ♥s ❽❁r❁②r❁❽ ❭♣ ①❵sr➔①❃❵②❁ss❭♣❪ ❵❥ r❀❁ ❭♣r❁❪❃♥r❭❵♣ ❵❫r①❫r⑥

✿❭r❀ r❀❁ sr♥♣❽♥❃❽ ➸➡➏ ❜➳➵❧❧③ ❻ ❪❃❁♥r ⑦♥➈❵❃❭r⑤ ❵❥ ①♥❃r❭②❦❁s ✿❭r❀

❶ ❈ ❍❷❷ ❸⑦ ♥❦s❵ s❫❃♠❭♠❁❽③ ➃❀❁ ❁❥❥❁②r ❵❥ ❽❭s❃❫①r❭♠❁ ②❵❦❦❭s❭❵♣s

❴❁②❵⑦❁s ⑦❵❃❁ s❭❪♣❭➐②♥♣r ❥❵❃ ❶ ➣ ❊ ⑦⑦⑥ ❥❵❃ ✿❀❭②❀ ❜➳➵❧❧ ❭s

s❭❪♣❭➐②♥♣r❦⑤ s❀❵❃r❁❃ ❄➂❁②r❭❵♣ ❩③❍③❩❇ ♥♣❽ ➓➔→ ❽❃♥❪ ❭s ✿❁♥➀❁❃③

➃❀❁ r❀❁❃⑦♥❦ ❁❥❥❁②rs ❽❭s②❫ss❁❽ ❭♣ ➂❁②r❭❵♣ ❩③❍③❊ r❫❃♣❁❽ ❵❫r

r❵ ❴❁ ♠❁❃⑤ ❭⑦①❵❃r♥♣r ❥❵❃ ♥❦❦ ①♥❃r❭②❦❁ s❭➆❁s ②❵♣s❭❽❁❃❁❽ ❀❁❃❁③

❬❵❃ ❁⑩♥⑦①❦❁⑥ ↕➏ ❵❫r ❵❥ ❊❩❩ ①♥❃r❭②❦❁s ❄❭③❁③⑥ ❵♠❁❃ ➜❷➢❇ ✿❭r❀
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❖♦❈❛✣ ✿❀✻◗✯✧ ❑t ✣✐ ✇✤rr ✩✸♦✇✸ t✢❛t t✢✤ ✣✸✣t✣❛rr✶ ✸✤❛✴❇♣♦r❛✴ ♦✴❜✣t✐

✇✣rr ✐✛✪✪✤✴ r❛✴✾✤ ♦✐✜✣rr❛t✣♦✸✐ ♦✪ q ✵✴✣✈✤✸ ❜✶ ✈❛✴✣❛t✣♦✸✐ ♦✪ t✢✤

♦✴❜✣t❛r ❛✸✾✛r❛✴ ♠♦♠✤✸t✛♠ ✈✤✜t♦✴✧ ❙♦✐t ♦✪ t✢✤✐✤ ♦✴❜✣t✐ ✜❛✸

t✢✤✴✤✪♦✴✤ ✴✤❛✜✢ ✈✤✴✶ r♦✇ q ✈❛r✛✤✐✽ ✇✢✤✴✤ t✢✤ ♣❛✴t✣✜r✤✐ ✇✣rr ❜✤

✵✤✐t✴♦✶✤✵ ❜✶ t✢✤✴♠❛r ✤✪✪✤✜t✐✧ ❑✸✵✤✤✵✽ ❜✶ ✐t✛✵✶✣✸✾ t✢✤ ♦✴❜✣t❛r

✢✣✐t♦✴✣✤✐ ♦✪ ♣❛✴t✣✜r✤✐ t✢❛t ✐t❛✴t✤✵ ✇✣t✢ ❋ ❁ ❀❄
▼
✽ ✇✤ ✪♦✛✸✵

t✢❛t ♠♦✐t ♦✪ t✢✤✐✤ ♦✴❜✣t✐ ✢❛✵ ❳ ✥ ❄❅❄✺ ✦❯ ♣✴✣♦✴ t♦ ✴✤❛✜✢✣✸✾

❨ ✥ ❩ ✦❯✧

★✢✤ ✐t✤❛✵✶ ✐t❛t✤ ✵✣✐t✴✣❜✛t✣♦✸ ♦✪ ♦✴❜✣t❛r ✤r✤♠✤✸t✐ ♦✪ ❬ ❂

❭❄❄➭♠ ♣❛✴t✣✜r✤✐ ✣✐ ✐✣♠✣r❛✴ t♦ t✢✤ ♦✸✤ ✵✣✐✜✛✐✐✤✵ ❛❜♦✈✤✧ ❑✸✐t✤❛✵

♦✪ ✢❛✈✣✸✾ ❛ ✐✣✸✾r✤ ♣✤❛✩ ❛t ✮ ❂ ✻✰✲ ✦❯✽ ✢♦✇✤✈✤✴✽ ❞✫✬✮✯ ✪♦✴

✮ ❃ ✺ ✦❯ ✣✐ ♠♦✴✤ ✣✴✴✤✾✛r❛✴ ✐✢♦✇✣✸✾ ♠❛✸✶ ♣✤❛✩✐ ❛✸✵ ✵✣♣✐✧

✦♣♣❛✴✤✸tr✶✽ ✐✣✸✜✤ t✢✤ r❛✴✾✤✴ ❬ ❂ ❭❄❄➭♠ ♣❛✴t✣✜r✤✐ ✵✴✣✪t ♠♦✴✤

✐r♦✇r✶ ❜✶ P❇❊ ✵✴❛✾✽ t✢✤✶ ❛✴✤ ♠♦✴✤ ✐✛✐✜✤♣t✣❜r✤ t♦ ✜❛♣t✛✴✤ ✣✸

❛ r❛✴✾✤ ✸✛♠❜✤✴ ♦✪ ✴✤✐♦✸❛✸✜✤✐ ✬▲✣♦✛ ✤t ❛r✧ ✿❀❀❀✯✧ ★✢✤ ✐✤✜♦✸✵

✵✣✪✪✤✴✤✸✜✤ ✜♦✸✜✤✴✸✐ ❞✫✬❡✯✽ ✇✢✣✜✢ ✣✐ ✐r✣✾✢tr✶ ♠♦✴✤ ✜r✛♠♣✤✵

t♦✇❛✴✵ ❡ ❁ ✿ ✪♦✴ ❬ ❂ ❭❄❄➭♠ t✢❛✸ ✪♦✴ ❬ ❂ ✿❄❄➭♠✧

❪❫❪❫ ❴❵❢❣❵❤❥❦ ❵❤❢ ❧♥s❣❥❦ ✉② ③❵♥❥❣④⑤⑥❦ ⑦④④♥⑥❥⑥❢ s⑧ ❥⑨⑥ ⑩❵♥❥⑨

★✢✤ ✴❛✵✣❛✸t✐ ♦✪ ❶❷❷ ♣❛✴t✣✜r✤✐ ❛✴✤ r♦✜❛t✤✵ ✸✤❛✴ ❸❛✴t✢❹✐ ❛♣✤①

✬❍✣✾✛✴✤ ✻✯✧ ★✢✣✐ ✣✐ r♦✾✣✜❛r ❜✤✜❛✛✐✤ t✢✤ ✴✤t✴♦✾✴❛✵✤ ❶❷❷ ♣❛✴t✣✜r✤✐✽

✇✢✣✜✢ ✜♦♠✤ ✪✴♦♠ t✢✤ ❛♣✤① ✵✣✴✤✜t✣♦✸✽ ✢❛✈✤ ♠✛✜✢ ✢✣✾✢✤✴ ✈✤r♦✜✣t✶

✴✤r❛t✣✈✤ t♦ t✢✤ ❸❛✴t✢ ✬❁ ✻❄ ✩♠ ✐
❾❺
✯ t✢❛✸ ♣❛✴t✣✜r✤✐ ♦✸ ♣✴♦✾✴❛✵✤

♦✴❜✣t✐✧ ★✢✤ ✴✤t✴♦✾✴❛✵✤ ♣❛✴t✣✜r✤✐ t✢✤✴✤✪♦✴✤ ❛r✐♦ ✢❛✈✤✽ ❛✜✜♦✴✵✣✸✾

t♦ t✢✤ ✛✐✛❛r ❻❼❽ ✴✛r✤✽ ✴❛t✢✤✴ r❛✴✾✤ ✣♠♣❛✜t ♣✴♦❜❛❜✣r✣t✣✤✐ ✇✣t✢ t✢✤

❸❛✴t✢✧ ❑✸ ❛✵✵✣t✣♦✸✽ t✢✤ ✣♦✸✣❈❛t✣♦✸ ✜✛t♦✪✪ ✛✐✤✵ ✢✤✴✤ ✬❸❝✛❛t✣♦✸ ✬❀✯✯

♣♦✐✤✐ ❛ ✴❛t✢✤✴ ✐t✴✣✜t r✣♠✣t ♦✸ t✢✤ ♠❛✐✐ ♦✪ ♠✤t✤♦✴♦✣✵✐ t✢❛t ✜❛✸ ❜✤

✵✤t✤✜t✤✵ ❜✶ ❿❙❊✐ ❛t r♦✇ ✐♣✤✤✵✐✧ ❍♦✴ ✤①❛♠♣r✤✽ ❛ ❬ ❂ ✿❄❄➭♠

♣❛✴t✣✜r✤ ✇✣t✢ ➀ ❂ ✿❄
❾➁
✾ ❛✸✵ ❽➂ ❂ ❭❄ ✩♠ ✐

❾❺
✢❛✐ ➃ ❂ ❄❅❄✿✽

✇✢✣✜✢ ✣✐ ✸✤❛✴ ♦✴ ✐r✣✾✢tr✶ ❛❜♦✈✤ t✢✤ ✵✤t✤✜t✣♦✸ r✣♠✣t ♦✪ ✦❙❶❊✽

❛✸✵ ✇❛✶ ❜✤r♦✇ t✢✤ ✵✤t✤✜t✣♦✸ r✣♠✣t ♦✪ ❷❙❶❊✧

★✢✤ ♠♦✵✤r ✴❛✵✣❛✸t✐ ✪♦✴♠ t✢✤ ✐♦✛t✢ ❛✸✵ ✸♦✴t✢ ❛♣✤① ✜♦✸✜✤✸t✴❛❇

t✣♦✸✐✽ ➄✛✐t ❛✐ ♦❜✐✤✴✈✤✵ ✬✤✧✾✧✽ ✹♦✸✤✐ ➅ ➆✴♦✇✸ ✿❀❀❭➇ ➈❛rr✣✾❛✸ ➅

➆❛✾✾❛r✤✶ ◗❄❄✺➇ ❷❛♠♣❜✤rr❇➆✴♦✇✸ ◗❄❄➉✯✧ ★✢✤ r❛✜✩ ♦✪ ✴❛✵✣❛✸t✐

✇✣t✢✣✸ ❁✿❄
▼
❛❜♦✛t t✢✤ ✤✜r✣♣t✣✜ ✣✐ ✵✛✤ t♦ ✸✤❛✴ ❛❜✐✤✸✜✤ ♦✪ ❶❷❷

♠✤t✤♦✴♦✣✵✐ ✇✣t✢ ❋ ➊ ✿➉❄
▼
✬✐✤✤ ❍✣✾✛✴✤ ✺✬✜✯✯✧ ★✢✤ r❛✜✩ ♦✪ ✴❛✵✣❛✸t✐

✇✣t✢ ➋ ❃ ✺❄
▼
✬♦✴ ➋ ✥ ➌✺❄

▼
✯ ✣✐ t✢✤ ✜♦✸✐✤❝✛✤✸✜✤ ♦✪ t✢✤ ✣✸✜r✣✸❛❇

t✣♦✸ ✵✣✐t✴✣❜✛t✣♦✸ ✐✢♦✇✸ ✣✸ ❍✣✾✛✴✤ ✺✬✜✯ t✢❛t ✣✐ ✵✤♣r✤t✤✵ ✣✸ ♦✴❜✣t✐

✇✣t✢ ❋ ❁ ❀❄
▼
✧

➍➎➏➐➑➒ ➓➔ →➣↔↕➣➙➛➜ ➝➞ ➟➡➡✗✕➛✕➝✙➝↕↔➜ ↔✕➛✕✙✗↕➙✕↔ ↕➙ ➝➢✙✗➝↔✕➤ ➥↕➛➦ ➧ ➨ ➩ ✷➫✷✑✏

✭➣✔ ➯ ➩ ✑✷✷➲✗ ➣➙↔ ✭✘✔ ➯ ➩ ✎✷✷➲✗➳ ➵➦✕ ➙➝✙➛➦ ➣➙↔ ➜➝➢➛➦ ➣✓✕➸ ➜➝➢✙✖✕➜ ➣✙✕

✖➤✕➣✙➤➺ ➻↕➜↕✘➤✕➳ ➼➙ ➣↔↔↕➛↕➝➙✱ ➛➦✕ ✙➣↔↕➣➙➛ ↔↕➜➛✙↕✘➢➛↕➝➙ ↕➙ ✓➣➙✕➤ ✭✘✔ ➜➦➝➥➜ ➣ ✙↕➙➽

➜➛✙➢✖➛➢✙✕ ✖✕➙➛✕✙✕↔ ➣➛ ✭➾➚ ➪✔ ➩ ✭✷➚ ✷✔ ➣➙↔ ✕➸➛✕➙↔↕➙➽ ➛➝ ➶ ➹✷➘ ↕➙ ➴ ➣➙↔ ➷➳ ➵➦✕

➦↕➽➦➬➞✙✕➮➢✕➙✖➺ ß➢✖➛➢➣➛↕➝➙ ➝➞ ✙➣↔↕➣➙➛ ↔✕➙➜↕➛➺ ✘✕➛➥✕✕➙ ➙✕↕➽➦✘➝✙ ✘↕➙➜ ↕➜ ↔➢✕ ➛➝

↕➙➜➢➞Þ✖↕✕➙➛ ➜➛➣➛↕➜➛↕✖➜ ➣➙↔ ➜➦➝➢➤↔ ✘✕ ↔↕➜✙✕➽➣✙↔✕↔➳ ➵➦✕ ➢➙↕➛➜ ➝➞ ➛➦✕ ➜↕↔✕ ✘➣✙ ➣✙✕

➣✙✘↕➛✙➣✙➺➳

❙♦✐t ✸♦✴t✢ ✬✐♦✛t✢✯ ✴❛✵✣❛✸t✐ ✪❛rr ✣✸t♦ ❛✸ ❛✴✤❛ ♦✸ t✢✤ ✸♦✴t✢

✬✐♦✛t✢✯ ✢✤♠✣✐♣✢✤✴✤ t✢❛t ✢❛✐ t✢✤ ✜✢❛✴❛✜t✤✴✣✐t✣✜ t✴✣❛✸✾✛r❛✴ ♦✴

✢❛r✪❇✵✣✐✩ ✐✢❛♣✤✧ ❍♦✴ ❬ ❂ ✿❄❄➭♠✽ t✢✤ ✜✤✸t✤✴✐ ♦✪ ✴❛✵✣❛✸t

✜♦✸✜✤✸t✴❛t✣♦✸✐ ❛✴✤ ❛t ➋ ➊ ➱◗❄
▼
✧ ❍♦✴ ❬ ❂ ❭❄❄➭♠✽ t✢✤ ✜✤✸t✤✴✐

❛✴✤ ❛t ➋ ➊ ➱◗✺
▼
✧ ★✢✣✐ ✴✤✃✤✜t✐ t✢✤ ✵✣✪✪✤✴✤✸✜✤✐ ✣✸ ❞✫✬❋✯ ❜✤t✇✤✤✸

t✢✤ ♣♦♣✛r❛t✣♦✸✐ ♦✪ ♣❛✴t✣✜r✤✐ ✇✣t✢❬ ❂ ✿❄❄➭♠ ❛✸✵❬ ❂ ❭❄❄➭♠

t✢❛t ✇✤ ♦❜t❛✣✸✤✵ ✣✸ t✢✤ ♠♦✵✤r✧ ❍♦✴ ✜♦♠♣❛✴✣✐♦✸✽ ♦❜✐✤✴✈❛t✣♦✸✐

✣✸✵✣✜❛t✤ t✢❛t ➋➊➱✿✺
▼
✬✤✧✾✧✽ ➈❛rr✣✾❛✸ ➅ ➆❛✾✾❛r✤✶ ◗❄❄✺➇ ❷✢❛✛

✤t ❛r✧ ◗❄❄✲➇ ❷❛♠♣❜✤rr❇➆✴♦✇✸ ◗❄❄➉✯✧ ❑✸ ❛✵✵✣t✣♦✸✽ t✢✤ ❛♣✤①

✐♦✛✴✜✤✐ t✢❛t ✇✤ ♦❜t❛✣✸✤✵ ✣✸ ♦✛✴ ♠♦✵✤r t✤✸✵ t♦ ❜✤ ♠♦✴✤ ✐t✴✤t✜✢✤✵

✣✸ ❜♦t✢ ⑤ ❛✸✵ s t✢❛✸ t✢✤ ♦❜✐✤✴✈✤✵ ♦✸✤✐✧

❲✢✣r✤ ♠♦✴✤ ♠♦✵✤r✣✸✾ ✇♦✴✩ ✇✣rr ❜✤ ✸✤✤✵✤✵ t♦ t✤✐t t✢✣✸✾✐ ✇✣t✢

❛ ❜✤tt✤✴ ✐t❛t✣✐t✣✜✽ t✢✤ ✣✐✐✛✤✐ ✵✣✐✜✛✐✐✤✵ ❛❜♦✈✤ ♠❛✶ ✣✸✵✣✜❛t✤ t✢❛t

❛ ❜✤tt✤✴ ❐t t♦ ♦❜✐✤✴✈❛t✣♦✸✐ ✜♦✛r✵ ❜✤ ♦❜t❛✣✸✤✵ ✣✪ t✢✤ ✴✤t✴♦✾✴❛✵✤

✐♦✛✴✜✤ ✢❛✵ ✣✸✜r✣✸❛t✣♦✸✐ ✜r♦✐✤✴ t♦ ✿➉❄
▼
t✢❛✸ t✢✤ ❜✛r✩ ♦✪ ❶❷❷

♣❛✴t✣✜r✤✐ ✇✣t✢ ✿❄❄
▼
✥ ❋ ✥ ✿✻❄

▼
✧ ❑t ✣✐ ✸♦t ✜r✤❛✴ ✢♦✇ t✢✣✐ ✜♦✛r✵

❜✤ ❛✜✢✣✤✈✤✵ ❜✶ t✇✤❛✩✣✸✾ t✢✤ ♣❛✴❛♠✤t✤✴✐ ♦✪ ♦✛✴ ♠♦✵✤r✧ ❑✸✐t✤❛✵✽

✜r✛✤✐ ✐✛✜✢ ❛✐ t✢✤✐✤ ✐✤✤♠ t♦ ✢✣✾✢r✣✾✢t t✢✤ ✣♠♣♦✴t❛✸✜✤ ♦✪ ✩✸♦✇✸

❒★❷✐✧ ❑✸✵✤✤✵✽ t✢✤ t✇♦ ♣✴♦♠✣✸✤✸t ❛✜t✣✈✤ ❒★❷✐✽ ✿P❮❒❛rr✤✶ ❛✸✵

✺✺P❰★✤♠♣✤r❇★✛ttr✤✽ ❜♦t✢ ✢❛✈✤ ❋ ➊ ✿✻◗
▼
✧ ★✢✤✶ ✇♦✛r✵ t✢✤✴✤✪♦✴✤

❜✤ ✤①♣✤✜t✤✵ t♦ ♣✴♦✵✛✜✤ ❛♣✤① ✐♦✛✴✜✤✐ ✜r♦✐✤✴ t♦ t✢✤ ✤✜r✣♣t✣✜ t✢❛✸

t✢✤ ❜✛r✩ ♦✪ ✴✤t✴♦✾✴❛✵✤ ❶❷❷ ♣❛✴t✣✜r✤✐ ✬❍✣✾✛✴✤ ✲✯✧

✦✸ ✣✸t✤✴✤✐t✣✸✾ ✪✤❛t✛✴✤ ✣✸ ❍✣✾✛✴✤ ✻✬❜✯ ✣✐ t✢✤ ♣✴✤✐✤✸✜✤ ♦✪ ❛ ✴✣✸✾

t✢❛t ✐t✴✤t✜✢✤✐ t♦ ➱✻❄
▼
✣✸ r♦✸✾✣t✛✵✤ ❛✸✵ r❛t✣t✛✵✤✧ ✦ ✐✣♠✣r❛✴ ✴✣✸✾

✢❛✐ ❜✤✤✸ ✸♦t✤✵ ✣✸ ❷❛♠♣❜✤rr❇➆✴♦✇✸ ✬◗❄❄➉✯✽ ✇✢♦ ✐✛✾✾✤✐t✤✵ t✢❛t

t✢✤ ✴✤✾✣♦✸ ✣✸✐✣✵✤ t✢✤ ✴✣✸✾ ✜❛✸ ❜✤ ✵✤♣r✤t✤✵ ✣✸ ♠✤t✤♦✴ ✴❛✵✣❛✸t✐✽

✤①✜✤♣t ✪♦✴ ❛♣✤① ✐♦✛✴✜✤✐✽ ❜✤✜❛✛✐✤ t✢✤ ✴✤t✴♦✾✴❛✵✤ ♠✤t✤♦✴♦✣✵✐

✇✣t✢ ✴❛✵✣❛✸t✐ ✣✸✐✣✵✤ t✢✤ ✴✣✸✾ ✇♦✛r✵ ✢❛✈✤ ✐✢♦✴t✤✴ ✜♦rr✣✐✣♦✸❛r

r✣✪✤t✣♠✤✐✧ ❶✛✴ ✐✣♠♣r✤ ✜♦rr✣✐✣♦✸❛r ♠♦✵✤r ✜❛✸✸♦t ✴✤♣✴♦✵✛✜✤ t✢✣✐

✤✪✪✤✜t ❜✤✜❛✛✐✤ ÏÐÑÒÒ ✣✐ ✣✸✵✤♣✤✸✵✤✸t ♦✪ ❣ ✬✐✤✤ ❿✤✜t✣♦✸ ◗✧❭✧◗✯✧ ❑✸

➉
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❚�✁ ❆✂✄☎✆✝�✞✂✟✠✡☛ ❏✆☞☎✌✡☛✱ ✼✍✎✏✎✼ ✭✑✒✓✓✔✱ ✒✷✑✑ ❉✕✖✕✗✘✕✙ ✑✷ ◆✁✂✚✆☎✌➠✞ ✁✄ ✡☛✳

❋✛✜✢✣❡ ✤✥ ❙✦✗✕ ✦❛ ✧★✩✪✙✕ ✻ ✘✪t ❢♦✙ ✫ ❂ ✑✷✷ ➭✗ ✓✦✙t★✖✬✕❛ ✙✕✬✕✦❛✕r ❢✙♦✗

✑✶✴❍✦✬✬✕②✮ ✯✰✕ ✙✕❛✪✬t❛ ❢♦✙ ✺✺✶✲✯✕✗✓✕✬✵✯✪tt✬✕ ✦✙✕ ❛★✗★✬✦✙✮

✸✹✹✽✾✽✿❀❁ ❲❃❄ s✉❅❅❇s✾❇✹ ✾❤✸✾ ✾❤❇ ✿❈✽❅✽❀ ✿❊ ✾❤❇ ❈✽❀❅ ❝✸❀ ❜❇

✾❈✸❝❇✹ ❜✸❝● ✾✿ ❑✿■✸✽ ✹❞❀✸▲✽❝s❁ ✇❤✽❝❤ ❝✿❀▼❀❇s ✾❤❇ ✸❧❧✿✇❇✹

❈✸✹✽✸❀✾s ✿❊ ♣✸❈✾✽❝❧❇s ✿❀ ❤✽❅❤✐✽❀❝❧✽❀✸✾✽✿❀ ✿❈❜✽✾s❖ P❇❈❇ ✇❇ ❝✿❀▼❈▲

✾❤❇ ❲❃❄ ❈❇s✉❧✾ ❜❞ ✽s✿❧✸✾✽❀❅ ♣✸❈✾✽❝❧❇s ✾❤✸✾ ❝✿❀✾❈✽❜✉✾❇ ✾✿ ✾❤❇ ❈✽❀❅❁

✸❀✹ ❝❤❇❝●✽❀❅ ✿❀ ✾❤❇✽❈ ✿❈❜✽✾✸❧ ❜❇❤✸✈✽✿❈❖

◗❤❇ ✽▲♣✸❝✾ s♣❇❇✹ ✿❊ ❘❯❯ ♣✸❈✾✽❝❧❇s ♣❇✸●s ✸✾ ❱❣ ❳ ❨❃ ●▲ s
❾❩

❬❭✽❅✉❈❇ ❪ ❊✿❈ ❫ ❴ ❵❃❃ ❥▲ ✸❀✹ ❭✽❅✉❈❇ ❄ ❊✿❈ ❫ ❴ ❦❃❃ ❥▲♠❁

✇❤✽❝❤ ✽s ✸ ❀✽❝❇ ▲✸✾❝❤ ✾✿ ✿❜s❇❈✈✸✾✽✿❀s ✿❊ ✸♣❇① ▲❇✾❇✿❈s ❬♥✸❧❧✽❅✸❀

q ③✸❅❅✸❧❇❞ ④❃❃⑤⑥ ❯✸▲♣❜❇❧❧✐③❈✿✇❀ ④❃❃❪♠❖
⑦

◗❤❇ ✇✽✹✾❤ ✿❊

✾❤❇ ♣❇✸● ✸❧s✿ ❧✿✿●s ❅✿✿✹ ❬s❇❇ ❭✽❅✉❈❇ ❵❦ ✽❀ ❯✸▲♣❜❇❧❧✐③❈✿✇❀

④❃❃❪♠❖ ⑧❀ ❝✿▲♣✸❈✽s✿❀❁ ✉s✽❀❅ ✸ ♣✿♣✉❧✸✾✽✿❀ ✿❊ ▲❇✾❇✿❈✿✽✹s ❊❈✿▲

❵⑨⑩P✸❧❧❇❞ ✸❀✹ ⑤⑤⑨❶◗❇▲♣❇❧✐◗✉✾✾❧❇❁ ❲❃❄ ✿❜✾✸✽❀❇✹ ✸ ♣❇✸● ✸✾

❱❣ ❳ ❷❃ ●▲ s
❾❩

❁ ✇❤✽❝❤ ✽s ❇①♣❇❝✾❇✹ ❊✿❈ ❧✸❈❅❇ ♣✸❈✾✽❝❧❇s ✾❤✸✾

❤✸✈❇ ❀✿✾ ❇✈✿❧✈❇✹ ❊✸❈ ❊❈✿▲ ✾❤❇✽❈ ♣✸❈❇❀✾ ❝✿▲❇✾ ✿❈❜✽✾❖

❭✽❅✉❈❇s ❪ ✸❀✹ ❄ ✸❧s✿ s❤✿✇ ✾❤❇ ▲✿✹❇❧ ✹✽s✾❈✽❜✉✾✽✿❀s ✿❊ ✿❈❜✽✾✸❧

❇❧❇▲❇❀✾s ✿❊ ❘❯❯ ▲❇✾❇✿❈✿✽✹s❖ ❸✽s✾❈✽❜✉✾✽✿❀s ❹❺ ❬❻♠❁ ❀✿✇ ❤❇✸✈✽❧❞

✇❇✽❅❤✾❇✹ ❜❞ ✾❤❇ ❝✿❧❧✽s✽✿❀ ♣❈✿❜✸❜✽❧✽✾❞ ❬s❇❇ ❭✽❅✉❈❇ ⑤♠❁ ♣❇✸● ✸✾

❻ ❳ ❵ ❼❽ ✸❀✹ s❤✿✇ ✸ ✾✸✽❧ ❇①✾❇❀✹✽❀❅ ✾✿ ❻ ❿ ④ ❼❽❖ ◗❤❇

➀ ➁♦t✕ t✰✦t ♦✘❛✕✙➂✦t★♦➃❛ ✘② ❍✶➄➅ ✙✦r✦✙❛✱ ❛✪✖✰ ✦❛ ➅➆ ♦✙ ➅➄✯➅➇➈✱ ✗✕✦❛✪✙✕
t✰✕ ✦✓✕➉ ✓✕✦➊ ❛✓✕✕r ✦t ➋ ✺✺ ➊✗ ❛➌➍✮

▲❇✾❇✿❈✿✽✹s ✽❀ ✾❤❇ ♣❇✸● ❤✸✈❇ ✿❈❜✽✾s ✾❤✸✾ ❤✸✈❇ s✾❈✿❀❅❧❞ ❇✈✿❧✈❇✹

❜❞ ⑨✐➎ ✹❈✸❅❖ ◗❤❇ ▲✿✹❇❧ ✹✽s✾❈✽❜✉✾✽✿❀s ❊✿❈ ❫ ❴ ❵❃❃ ❥▲ ✸❀✹

❫ ❴ ❦❃❃ ❥▲ ✸❈❇ s✽▲✽❧✸❈❁ ❇①❝❇♣✾ ❊✿❈ ✸ ❊❇✇ ✇✽❅❅❧❇s ♣❈✿✹✉❝❇✹

❜❞ s✾✸✾✽s✾✽❝✸❧ ß✉❝✾✉✸✾✽✿❀s❖ ③✿✾❤ ♣❈✿✈✽✹❇ ✸ ❅✿✿✹ ▲✸✾❝❤ ✾✿ ✾❤❇

✿❜s❇❈✈❇✹ s❇▲✽▲✸➏✿❈ ✸①✽s ✹✽s✾❈✽❜✉✾✽✿❀ ✿❊ ✸♣❇① ▲❇✾❇✿❈s ❬s❇❇

❭✽❅✉❈❇ ❵❵ ✽❀ ♥✸❧❧✽❅✸❀ q ③✸❅❅✸❧❇❞ ④❃❃⑤♠❖

❼❝❝✿❈✹✽❀❅ ✾✿ ✿✉❈ ▲✿✹❇❧❁ ▲✿s✾ ✸♣❇① ▲❇✾❇✿❈s s❤✿✉❧✹ ❤✸✈❇

✽❀❝❧✽❀✸✾✽✿❀s ❜❇✾✇❇❇❀ ➐ ➑ ❵❃❃
➒

✸❀✹ ❵❪❃
➒

❬❭✽❅✉❈❇s ❪❬❝♠ ✸❀✹ ❄❬❝♠♠❁

✇❤✽❝❤ ✽s ✸❧s✿ ✾❤❇ ❈✸❀❅❇ ✽❀✹✽❝✸✾❇✹ ❜❞ ✿❜s❇❈✈✸✾✽✿❀s❖ ❽❀❧✽●❇ ❹❺ ❬➐♠

▲❇✸s✉❈❇✹ ❜❞ ❈✸✹✸❈s❁ ✇❤✽❝❤ s❤✿✇s ✸ ❜❈✿✸✹ ♣❇✸● ❝❇❀✾❇❈❇✹ ✸✾

➐ ➑ ❵⑤❃
➒
Ð❵❨❃

➒
❁ ✿✉❈ ▲✿✹❇❧ ❹❺ ❬➐♠ ✽s ▲✿❈❇ s♣❈❇✸✹ ✸❀✹ ❀✿✽s❞❖

❲❤✽❧❇ ♣✸❈✾ ✿❊ ✾❤✽s ✹✽s❝❈❇♣✸❀❝❞ ❝✿✉❧✹ ❜❇ ❜❧✸▲❇✹ ✿❀ ✽❀s✉❊▼❝✽❇❀✾

s✾✸✾✽s✾✽❝s ✽❀ ✿✉❈ ▲✿✹❇❧❁ ✽✾ ▲✸❞ ✸❧s✿ ♣✿✽❀✾ ✾✿ ✸ ▲✿❈❇ ❊✉❀✹✸▲❇❀✾✸❧

♣❈✿❜❧❇▲❖

◗❤❇ ❇❝❝❇❀✾❈✽❝✽✾❞ ✹✽s✾❈✽❜✉✾✽✿❀ ✽s ♣✉■■❧✽❀❅❖ ❭✿❈ ❜✿✾❤ ❫ ❴

❵❃❃ ❥▲ ✸❀✹ ❫ ❴ ❦❃❃ ❥▲❁ ✇❇ ✿❜✾✸✽❀❇✹ ❹❺ ❬➓♠ ✾❤✸✾ ❈✸✽s❇s ✾✿✇✸❈✹

➓ ➑ ❵❖ ◗❤✽s ✾❈❇❀✹ ✽s s❧✽❅❤✾❧❞ ▲✿❈❇ ♣❈✿❀✿✉❀❝❇✹ ❊✿❈ ❫ ❴ ❦❃❃ ❥▲

❬❭✽❅✉❈❇ ❄❬✹♠♠ ✾❤✸❀ ❊✿❈ ❫ ❴ ❵❃❃ ❥▲ ❬❭✽❅✉❈❇ ❪❬✹♠♠❖ ❲❃❄❁ ✉s✽❀❅

s❇❧❇❝✾❇✹ P◗❯s ❊✿❈ ♣✸❈❇❀✾ ❜✿✹✽❇s ✿❊ ✸♣❇① ▲❇✾❇✿❈s❁ ✿❜✾✸✽❀❇✹

❹❺ ❬➓♠ ✾❤✸✾ ✸❧s✿ ♣❇✸●❇✹ ✾✿✇✸❈✹ ➓ ➑ ❵❖ ⑧❀ ❝✿❀✾❈✸s✾❁ ✾❤❇ ✿❜s❇❈✈❇✹

✸♣❇① ▲❇✾❇✿❈s ❤✸✈❇ ❀❇✸❈❧❞ ß✸✾ ❹❺ ❬➓♠ ✸✾ ❃➔④ → ➓ → ❵❁ ✸❀✹ s❤✿✇

✸ s❧✽❅❤✾ ✹❇♣❧❇✾✽✿❀ ❊✿❈ ➓ → ❃➔❵ ❬❭✽❅✉❈❇ ❵❦ ✽❀ ❯✸▲♣❜❇❧❧✐③❈✿✇❀

④❃❃❪♠❖

◗❤❇ ❝✸✉s❇ ✿❊ ✾❤❇s❇ ✹✽❊❊❇❈❇❀❝❇s ✽s ✉❀❝❧❇✸❈❖ ◗✿ ✿❜✾✸✽❀ ❧✿✇❇❈

✈✸❧✉❇s ✿❊ ➣ ✽❀ ✿✉❈ ▲✿✹❇❧❁ ✾❤❇ ✿❈❜✽✾s ✇✿✉❧✹ ❀❇❇✹ ✾✿ ❜❇❝✿▲❇ ▲✿❈❇

❝✽❈❝✉❧✸❈✽■❇✹ ❜❞ ⑨✐➎ ✹❈✸❅ ❜❇❊✿❈❇ ✸❈❈✽✈✽❀❅ ✾✿ ❻ ➑ ❵ ❼❽❖ ◗❤✽s ❝✿✉❧✹

❜❇ ✸❝❤✽❇✈❇✹❁ ❊✿❈ ❇①✸▲♣❧❇❁ ✽❊ ▲✿❈❇ ✇❇✽❅❤✾ ✽s ❅✽✈❇❀ ✾✿ ♣✸❈✾✽❝❧❇s

s✾✸❈✾✽❀❅ ✇✽✾❤ ↔ ❿ ❵ ❼❽❖ ❲❇ ❝✿❀▼❈▲ ✾❤✽s ❜❞ ✉s✽❀❅ ↕ ❿ ❵❁ ❜✉✾ ✸

✹❇✾✸✽❧❇✹ ▲✸✾❝❤ ✾✿ ✾❤❇ ✿❜s❇❈✈❇✹ ❇❝❝❇❀✾❈✽❝✽✾❞ ✹✽s✾❈✽❜✉✾✽✿❀ ❈❇▲✸✽❀s

❇❧✉s✽✈❇❖ ❼ ✹❇✾✸✽❧❇✹ ✸❀✸❧❞s✽s ✿❊ ✾❤✽s ♣❈✿❜❧❇▲ ✽s ❧❇❊✾ ❊✿❈ ❊✉✾✉❈❇

s✾✉✹✽❇s❖

➙❖ ➎➛➜❼◗⑧➝➛ ⑧➞⑨❘➎◗❼➟❯➛ ❘❭ P➛➜⑧❘➟⑩❼➟◗⑧P➛➜⑧❘➟

❼➟❸ ❼⑨➛➡ ➢❘❽➎❯➛➢

◗❤❇ ✿❜s❇❈✈✸✾✽✿❀s ✿❊ s♣✿❈✸✹✽❝ ▲❇✾❇✿❈s s❤✿✇ ✾❤✸✾ ✾❤❇ ❈❇❧✸✾✽✈❇

✽▲♣✿❈✾✸❀❝❇ ✿❊ ❤❇❧✽✿❀⑩✸❀✾✽❤❇❧✽✿❀ ✸❀✹ ✸♣❇① s✿✉❈❝❇s ✹❇♣❇❀✹s ✿❀

❋✛✜✢✣❡ ➤✥ ➆✙✘★t✦✬ ✕✬✕✗✕➃t r★❛t✙★✘✪t★♦➃ ♦❢ ✗♦r✕✬ ✦✓✕➉ ✗✕t✕♦✙♦★r❛✏ ✭✦✔ ➥➦ ✱ ✭✘✔ ➧✱ ✭✖✔ ➨✱ ✦➃r ✭r✔ ➩✮ ❍✕✙✕ ➫✕ ✪❛✕r ➆➯➯ ✓✦✙t★✖✬✕❛ ➫★t✰ ✫ ❂ ✑✷✷ ➭✗ ✦➃r ➲➳ ❂ ✷➵✷✑✮ ✯✰✕

✦✓✕➉ ✗✕t✕♦✙♦★r❛ ➫✕✙✕ ❛✕✬✕✖t✕r ✘② ✪❛★➃✩ t✰✕ ❢♦✬✬♦➫★➃✩ ✙✦r★✦➃t ✖✪t♦❢❢❛✏ ➸✍✷➺ ➻ ➼ ➻ ✍✷➺ ✦➃r ➸✍✷➺ ➻ ➽ ➻ ✍✷➺✮

❄
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❚�✁ ❆✂✄☎✆✝�✞✂✟✠✡☛ ❏✆☞☎✌✡☛✱ ✼✍✎✏✎✼ ✭✑✒✓✓✔✱ ✒✷✑✑ ❉✕✖✕✗✘✕✙ ✑✷ ◆✁✂✚✆☎✌➠✞ ✁✄ ✡☛✳

❋✛✜✢✣❡ ✾✤ ❙✥✗✕ ✥❛ ✦✧★✩✙✕ ✽ ✘✩t ❢♦✙ ✪ ❂ ✎✷✷➭✗ ❖❈❈ ✓✥✙t✧✖♣✕❛✫

✬✮✯ s✯✰s✲✬✲✈✲✬✴ ✵✶ ✬✮✯ r✸✹✸r ✬✮✸✬ ✲s ✉s✯✹ ✬✵ ❝✸rr✴ ✵✉✬ s✉❝✮

✵✺s✯r✈✸✬✲✵✰s✻ ✿✮✯ ❧✯ss s✯✰s✲✬✲✈✯ ❀❁❃s ✇✲✬✮ ■
❄

❅ ❇❊ s✉❝✮ ✸s

✬✮✯ ❍✸r✈✸r✹ ❃✸✹✸r ❁✯✬✯✵r Pr✵●✯❝✬ ❑❍❃❁P▲ ▼✵✰✯s ◗ ❘r✵✇✰

❇❯❯❱▲ ✿✸✴❧✵r ◗ ❲❧✶✵r✹ ❇❯❯❳❨ ✵r ❩❁❬❃❊ ✹✯✬✯❝✬ ❅ ❱❭❇❪ ✬✲❫✯s

❫✵r✯ ✮✯❧✲✵✰❴✸✰✬✲✮✯❧✲✵✰ ❫✯✬✯✵rs ✬✮✯✰ ✸❵✯① ❫✯✬✯✵rs ❑s✯✯❊ ✯✻❜✻❊

❩✸❫❵✺✯❧❧❞❘r✵✇✰ ❣❪❪❳ ✶✵r ❝✵❫❵✸r✲s✵✰ ✵✶ ✹✲✶✶✯r✯✰✬ r✸✹✸rs❨✻ ✿✮✯

❫✵r✯ s✯✰s✲✬✲✈✯ r✸✹✸rs❊ s✉❝✮ ✸s ❤❁❬❃✇✲✬✮ ■
❄
❅ ❪✐❪❪❇❭❪✻❪❇❊ ✵✰

✬✮✯ ✵✬✮✯r ✮✸✰✹❊ ✹✯✬✯❝✬ ✸ r✯❧✸✬✲✈✯❧✴ ❧✸r❜✯r ✰✉❫✺✯r ✵✶ ✸❵✯①❫✯✬✯✵rs✻

❥✲✰✸❧❧✴❊ ✬✮✯ ✸❵✯① ❫✯✬✯✵rs ✸r✯ ❵r✯✹✵❫✲✰✸✰✬ ✲✰ ✵✺s✯r✈✸✬✲✵✰s ✺✴ ✬✮✯

✮✲❜✮❧✴ s✯✰s✲✬✲✈✯ ❤❬ r✸✹✸r ❑✯✻❜✻❊ ▼✸✰❝✮✯s ✯✬ ✸❧✻ ❣❪❪❱❨ ✺✯❝✸✉s✯ ✵✶

✬✮✯✲r ✸✺✲❧✲✬✴ ✬✵ ✹✯✬✯❝✬ s❫✸❧❧ ❵✸r✬✲❝❧✯s ❑❥✯✰✬❦♠✯ ◗ ▼✸✰❝✮✯s ❣❪❪❳▲

❥✯✰✬❦♠✯ ✯✬ ✸❧✻ ❣❪❪❯❨✻

✿✮✲s ✬r✯✰✹ ❝✸✰ ✺✯ ✯①❵❧✸✲✰✯✹ ✲✶ ✬✮✯ s✲❦✯ ✶r✯♥✉✯✰❝✴ ✹✲s✬r✲✺✉✬✲✵✰

❑❀❥q❨ ✵✶ ✸❵✯① ❫✯✬✯✵r✵✲✹s ✲s s✬✯✯❵✯r ❑✲✻✯✻❊ ✲✶ ✬✮✯ ✰✉❫✺✯r ✵✶

❫✯✬✯✵r✵✲✹s ✲✰❝r✯✸s✯s ❫✵r✯ s✮✸r❵❧✴ ✇✲✬✮ ✹✯❝r✯✸s✲✰❜ s✲❦✯❨ ✬✮✸✰

✬✮✸✬ ✵✶ ✬✮✯ ✮✯❧✲✵✰❴✸✰✬✲✮✯❧✲✵✰ ❫✯✬✯✵r✵✲✹s ✺✯❝✸✉s✯ r✸✹✸rs ✬✮✸✬ ✸r✯

❝✸❵✸✺❧✯ ✵✶ ✹✯✬✯❝✬✲✰❜ s❫✸❧❧✯r ❫✯✬✯✵r✵✲✹s ✇✵✉❧✹ ✬✮✯✰ ✺✯ ✯①❵✯❝✬✯✹

✬✵ s✯✯ ❫✸✰✴ ❫✵r✯ ✸❵✯① ❫✯✬✯✵rs ❑❥✯✰✬❦♠✯ ◗ ▼✸✰❝✮✯s ❣❪❪❳❨✻ ❥✵r

✯①✸❫❵❧✯❊ ✬✮✯ ②③②④②⑤⑥ ❀❥q ✵✶ ❵✸r✬✲❝❧✯s ❵r✵✹✉❝✯✹ ✺✴ ✹✲sr✉❵✬✯✹

❬❩❩s ❑✵r ❍✿❩s❨ ❝✵✉❧✹ ✺✯ s✬✯✯❵✯r ✬✮✸✰ ✬✮✯ ✵✰✯ ❵r✵✹✉❝✯✹ ✺✴ ✬✮✯

s✵✉r❝✯s ✵✶ ✬✮✯ ✮✯❧✲✵✰❴✸✰✬✲✮✯❧✲✵✰ ❫✯✬✯✵r✵✲✹s ❑❵r✯s✉❫✸✺❧✴ ✸❝✬✲✈✯

✸✰✹ ✹✲sr✉❵✬✯✹ ▼❥❩s▲ ⑦❪❯▲ ⑧✯s✈✵r✰⑨✴ ✯✬ ✸❧✻ ❣❪❇❪❨✻ ⑦✮✲❧✯ ✬✮✲s ✲s

✸ ❵✵ss✲✺✲❧✲✬✴ ✬✮✸✬ ❝✸✰✰✵✬ ✺✯ r✉❧✯✹ ✵✉✬ ✺✴ ✬✮✯ ✯①✲s✬✲✰❜ ✹✸✬✸❊ ✬✮✯r✯

✸r✯ ✸❧s✵ ✰✵ ✲✰✹✲❝✸✬✲✵✰s ✬✮✸✬ ✬✮✲s ❫✲❜✮✬ ✺✯ ✬r✉✯ ❑❁❝q✵✰✰✯❧❧ ✯✬ ✸❧✻

❇❯❳⑩▲ ❶r➡✉✰ ✯✬ ✸❧✻ ❣❪❪❇▲ ❶r✯✯✰ ✯✬ ✸❧✻ ❣❪❪❷▲ ❃✯✸❝✮ ✯✬ ✸❧✻ ❣❪❪⑩❨✻

⑦✯ ❵r✵❵✵s✯ ✬✮✸✬ ✬✮✯ ❵r✯✹✵❫✲✰✸✰❝✯ ✵✶ ✸❵✯① ❫✯✬✯✵rs ✲✰ ❤❬

✵✺s✯r✈✸✬✲✵✰s ✲s ❝✸✉s✯✹ ✺✴ ✵r✺✲✬✸❧ ✹✴✰✸❫✲❝s ✵✶ ❵✸r✬✲❝❧✯s r✯❧✯✸s✯✹

✶r✵❫ ❬❩❩s ❑✵r ❍✿❩s❨✻ ❸✯✬ ✉s ✸ss✉❫✯ ✬✮✸✬ ✬✮✯ ✲✰✲✬✲✸❧ ❀❥q

✵✶ ❵✸r✬✲❝❧✯s r✯❧✯✸s✯✹ ✶r✵❫ ❬❩❩s ❑✵r ❍✿❩s❨ ✲s ❹❺❻❑❼❨ ❽

❺❻❼
❾❿

❹❼✻ ✿✮✯ ❀❥q ✵✶ ❫✯✬✯✵r✵✲✹s ✸❝❝r✯✬✯✹ ✺✴ ✬✮✯ ❲✸r✬✮ ✇✲❧❧

✬✮✯✰ ✺✯

❹❺❑❼❨ ❽ ➀❻➁➂❺❻❼
❾❿

❹❼➃ ❑❇❱❨

✇✮✯r✯ ➄❻ ✲s ✬✮✯ ✶r✸❝✬✲✵✰ ✵✶ ❵✸r✬✲❝❧✯s ✬✮✸✬ r✯❫✸✲✰ ✵✰ ✺✵✉✰✹ ✵r✺✲✬s

❑s✯✯ ❀✯❝✬✲✵✰ ❣✻❇❨ ✸✰✹ ➅➂ ✲s ✬✮✯ ✲❫❵✸❝✬ ❵r✵✺✸✺✲❧✲✬✴ ✵✶ ✬✮✯s✯

❵✸r✬✲❝❧✯s ✵✰ ✬✮✯ ❲✸r✬✮✻ ❥✸❝✬✵r ➄❻ ✯①❵r✯ss✯s ✬✮✯ r✯❫✵✈✸❧ ✵✶ s❫✸❧❧

❵✸r✬✲❝❧✯s ✺✴ r✸✹✲✸✬✲✵✰ ❵r✯ss✉r✯ ❑s✯✯ ❀✯❝✬✲✵✰ ❣✻❇❨✻ ✿✮✉s❊ ✬✮✯ s✲❦✯

✹✯❵✯✰✹✯✰❝✯ ✵✶ ➄❻ ✲s s✉❝✮ ✬✮✸✬ ✲✬ ❝✸✰✰✵✬ ✲✰❝r✯✸s✯ ✬✮✯ ✰✉❫✺✯r ✵✶

s❫✸❧❧ ❵✸r✬✲❝❧✯s r✯❧✸✬✲✈✯ ✬✵ ✬✮✯ ❧✸r❜✯ ✵✰✯s✻
➆

✿✸✺❧✯ ❇ ❧✲s✬s ➅➂ ✸✰✹ ➇➈ ✶✵r ✈✸r✲✵✉s s✵✉r❝✯s✻ ❥✵r ✯①✸❫❵❧✯❊ ✬✮✯

❬❩❩ ❵✸r✬✲❝❧✯s ✇✲✬✮ ❼ ❽ ❱❪➉❫ ✸✰✹ ❼ ❽ ❱❪❪➉❫ ✮✸✈✯ ➁➂ ❽

❣ × ❇❪
❾➊

✸✰✹ ➁➂ ❽ ➋ × ❇❪
❾➌

❊ r✯s❵✯❝✬✲✈✯❧✴✻ ✿✮✲s ✲✰✹✲❝✸✬✯s ✬✮✸✬

❹❺❑❼❨ s✮✵✉❧✹ ✮✸✈✯ ✸ ➍④➎➎➏➎➐ s❧✵❵✯ ✬✮✸✰ ❹❺❻❑❼❨✻ ❀❵✯❝✲➑❝✸❧❧✴❊ ✲✶

❹❺❻❑❼❨ ❝✸✰ ✺✯ ✸❵❵r✵①✲❫✸✬✯✹ ✺✴ ❼
❾❿

❹❼ ✶✵r ❼ ❅ ❱❪❭❱❪❪ ➉❫❊

✇✮✯r✯ ➒ ✲s ✸ ❝✵✰s✬✸✰✬❊ ✇✯ ➑✰✹ ✬✮✸✬ ❹❺❑❼❨ ➓ ❼
❾➔❿→➣↔

❹❼❊ ✇✮✯r✯

↕ ❅ ❪✐➙ ✶✵r ❬❩❩s✻ ✿✮✲s ✯s✬✲❫✸✬✯ ✇✸s ✵✺✬✸✲✰✯✹ ✇✲✬✮ ❪ ➛ ➜ ➛ ❇❊

➝➞ ❅ ➝➟ ❅ ❪❊ ➢
❄

❽ ❪✐❪➋ ❤➤❊ ✸✰✹ ✲✰✲✬✲✸❧ ➥ ❅ ❇❪
➦

❤➤✻ ✿✮✯

r✯s✉❧✬s ✶✵r ➝➟ ❽ ❇❊ ✸❵❵❧✲❝✸✺❧✯ ✲✶ ➧➨➩➫➫ ✇✯r✯ ❅ ❇❪ ✬✲❫✯s ❧✵✰❜✯r

✬✮✸✰ ✲✰ ❶❳➋❊ ✸✰✹ ✶✵r ❍✿❩s ✸r✯ s✲❫✲❧✸r✻

❥✵r ❝✵❫❵✸r✲s✵✰❊ ⑦❪❯ s✉❜❜✯s✬✯✹ ✬✮✸✬ ❝✵❫✯✬ ❣P❴❲✰❝♠✯

❑✵r ✸✰ ✵r✺✲✬✸❧❧✴ s✲❫✲❧✸r ❧✵s✬ ❝✵❫✯✬❨ ✲s ✬✮✯ ❫✸✲✰ s✵✉r❝✯ ✵✶

✮✯❧✲✵✰❴✸✰✬✲✮✯❧✲✵✰ ❫✯✬✯✵rs✻ ⑦✯ ➑✰✹ ✬✮✸✬ ❵✸r✬✲❝❧✯s r✯❧✯✸s✯✹ ✶r✵❫

❝✵❫✯✬ ❣P❴❲✰❝♠✯ ✮✸✈✯ ➁➂ ❽ ➙ × ❇❪
❾➯

✶✵r ❼ ❽ ❱❪➉❫ ✸✰✹

➁➂ ❽ ❣✐❱ × ❇❪
❾➲

✶✵r ❼ ❽ ❱❪❪➉❫ ❑✿✸✺❧✯ ❇❨✻ ➳✶ ✬✮✯s✯ ✯s✬✲❫✸✬✯s

✸r✯ r✯❵r✯s✯✰✬✸✬✲✈✯ ✶✵r ✬✮✯ s✵✉r❝✯s ✵✶ ✬✮✯ ✮✯❧✲✵✰❴✸✰✬✲✮✯❧✲✵✰ ❫✯✬✯❞

✵rs❊ ✬✮✯✴ s✉❜❜✯s✬ ✬✮✸✬ ✬✮✯ s❧✵❵✯ ✵✶ ❹❺❑❼❨ s✮✵✉❧✹ ✺✯ ➍➵⑤⑥⑥➸➺➎➐

✬✮✸✰ ✬✮✸✬ ✵✶ ❹❺❻❑❼❨ ❑↕ ❅ ➻❪✐➙❨✻

⑦✯ ✬✮✯r✯✶✵r✯ ➑✰✹ ✬✮✸✬ ❹❺❑❼❨ ✵✶ ✸❵✯① ❫✯✬✯✵r✵✲✹s ✲s ✯①❵✯❝✬✯✹

✬✵ ✺✯ s✬✯✯❵✯r ✬✮✸✰ ✬✮✸✬ ✵✶ ✮✯❧✲✵✰❴✸✰✬✲✮✯❧✲✵✰ ❫✯✬✯✵r✵✲✹s❊ ✯✈✯✰

✲✶ ✬✮✯ ✲✰✲✬✲✸❧ ❀❥q ✵✶ ❵✸r✬✲❝❧✯s r✯❧✯✸s✯✹ ✶r✵❫ ✬✮✯ r✯s❵✯❝✬✲✈✯

s✵✉r❝✯s➼▼❥❩s ✸✰✹ ❬❩❩s➽❍✿❩s➼✇✯r✯ s✲❫✲❧✸r✻ ✿✮✲s ✯✶✶✯❝✬ ✲s

❵r✵✹✉❝✯✹ ✺✴ ✵r✺✲✬✸❧ ✹✴✰✸❫✲❝s ✵✶ ❵✸r✬✲❝❧✯s s✬✸r✬✲✰❜ ✵✰ ✹✲✶✶✯r✯✰✬

✲✰✲✬✲✸❧ ✵r✺✲✬s✻ ❤s ✇✯ ✹✲s❝✉ss✯✹ ✲✰ ❀✯❝✬✲✵✰ ❱✻❇❊ ✬✮✯ ❲✸r✬✮❞✲❫❵✸❝✬

r✯❝✵r✹ ✵✶ ❬❩❩ ❵✸r✬✲❝❧✯s ✲s ❫✸✲✰❧✴ ❝✵✰✬r✲✺✉✬✯✹ ✺✴ ✬✮✵s✯ ❵✸r✬✲❝❧✯

✬✮✸✬ ✹✯❝✵✉❵❧✯ ✶r✵❫ ▼✉❵✲✬✯r✻ ❀✲✰❝✯ ✬✮✯ ✹✯❝✵✉❵❧✲✰❜ ✯✶➑❝✲✯✰❝✴❊

✹✯s❝r✲✺✯✹ ✺✴ ✶✸❝✬✵r ➄➞ ✲✰ ❀✯❝✬✲✵✰ ❱✻❇❊ r✸❫❵s ✉❵ ✬✵✇✸r✹ s❫✸❧❧✯r

➾❊ ✬✮✯ ❵✵❵✉❧✸✬✲✵✰ ✵✶ s❫✸❧❧ ❬❩❩ ❑✵r ❍✿❩❨ ❵✸r✬✲❝❧✯s ✲s ✯✰✮✸✰❝✯✹❊

r✯❧✸✬✲✈✯ ✬✵ ❧✸r❜✯ ✵✰✯s✻ ✿✮✲s ✯✶✶✯❝✬ ✲s ✇✯✸♠✯r ✶✵r ▼❥❩ ❫✯✬✯✵r✵✲✹s❊

✶✵r ✇✮✲❝✮ ✬✮✯ ❝✵rr✯❧✸✬✲✵✰ ✺✯✬✇✯✯✰ ➄➞ ✸✰✹ ➅➂ ✲s ✰✵✬ ✸s ✯①✬r✯❫✯✻

➳✰ ✬✮✯ ▼❥❩ ❝✸s✯❊ ✬✮✯ ❵✵❵✉❧✸✬✲✵✰ ✵✶ s❫✸❧❧ ❵✸r✬✲❝❧✯s ✸❝❝r✯✬✯✹ ✺✴

➚ ✦✥✖t♦✙ ➪➶✭✪✔ ✖♦✩♣➹ ✓✙✕❛✩✗✥✘♣➘ ✘✕ ✥✓✓✙♦➴✧✗✥t✕➹ ✘➘ ✥ ❛t✕✓ ❢✩➷✖t✧♦➷ ➬✧t➮
➪➶✭✪✔ ❂ ✷ ❢♦✙ ✪ ➱ ✪✃ ✥➷➹ ➪➶✭✪✔ ❂ ✑ ❢♦✙ ✪ ❐ ✪✃✱ ➬➮✕✙✕ ✪✃ ✧❛ t➮✕ ✖✙✧t✧✖✥♣
➹✧✥✗✕t✕✙ ✧✗✓♣✧✕➹ ✘➘ ❒❮✩✥t✧♦➷ ✭✒✔✫
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✯ ✩✐ ✫✈✬✮
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❖✲✲r
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t❳❨ ❩❬❭t❳ ❪❫ ❫❴❵❵❭❨❫❫❨❞ ❢② t❳❨❪❭ ❫❳❤❭t ❥♠q ❞❭❬① t❪③❨❫④❬⑤❨⑥ ❬⑦❞

④❤⑦❫❨⑧❴❨⑦t⑤②⑥ ⑤❤⑨❨❭ ⑩❶❷

❸❳❨ ③❬①⑦❪t❴❞❨ ❤❹ t❳❨ ❺❻❼ ❨❹❹❨④t❫ ❞❪❫④❴❫❫❨❞ ❬❢❤❽❨ ❪❫ ❿❴❫t

❭❪①❳t t❤ ❨➀❵⑤❬❪⑦ ❤❢❫❨❭❽❬t❪❤⑦❫❷ ➁❹ t❳❨ ❪❤⑦❪➂❬t❪❤⑦ t❳❭❨❫❳❤⑤❞ ➃
➄
❤❹

➅➆➇q ❪❫ ➈➉➊➊ t❪③❨❫ ⑤❤⑨❨❭ t❳❬⑦ t❳❬t ❤❹ ➋➆➇q➌➍q➆❥⑥ t❳❨❫❨
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❪⑦❞❨➀ ❞❪❹❹❨❭❨⑦④❨ ❢❨t⑨❨❨⑦ ❬❵❨➀ ❬⑦❞ ❳❨⑤❪❤⑦➌❬⑦t❪❳❨⑤❪❤⑦ ③❨t❨❤❭❫

❪❫ ➣ ➈ ➊↔↕➐➉❷➙❷ ➛❨ ❹❤❴⑦❞ ➣ ➈ ➉↔➓ ❬❢❤❽❨⑥ ❪⑦ ①❤❤❞ ❬①❭❨❨③❨⑦t

⑨❪t❳ ❤❢❫❨❭❽❬t❪❤⑦❫❷ ❻❪①❴❭❨ ➉➊ ❪⑤⑤❴❫t❭❬t❨❫ t❳❨ ❭❨⑤❬t❪❽❨ ❫t❭❨⑦①t❳ ❤❹

❫❵❤❭❬❞❪④ ③❨t❨❤❭ ❫❤❴❭④❨❫ ❨➀❵❨④t❨❞ ❹❭❤③ ❤❴❭ ③❤❞❨⑤❷

➎❷ ➋➇➜➋➝➞❺➁➇➜❺

➛❨ ❹❤❴⑦❞ t❳❬t ❤⑦⑤② ❬ ❽❨❭② ❫③❬⑤⑤ ❹❭❬④t❪❤⑦⑥ ➟➡ ➢ ➉➊➤➥⑥

❤❹ ➦ ➧ ➉ ③③ ➇➋➋ ❵❬❭t❪④⑤❨❫ ④❬⑦ ❨❽❨❭ ③❬➨❨ ❪t ❪⑦t❤ t❳❨

❪⑦⑦❨❭ ❫❤⑤❬❭ ❫②❫t❨③❷ ❸❳❨ ❭❨⑤❨❽❬⑦④❨ ❤❹ t❳❨❫❨ ❽❨❭② ⑤❬❭①❨ ➇➋➋

❵❬❭t❪④⑤❨❫ t❤ ❤❢❫❨❭❽❬t❪❤⑦❫ ❤❹ ❫❵❤❭❬❞❪④ ③❨t❨❤❭❫ ❪❫ t❳❨❭❨❹❤❭❨ ⑦❤t

❤❢❽❪❤❴❫❷ ❸❳❨ ❫❪t❴❬t❪❤⑦ ⑤❤❤➨❫ ③❤❭❨ ❹❬❽❤❭❬❢⑤❨ ❹❤❭ ➇➋➋ ❵❬❭t❪④⑤❨❫

⑨❪t❳ ➦ ➩ ➉➊➊➐➏➊➊ ➫③❷ ❸❳❨❫❨ ❵❬❭t❪④⑤❨❫ ❫❳❤❴⑤❞ ❫❴❭❽❪❽❨ t❳❨

❨❹❹❨④t❫ ❤❹ ❭❬❞❪❬t❪❤⑦ ❵❭❨❫❫❴❭❨⑥ ❪❹ ❭❨⑤❨❬❫❨❞ ❹❭❤③ ❭❨t❴❭⑦❪⑦① ➇➋➋❫

❬t ➯ ➧ ➙➐➉➓ ➅➞❷ ➆❤❭❨❤❽❨❭⑥ ❬❢❤❴t ➊❷➓➲➐➉❷➎➲ ❬❽❤❪❞ ❢❨❪⑦①

④❤⑤⑤❪❫❪❤⑦❬⑤⑤② ❞❪❫❭❴❵t❨❞ ❤❭ t❳❨❭③❬⑤⑤② ❞❨❫t❭❤②❨❞⑥ ❞❨④❤❴❵⑤❨ ❹❭❤③

➳❴❵❪t❨❭⑥ ❬⑦❞ Þ⑦❬⑤⑤② ❫❵❪❭❬⑤ ❞❤⑨⑦ t❤ ➵ ➈ ➉ ➅➞⑥ ⑨❳❨❭❨ t❳❨❪❭ ❩❬❭t❳♠

❪③❵❬④t ❵❭❤❢❬❢❪⑤❪t② ❪❫ ❪⑦④❭❨❬❫❨❞ ❢② ❤❭❞❨❭❫ ❤❹ ③❬①⑦❪t❴❞❨❷

➛❨ ❨❫t❪③❬t❨❞ t❳❬t t❳❨ ❤❽❨❭❬⑤⑤ ❵❭❤❢❬❢❪⑤❪t② ❤❹ ❩❬❭t❳ ❪③❵❬④t ❵❨❭

❤⑦❨ ❵❬❭t❪④⑤❨ ❭❨⑤❨❬❫❨❞ ❤⑦ ❢❤❴⑦❞ ❤❭❢❪t ❹❭❤③ t❳❨ ❭❨t❴❭⑦❪⑦① ➇➋➋

➸➺➻➼➽❡ ✶➾❇ ❊➚✓✕✖✤✕✪ ✙✕✧❛✤✦❈✕ r✤✙✕♥❣✤✣ ✥♦ ✤✣✕ ❛✓✕➚ ❛♥✪ ✣✕✧✦✥♥➪❛♥✤✦✣✕✧✦✥♥ r✥✉✙✖✕r
❛r ❛ ♦✉♥✖✤✦✥♥ ✥♦ ✓❛✙✤✦✖✧✕ r✦➶✕✹ ✢✣✕ ✤✙✦❛♥❣✧✕r ✭✪✦❛✗✥♥✪r✔ r✣✥✇ ✤✣✕ ✙✕r✉✧✤ ♦✥✙ ❖✲✲
✭✑P➪✾❛✧✧✕★✔ ✓❛✙✤✦✖✧✕r✹ ➹✕ ✖❛✧✖✉✧❛✤✕✪ ✤✣✕ ✙✕✧❛✤✦❈✕ r✤✙✕♥❣✤✣ ✘★ ✪✦❈✦✪✦♥❣ ➘✐✭❱✔
✧✦r✤✕✪ ✦♥ ✢❛✘✧✕ ✑ ♦✥✙ ❖✲✲ ✭✑P➪✾❛✧✧✕★✔ ✓❛✙✤✦✖✧✕r ✭❛rr✉✗✕✪ ✣✕✙✕ ✤✥ ✙✕✓✙✕r✕♥✤ ✤✣✕
❛✓✕➚ r✥✉✙✖✕✔ ✘★ ➘✐✭❱✔ ✥♦ ✒P➪❊♥✖❦✕ ✓❛✙✤✦✖✧✕r ✭❛rr✉✗✕✪ ✤✥ ✙✕✓✙✕r✕♥✤ ✤✣✕ ✣✕✧✦✥♥➪
❛♥✤✦✣✕✧✦✥♥ r✥✉✙✖✕➴ ➹✷✵✔✹ ✢✣✕ ➘✐✭❱✔ ✙❛✤✦✥ ✦r ❛ ✓✙✥➚★ ♦✥✙ ✤✣✕ ✙✕✧❛✤✦❈✕ r✤✙✕♥❣✤✣ ✥♦
✗✕✤✕✥✙ r✥✉✙✖✕r ✦♦ ➷➬➮✭❱✔ ✥♦ ✪✦♦♦✕✙✕♥✤ ✦♥✦✤✦❛✧ ✓✥✓✉✧❛✤✦✥♥r ✣❛✪ ✙✥✉❣✣✧★ ✤✣✕ r❛✗✕
r✣❛✓✕✹ ➹✕ ❛✙✘✦✤✙❛✙✦✧★ ♥✥✙✗❛✧✦➶✕✪ ✤✣✕ ✙❛✤✦✥ ✤✥ ✑ ♦✥✙ ✓❛✙✤✦✖✧✕r ✇✦✤✣ ❱ ◗ ✑✷✷➭✗✹
➱r ✗✥✙✕ r✕♥r✦✤✦❈✕ ✙❛✪❛✙r ✪✕✤✕✖✤ r✗❛✧✧✕✙ ✓❛✙✤✦✖✧✕r✱ ✤✣✕★ ❛✙✕ ✕➚✓✕✖✤✕✪ r✕✕ ✗✥✙✕
❛✓✕➚ ✗✕✤✕✥✙r✱ ✘✕✖❛✉r✕ ➘✐✭❱✔ ✥♦ ❖✲✲ ✭✑P➪✾❛✧✧✕★✔ ✓❛✙✤✦✖✧✕r ✦♥✖✙✕❛r✕r ✇✣✦✧✕ ✤✣❛✤
✥♦ ❀❁✲ ✓❛✙✤✦✖✧✕r ✪✙✥✓r✹

❪❫ ✃❶ ➈ ➊↔➎➐➉ × ➉➊➤❐ ❹❤❭ ➦ ➩ ➉➊➊➐➏➊➊ ➫③❷ ❸❳❪❫ ❪❫ ➎➊➐➔➊

t❪③❨❫ ⑤❤⑨❨❭ t❳❬⑦ ✃❶ ❨➀❵❨④t❨❞ ❹❤❭ ❵❬❭t❪④⑤❨❫ ❭❨⑤❨❬❫❨❞ ❹❭❤③ ➍❸➋❫

❫❴④❳ ❬❫ ➉❥➌➍❬⑤⑤❨② ❬⑦❞ ➎➎❥❒❸❨③❵❨⑤♠❸❴tt⑤❨⑥ ❬⑦❞ ➓➊➊➐➙➊➊ t❪③❨❫

⑤❤⑨❨❭ t❳❬⑦ ✃❶ ❨➀❵❨④t❨❞ ❹❤❭ ➳❻➋❫ ❫❴④❳ ❬❫ ➉❥➌❩⑦④➨❨❷ ❸❳❨ ➇➋➋

❵❬❭t❪④⑤❨❫ ⑨❪⑤⑤ t❳❨❭❨❹❤❭❨ ❫❪①⑦❪Þ④❬⑦t⑤② ④❤⑦t❭❪❢❴t❨ t❤ t❳❨ ❫❵❤❭❬❞❪④

③❨t❨❤❭ ④❤③❵⑤❨➀ ❤⑦⑤② ❪❹ t❳❨ ③❬❫❫ ❤❹ ③❬t❨❭❪❬⑤ ❵❭❤❞❴④❨❞ ❢②

❞❪❫❭❴❵t❪⑦①➇➋➋❫ ❪❫ ⑤❬❭①❨ ❨⑦❤❴①❳ t❤ ④❤③❵❨⑦❫❬t❨ ❹❤❭ t❳❨❫❨ ❹❬④t❤❭❫❷

❻❭❤③ ➝➊➓⑥ ⑨❨ ④❬⑦ ❭❤❴①❳⑤② ❨❫t❪③❬t❨ t❳❬t ➈ ➎ ❭❨t❴❭⑦❪⑦① ➇➋➋❫

❞❪❫❭❴❵t ❵❨❭ ②❨❬❭ ❵❭❤❞❴④❪⑦① t❳❨ ③❬❫❫ ❪⑦❵❴t ❤❹ ❵❨❭❳❬❵❫ ❬❫ ③❴④❳

❬❫ ➈➉➊➡❮ ① ②❭
➤➡

⑥ ❤❭ ➏ × ➉➊❮ ➨① ❫
➤➡❷ ➇⑦⑤② ❬ ❫③❬⑤⑤ ❹❭❬④t❪❤⑦ ❤❹

t❳❪❫ ③❬❫❫ ⑨❪⑤⑤ ❨⑦❞ ❪⑦ ❢❤❴⑦❞ ❵❬❭t❪④⑤❨❫ ⑨❪t❳ ➦ ➩ ➉➊➊➐➏➊➊ ➫③❷

❻❤❭ ④❤③❵❬❭❪❫❤⑦⑥ t❳❨ ❬④t❪❽❨ ➳❻➋❫ ❵❭❤❞❴④❨ ➈➏➊➊ ➨① ❫➤➡ ➑q❨❬④❳

❨t ❬⑤❷ ➓➊➊↕→❷

➛❨ ❹❤❴⑦❞ t❳❬t t❳❨ ❺❻❼ ❤❹ ❬❵❨➀ ③❨t❨❤❭❤❪❞❫⑥ ❵❭❨❫❴③❬❢⑤②

❫t❬❭t❪⑦① ❤⑦ ❳❪①❳⑤② ❨④④❨⑦t❭❪④ ❤❭❢❪t❫⑥ ❪❫ ❨➀❵❨④t❨❞ t❤ ❢❨ ❫t❨❨❵❨❭

t❳❬⑦ t❳❤❫❨ ❤❹ ❳❨⑤❪❤⑦➌❬⑦t❪❳❨⑤❪❤⑦ ③❨t❨❤❭❤❪❞❫⑥ ❨❽❨⑦ ❪❹ t❳❨❪❭ ❪⑦❪t❪❬⑤

❺❻❼❫ ⑨❨❭❨ ❫❪③❪⑤❬❭❷ ❸❳❨ ❫t❨❨❵❨⑦❪⑦① ❤❹ t❳❨ ❺❻❼ ❫⑤❤❵❨ ❤❹ ❬❵❨➀

③❨t❨❤❭❤❪❞❫ ❭❨❫❴⑤t❫ ❹❭❤③ t❳❨ ❨❹Þ④❪❨⑦④② ⑨❪t❳ ⑨❳❪④❳ ➇➋➋➌➍❸➋

③❨t❨❤❭❤❪❞❫ ❤❹ ❞❪❹❹❨❭❨⑦t ❫❪➂❨❫ ❞❨④❤❴❵⑤❨ ❹❭❤③ ➳❴❵❪t❨❭❷ ❸❳❪❫ ❭❨❫❴⑤t

❳❬❫ ❪⑦t❨❭❨❫t❪⑦① ❪③❵⑤❪④❬t❪❤⑦❫ ❹❤❭ ❤❢❫❨❭❽❬t❪❤⑦❫ ❤❹ ❫❵❤❭❬❞❪④③❨t❨❤❭❫

❢❨④❬❴❫❨ ❪t ④❬⑦ ❨➀❵⑤❬❪⑦ ⑨❳② t❳❨ ⑦❤❭t❳➌❫❤❴t❳ ❬❵❨➀ ❫❤❴❭④❨❫ ❬❭❨

③❤❭❨ ❭❨❵❭❨❫❨⑦t❨❞ ❪⑦ ❤❢❫❨❭❽❬t❪❤⑦❫ ❤❹ ❳❪①❳⑤② ❫❨⑦❫❪t❪❽❨ ❭❬❞❬❭❫ t❳❬t

❬❭❨ ④❬❵❬❢⑤❨ ❤❹ ❞❨t❨④t❪⑦① ❫③❬⑤⑤❨❭ ③❨t❨❤❭❤❪❞❫❷

❸❳❪❫ ❬❭t❪④⑤❨ ❪❫ ❢❬❫❨❞ ❤⑦⑨❤❭➨ ❫❴❵❵❤❭t❨❞ ❢② t❳❨➜➅❺➅Õ❫ ❥❰Ï❰

❵❭❤①❭❬③❷ ❸❳❨ ⑨❤❭➨ ❤❹ ❼❷Ð❷ ⑨❬❫ ❵❬❭t❪❬⑤⑤② ❫❴❵❵❤❭t❨❞ ❢② t❳❨

➋➂❨④❳ ❰❭❬⑦t ➅①❨⑦④② ➑①❭❬⑦t ➓➊➎❒➊➔❒➊➊Ñ➙→ ❬⑦❞ t❳❨ q❨❫❨❬❭④❳
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✬✕❛✖❈✱ ❲✢ ✁✢✱ ❑✕✮✮✕②✱ ▼✢ ❙✢✱ ✫ ❙②✤✕✥✱ ▼✢ ❱✢ ✒✷✷✼✱ ■✖❛✙✰✥✱ ✑✶✑✱ ✒✶✩

✬✦✘✕✙✜✥✦✧✱ ❍✢ P✢ ✑✶✎✼✱ ▼✪✬★❙✱ ✶✼✱ ✍✒✎

❙✜✕✕✮✱ ❉✢ ✑✶✶✲✱ ❙✓❛✖✕ ❙✖✛✢ ✬✕✈✢✱ ✼✩✱ ✺✷✼

❙✜✕✕✮✱ ❉✢ ■✢✱ ✫ �✮✂✦✙♦✱ ❲✢ ●✢ ✑✶✩✲✱ ▼✪✬★❙✱ ✒✑✩✱ ✑✩✺

✁❛②✮✦✙✱ ★✢ ❉✢✱ ✫ �✮✂✦✙♦✱ ❲✢ ●✢ ✑✶✶✩✱ �❛✙✜❈ P✮❛✧✕✜✥ ❙✓❛✖✕✱ ✺✷✱ ✺✲✶

❲✕✜❈✕✙✛✮✮✱ ●✢ ❲✢ ✑✶✲✼✱ ✣✢ ●✕✦✓❈②✥✢ ✬✕✥✢✱ ✼✒✱ ✒✍✒✶

❲❈✛✓✓✮✕✱ ❋✢ ▲✢ ✑✶✺✑✱ ★✓✣✱ ✑✑✎✱ ✍✲✍

❲❈✛✓✓✮✕✱ ❋✢ ▲✢✱ ✫ ●✦✥✥✧✕✙✱ ✣✢ ▲✢ ✑✶✍✶✱ ★✓✣✱ ✑✷✶✱ ✎✩✷

❲✛✕r✕✙✜✱ P✢✱ ✫ ✁✙✕✗❛✛✧✕✱ ❙✢ ✑✶✶✶✱ ■✖❛✙✰✥✱ ✑✎✼✱ ✩✍

❲✛✕r✕✙✜✱ P✢✱ ❱❛✰✘❛✛✮✮✦✧✱ ✣✢✱ ✫ ❈❛✗✓✘✕✮✮✯❇✙✦✇✧✱ ▼✢ ✒✷✷✶✱ ■✖❛✙✰✥✱ ✒✷✑✱ ✒✶✺

❲✛✥♦✦✗✱ ✣✢✱ ✫ ❍✦✮✗❛✧✱ ▼✢ ✑✶✶✑✱ ★✣✱ ✑✷✒✱ ✑✺✒✩

❲②❛✜✜✱ ❙✢ P✢✱ ✫ ❲❈✛✓✓✮✕✱ ❋✢ ▲✢ ✑✶✺✷✱ ★✓✣✱ ✑✑✑✱ ✑✎✍

❨✦✰✧r✕✙✱ ✣✢ P✢✱ ✬✕✛♦✱ ■✢ ▼✢✱ ❱✛✧✖✕✧✜✱ ✬✢ ★✢✱ ❍✦✮♦✥✇✦✙✜❈✱ ❉✢ ★✢✱ ✫ ▼✰✙✓❈②✱ ❉✢ ✣✢

✒✷✷✶✱ ▼✪✬★❙✱ ✎✶✩✱ ✎✺✷

✶✄
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Paper D
❚�✁ ❆✂✄☎✆✝�✞✂✟✠✡☛ ❏✆☞☎✌✡☛✱ ✼✍✎✏✑✒✓ ✭✑✔✕✕✖✱ ✒✷✑✑ ❉✗✘✗✙✚✗✛ ✒✷ ❞✜✢✏✑✷✶✑✷✣✣✤✷✷✷✍✥✔✎✼✦✤✼✍✎✤✒✤✑✒✓

❈✧ ★✩✪✪✫ ✬✮✯ ✰♠✯✲✳✴✵✸ ✰✹✺✲✻✸✻♠✳✴✵✽ ❙✻✴✳✯✺✾✫ ✰✽✽ ✲✳✐✮✺✹ ✲✯✹✯✲❡✯✿✫ P✲✳✸✺✯✿ ✳✸ ✺✮✯ ❯✫❙✫✰✫

❀❨◆❁▼❂❃❁❄ ▼❅❀❇❄ ❋❅❖ ❊●❇ ❩❅❀❂❁❃❁❄ ❃❄❅❍❀ ❁◆❀ ■❑❅❖❁❀❂❃ ▼❇❊❇❅❖■

▲◗❘❱❲ ❳❬❭❘❪❫❴➠②❵❛ ▲❱❬❜❪ ❝◗❴❢❣❬❭❤❛ ▲◗❘❱❲ ❥❪♦❫❪❦❣❧❱❢♦➠②❵♥♣❛ q❬r❫ q❪♦❪❫❴➠②❵♥♣❛

s❱❧❧❱◗t ✉✈ ✇❪rr♦❬❵❛ ◗❴❲ q❬r❬❫ ❝❬❴❴❱❭♦❬❴❭①

✪ ❉✗✕③✛④✙✗⑤④ ✜⑥ ⑦✕③✘✗ ⑦④⑧❞✢✗⑨✱ ⑦✜⑧④⑩❶✗⑨④ ❷✗⑨✗③✛✘⑩ ❸⑤⑨④✢④⑧④✗✱ ✑✷❹✷ ❺③❻⑤⑧④ ⑦④✶✱ ⑦⑧✢④✗ ✎✷✷✱ ❼✜⑧❻❞✗✛✱ ❽❾ ✣✷✎✷✒✱ ❿⑦➀
★ ⑦✕③✘✗ ❺✗③④⑩✗✛ ➁③✚✜✛③④✜✛➂✱ ❽✜❞✗ ✔✼✍✱ ➃⑦➄❽➅➆➀⑦➀✱ ➃✛✗✗⑤✚✗❻④✱ ➇❉ ✒✷✼✼✑✱ ❿⑦➀

➈ ❸⑤⑨④✢④⑧④✗ ✜⑥ ➀⑨④✛✜⑤✜✙➂✱ ❽⑩③✛❻✗⑨ ❿⑤✢➉✗✛⑨✢④➂✱ ➊ ➋✜❻✗ÿ⑨✜➉✢ÿ✘❝➠③✘⑩ ✒✱ ❽❈✥✑✣✷✷✷✱ P✛③�⑧✗ ✣✱ ❽✁✗✘⑩ ❷✗✕⑧✚❻✢✘
✹ ❽③✛❻ ⑦③�③⑤ ❽✗⑤④✗✛✱ ⑦❊✂❸ ❸⑤⑨④✢④⑧④✗✱ ❹✑❹ ➆✶ ❺⑩✢⑨✙③⑤ ❷✜③❞✱ ➇✜⑧⑤④③✢⑤ ➊✢✗❶✱ ❽➀ ✓✍✷✍✎✱ ❿⑦➀

❘✄☎✄✆✝✄✞ ✷✟✠✠ ▼✡☛ ✸✠☞ ✡☎☎✄❛✌✄✞ ✷✟✠✠ ❙✄❛✌✄✍✎✄✏ ✾☞ ❛♣✎✑✆✒✓✄✞ ✷✟✠✠ ◆✔✝✄✍✎✄✏ ✷✾

❆✕✖✗✘❆✙✗

✗❚✚ s♦✛✜✢ s✣s✤✚✥ ✐s ❞✦s✤✣✱ ✜✧❞ ✇♦✦✛❞ ❜✚★♦✥✚ ❞✦s✤✐✚✢ ♦✈✚✢ ✤✐✥✚ ✜s ✜s✤✚✢♦✐❞s ★♦✛✛✐❞✚ ✜✧❞ ★♦✥✚✤s ❞✐s✐✧✤✚❣✢✜✤✚✱ ✚①★✚✩✤

✤❚✜✤ s✥✜✛✛ ❞✚❜✢✐s ✩✜✢✤✐★✛✚s ✐✧ ✐✧✤✚✢✩✛✜✧✚✤✜✢✣ s✩✜★✚ ❞♦ ✧♦✤ ✛✜s✤ ✛♦✧❣❧ ✗❚✚✣ ★✜✧ ❜✚ ✚❡✚★✤✚❞ ❢✢♦✥ ✤❚✚ s♦✛✜✢ s✣s✤✚✥ ❜✣

❏✦✩✐✤✚✢✱ ✤❚✚✢✥✜✛✛✣ ❞✚s✤✢♦✣✚❞ ✧✚✜✢ ✤❚✚ ✖✦✧✱ ♦✢ ✩❚✣s✐★✜✛✛✣ ❞✐s✢✦✩✤✚❞ ❜✣ ★♦✛✛✐s✐♦✧s❧ ❆✛s♦✱ s♦✥✚ ✜✢✚ s✇✚✩✤ ❜✣ ✤❚✚ ✪✜✢✤❚

✭✜✧❞ ♦✤❚✚✢ ✩✛✜✧✚✤s✫✱ ✩✢♦❞✦★✐✧❣ ✥✚✤✚♦✢s❧ ❍✚✢✚ ✇✚ ❞✚✈✚✛♦✩ ✜ ❞✣✧✜✥✐★✜✛ ✥♦❞✚✛ ❢♦✢ ✤❚✚ s♦✛✜✢ s✣s✤✚✥ ✥✚✤✚♦✢♦✐❞s ✜✧❞

✦s✚ ✐✤ ✤♦ ✚①✩✛✜✐✧ ✥✚✤✚♦✢ ✢✜❞✜✢ ♦❜s✚✢✈✜✤✐♦✧s❧ ❲✚ Þ✧❞ ✤❚✜✤ ✤❚✚ ❏✦✩✐✤✚✢ ❋✜✥✐✛✣ ✙♦✥✚✤s ✭❏❋✙s✫ ✜✢✚ ✤❚✚ ✥✜✐✧ s♦✦✢★✚

♦❢ ✤❚✚ ✩✢♦✥✐✧✚✧✤ ★♦✧★✚✧✤✢✜✤✐♦✧s ♦❢ ✥✚✤✚♦✢s ✜✢✢✐✈✐✧❣ ✜✤ ✤❚✚ ✪✜✢✤❚ ❢✢♦✥ ✤❚✚ ❚✚✛✐♦✧ ✜✧❞ ✜✧✤✐❚✚✛✐♦✧ ❞✐✢✚★✤✐♦✧s❧ ✗♦

✥✜✤★❚ ✤❚✚ ✢✜❞✐✜✧✤ ✜✧❞ ♦✢❜✐✤ ❞✐s✤✢✐❜✦✤✐♦✧s✱ ✜s ✥✚✜s✦✢✚❞ ❜✣ ✤❚✚ ✙✜✧✜❞✐✜✧ ✬✚✤✚♦✢ ❖✢❜✐✤ ✘✜❞✜✢ ✭✙✬❖✘✫ ✜✧❞ ❆❞✈✜✧★✚❞

✬✚✤✚♦✢ ❖✢❜✐✤ ✘✜❞✜✢ ✭❆✬❖✘✫✱ ♦✦✢ ✥♦❞✚✛ ✐✥✩✛✐✚s ✤❚✜✤ ★♦✥✚✤s✱ ✜✧❞ ❏❋✙s ✐✧ ✩✜✢✤✐★✦✛✜✢✱ ✥✦s✤ ❢✢✚r✦✚✧✤✛✣ ❞✐s✐✧✤✚❣✢✜✤✚

✇❚✚✧ ✢✚✜★❚✐✧❣ ♦✢❜✐✤s ✇✐✤❚ ✛♦✇ ✩✚✢✐❚✚✛✐♦✧ ❞✐s✤✜✧★✚❧ ❆✛s♦✱ ✤❚✚ ★♦✛✛✐s✐♦✧✜✛ ✛✐❢✚✤✐✥✚s ♦❢ ✥✐✛✛✐✥✚✤✚✢ ✩✜✢✤✐★✛✚s ✥✜✣ ❜✚

✛♦✧❣✚✢ ✭✮✶✯✺ ✣✢ ✜✤ ✶ ❆❯✫ ✤❚✜✧ ✩♦s✤✦✛✜✤✚❞ ✐✧ ✤❚✚ s✤✜✧❞✜✢❞ ★♦✛✛✐s✐♦✧✜✛ ✥♦❞✚✛s ✭✰✶✯① ✣✢ ✜✤ ✶ ❆❯✫✱ ✩✚✢❚✜✩s ❜✚★✜✦s✚

✤❚✚s✚ ★❚♦✧❞✢✦✛✚✲s✐✳✚❞ ✥✚✤✚♦✢♦✐❞s ✜✢✚ s✤✢♦✧❣✚✢ ✤❚✜✧ ✤❚♦✦❣❚✤ ❜✚❢♦✢✚❧ ❯s✐✧❣ ♦❜s✚✢✈✜✤✐♦✧s ♦❢ ✤❚✚ ■✴✵✻✼✻✽✿ ❀❁❂✻❃✴❃❄❅❇✼❉

●✼❂✽❉❉❅❂✽ ✤♦ ★✜✛✐❜✢✜✤✚ ✤❚✚ ✥♦❞✚✛✱ ✇✚ Þ✧❞ ✤❚✜✤ ✤❚✚ ✤♦✤✜✛ ★✢♦ss s✚★✤✐♦✧ ✜✧❞ ✥✜ss ♦❢ s✥✜✛✛ ✥✚✤✚♦✢♦✐❞s ✐✧ ✤❚✚ ✐✧✧✚✢ s♦✛✜✢

s✣s✤✚✥ ✜✢✚ ✭✶❑▲◗❱❑❳✫ × ✶✯
❵❵
❦✥

❤
✜✧❞ ✰❨ × ✶✯

❵❩ ❣✱ ✢✚s✩✚★✤✐✈✚✛✣✱ ✐✧ ✜ ❣♦♦❞ ✜❣✢✚✚✥✚✧✤ ✇✐✤❚ ✩✢✚✈✐♦✦s s✤✦❞✐✚s❧ ✗❚✚

✥✜ss ✐✧✩✦✤ ✢✚r✦✐✢✚❞ ✤♦ ❦✚✚✩ ✤❚✚ ✳♦❞✐✜★✜✛ ★✛♦✦❞ ✐✧ ✜ s✤✚✜❞✣ s✤✜✤✚ ✐s ✚s✤✐✥✜✤✚❞ ✤♦ ❜✚ ✰✶✯①◗✶✯✺ ❦❣ s❾❵❧ ✗❚✚ ✐✧✩✦✤

✐s ✦✩ ✤♦ ✰✶✯ ✤✐✥✚s ✛✜✢❣✚✢ ✤❚✜✧ ❢♦✦✧❞ ✩✢✚✈✐♦✦s✛✣✱ ✥✜✐✧✛✣ ❜✚★✜✦s✚ ✩✜✢✤✐★✛✚s ✢✚✛✚✜s✚❞ ★✛♦s✚✢ ✤♦ ✤❚✚ ✖✦✧ ❚✜✈✚ s❚♦✢✤✚✢

★♦✛✛✐s✐♦✧✜✛ ✛✐❢✚✤✐✥✚s ✜✧❞ ✧✚✚❞ ✤♦ ❜✚ s✦✩✩✛✐✚❞ ✜✤ ✜ ❢✜s✤✚✢ ✢✜✤✚❧ ✗❚✚ ✤♦✤✜✛ ✥✜ss ✜★★✢✚✤✚❞ ❜✣ ✤❚✚ ✪✜✢✤❚ ✐✧ ✩✜✢✤✐★✛✚s ❜✚✤✇✚✚✧
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r❈❍❝❤❈❞ ➹ ❶ ➹
➘
◗❇r ●❤❈ Þr❊● ●P❘❈t ❭❍r●P❝▲❈❊ ❯❈r❈ r❈▲❈❍❊❈❞ ◗r❇❘

●❤❈❊❈ ❊❇❖r❝❈ ❇r❳P●❊t
➴

❨❈ ❖❊❈❞ qs ❑❍▲❖❈❊ ❇◗ ➹
➘

❈❻❖❍▲▲❵ ❊❙❍❝❈❞

❳❈●❯❈❈♥ st❬❷ ⑩❸ ❍♥❞ ❬t❷ ⑩❸❱ ❙❍r●P❝▲❈❊ ❯P●❤ ➷ ➬ qs❱ ⑦s❱ qss❱

⑦ss❱ qsss❱ ❍♥❞ ⑦sss➮❘❱ ❯❤P❝❤ ❊❤❇❖▲❞ ❝❇❑❈r ●❤❈ P♥●❈r❈❊●P♥✐

r❍♥✐❈ ❇◗ ❊P➄❈❊❱ ❍♥❞ ❙❍r●P❝▲❈ ❞❈♥❊P●❵ ➱ ➬ ❬ ✐ ❝❘
✉✃

t ➥❖r ●❈❊●❊

❊❤❇❯ ●❤❍● ●❤P❊ ❊P➄❈ r❈❊❇▲❖●P❇♥ P❊ ❍❞❈❻❖❍●❈ ❳❈❝❍❖❊❈ ●❤❈ ❇r❳P●❍▲

❞❵♥❍❘P❝❊ ❇◗❱ ❊❍❵❱ ❍ ➷ ➬ q❷s➮❘ ❙❍r●P❝▲❈ P❊ ❊P❘P▲❍r ●❇ ●❤❍● ❇◗

❍ ➷ ➬ qss➮❘ ❙❍r●P❝▲❈t ❥❤❈ r❈❊❖▲●❊ ◗❇r ❍ ❝❇♥●P♥❖❇❖❊ r❍♥✐❈ ❇◗

❊P➄❈❊ ❯❈r❈ ❇❳●❍P♥❈❞ ❳❵ P♥●❈r❙❇▲❍●P❇♥t ❐❍r❵P♥✐ ❙❍r●P❝▲❈ ❞❈♥❊P●❵

❤❍❊ ❇♥▲❵ ❍ ❊❘❍▲▲ ❈◗◗❈❝● ❇♥ ●❤❈Pr ❇r❳P●❍▲ ❞❵♥❍❘P❝❊t ❥❈♥ ●❤❇❖❊❍♥❞

❙❍r●P❝▲❈❊ ❯❈r❈ r❈▲❈❍❊❈❞ ◗❇r ❈❍❝❤ ➹
➘

❍♥❞ ❒ ◗❇r ●❤❈ ●❇●❍▲ ❇◗

st❽ ❘P▲▲P❇♥ ❇◗ ●❤❈ P♥P●P❍▲ ❇r❳P●❊t

❸❙❇♥ ●❤❈Pr r❈▲❈❍❊❈ ◗r❇❘ ●❤❈ ❙❍r❈♥● ❇❳②❈❝●❱ ❙❍r●P❝▲❈❊ ❯P▲▲ ◗❈❈▲

●❤❈ ❈◗◗❈❝●❊ ❇◗ r❍❞P❍●P❇♥ ❙r❈❊❊❖r❈t ❥❤❈❊❈ ❈◗◗❈❝●❊ ❝❍♥ ❳❈ ❳❈❊●

❞❈❊❝rP❳❈❞ ❳❵ r❈❙▲❍❝P♥✐ ●❤❈ ❘❍❊❊ ❇◗ ●❤❈ ➈❖♥❱ ❮❰❱ ❳❵ ❮❰③q Ï Ð⑨❱

Ñ ❀♣♦✗ ♦✹★♦ ♦✹✯✮ ✙✗♦✹♣✰ ✰♣✗✮ ✩♣♦ ✕✛♣✕✗✛✬❜ ★✘✘♣❧✩♦ ❢♣✛ ♦✹✗ ✕♣✮✮✯✚✯✬✯♦❜ ♦✹★♦
➏➐✪✮ ✬♣✮✗ ✙★✮✮ ✸✛★✰❧★✬✬❜ ✚❜ ✛✗✘❧✛✛✗✩♦ ✮✕✬✯♦♦✯✩✸ ✗✈✗✩♦✮✺ ➐♣✛ ✗❄★✙✕✬✗✱ ❉✯ ➓✯✮♦♣
✗♦ ★✬✺ ✭✒✷✷✓✖ ★✮✮❧✙✗✰ ♦✹★♦ ♦✹✗ ✮✕✬✯♦♦✯✩✸ ✗✈✗✩♦✮ ♣✘✘❧✛ ✇✯♦✹ ✘✗✛♦★✯✩ ❢✛✗➜❧✗✩✘❜✱
✘♣✩✮✯✰✗✛✗✰ ♦♣ ✚✗ ★ ❢✛✗✗ ✕★✛★✙✗♦✗✛✱ ★✩✰ ♦✹★♦ ★ ✫❄✗✰ ✙★✮✮ ❢✛★✘♦✯♣✩✱ ★✬✮♣ ★ ❢✛✗✗
✕★✛★✙✗♦✗✛✱ ✯✮ ✬♣✮♦ ✯✩ ✗★✘✹ ✗✈✗✩♦✺ ➓❧✘✹ ★ ✙♣✰✗✬ ✙★❜ ✚✗ ✕✹❜✮✯✘★✬✬❜ ✙♣✛✗
★✕✕✛♣✕✛✯★♦✗✱ ✚❧♦ ✹★✮ ✙♣✛✗ ❢✛✗✗ ✕★✛★✙✗♦✗✛✮✺

⑦
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✇✢✣✤ ✥ ❣✢✈❡♥ ❜②

✥ ❂ ✺✦✧ × ✶★
❾✩ ◗♣✪

✫✬
✮✶✯

✇✤❡✰❡ ✣✤❡ ✲✴✰✣✢✵✸❡✹s ✰✴r✢✻s ✬ ❂ ✽✾✿ ✴♥r ✫ ✴✰❡ ✢♥ ✵❣s ✻♥✢✣s✉

P✰❡ss✻✰❡ ✵❝❡❀Þ✵✢❡♥✣ ❁♣✪ ✵✴♥ ❜❡ r❡✣❡✰❞✢♥❡r ✻s✢♥❣ ✣✤❡▼✢❡ ✣✤❡❝✰②

✮❃✻✰♥s ❡✣ ✴✸✉ ✶❄✧❄✯✉ ❲❡ s❡✣ ◗♣✪ ❂ ✶❅ ✇✤✢✵✤ ✵❝✰✰❡s✲❝♥rs ✣❝

✣✤❡ ❣❡❝❞❡✣✰✢✵✴✸ ❝✲✣✢✵s ✸✢❞✢✣❅ ✇✤❡✰❡ ❇ ✢s ❞✻✵✤ ✸✴✰❣❡✰ ✣✤✴♥ ✣✤❡

✢♥✵✢r❡♥✣✐✸✢❣✤✣ ✇✴✈❡✸❡♥❣✣✤✉ ❈❝✣❡ ✣✤✴✣ ✴✸✸ ✲✴✰✣✢✵✸❡s ✵❝♥s✢r❡✰❡r ✤❡✰❡

✴✰❡ ✸✴✰❣❡ ❡♥❝✻❣✤ ✣❝ s✣✴② ❝♥ ❜❝✻♥r ✤❡✸✢❝✵❡♥✣✰✢✵ ❝✰❜✢✣s ✴❀✣❡✰ ✣✤❡✢✰

✰❡✸❡✴s❡ ✮s❡❡❅ ❡✉❣✉❅ ❈❡s✈❝✰♥❊② ❡✣ ✴✸✉ ✿★✶✶✯✉

■♥ ❙❡✵✣✢❝♥ ❋❅ ✇❡ ✵❝❞❜✢♥❡ ✣✤❡ ✰❡s✻✸✣s ❝❜✣✴✢♥❡r ✇✢✣✤ r✢❀❀❡✰❡♥✣

q● ✴♥r ❍ ✣❝ ❞✢❞✢✵ ✣✤❡ ✵❝♥✣✢♥✻❝✻s r✢s✣✰✢❜✻✣✢❝♥s ❑▲✮q✯ ✴♥r

❑▲✮✽✯✉ ❖✤✢s ✢s r✢❀❀❡✰❡♥✣ ❀✰❝❞ ❈✶★ ✇✤❡✰❡ ✣✤❡ s❝✻✰✵❡ ✲✴✰✣✢✵✸❡

r✢s✣✰✢❜✻✣✢❝♥s ✇❡✰❡ ✲✴✰✴❞❡✣❡✰✢❘❡r ❜② ✣✤❡ Ò❀✴r✢♥❣ ✣✢❞❡❅Ó ✲✴✰✣✢✵✸❡

✲✰❝r✻✵✣✢❝♥ ✰✴✣❡ ✇✴s ✴ss✻❞❡r ✣❝ ❜❡ ❯✐✢♥r❡✲❡♥r❡♥✣❅ ✴♥r ❑▲✮✽✯

✇✴s ✴✲✲✰❝❛✢❞✴✣❡r ❜② s✢♥❣✸❡ s✢❘❡✉ ❱❡✰❡ ✇❡ ✵❝♥s✢r❡✰ ❑▲✮q✯ ✴♥r

❑▲✮✽✯ ✣✤✴✣ ✵✴♥ ❜❡ ✴✲✲✰❝❛✢❞✴✣❡r ❜② s✢❞✲✸❡ ✲❝✇❡✰ ✸✴✇s✉ ❳❝✰

❑▲✮q✯❅ ✇❡ ✣✤✻s ✤✴✈❡ ❑▲✮q✯ ❨ q
❩ ❬q❅✇✤❡✰❡ ❭ ✢s ✴ ❀✰❡❡ ✲✴✰✴❞❡✣❡✰✉

❳❝✰ ❑▲✮✽✯❅ ✇❡ ✤✴✈❡ ❑▲✮✽✯ ❂ ❪❫✽
❾❴❑❍❅ ✇✤❡✰❡ ▲❫ ✢s ✴

♥❝✰❞✴✸✢❘✴✣✢❝♥ ✵❝♥s✣✴♥✣ ✴♥r ❵ ✢s ✣✤❡ ✻s✻✴✸ s✸❝✲❡ ✢♥r❡❛ ✮✴✣ s❝✻✰✵❡✯✉

❢✸✣❡✰♥✴✣✢✈❡✸②❅ ✇❡✻s❡ ✣✤❡ ✣✇❝✐s✸❝✲❡❙❳❤✇✢✣✤ ❑▲✮✽✯ ❨ ✽
❾❴❥❑❍

❀❝✰ ✽ ❦ ✽● ✴♥r ❑▲✮✽✯ ❨ ✽
❾❴❧❑❍ ❀❝✰ ✽ ♠ ✽●❅ ✇✤❡✰❡ ❵♦❅ ❵t❅

✴♥r ✽
●
✴✰❡ ❀✰❡❡ ✲✴✰✴❞❡✣❡✰s✉

P✴✰✴❞❡✣❡✰ ❭ ✵✴♥ ❜❡ ✢♥❀❡✰✰❡r ❀✰❝❞ ✣✤❡ ♥✻❞❜❡✰ ❝❀ ①❳③s ❀❝✻♥r

✴✣ ❡✴✵✤ ❯❅ ✴♥r ✣✤❡✢✰ r✢s✰✻✲✣✢❝♥ ✲✰❝❜✴❜✢✸✢✣② ✴s ✴ ❀✻♥✵✣✢❝♥ ❝❀ ❯✉ ■❀

✣✤❡ ❀❝✰❞❡✰ ✵✴♥ ❜❡ ✴✲✲✰❝❛✢❞✴✣❡r ❜② q④ ❅ ✇✤❡✰❡ ⑤ ⑥ ★✦✺ ✮⑦❤❄✧⑧

❤✢ ❙✢s✣❝ ❡✣ ✴✸✉ ✿★★❄✯❅ ✴♥r ✣✤❡ ✸✴✣✣❡✰ ✢s ✲✰❝✲❝✰✣✢❝♥✴✸ ✣❝ q
❾⑨ ❅ ✇✤❡✰❡

⑩ ❶ ★✦✺❷✶ ✮❤✢ ❙✢s✣❝ ❡✣ ✴✸✉ ✿★★❄✯❅ ✢✣ ✇❝✻✸r ❜❡ ❡❛✲❡✵✣❡r ✣✤✴✣

❭ ❂ ⑤ ❸ ⑩ ⑥ ❸★✦✺❷★✉ ❲❡ ✻s❡ ❭ ❂ ★ ✴s ❝✻✰ s✣✴✰✣✢♥❣ ✈✴✸✻❡❅

✴♥r ✣❡s✣ ✣✤❡ s❡♥s✢✣✢✈✢✣② ❝❀ ✰❡s✻✸✣s ❀❝✰ ❭ ❦ ★ ✴♥r ❭ ♠ ★✉ ❢s ❀❝✰

❑▲✮✽✯❅ ✇❡ s❡✣ ❵ ⑥ ❹ ❀❝✰ ✣✤❡ ✇✤❝✸❡ s✢❘❡ ✰✴♥❣❡❅ ✴s ❞❝✣✢✈✴✣❡r

❜② ❞❡✣❡❝✰ ✰✴r✴✰ ❝❜s❡✰✈✴✣✢❝♥s ✮❡✉❣✉❅ ❺✴✸✸✢❣✴♥ ❻ ❃✴❣❣✴✸❡② ✿★★❹✯❅

❝✰ ✽● ⑥ ✶★★➭❞❅ ❵♦ ❦ ❋ ✴♥r ❵t ♠ ❹❅ ✴s ❞❝✣✢✈✴✣❡r ❜② s✲✴✵❡

✢❞✲✴✵✣ ❡❛✲❡✰✢❞❡♥✣s ✮❡✉❣✉❅ ⑦❝✈❡ ❻ ❃✰❝✇♥✸❡❡ ✶❄❄❋✯✉ ❺✢✈❡♥ ✣✤❡

✈✴✰✢❝✻s ✻♥✵❡✰✣✴✢♥✣✢❡s ❝❀ ✣✤❡s❡ ❞❡✴s✻✰❡❞❡♥✣s ✮s❡❡❅ ❡✉❣✉❅ ▼✴✣✤❡✇s

❡✣ ✴✸✉ ✿★★✶✯❅ ✇❡ ✴✸s❝ ✣❡s✣ ✽● ❦ ✶★★➭❞ ✴♥r ✽● ♠ ✶★★➭❞✉

❼❽❼❽ ❿➀➁➂➃ ➄➅➃➆➇➀➈➃➂➉➅

❖✤❡ ✲✴✰✣✢✵✸❡ ❝✰❜✢✣s ✇❡✰❡ ♥✻❞❡✰✢✵✴✸✸② ✢♥✣❡❣✰✴✣❡r ✇✢✣✤ ✣✤❡

➊➋➌➍➎➏➐➑➒➊➓ ✵❝r❡ ✮⑦❡✈✢s❝♥ ❻ ❤✻♥✵✴♥ ✶❄❄❹✯❅ ✇✤✢✵✤ ✢s ✴♥

❡❀Þ✵✢❡♥✣ ✢❞✲✸❡❞❡♥✣✴✣✢❝♥ ❝❀ ✣✤❡❲✢sr❝❞❷❱❝✸❞✴♥❞✴✲ ✮❲✢sr❝❞

❻ ❱❝✸❞✴♥ ✶❄❄✶✯ ✴♥r ✇✤✢✵✤❅ ✢♥ ✴rr✢✣✢❝♥❅ ✵✴♥ r❡✴✸ ✇✢✣✤ ✵✸❝s❡

❡♥✵❝✻♥✣❡✰s ❜❡✣✇❡❡♥ ✲✴✰✣✢✵✸❡s ✴♥r ✲✸✴♥❡✣s✉ ❖✤❡ ✰✴r✢✴✣✢❝♥ ✲✰❡ss✻✰❡

✴♥r P✐➔ r✰✴❣ ❀❝✰✵❡s ✇❡✰❡ ✢♥s❡✰✣❡r ✢♥✣❝ ✣✤❡ →❡✲✸❡✰✢✴♥ ✴♥r ➣✢✵➣

✲✴✰✣s ❝❀ ✣✤❡ ✢♥✣❡❣✰✴✣❝✰❅ ✰❡s✲❡✵✣✢✈❡✸②✉ ❖✤❡ ✵✤✴♥❣❡ ✣❝ ✣✤❡ →❡✲✸❡✰✢✴♥

✲✴✰✣ ✇✴s ✣✰✢✈✢✴✸✸② r❝♥❡ ❜② s✻❜s✣✢✣✻✣✢♥❣ ↔↕ ❜② ↔↕✮✶ ❸ ✥✯✉ ❲❡

✴ss✻❞❡r ✣✤✴✣ ✣✤❡ s❝✸✴✰✐✇✢♥r r✰✴❣ ❀❝✰✵❡ ✤✴s ✣✤❡ s✴❞❡ ❀✻♥✵✣✢❝♥✴✸

❀❝✰❞ ✴s ✣✤❡ P✐➔ ✣❡✰❞ ✴♥r ✵❝♥✣✰✢❜✻✣❡s ❜② ❋★➙ ✣❝ ✣✤❡ ✣❝✣✴✸ r✰✴❣

✢♥✣❡♥s✢✣②✉

❖✤❡ ✵❝r❡ ✣✰✴✵➣s ✣✤❡ ❝✰❜✢✣✴✸ ❡✈❝✸✻✣✢❝♥ ❝❀ ✴ ✲✴✰✣✢✵✸❡ ✣✤✴✣ ✰❡✈❝✸✈❡s

✴✰❝✻♥r ✣✤❡ ❙✻♥ ✴♥r ✢s s✻❜➛❡✵✣ ✣❝ ✣✤❡ ❣✰✴✈✢✣✴✣✢❝♥✴✸ ✲❡✰✣✻✰❜✴✣✢❝♥s

❝❀ s❡✈❡♥ ✲✸✴♥❡✣s ✮➜❡♥✻s ✣❝ ❈❡✲✣✻♥❡⑧ ✣✤❡ ❞✴ss ❝❀ ▼❡✰✵✻✰②

✇✴s ✴rr❡r ✣❝ ✣✤❡ ❙✻♥✯ ✻♥✣✢✸ ✣✤❡ ✲✴✰✣✢✵✸❡ ✢❞✲✴✵✣s ✴ ✲✸✴♥❡✣❅ ✢s

❡➛❡✵✣❡r ❀✰❝❞ ✣✤❡ s❝✸✴✰ s②s✣❡❞❅ ❡✈❝✸✈❡s ✣❝ ✇✢✣✤✢♥ ★✉★✺ ❢➝ ❀✰❝❞

✣✤❡ ❙✻♥❅ ❝✰ ✣✤❡ ✢♥✣❡❣✰✴✣✢❝♥ ✣✢❞❡ ✰❡✴✵✤❡s ✺ ▼②✰✉ ❲❡ ✰❡❞❝✈❡r

✲✴✰✣✢✵✸❡s ✣✤✴✣ ❡✈❝✸✈❡r ✣❝ ➞ ❦ ★✦★✺ ❢➝❅ ❜❡✵✴✻s❡ ✣✤❡ ❝✰❜✢✣✴✸

✲❡✰✢❝r ❀❝✰ ➞ ❦ ★✦★✺ ❢➝ ✇✴s ♥❝✣ ✲✰❝✲❡✰✸② ✰❡s❝✸✈❡r ❜② ❝✻✰ ❝♥❡✐

r✴② ✢♥✣❡❣✰✴✣✢❝♥ ✣✢❞❡ s✣❡✲✉
➟ ❖✤❡ ✲✴✰✣✢✵✸❡ ❝✰❜✢✣s ✇❡✰❡ ✰❡✵❝✰r❡r ✴✣

✶★★★ ②✰ ✣✢❞❡ ✢♥✣❡✰✈✴✸s ✣❝ ❜❡ ✻s❡r ❀❝✰ ❀✻✰✣✤❡✰ ✴♥✴✸②s✢s✉

➡ ➢✗ ➤✗➥➤✗➦ ➧➨ ➩➨➤✗➫✛➧➤➩➯➨ ➤➩✙✗ ➥➤✗✕ ➯➲ ✷➳✎ ➦➧➵➳ ➸➺✗ ✛✗➥➻➼➤➥ ➽✗✛✗ ✗➥➥✗➨➤➩➧➼➼➵
➩➦✗➨➤➩✘➧➼ ➤➯ ➤➺➯➥✗ ➯✚➤➧➩➨✗➦ ➽➩➤➺ ➤➺✗ ➯➨✗➾➦➧➵ ➤➩✙✗ ➥➤✗✕➳

❼❽➚❽ ➪➶➹❇➂➘➈➴ ➷➬➬➆➘➃❇

❖✤❡ s❝✸✴✰ s②s✣❡❞ ❞❡✣❡❝✰❝✢rs ✵✴♥ ❜❡ r❡s✣✰❝②❡r ❜② ✵❝✸✸✢s✢❝♥s

✇✢✣✤ ❝✣✤❡✰ ✲✴✰✣✢✵✸❡s ✴♥r ❜② s❝✸✴✰ ✤❡✴✣✢♥❣ ✣✤✴✣ ✵✴♥ ✸❡✴r ✣❝

s✻❜✸✢❞✴✣✢❝♥ ✴♥r ✈✴✲❝✰✢❘✴✣✢❝♥ ❝❀ ❞✢♥❡✰✴✸s✉ ❱❡✰❡ ✇❡ ❡❛✲✸✴✢♥ ✤❝✇

✇❡ ✲✴✰✴❞❡✣❡✰✢❘❡ ✣✤❡s❡ ✲✰❝✵❡ss❡s ✢♥ ❝✻✰ ❞❝r❡✸✉

❖✤❡ ①❳③ ✲✴✰✣✢✵✸❡s ✇✢✸✸ ✰✴✲✢r✸② ✸❝s❡ ✣✤❡✢✰ ✈❝✸✴✣✢✸❡ ✢✵❡s✉ ❲❡

r❝ ♥❝✣ ❞❝r❡✸ ✣✤❡ ✈❝✸✴✣✢✸❡ ✸❝ss ✤❡✰❡✉ ❖✤❡ ✰❡❞✴✢♥✢♥❣ ❣✰✴✢♥s

✇✢✸✸ ❜❡ ✲✰✢❞✴✰✢✸② ✵❝❞✲❝s❡r ❀✰❝❞ ✴❞❝✰✲✤❝✻s s✢✸✢✵✴✣❡s ✴♥r ✇✢✸✸

s✻✰✈✢✈❡ r❝✇♥ ✣❝ ✈❡✰② s❞✴✸✸ ✤❡✸✢❝✵❡♥✣✰✢✵ r✢s✣✴♥✵❡s✉ ❳❝✸✸❝✇✢♥❣

▼❝✰❝✐▼✴✰✣❊õ♥ ❻ ▼✴✸✤❝✣✰✴ ✮✿★★✿✯❅ →❡ss✸❡✰✐❙✢✸✴✵✵✢ ❡✣ ✴✸✉ ✮✿★★✧✯❅

✴♥r ❝✣✤❡✰s❅ ✇❡ ✴r❝✲✣ ✴ s✢❞✲✸❡ ✵✰✢✣❡✰✢❝♥ ❀❝✰ ✣✤❡ s✢✸✢✵✴✣❡ ❣✰✴✢♥

r❡s✣✰✻✵✣✢❝♥✉ ❲❡ ✴ss✻❞❡ ✣✤✴✣ ✣✤❡② ✴✰❡ ✣✤❡✰❞✴✸✸② r❡s✣✰❝②❡r

✮s✻❜✸✢❞✴✣❡❅ ✈✴✲❝✰✢❘❡✯ ✇✤❡♥ ✣✤❡ ❣✰✴✢♥ ✣❡❞✲❡✰✴✣✻✰❡ ✰❡✴✵✤❡s ➮ ➱

✶✺★★ →✉

➝s✢♥❣ ✣✤❡ ❝✲✣✢✵✴✸ ✵❝♥s✣✴♥✣s ❝❀ ✴❞❝✰✲✤❝✻s ✲②✰❝❛❡♥❡ ❝❀ ✴✲✲✰❝❛✐

✢❞✴✣❡✸② ✵❝s❞✢✵ ✵❝❞✲❝s✢✣✢❝♥ ✮❱❡♥♥✢♥❣ ❻ ▼✻✣s✵✤➣❡ ✶❄❄✧✯❅ ✇❡

Þ♥r ✣✤✴✣ ✴ r✴✰➣ ✽ ✃ ✶★★➭❞ ❣✰✴✢♥ ✴✣ ❐ ✤✴s ✣✤❡ ❡❒✻✢✸✢❜✰✢✻❞ ✣❡❞✐

✲❡✰✴✣✻✰❡ ✇✢✣✤✢♥ ✶★ → ❝❀ ✴ ❜✸✴✵➣ ❜❝r②❅ ➮ ❶ ✿❮★✾
❰
➞ →✉ ❢✵✵❝✰r✐

✢♥❣ ✣❝ ❝✻✰ s✢❞✲✸❡ r❡s✣✰✻✵✣✢❝♥ ✵✰✢✣❡✰✢❝♥❅ ➮ ➱ ✶✺★★ →❅ ✣✤❡ s✢✸✢✵✴✣❡

❣✰✴✢♥s s✤❝✻✸r ✣✤✻s ❜❡ ✰❡❞❝✈❡r ✇✤❡♥ ✰❡✴✵✤✢♥❣ ➞ Ï ★✦★❋✺ ❢➝✉

Ð♥ ✣✤❡ ❝✣✤❡✰ ✤✴♥r❅ ✣✤❡ s❞✴✸✸❡s✣ ✲✴✰✣✢✵✸❡s ✵❝♥s✢r❡✰❡r ✢♥ ✣✤✢s ✇❝✰➣

✮✽ ❂ ✶★➭❞✯ ✤✴✈❡ ➮ ❂ ✶✺★★ → ✴✣ ➞ ❶ ★✦★✺ ❢➝✉ ❖✤✻s❅ ✇❡

❝✲✣❡r ❀❝✰ ✴ s✢❞✲✸❡ ✵✰✢✣❡✰✢❝♥ ✇✤❡✰❡ ✲✴✰✣✢✵✸❡s ❝❀ ✴✸✸ s✢❘❡s ✇❡✰❡

✢♥s✣✴♥✣✸② r❡s✣✰❝②❡r ✴♥r ✇❡✰❡ ♥❝✣ ✵❝♥s✢r❡✰❡r ❀❝✰ s✣✴✣✢s✣✢✵s❅ ✇✤❡♥

✣✤❡② ✰❡✴✵✤❡r ➞ Ñ ★✦★✺ ❢➝✉ ❈❝✣❡ ✣✤✴✣❅ ❜② r❡s✢❣♥❅ ✣✤✢s ✸✢❞✢✣

✢s ✣✤❡ s✴❞❡ ✴s ✣✤❡ ❝♥❡ ✢❞✲❝s❡r ❜② ✣✤❡ ✢♥✣❡❣✰✴✣✢❝♥ ✣✢❞❡ s✣❡✲

✮❙❡✵✣✢❝♥ ✿✉✿✯✉

❖✤❡ ✵❝✸✸✢s✢❝♥✴✸ ✸✢❀❡✣✢❞❡ ❝❀ ❞❡✣❡❝✰❝✢rs❅ ÔÕÖØØ❅ ✇✴s ✣✴➣❡♥ ❀✰❝❞

❺❮✺✉ ■✣ ✇✴s ✴ss✻❞❡r ✣❝ ❜❡ ✴ ❀✻♥✵✣✢❝♥ ❝❀ ✲✴✰✣✢✵✸❡ ❞✴ss❅ Ù❅ ✴♥r

❝✰❜✢✣✴✸ ✲✴✰✴❞❡✣❡✰s❅ ❞✴✢♥✸② ➈ ✴♥r ➆✉ ❳❝✰ ❡❛✴❞✲✸❡❅ ❀❝✰ ✴ ✵✢✰✵✻✸✴✰

❝✰❜✢✣ ✴✣ ✶ ❢➝❅ ✲✴✰✣✢✵✸❡s ✇✢✣✤ ✽ ❂ ✶★★➭❞ ✴♥r ✶ ❞❞ ✤✴✈❡

Ô●ÕÖØØ ❂ ✶✦✺ × ✶★✩ ②✰ ✴♥r ✧✦❋ × ✶★Ú ②✰❅ ✰❡s✲❡✵✣✢✈❡✸②❅ ✇✤❡✰❡ Ô
●
ÕÖØØ

r❡♥❝✣❡s ✣✤❡ ✵❝✸✸✢s✢❝♥✴✸ ✸✢❀❡✣✢❞❡ ❀✰❝❞ ❺❮✺✉ ❢✸s❝❅ Ô
●
ÕÖØØ ✢♥✵✰❡✴s❡s

✇✢✣✤ ➈✉ ❖❝ ✵❝✲❡ ✇✢✣✤ ✣✤❡ ✻♥✵❡✰✣✴✢♥✣② ❝❀ ✣✤❡ ❺❮✺✹s ❞❝r❡✸❅ ✇❡

✢♥✣✰❝r✻✵❡r ✴ ❀✰❡❡ ✲✴✰✴❞❡✣❡✰❅ Û❅ s❝ ✣✤✴✣ ÔÕÖØØ ❂ ÜÔ●ÕÖØØ✉ ➜✴✸✻❡s

Ü ♠ ✶ ✢♥✵✰❡✴s❡ ÔÕÖØØ ✰❡✸✴✣✢✈❡ ✣❝ Ô
●
ÕÖØØ❅ ✴s ❡❛✲❡✵✣❡r❅ ❀❝✰ ❡❛✴❞✲✸❡❅ ✢❀

✲✴✰✣✢✵✸❡s ✇❡✰❡ s✣✰❝♥❣❡✰ ✣✤✴♥ ✴ss✻❞❡r ✢♥ ❺❮✺❅ ❝✰ ✢❀ ✣✤❡ ❞❡✴s✻✰❡r

✢❞✲✴✵✣ ß✻❛❡s ✇❡✰❡ ✸❝✇❡✰ ✮❡✉❣✉❅ ❤✢➣✴✰❡✈ ❡✣ ✴✸✉ ✿★★✺⑧ ❤✰❝✸s✤✴❣❡♥

❡✣ ✴✸✉ ✿★★❮✯✉ ❙❡❡ ❈❡s✈❝✰♥❊② ❡✣ ✴✸✉ ✮✿★✶✶✯ ❀❝✰ ✴ ❀✻✸✸❡✰ r❡s✵✰✢✲✣✢❝♥✉

③❝✸✸✢s✢❝♥✴✸ r✢s✰✻✲✣✢❝♥ ❝❀ ✲✴✰✣✢✵✸❡s ✇✴s ✣✴➣❡♥ ✢♥✣❝ ✴✵✵❝✻♥✣

r✻✰✢♥❣ ✲✰❝✵❡ss✢♥❣ ✣✤❡ ❝✻✣✲✻✣ ❀✰❝❞ ✣✤❡ ♥✻❞❡✰✢✵✴✸ ✢♥✣❡❣✰✴✣✢❝♥

r❡s✵✰✢❜❡r ✢♥ ❙❡✵✣✢❝♥ ✿✉✿✉ ❖❝ ✴✵✵❝✻♥✣ ❀❝✰ ✣✤❡ s✣❝✵✤✴s✣✢✵ ♥✴✣✻✰❡

❝❀ ❜✰❡✴➣✻✲s❅ ✇❡ r❡✣❡✰❞✢♥❡r ✣✤❡ ❜✰❡✴➣✻✲ ✲✰❝❜✴❜✢✸✢✣② ÝÕÖØØ ❂

✶ ❸ ❡❛✲✮❸à✾ÔÕÖØØ✯❅ ✇✤❡✰❡ à ❂ ✶★★★ ②✰ ✢s ✣✤❡ ❝✻✣✲✻✣ ✢♥✣❡✰✈✴✸❅

✴♥r ÔÕÖØØ ✇✴s ✵❝❞✲✻✣❡r ✢♥r✢✈✢r✻✴✸✸② ❀❝✰ ❡✴✵✤ ✲✴✰✣✢✵✸❡✹s ❝✰❜✢✣✉

❖✤❡ ✵❝r❡ ✣✤❡♥ ❣❡♥❡✰✴✣❡r ✴ ✰✴♥r❝❞ ♥✻❞❜❡✰ ★ Ñ á Ñ ✶ ✴♥r

❡✸✢❞✢♥✴✣❡r ✣✤❡ ✲✴✰✣✢✵✸❡ ✢❀ á ❦ ÝÕÖØØ✉

❲❡ ✵✴✻✣✢❝♥ ✣✤✴✣ ❝✻✰ ✲✰❝✵❡r✻✰❡ r❝❡s ♥❝✣ ✣✴➣❡ ✢♥✣❝ ✴✵✵❝✻♥✣ ✣✤❡

s❞✴✸✸ r❡❜✰✢s ❀✰✴❣❞❡♥✣s ✣✤✴✣ ✴✰❡ ❣❡♥❡✰✴✣❡r ❜② r✢s✰✻✲✣✢❝♥s ❝❀ ✸✴✰❣❡✰

✲✴✰✣✢✵✸❡s✉ ■♥s✣❡✴r❅ ✴✸✸ ❀✰✴❣❞❡♥✣s ✴✰❡ ✰❡❞❝✈❡r ❀✰❝❞ ✣✤❡ s②s✣❡❞✉

❖✤✢s ✢s ✴♥ ✢❞✲❝✰✣✴♥✣ ✴✲✲✰❝❛✢❞✴✣✢❝♥ ✇✤❝s❡ ✈✴✸✢r✢✣② ♥❡❡rs ✣❝ ❜❡

✣❡s✣❡r ✢♥ ✣✤❡ ❀✻✣✻✰❡✉

❼❽â❽ ã➶➆➀Ù➈➴ ➷Ù➂❇❇➂➉➅ ➉➬ ➪➈➀➃➂➘➴➆❇

▼❡✣❡❝✰❝✢rs ✇❡✰❡ ✴ss✻❞❡r ✣❝ ❜❡ ✢s❝✣✤❡✰❞✴✸❅ ✰✴✲✢r✸② ✰❝✣✴✣✢♥❣

s✲✤❡✰❡s✉ ❖✤❡ ✴❜s❝✰✲✣✢❝♥ ✇✴s ✴ss✻❞❡r ✣❝ ❝✵✵✻✰ ✢♥✣❝ ✴♥ ❡❀❀❡✵✣✢✈❡

✵✰❝ss s❡✵✣✢❝♥ ä✬
t❅ ✴♥r ❡❞✢ss✢❝♥ ❝✻✣ ❝❀ ❹ä✬

t
✉ ❖✤❡ ✢♥❀✰✴✰❡r ß✻❛

r❡♥s✢✣② ✮✲❡✰ ✇✴✈❡✸❡♥❣✣✤ ✢♥✣❡✰✈✴✸ ❬å✯ ✲❡✰ ✻♥✢✣ s✻✰❀✴✵❡ ✴✰❡✴ ✴✣

r✢s✣✴♥✵❡ ➀ ❀✰❝❞ ✴ ✣✤❡✰❞✴✸✸② ✰✴r✢✴✣✢♥❣ ✲✴✰✣✢✵✸❡ ✇✢✣✤ ✰✴r✢✻s ❇ ✢s

æç ❂ è✮åé ✬✯ê✮åé ➮ ✯
✬
t

ët
✮✿✯

❹

178
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✇✢✣✤✣ ✥ ✐✦ t✢✣ ✣♠✐✦✦✐✈✐t✧ ❛★✩ ❇✪✫✬ ✮ ✯ ✐✦ t✢✣ ✣★✣✤❣✧ ß✰✲ ❛t

✪✫✬ ✫ ✴ ❞✫✯ ♣✣✤ ✦✰✤s❛✵✣ ❛✤✣❛ s✤❢♠ ❛ ❜✶❛✵✸ ❜❢✩✧ ❛t t✣♠♣✣✤❛t✰✤✣ ✹✿

❇✪✫✬ ✮ ✯ ❂
✺✻✽❝✾

✫❀

❁
❡
❤❃❄❅❈❊

❾ ❋
●❍■

❑ ✪▲✯

▼★ t✢✐✦ ✣❖✰❛t✐❢★P ✽ ❂ ◗❑◗✺◗✺ × ❋❘❍❙❯ ❱ ✦ ✐✦ t✢✣ ❲✶❛★✵✸ ✵❢★✦t❛★tP

❝ ❂ ✺❑❳❳❨❳✺❩❬❭ × ❋❘
❪

♠ ✦❍■ ✐✦ t✢✣ ✦♣✣✣✩ ❢s ✶✐❣✢tP ❛★✩

❦ ❂ ❋❑▲❭❘❨ × ❋❘
❍✾❙

❱ ❫
❍■

✐✦ t✢✣ ❴❢✶t♦♠❛★★ ✵❢★✦t❛★t❵

❥✐★✵✣ ❢✰✤ ♠❢✩✣✶ ✩❢✣✦ ★❢t ✐★✵✶✰✩✣ ✩✣t❛✐✶✣✩ ✣♠✐✦✦✐✈✐t✧ ♣✤❢♣✣✤❧

t✐✣✦ ❢s ✩✰✦t ❣✤❛✐★✦ ❛t ✩✐ss✣✤✣★t ✇❛✈✣✶✣★❣t✢✦P ✇✣ ✦✣t t✢✣ ✣♠✐✦✦✐✈✐t✧

❛t ✺❬➭♠ t❢ ❜✣ ❋ ❛★✩ Þt s❢✤ t✢✣ ✣♠✐✦✦✐✈✐t✐✣✦ ❛t ❋✺ ❛★✩ ◗❘➭♠❵ ♥✣

s❢✰★✩ t✢❛t t✢✣ ✤✣✶❛t✐✈✣ ✣♠✐✦✦✐✈✐t✐✣✦ ❛t ❋✺ ❛★✩ ◗❘➭♠ t✢❛t ♠❛t✵✢

t✢✣ ✩❛t❛ ❜✣✦t ❛✤✣ ❘❵❨❘q❘❵❨❬ ❛★✩ ❘❵❳❬q❋P ✤✣✦♣✣✵t✐✈✣✶✧❵ ❥✰✵✢ ❛

✈❛✤✐❛❜✐✶✐t✧ ❢s r▼✉ ✣♠✐✦✦✐✈✐t✧ ✈❛✶✰✣✦ ❛t ✩✐ss✣✤✣★t ✇❛✈✣✶✣★❣t✢✦ ✐✦

✣✲♣✣✵t✣✩ s❢✤ ✦♠❛✶✶ ✦✐✶✐✵❛t✣ ♣❛✤t✐✵✶✣✦ ✇✐t✢ ✦❢♠✣ ✵❛✤❜❢★ ✵❢★t✣★t❵

✮ ✪①✯ ✇❛✦ ✦✣t t❢ ❜✣ ✺❭❘②
③
① ❫P ❛✦ ✣✲♣✣✵t✣✩ s❢✤ ✩❛✤✸ ④ ⑤ ❋❘➭♠

♣❛✤t✐✵✶✣✦❵ ❥✣✣ ⑥✣✦✈❢✤★⑦✧ ✣t ❛✶❵ ✪✺❘❘◗✯ s❢✤ ❛ ♠❢✤✣ ♣✤✣✵✐✦✣ t✤✣❛t❧

♠✣★t ❢s ✥✪✫✬ ⑧✯ ❛★✩ ✮ ✪①✯ s❢✤ ✩✰✦t ❣✤❛✐★✦ ✵❢♠♣❢✦✣✩ ❢s ✩✐ss✣✤✣★t

♠❛t✣✤✐❛✶✦❵

⑨⑩❶⑩ ❷❸❹ ❺❻❼❽❿➀➁➂➃➄➅❼

➆❢ ✵❢♠♣❛✤✣ ❢✰✤ ✤✣✦✰✶t✦ ✇✐t✢ ❸❹➇➈ ❢❜✦✣✤✈❛t✐❢★✦ ✐✶✶✰✦t✤❛t✣✩ ✐★

➉✐❣✰✤✣ ✺P■➊ ✇✣ ✩✣✈✣✶❢♣✣✩ ❛ ✵❢✩✣ t✢❛t ♠❢✩✣✶✦ t✢✣✤♠❛✶ ✣♠✐✦✦✐❢★

s✤❢♠ ✩✐✦t✤✐❜✰t✐❢★✦ ❢s ❢✤❜✐t❛✶✶✧ ✣✈❢✶✈✐★❣ ♣❛✤t✐✵✶✣✦ ❛★✩ ♣✤❢✩✰✵✣✦

✐★s✤❛✤✣✩ ß✰✲✣✦ t✢❛t ❛ ✦♣❛✵✣❧❜❢✤★✣ t✣✶✣✦✵❢♣✣ ✇❢✰✶✩ ✩✣t✣✵t ✩✣❧

♣✣★✩✐★❣ ❢★ ✐t✦ ✶❢✵❛t✐❢★P ♣❢✐★t✐★❣ ✩✐✤✣✵t✐❢★ ❛★✩ ✇❛✈✣✶✣★❣t✢❵ ❥✣✣

⑥✣✦✈❢✤★⑦✧ ✣t ❛✶❵ ✪✺❘❘◗✯ s❢✤ ❛ ✩✣t❛✐✶✣✩ ✩✣✦✵✤✐♣t✐❢★ ❢s t✢✣ ✵❢✩✣❵

▼★ ❜✤✐✣sP ✇✣ ✩✣Þ★✣ t✢✣ ❜✤✐❣✢t★✣✦✦ ✐★t✣❣✤❛✶ ❛✶❢★❣ t✢✣ ✶✐★✣ ❢s

✦✐❣✢t ❢s ❛★ ✐★s✤❛✤✣✩ t✣✶✣✦✵❢♣✣ ✪✩✣Þ★✣✩ ❜✧ Þ✲✣✩ ✶❢★❣✐t✰✩✣ ➋ ❛★✩

✶❛t✐t✰✩✣ ❻ ❢s t✢✣ ♣❢✐★t✐★❣ ✩✐✤✣✵t✐❢★✯ ❛✦

➌

➍➎➏➎➐
❞➑❞❡❞➒

➌ ➓

➊
❞➔ ➔

✾

➌

→
❞④ ➣❅✪④✬ ➔✯↔✪④↕ ➑✬ ❡✬ ➒✯➙✪①✬➛✬ ❇✯

✪❩✯

✇✢✣✤✣ ❿ ✐✦ t✢✣ ✩✐✦t❛★✵✣ s✤❢♠ t✢✣ t✣✶✣✦✵❢♣✣P ➣❅✪④✬ ➔✯ ✐✦ t✢✣

✐★s✤❛✤✣✩ ß✰✲ ✪✣✈❛✶✰❛t✣✩ ❛t t✢✣ ✣ss✣✵t✐✈✣ ✇❛✈✣✶✣★❣t✢ ❢s t✢✣

t✣✶✣✦✵❢♣✣➜✦ ✦✧✦t✣♠✯ ♣✣✤ ✰★✐t ✦✰✤s❛✵✣ ❛✤✣❛ ❛t ✩✐✦t❛★✵✣ ❿ s✤❢♠

❛ t✢✣✤♠❛✶✶✧ ✤❛✩✐❛t✐★❣ ♣❛✤t✐✵✶✣ ✇✐t✢ ✩✐❛♠✣t✣✤ ➝❵ ➙✪①✬➛✬ ❇✯

✩✣Þ★✣✦ t✢✣ ✦♣❛t✐❛✶ ✩✣★✦✐t✧ ❢s ♣❛✤t✐✵✶✣✦ ✐★ t✢✣ ❥✰★❧✵✣★t✣✤✣✩

✵❢❢✤✩✐★❛t✣✦ ❛✦ ❛ s✰★✵t✐❢★ ❢s ❹P ✣✵✶✐♣t✐✵ ✶❢★❣✐t✰✩✣P ➞P ❛★✩ ✶❛t✐t✰✩✣P

➟❵ ↔✪④✬ ➑✬ ❡✬ ➒✯ ✐✦ t✢✣ ★✰♠❜✣✤ ❢s ♣❛✤t✐✵✶✣✦ ✢❛✈✐★❣ ✣ss✣✵t✐✈✣

✩✐❛♠✣t✣✤ ➝ ❛★✩ ❢✤❜✐t✦ ✇✐t✢ ➁P ❽P ❛★✩ ➃❵

♥✣ ✣✈❛✶✰❛t✣ t✢✣ ✐★t✣❣✤❛✶ ✐★ ➡❖✰❛t✐❢★ ✪❩✯ ❜✧ ★✰♠✣✤✐✵❛✶ ✤✣★❢✤❧

♠❛✶✐♦❛t✐❢★ ✪✦✣✣ ⑥✣✦✈❢✤★⑦✧ ✣t ❛✶❵ ✺❘❘◗✯❵ ➣❅✪④✬ ➔✯ ✐✦ ✵❛✶✵✰✶❛t✣✩

❛✦ ✩✣✦✵✤✐❜✣✩ ✐★ ❥✣✵t✐❢★ ✺❵❩❵ ↔✪④✬ ➑✬ ❡✬ ➒✯ ✐✦ ❢❜t❛✐★✣✩ s✤❢♠ ❢✰✤

★✰♠✣✤✐✵❛✶ ✦✐♠✰✶❛t✐❢★✦ ✪❥✣✵t✐❢★ ✺❵✺✯❵ ➙✪①✬➛✬❇✯ ✰✦✣✦ ❛★❛✶✧t✐✵

✣✲♣✤✣✦✦✐❢★✦ s❢✤ t✢✣ ✦♣❛t✐❛✶ ✩✐✦t✤✐❜✰t✐❢★ ❢s ♣❛✤t✐✵✶✣✦ ✇✐t✢ Þ✲✣✩ ➁P

❽P ❛★✩ ➃P ❛★✩ ✤❛★✩❢♠✐♦✣✩ ❢✤❜✐t❛✶ ✶❢★❣✐t✰✩✣✦ ✪❫✣✦✦✶✣✤ ❋❳❭❋✯❵

♥✣ ❛✦✦✰♠✣ t✢❛t t✢✣ t✣✶✣✦✵❢♣✣ ✐✦ ✶❢✵❛t✣✩ ❛t ✪➢➤ ❂ ➔➥ ✵❢✦ ➦➥✬ ➧➤ ❂

➔➥ ✦✐★ ➦➥✬ ➨➥ ❂ ❘✯ ✐★ t✢✣ ❥✰★❧✵✣★t✣✤✣✩ ✤✣s✣✤✣★✵✣ s✤❛♠✣ ✇✐t✢

➔➥ ❂ ❋ ➩➫❵ ▼t✦ ✈✐✣✇✐★❣ ✩✐✤✣✵t✐❢★ ✐✦ ✩✣Þ★✣✩ ❜✧ ❛ ✰★✐t ✈✣✵t❢✤ ✇✐t✢

✵❢♠♣❢★✣★t✦ ✪➢➯✬ ➧➯✬ ➨➯✯❵ ▼★ ➡❖✰❛t✐❢★ ✪❩✯P t✢✣ ♣❢✐★t✐★❣ ✈✣✵t❢✤

✵❛★ ❜✣ ❛✶✦❢ ✵❢★✈✣★✐✣★t✶✧ ✩✣Þ★✣✩ ❜✧ ✶❢★❣✐t✰✩✣ ➋ ❛★✩ ✶❛t✐t✰✩✣ ❻ ❢s

t✢✣ ♣❢✐★t✐★❣ ✩✐✤✣✵t✐❢★P ✇✢✣✤✣ ➢➯ ❂ ✵❢✦ ➲ ✵❢✦ ➳P ➧➯ ❂ ✵❢✦ ➲ ✦✐★ ➳P

❛★✩ ➨➯ ❂ ✦✐★ ➲❵ ♥✣ Þ✲ t✢✣ ✦❢✶❛✤ ✣✶❢★❣❛t✐❢★ ➳➵ ❂ ❳❘➸P ✦❢ t✢❛t

➺➻ ➼✗ ➽➾✗ ➚➪➶➹ ✚✗✘➘➽➾✗ ➴➷ ➴➾ ➷➬✗ ➮➘➷➘ ➾✗➷ ➱✗ ➘✛✗ ✚✗➾➷ ✃➘✙➴❐➴➘✛ ➱➴➷➬ ✭➾✗✗
❒✗➾❮❰✛ÏÐÑ ✗➷ ➘❐Ò ✒✷✷✔Ó ❒✑✷✖Ò Ô➷➬✗✛✱ ✙❰✛✗ ✙❰➮✗✛Ï ÕÖØ ➾➽✛❮✗Ñ➾ ➾➽✘➬ ➘➾ ➷➬✗
Ù❰➾✙➴✘ Ú➘✘ÛÜ✛❰➽Ï➮ Ýà✕❐❰✛✗✛ ✭ÙÔÚÝÓ ✗ÒÜÒ✱ á✗❐➾➘❐❐ ✗➷ ➘❐Ò ✑✓✓â✖ ➬➘❮✗ ✚✗➷➷✗✛
✕✛✗✘➴➾➴❰Ï ➘Ï➮ ✛✗➾❰❐➽➷➴❰Ï✱ ✚➽➷ ➷➬✗➴✛ ✛✗➾➽❐➷➾ ➮❰ Ï❰➷ ➮➴✃✃✗✛ ➴Ï ➴✙✕❰✛➷➘Ï➷ ➱➘Ñ➾ ✃✛❰✙
➷➬❰➾✗ ❰✚➷➘➴Ï✗➮ ✚Ñ ➚➪➶➹Ò ã➬✗ ÙÔÚÝ ✙✗➘➾➽✛✗✙✗Ï➷➾ ❰✃ ➷➬✗ ✗à➷✗Ï➮✗➮ ÕÖØ
✗✙➴➾➾➴❰Ï ➱✗✛✗ ➽➾✗➮ ➷❰ ✘➘❐➴✚✛➘➷✗ ➷➬✗ ➚➪➶➹ ä➽à✗➾ ➘➾ ➮✗➾✘✛➴✚✗➮ ➴Ï ❒✗➾❮❰✛ÏÐÑ ✗➷ ➘❐Ò
✭✒✷✷✔✖Ò

➳ ❂ ➦➥ ✴ ❳❘➸P ❛★✩ ✵❛✶✵✰✶❛t✣ t✢✣ t✢✣✤♠❛✶ ß✰✲ ❢s ✈❛✤✐❢✰✦ ♣❛✤t✐✵✶✣

♣❢♣✰✶❛t✐❢★✦ ❛✦ ❛ s✰★✵t✐❢★ ❢s ❻ ❛★✩ ✇❛✈✣✶✣★❣t✢❵ ➆✢✣ ♠❢✩✣✶

❜✤✐❣✢t★✣✦✦ ♣✤❢Þ✶✣✦ ❛t ❋✺P ✺❬P ❛★✩ ◗❘➭♠ ❛✤✣ t✢✣★ ✵❢♠♣❛✤✣✩

✇✐t✢ t✢✣ ♠✣❛★ ❸❹➇➈ ♣✤❢Þ✶✣✦ ✦✢❢✇★ ✐★ ➉✐❣✰✤✣ ✺❵

⑨⑩å⑩ ❷➄æ❽➋ ç➄❿ ❷❽➂❽➄❿ ❹➁æ➁❿ ❺❻❼❽❿➀➁➂➃➄➅❼

♥✣ ✰✦✣✩ t✢✣ èé♣✐✸ t✢✣❢✤✧ ✪ èé♣✐✸ ❋❳❬❋✯ t❢ ✣✦t✐♠❛t✣ t✢✣ ✣✲♣✣✵t✣✩

t✣✤✤✣✦t✤✐❛✶ ❛✵✵✤✣t✐❢★ ✤❛t✣ ❢s ❱➉ê ♣❛✤t✐✵✶✣✦ ✐★ ❢✰✤ ♠❢✩✣✶❵ ♥✣t✢✣✤✐✶✶

✪❋❳◗❨✯P ❛★✩ ✶❛t✣✤ ë✤✣✣★❜✣✤❣ ✪❋❳❭✺✯P ✐♠♣✤❢✈✣✩ t✢✣ t✢✣❢✤✧ ❜✧

✣✲t✣★✩✐★❣ ✐t ♠❢✤✣ ✤✐❣❢✤❢✰✦✶✧ t❢ t✢✣ ✵❛✦✣ ❢s t✇❢ ✣✵✵✣★t✤✐✵

❢✤❜✐t✦❵ ì✣✤✣ ✇✣ ✰✦✣✩ ❛ ✵❢♠♣✰t✣✤ ✵❢✩✣ t✢❛t ✣♠♣✶❢✧✦ ë✤✣✣★❜✣✤❣➜✦

s❢✤♠❛✶✐✦♠ ✪❴❢tt✸✣ ✣t ❛✶❵ ❋❳❳❩✯❵■■

♥✣♠❢✩✐Þ✣✩ t✢✣ ✵❢✩✣ t❢ ✵❢♠♣✰t✣ t✢✣ ✤❛✩✐❛★t✦ ❢s t✢✣ ✐♠♣❛✵t✐★❣

♣❛✤t✐✵✶✣✦❵ ▼★ ✩❢✐★❣ ✦❢ ✇✣ ♣✤❢♣✣✤✶✧ ❛✵✵❢✰★t✣✩ s❢✤ ❛✶✶ ✐♠♣❛✵t

✵❢★Þ❣✰✤❛t✐❢★✦ ❛★✩ ✇✣✐❣✢t✣✩ t✢✣ ✤✣✦✰✶t✦ ❜✧ t✢✣ ♣✤❢❜❛❜✐✶✐t✧

✇✐t✢ ✇✢✐✵✢ ✣❛✵✢ ✐★✩✐✈✐✩✰❛✶ ✵❢★Þ❣✰✤❛t✐❢★ ❢✵✵✰✤✦P ✐★✵✶✰✩✐★❣

s❢✵✰✦✐★❣❵ ➆✢✣ ✤❛✩✐❛★t✦ ✇✣✤✣ ✣✲♣✤✣✦✦✣✩ ✐★ t✢✣ ✵❢❢✤✩✐★❛t✣ ✦✧✦t✣♠P

✇✢✣✤✣ ✶❢★❣✐t✰✩✣ ➋ ✇❛✦ ♠✣❛✦✰✤✣✩ s✤❢♠ t✢✣ ➡❛✤t✢➜✦ ❛♣✣✲ ✐★

✵❢✰★t✣✤✵✶❢✵✸✇✐✦✣ ✩✐✤✣✵t✐❢★ ❛✶❢★❣ t✢✣ ➡❛✤t✢➜✦ ❢✤❜✐tP ❛★✩ ✶❛t✐t✰✩✣ ❻

✇❛✦ ♠✣❛✦✰✤✣✩ ✤✣✶❛t✐✈✣ t❢ t✢✣ ➡❛✤t✢➜✦ ❢✤❜✐t❛✶ ♣✶❛★✣❵ ⑥❢t✣ t✢❛t ❢✰✤

✩✣Þ★✐t✐❢★ ❢s ✶❢★❣✐t✰✩✣ ✩✐ss✣✤✦ s✤❢♠ t✢✣ ❢★✣ ♠❢✤✣ ✵❢♠♠❢★✶✧

✰✦✣✩ s❢✤ ✤❛✩❛✤ ♠✣t✣❢✤✦P ✇✢✣✤✣ t✢✣ ✶❢★❣✐t✰✩✣ ✐✦ ♠✣❛✦✰✤✣✩ s✤❢♠

t✢✣ ✢✣✶✐❢★ ✩✐✤✣✵t✐❢★❵ ➆✢✣ ✤❛✩✐❛★t✦ ✇✣✤✣ ✵❛✶✵✰✶❛t✣✩ ❜✣s❢✤✣ t✢✣

✣ss✣✵t✦ ❢s ❣✤❛✈✐t❛t✐❢★❛✶ s❢✵✰✦✐★❣ ✇✣✤✣ ❛♣♣✶✐✣✩❵

➆✢✣ ♠✣t✣❢✤ ✤❛✩❛✤✦ ✰✦✣ ✩✐ss✣✤✣★t ✩✣t✣✵t✐❢★ ♠✣t✢❢✩✦ ✪✐❵✣❵P t✤❛✐✶

✈✣✤✦✰✦ ✣✵✢❢✯■✾ ❛★✩ ✢❛✈✣ ✩✐ss✣✤✣★t ✦✣★✦✐t✐✈✐t✐✣✦❵ ➆✢✣✐✤ ✩✣t✣✵t✐❢★

✣sÞ✵✐✣★✵✧ ✐✦ ♠❛✐★✶✧ ❛ s✰★✵t✐❢★ ❢s t✢✣ ♣❛✤t✐✵✶✣➜✦ ♠❛✦✦ ❛★✩ ✦♣✣✣✩P

❜✰t ✐t ❛✶✦❢ ✩✣♣✣★✩✦ ❢★ ❛ ★✰♠❜✣✤ ❢s ❢t✢✣✤ ♣❛✤❛♠✣t✣✤✦ ✩✐✦✵✰✦✦✣✩P

s❢✤ ✣✲❛♠♣✶✣P ✐★ ❱❛★✵✢✣✦ ✣t ❛✶❵ ✪✺❘❘❭✯❵ ➉❢✶✶❢✇✐★❣ ♥❘❳P ✇✣ ❢♣t

s❢✤ ❛ ✦✐♠♣✶✣ ♣❛✤❛♠✣t✣✤✐♦❛t✐❢★ ❢s t✢✣ ✤❛✩❛✤ ✦✣★✦✐t✐✈✐t✧ s✰★✵t✐❢★P

✇✢✣✤✣ t✢✣ ✩✣t✣✵t✐❢★ ✐✦ ✤✣♣✤✣✦✣★t✣✩ ❜✧ t✢✣ ✐❢★✐♦❛t✐❢★ s✰★✵t✐❢★
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➩✶✶ ♠✣t✣❢✤✦ ✇✐t✢ í ✪î✬ ï✯ ó íô ❛✤✣ ❛✦✦✰♠✣✩ t❢ ❜✣ ✩✣t✣✵t✣✩ ✐★ ❢✰✤

♠❢✩✣✶P✇✢✐✶✣ ❛✶✶♠✣t✣❢✤✦✇✐t✢ í ✪î✬ ï✯ õ í
ô
❛✤✣ ★❢t ✩✣t✣✵t✣✩❵ ➆✢✣

✐❢★✐♦❛t✐❢★ ✵✰t❢ss í ô ✐✦ t❛✸✣★ t❢ ❜✣ ✩✐ss✣✤✣★t s❢✤ ✩✐ss✣✤✣★t ✤❛✩❛✤✦❵

➉❢✤ ✣✲❛♠♣✶✣P í ô ö ❋ s❢✤ t✢✣ ê❛★❛✩✐❛★ r✣t✣❢✤ é✤❜✐t ✉❛✩❛✤

✪êré✉÷ ê❛♠♣❜✣✶✶❧❴✤❢✇★ ✺❘❘❭✯ ❛★✩ í ô ö ❘❑❘❋q❘❵❘❘❋ s❢✤

➩✩✈❛★✵✣✩ r✣t✣❢✤ é✤❜✐t ✉❛✩❛✤ ✪➩ré✉÷ ë❛✶✶✐❣❛★ ø ❴❛❣❣❛✶✣✧

✺❘❘❩P ✺❘❘❬✯❵ ➉❢✤ ✤✣s✣✤✣★✵✣P ❛ ❱➉ê ♣❛✤t✐✵✶✣ ✇✐t✢ ï ❂ ▲❘ ✸♠ ✦
❍■

❛★✩ î ❂ ❋❘❍ù ❣P ✵❢✤✤✣✦♣❢★✩✐★❣ t❢ ④ ú ❋❘❘➭♠ ✇✐t✢

û ❂ ✺ ❣ ✵♠❍❙P ✢❛✦ í ✪î✬ ï✯ ❂ ❘❑❘❋P ✐❵✣❵P ❛ ✈❛✶✰✣ ✐★t✣✤♠✣✩✐❛t✣

❜✣t✇✣✣★ t✢✣ t✇❢ t✢✤✣✦✢❢✶✩✦❵ ➆✢✣✦✣ ♠✣t✣❢✤❢✐✩✦ ✇❢✰✶✩ t✢✰✦ ❜✣

✩✣t✣✵t✣✩ ❜✧ ➩ré✉P ❛✵✵❢✤✩✐★❣ t❢ ❢✰✤ ✩✣Þ★✐t✐❢★P ❜✰t ★❢t ❜✧

êré✉❵ ➆✢✣ ♣❛✤t✐✵✶✣ ✦✐♦✣ ✩✣t✣✵t✐❢★ t✢✤✣✦✢❢✶✩ ✐✦ ✦✢❢✇★P ❛✦ ❛

s✰★✵t✐❢★ ❢s ïP ✐★ ➉✐❣✰✤✣ ▲❵

➆❢ ✦t✰✩✧ t✢✣ ❢✤❜✐t❛✶ ♣✤❢♣✣✤t✐✣✦ ❢s ✩✐ss✣✤✣★t ♠✣t✣❢✤ ✦❢✰✤✵✣✦P

t✢✣✦✣ ✦❢✰✤✵✣✦ ★✣✣✩ t❢ ❜✣ ✐✦❢✶❛t✣✩❵ ➆✢✐✦ ✐✦ t✧♣✐✵❛✶✶✧ ✩❢★✣ ❜✧

✦✣✶✣✵t✐★❣ ♠✣t✣❢✤✦ ✇✐t✢ ✦♣✣✵✐Þ✵ ✤❛✩✐❛★t✦❵ ➆❢ t✣✦t ✢❢✇ t✢✣ ✤❛✩✐❛★t

✵✰t❢ss ❛ss✣✵t✦ t✢✣ ✤✣✦✰✶t✦P ✇✣ ✦✣✶✣✵t t✢✣ ✢✣✶✐❢★ ♠✣t✣❢✤✦ ✇✐t✢
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❃❇●❍ ❑◗❅ ▲❅❃❅❙❃❅▲❨ ♥❄❇P ❄❇❳❄❤❇❳❄❃P ❃❄❅ ❇❝❬●◗❃❑❍❙❅ ●❲ ▲❭❍❑❝❇❙❑❤

❝●▲❅❤❇❍❳❨

❋✢✣✤✥❡ ➷✦ ❊❢❢✗✘✧ ✩❢ ✧t✗ ★✩✪★✐❛✧★✩✪ ✘✮✧✩❢❢✯ ❉★❢❢✗✛✗✪✧ ✫★✪✗s st✩➬ ✧t✗ ✛✗s✮✫✧s ❢✩✛ ■ ✴ ❂ ✷ ✭✬✩✧✧✗✬✖✱ ■ ✴ ❂ ✷✶✷✷✑ ✭✬✩✧➮✬❛st✗✬✖✱ ■✴ ❂ ✷✶✷✷✎ ✭s✩✫★✬✖✱ ❛✪✬ ■✴ ❂ ✷✶✷✑ ✭✬❛st✗✬✖✯

✰s ✧t✗ ★✩✪★✐❛✧★✩✪ ✘✮✧✩❢❢ ★✪✘✛✗❛s✗s✱ ✧t✗ ✕✗❛❀ ✩❢ ➱✃✭✻✖ st★❢✧s ✧✩ ✫❛✛✹✗✛ ✈❛✫✮✗s✯ ❐✗✛✗ ➬✗ ✮s✗✬ ❒✴ ❂ ✑✷✷❮✙✱ ❰❁ ❂ ✒✱ ❰Ï ❂ Ð✱ Ñ ❂ ✷✱ ❛✪✬ Ô ❂ ✑✯ ▼✩s✧ ✙✗✧✗✩✛✩★✬s

❛✘✘✛✗✧✗✬ ✚Õ ❊❛✛✧t t❛✈✗ ✻ Ö ✑Ð ❀✙ s❾❁✱ ➬t★✫✗ ✙✩s✧ ✙✗✧✗✩✛✩★✬s ✬✗✧✗✘✧✗✬ ✚Õ ✰▼❖❘ t❛✈✗ ✻ × ✑Ð ❀✙ s❾❁✯ Ø✩ ✛❛✬★❛✪✧ ✘✮✧✩❢❢ ➬❛s ❛✕✕✫★✗✬ t✗✛✗✯ ✲t✗ ✬✛✩✕ ✩❢ ➱✃✭Ù✖ ✪✗❛✛

Ù ❂ ✒✶Ð ✰Ú ✘✩✛✛✗s✕✩✪✬s ✧✩ ✧t✗ ✹❛✕ ★✪ ✧t✗ ✬★s✧✛★✚✮✧★✩✪ ✩❢ ✩✛✚★✧s ✕✛✩✬✮✘✗✬ ❛s ✕❛✛✧★✘✫✗s ✬✛★❢✧★✪✹ ✚Õ Û➮❘ ✬✛❛✹ Ü✮✙✕ ✩✈✗✛ ✧t✗ ✎✏✑ ✙✗❛✪ ✙✩✧★✩✪ ✛✗s✩✪❛✪✘✗ ➬★✧t Ý✮✕★✧✗✛✯ ✰✫✫

✬★s✧✛★✚✮✧★✩✪s ➬✗✛✗ ✪✩✛✙❛✫★✐✗✬ ✧✩ ✛✗❛✘t ✑ ❛✧ ✧t✗★✛ ✙❛Þ★✙✮✙✯
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❚�✁ ❆✂✄☎✆✝�✞✂✟✠✡☛ ❏✆☞☎✌✡☛✱ ✼✍✎✏✑✒✓ ✭✑✔✕✕✖✱ ✒✷✑✑ ❉✗✘✗✙✚✗✛ ✒✷ ◆✁✂✜✆☎✌➠✞ ✁✄ ✡☛✳

❋✢✣✤✥❡ ✺✦ ❊✧✧✗✘❢ ♦✧ ❢t✗ ✛❛★✩❛✪❢ ✘✉❢♦✧✧✫ ❉✩✧✧✗✛✗✪❢ ❧✩✪✗✬ ✬t♦✇ ❢t✗ ✛✗✬✉❧❢✬ ✧♦✛ ■✮ ❂ ✷ ✇✩❢t♦✉❢ ❛ ✛❛★✩❛✪❢ ✘✉❢♦✧✧ ✭★♦❢❢✗★✖✱ ■✮ ❂ ✷✯✷✷✎ ✇✩❢t♦✉❢ ❛ ✛❛★✩❛✪❢ ✘✉❢♦✧✧ ✭✬♦❧✩★✖✱ ❛✪★
■✮ ❂ ✷✯✷✷✎ ✇✩❢t ✛❛★✩❛✪❢ ✘✉❢♦✧✧ ✭★❛✬t✗★✖✫ ✰✬ ✩✪ ✲✩✴✉✛✗ ✍✱ ✇✗ ✉✬✗★ ✵✮ ❂ ✑✷✷➭✙✱ ✶✸ ❂ ✒✱ ✶✹ ❂ ✻✱ ✽ ❂ ✷✱ ❛✪★ ❙ ❂ ✑✫

✾✿ ❀ s✐❁✐❃❀❄ ❅❀s❇✐❈✿● ❍❇❑ ❈▲s❑❄▼❑❞ ❑❖❖❑✿❍❄✐❖✐❍P ❞✐s❍❄✐▲◗❍✐❈✿●

❘❯❱❲❳● ✐s s❍❄❈✿❨❃P ▲✐❀s❑❞ ❍❈❩❀❄❞ ❃❀❄❨❑ ▼❀❃◗❑s ▲P ❍❇❑ ✐❈✿✐❬❀❍✐❈✿

❖◗❍❈❅❅● ❩❇✐❃❑ ❍❇❑ ◗✿❞❑❄❃P✐✿❨ ❞✐s❍❄✐▲◗❍✐❈✿ ❇❀s ❁❈❄❑ s❁❀❃❃ ❀✿❞

❁❈❞❑❄❀❍❑ ▼❀❃◗❑s ❱❭✐❨◗❄❑ ❪❱❞❳❳❫ ❴❇✐s ❑①❵❃❀✐✿s● ❀❍ ❃❑❀s❍ ✐✿ ❵❀❄❍● ❩❇P

❜❝❣ ❩❑❄❑ ◗✿❀▲❃❑ ❍❈ ❈▲❍❀✐✿ ❁❑❍❑❈❄❤❃✐❥❑ ❘❯❱❲❳● ▲❑❖❀◗s❑ ❍❇❑P ❞✐❞

✿❈❍ ❁❈❞❑❃ ❍❇❑ ❁❑❍❑❈❄ ❞❑❍❑❖❍✐❈✿ ✐✿ ❞❑❍❀✐❃❫ ❴❇❑ ❁❈❞❑❃ s❑❁✐❁❀❦❈❄

❀①✐s ❀✿❞ ✐✿❖❃✐✿❀❍✐❈✿ ❞✐s❍❄✐▲◗❍✐❈✿s● ❘❯❱♠❳ ❀✿❞ ❘❯❱♥❳● ❀❄❑ ❀❃s❈

s❍❄❈✿❨❃P ❀❅❅❑❖❍❑❞ ▲P ❍❇❑ ✐❈✿✐❬❀❍✐❈✿ ❖◗❍❈❅❅❫♣✐❍❇ qr ✈ ❣②❣❣③● ▲❈❍❇

❞✐s❍❄✐▲◗❍✐❈✿s ▲❑❖❈❁❑ s✐❨✿✐④❖❀✿❍❃P ▲❄❈❀❞❑❄ ❍❇❀✿ ❍❇❈s❑ ❖❈❁❵◗❍❑❞

❅❈❄ q r ✈ ❣ ❱❭✐❨◗❄❑s ❪❱▲❳ ❀✿❞ ❱❖❳❳❫

❴❇❑ ❞✐s❍❄✐▲◗❍✐❈✿ ❈❅ ✐❁❵❀❖❍ s❵❑❑❞s ❈▲❍❀✐✿❑❞ ✐✿ ❈◗❄ ❁❈❞❑❃

❇❀s ❀ ❵❑❀❥ ▼❀❃◗❑ ❈❅ ⑤ ✈ ⑥❣ ❥❁ s
❾⑦

❅❈❄ q
r

✈ ❣②❣❣❝ ❀✿❞

⑤ ✈ ③❣ ❥❁ s❾⑦ ❅❈❄ q r ✈ ❣②❣❝● ✐✿ ❨❈❈❞ ❀❨❄❑❑❁❑✿❍ ❩✐❍❇

❍❇❑ ⑧⑨⑩❶ ❁❑❀s◗❄❑❁❑✿❍s ❈❅ ❇❑❃✐❈✿❷❀✿❍✐❇❑❃✐❈✿ ❁❑❍❑❈❄s ❍❇❀❍

s❇❈❩ ❀ ❵❑❀❥ ❀❍ ⑤ ✈ ⑥❣❸⑥❹ ❥❁ s❾⑦❫ ❴❇❑ s❵❄❑❀❞ ❈❅ ❁❈❞❑❃

❘❯❱⑤❳ ❱❭✐❨◗❄❑ ❪❱❀❳❳● ❇❈❩❑▼❑❄● ✐s s❃✐❨❇❍❃P ✿❀❄❄❈❩❑❄ ❍❇❀✿ ❍❇❑ ❈✿❑

✐✿❞✐❖❀❍❑❞ ▲P ❈▲s❑❄▼❀❍✐❈✿s ❱❭✐❨◗❄❑ ❝❱❀❳❳❫ ♣❑ ❩✐❃❃ ❞✐s❖◗ss ❍❇✐s

❞✐❅❅❑❄❑✿❖❑ ❃❀❍❑❄ ✐✿ ❍❇✐s s❑❖❍✐❈✿ ❀✿❞ s❇❈❩ ❍❇❀❍ ✐❍ ❖❀✿ ▲❑ ❄❑❃❀❍❑❞ ❍❈

❍❇❑ ✐✿✐❍✐❀❃ ❺❭❻ ❈❅ ❵❀❄❍✐❖❃❑s ❵❄❈❞◗❖❑❞ ▲P ❼❭❽s❫

❭✐❨◗❄❑ ❹ ✐❃❃◗s❍❄❀❍❑s ❍❇❑ ❑❅❅❑❖❍ ❈❅ ❍❇❑ ❄❀❞✐❀✿❍ ❖◗❍❈❅❅ ❅❈❄ q r ✈

❣②❣❣③ ❀✿❞ ❍❇❑ ❖❀s❑ ❞❑s❖❄✐▲❑❞ ❀▲❈▼❑❫ ❴❇❑ ❄❀❞✐❀✿❍ ❖◗❍❈❅❅● ❀s

❞❑④✿❑❞ ✐✿ ❺❑❖❍✐❈✿ ⑥❫❿● ❁❈▼❑s ❘❯❱⑤❳ ❍❈ s❃✐❨❇❍❃P ❃❀❄❨❑❄ ▼❀❃◗❑s

❱❭✐❨◗❄❑ ❹❱❀❳❳ ❀✿❞ ❃❑❀❞s ❍❈ ✿❀❄❄❈❩❑❄ ❞✐s❍❄✐▲◗❍✐❈✿s ❈❅ ➀● ➁● ❀✿❞

➂❫ ⑨❈❄❑ ❀❨❨❄❑ss✐▼❑ ❄❀❞✐❀✿❍ s❑❃❑❖❍✐❈✿ ❖❄✐❍❑❄✐❀● s◗❖❇ ❀s ❍❇❑ ❈✿❑s

◗s❑❞ ✐✿ ❽❀❁❵▲❑❃❃❤➃❄❈❩✿ ❱⑥❣❣➄❳ ❍❈ ❞❑④✿❑ ❍❇❑ ❇❑❃✐❈✿❷❀✿❍✐❇❑❃✐❈✿

s❈◗❄❖❑s● ❩❈◗❃❞ ❵❄❈❞◗❖❑ ❀ s❃✐❨❇❍❃P ❃❀❄❨❑❄ ❑❅❅❑❖❍❫ ⑩✿ ❍❇❑ ❈❍❇❑❄

❇❀✿❞● ➅❀❃❃✐❨❀✿ ➆ ➃❀❨❨❀❃❑P ❱⑥❣❣❹❳ ❀❞❈❵❍❑❞ ❀ ▼❑❄P ▲❄❈❀❞ ❄❀❞✐❀✿❍

❖◗❍❈❅❅ ❱➇❝⑥❣➈ ➉ ➊ ➉ ➇③❣
➈
❀✿❞ ⑥❣➈ ➉ ➊ ➉ ❝⑥❣➈● ❄❑s❵❑❖❍✐▼❑❃P●

❅❈❄ ❈◗❄ ❞❑④✿✐❍✐❈✿ ❈❅ ➋● ❀✿❞ ✿❈ ❖❈✿❞✐❍✐❈✿ ❈✿ ➌❳❫ ⑧❖❖❈❄❞✐✿❨ ❍❈ ❈◗❄

❍❑s❍s● ❍❇❑s❑ ▲❄❈❀❞ s❑❃❑❖❍✐❈✿ ❖❄✐❍❑❄✐❀ ❨✐▼❑ ❄❑s◗❃❍s ❍❇❀❍ ❀❄❑ s✐❁✐❃❀❄

❍❈ ❍❇❈s❑ ❩✐❍❇ ✿❈ ❄❀❞✐❀✿❍ ❖◗❍❈❅❅❫

❴❇❑ ❑❅❅❑❖❍ ❈❅ ❍❇❑ ❄❀❞✐❀❃ ❞✐s❍❄✐▲◗❍✐❈✿ ❈❅ ✐✿✐❍✐❀❃ ❈❄▲✐❍s ✐s ✐❃❃◗s❤

❍❄❀❍❑❞ ✐✿ ❭✐❨◗❄❑ ❿❫ ⑧s ❑①❵❑❖❍❑❞● ➍ ➉ ❣ ❵❄❈❞◗❖❑s ❘❯❱⑤❳ ❍❇❀❍

❵❑❀❥s ❀❍ ❃❀❄❨❑❄ ▼❀❃◗❑s● ❀✿❞ ❘❯❱❲❳ ❍❇❀❍ ✐s ❁❈❄❑ s❥❑❩❑❞ ❍❈❩❀❄❞

❲ ✈ ❝❫ ❴❇✐s ✐s ▲❑❖❀◗s❑ ❁❈❄❑ ❵❀❄❍✐❖❃❑s ❀❄❑ ❵❄❈❞◗❖❑❞ ❩✐❍❇ s❁❀❃❃ ➎

▼❀❃◗❑s ✐✿ ❍❇✐s ❖❀s❑● ❀✿❞ ❍❇❑s❑ ❵❀❄❍✐❖❃❑s ❍❑✿❞ ❍❈ ❇❀▼❑ ❃❀❄❨❑❄ ⑤ ❀✿❞

➁ ▼❀❃◗❑s ❩❇❑✿ ❍❇❑P ✐❁❵❀❖❍❫ ❴❇❑ ❑❅❅❑❖❍s ❈❅ ➍ ➏ ❣ ❀❄❑ ❈❵❵❈s✐❍❑

❍❈ ❍❇❈s❑ ❈❅ ➍ ➉ ❣❫ ✾✿❍❑❄❑s❍✐✿❨❃P● ❘❯❱♠❳ ❀✿❞ ❘❯❱♥❳ ❈▲❍❀✐✿❑❞ ❩✐❍❇

qr ✈ ❣②❣❣③ ❀❄❑ ✿❈❍ ▼❑❄P s❑✿s✐❍✐▼❑ ❍❈ ❖❇❀✿❨❑s ❈❅ ➍ ❫

❴❈❨❑❍❇❑❄ ❩✐❍❇ ❭✐❨◗❄❑ ❪● ❍❇❑s❑ ❄❑s◗❃❍s s❇❈❩ ❍❇❀❍ ✐❍ ❖❀✿ ▲❑

❞✐❅④❖◗❃❍ ❍❈ ❖❈✿s❍❄❀✐✿ ❍❇❑ ▼❀❃◗❑ ❈❅ ➍ ❅❄❈❁ ❍❇❑ ④❍s ❍❈ ❍❇❑ ⑧⑨⑩❶

❁❑❀s◗❄❑❁❑✿❍s ❀❃❈✿❑● ▲❑❖❀◗s❑ ❍❇❑ ❑❅❅❑❖❍s ❈❅ ➍ ❀❄❑ s✐❁✐❃❀❄ ❍❈

❍❇❈s❑ ❵❄❈❞◗❖❑❞ ▲P s❃✐❨❇❍ ❖❇❀✿❨❑s ✐✿ ❍❇❑ ❞❑❍❑❖❍✐❈✿ ❑❅④❖✐❑✿❖P●

❀✿❞ ❖❀✿ ▲❑ ❖❈✿❅◗s❑❞ ❩✐❍❇ ❍❇❑❁❫ ⑧ ❞❑❍❀✐❃❑❞ ❥✿❈❩❃❑❞❨❑ ❈❅ ❍❇❑

✐✿s❍❄◗❁❑✿❍ s❑✿s✐❍✐▼✐❍P● ❍❇❀❍ ❨❈❑s ▲❑P❈✿❞ ❍❇❑ s✐❁❵❃❑ ❖❈✿❖❑❵❍ ❈❅

❍❇❑ ✐❈✿✐❬❀❍✐❈✿ ❖◗❍❈❅❅ ❞❑s❖❄✐▲❑❞ ✐✿ ❺❑❖❍✐❈✿ ⑥❫❿● ❩✐❃❃ ▲❑ ❄❑➐◗✐❄❑❞

❅❈❄ ❀ ❁❈❄❑ ❖❈✿s❍❄❀✐✿❑❞ ❁❈❞❑❃✐✿❨ ❱s❑❑● ❑❫❨❫● ❭❑✿❍❬❥❑ ➆ ❼❀✿❖❇❑s

⑥❣❣➄➑ ❭❑✿❍❬❥❑ ❑❍ ❀❃❫ ⑥❣❣➒❳❫

❴❇❑ ❑❅❅❑❖❍s ❈❅ ✐✿✐❍✐❀❃ ❘❯❱➓❳ ❈❅ ❵❀❄❍✐❖❃❑s● ❀s ❞✐s❖◗ss❑❞ ▲❑❃❈❩●

❀❄❑ ✐✿ ❁❀✿P ❩❀Ps s✐❁✐❃❀❄ ❍❈ ❍❇❈s❑ ❵❄❈❞◗❖❑❞ ▲P ❖❇❀✿❨❑s ❈❅ ➍

❀✿❞ qr❫ ❭✐❨◗❄❑ ➔ ✐❃❃◗s❍❄❀❍❑s ❍❇❑ ❑❅❅❑❖❍ ❈❅ ➓r❫ ⑧❨❀✐✿● ❘❯❱⑤❳ ❀✿❞

❘❯❱❲❳ s❇❈❩ ❁❈❄❑ ▼❀❄✐❀❍✐❈✿ ❍❇❀✿ ❘❯❱♠❳ ❀✿❞ ❘❯❱♥❳❫ ♣❇✐❃❑ ❅❈❄

➓r ✈ ③❣→❁● ❍❇❑ ▼❑❃❈❖✐❍P ❵❑❀❥ s❇✐❅❍s ❍❈ ⑤ ➣ ③❣ ❥❁ s❾⑦● ✐❍

❁❈▼❑s ❍❈ ⑤ ➣ ⑥❣ ❥❁s❾⑦ ❅❈❄➓r ✈ ③❣❣→❁❫❴❇✐s ▼❀❄✐❀❍✐❈✿ ❖❀✿ ▲❑

❃✐✿❥❑❞ ❍❈ ❍❇❑ ✐❈✿✐❬❀❍✐❈✿ ❖◗❍❈❅❅❫ ❭❈❄ ❑①❀❁❵❃❑● ❩✐❍❇ ➓r ✈ ③❣→❁●

❵❀❄❍✐❖❃❑s ❍❑✿❞ ❍❈ ▲❑ s❁❀❃❃❑❄ ❀✿❞ ❩✐❃❃ ▲❑ ❞❑❍❑❖❍❑❞ ❩✐❍❇ qr ✈ ❣②❣❣③

❈✿❃P ✐❅ ❍❇❑✐❄ s❵❑❑❞s ❀❄❑ ❃❀❄❨❑❄❫

❴❇❑ ❞✐s❍❄✐▲◗❍✐❈✿s ❘❯❱⑤❳ s❇❈❩✿ ✐✿ ❭✐❨◗❄❑s ❪❱❀❳❸➔❱❀❳ ❀❄❑ ❀❃❃

s❃✐❨❇❍❃P ✿❀❄❄❈❩❑❄ ❍❇❀✿ ❍❇❑ ❈✿❑ ✐✿❞✐❖❀❍❑❞ ▲P ❈▲s❑❄▼❀❍✐❈✿s ❱s❑❑

❭✐❨◗❄❑ ❝❱❀❳❳❫ ❴❇✐s ❞✐❅❅❑❄❑✿❖❑ ❖❀✿✿❈❍ ▲❑ ❄❑s❈❃▼❑❞ ▲P ▼❀❄P✐✿❨ ➍ ● ↔●

❈❄ q r❫ ✾✿s❍❑❀❞● ❍❈ ❄❑s❈❃▼❑ ❍❇✐s ❵❄❈▲❃❑❁● ❩❑ ✿❑❑❞❑❞ ❍❈ ❀ss◗❁❑ ❍❇❀❍

❍❇❑ ❵❈❩❑❄ ✐✿❞❑① ❈❅ ❘❯❱➓❳ ✐s ③ ↕ ➙ ↕ ❪● ❀❍ ❃❑❀s❍ ✐✿ ❍❇❑ s✐❬❑ ❄❀✿❨❑

❄❑❃❑▼❀✿❍ ❍❈ ⑧⑨⑩❶ ❈▲s❑❄▼❀❍✐❈✿s❫ ❴❈ ✐❃❃◗s❍❄❀❍❑ ❍❇✐s ❖❀s❑● ❭✐❨◗❄❑ ➄

s❇❈❩s ❍❇❑ ❞✐s❍❄✐▲◗❍✐❈✿s ❅❈❄ ➙ ✈ ➙⑦ ✈ ➙➛ ✈ ③②❹❫ ♣❇✐❃❑ ❘❯❱♠❳●

❘❯❱❲❳ ❀✿❞ ❘❯❱♥❳ ❇❀▼❑ ✿❈❍ ❖❇❀✿❨❑❞ ❁◗❖❇ ❄❑❃❀❍✐▼❑ ❍❈ ❭✐❨◗❄❑ ❪● ❍❇❑

✿❑❩ ❞✐s❍❄✐▲◗❍✐❈✿ ❘❯❱⑤❳ ❩✐❍❇ q r ✈ ❣②❣❝❸❣❫❣❣❝ ▲❑❖❈❁❑s ▲❄❈❀❞❑❄●

❍❇◗s ▲❑❍❍❑❄ ❁✐❁✐❖❥✐✿❨ ❍❇❑ ⑧⑨⑩❶ ❁❑❀s◗❄❑❁❑✿❍s❫

❴❇✐s ❍❄❑✿❞ ❖❀✿ ▲❑ ❑❀s✐❃P ◗✿❞❑❄s❍❈❈❞❫ ♣✐❍❇ ❀ s❇❀❄❵ ❺❭❻ ▲❄❑❀❥

❀❍ ➓r ➜ ❝❣❣→❁● ❍❇❑ ❵❀❄❍✐❖❃❑s ❍❇❀❍ ❵❄❈❞◗❖❑ ❁❈s❍ ❁❑❍❑❈❄s ❩✐❍❇

q ➏ ❣②❣❝❸❣❫❣❣❝ ❀❄❑ ❍❇❈s❑ ❩✐❍❇ ➓ ➜ ❝❣❣→❁❫ ❴❇❑s❑ ❵❀❄❍✐❖❃❑s

❇❀▼❑ s✐❁✐❃❀❄ ❈❄▲✐❍❀❃ ❇✐s❍❈❄✐❑s ❀✿❞ ❵❄❈❞◗❖❑ ❀ ❄❑❃❀❍✐▼❑❃P ✿❀❄❄❈❩

❘❯❱⑤❳❫ ♣✐❍❇ ➙⑦ ✈ ➙➛ ➜ ③②❹● ❈✿ ❍❇❑ ❈❍❇❑❄ ❇❀✿❞● ❍❇❑ s✐❬❑ ❄❀✿❨❑ ❈❅

❵❀❄❍✐❖❃❑s s✐❨✿✐④❖❀✿❍❃P ❖❈✿❍❄✐▲◗❍✐✿❨ ❍❈ ⑧⑨⑩❶ ❁❑❍❑❈❄s ✐✿❖❄❑❀s❑s●

❄❑❃❀❍✐▼❑ ❍❈ ❍❇❑ ❵❄❑▼✐❈◗s ❖❀s❑● ❵❄❈❞◗❖✐✿❨ ❀ ❃❀❄❨❑❄ ▼❀❄✐❀▲✐❃✐❍P ✐✿
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✽✾ ❂ ✒✱ ✽✿ ❂ ✺✱ ❞✪✮ ❙ ❂ ✑✩ ❀♦ ✛❞✮✐❞✪❢ ✘✬❢♦✧✧ ✇❞✫ ❞✕✕❧✐✗✮ s✗✛✗✩

❋✢✣✤✥❡ ❁✦ ❊✧✧✗✘❢ ♦✧ ✹✶✩ ❉✐✧✧✗✛✗✪❢ ❧✐✪✗✫ ✫s♦✇ ❢s✗ ✛✗✫✬❧❢✫ ✧♦✛ ✹✶ ❂ ✑✷✷➭✙ ✭✫♦❧✐✮✖✱ ✹✶ ❂ ✎✷➭✙ ✭✮❞✫s✗✮✖✱ ❞✪✮ ✹✶ ❂ ✎✷✷➭✙ ✭✮♦❢✰✮❞✫s✗✮✖✩ ✲✫ ✐✪ ✴✐✵✬✛✗ ✺✱ ✇✗ ✬✫✗✮
■✶ ❂ ✷✸✷✷✎✱ ✽✾ ❂ ✒✱ ✽✿ ❂ ✺✱ ❞✪✮ ❙ ❂ ✑✩ ❀♦ ✛❞✮✐❞✪❢ ✘✬❢♦✧✧ ✇❞✫ ❞✕✕❧✐✗✮ s✗✛✗✩

❃❄❅❇❈●❍ ❤❇❑❈❃❄❇▲❑▼ ●❛❖ ❈❤t❑ ●❍❑❃ ● ❍●❄❣▲❄ ❑P❄▲●❖ ❇❛ ✈◗ ❘❇❣t❄▲ ❯

❇❍❍t❑❈❄●❈▲❑ ❈❤▲❑▲ ❈❄▲❛❖❑◗

❱❲ ▲①P▲❄❇❳▲❛❈❇❛❣ ❨❇❈❤ ❖❇❩❩▲❄▲❛❈ ❬❘❭❑▼ ❨▲ ❩❃t❛❖ ❈❤●❈ ❈❤▲

❅▲❑❈ ❳●❈❪❤▲❑ ❈❃ ❫❴❵❜ ❃❅❑▲❄❝●❈❇❃❛❑ ❪●❛ ❅▲ ❃❅❈●❇❛▲❖ ❨❇❈❤

❥❦ ♠ ♥♣q❳ ●❛❖ r✉ ② ③④♥▼ ❃❄ ❨❇❈❤ ❥❦ ⑤ ⑥♣♣q❳ ●❛❖ r⑦ ② ③④♥▼

❨❤❇❍▲ ❈❤▲ ❝●❍t▲❑ ❃❩ ⑧ ●❛❖ ⑨ ●❄▲ ▲❑❑▲❛❈❇●❍❍❲ t❛❪❃❛❑❈❄●❇❛▲❖ ⑩❅t❈

❑▲▲ ❬▲❪❈❇❃❛ ③◗⑥ ❩❃❄ ● ❖❇❑❪t❑❑❇❃❛ ❃❩ ❈❤▲ ❪❃❍❍❇❑❇❃❛●❍ ❳❃❖▲❍❶◗ ❷▲

❃P❈ ❩❃❄ ❥❦ ② ⑥♣♣ q❳ ❇❛ ❘❇❣t❄▲ ❸♣▼ ❨❤❇❪❤ ❇❍❍t❑❈❄●❈▲❑ ❃❛▲ ❃❩

❃t❄ P❄▲❩▲❄❄▲❖ ❳❃❖▲❍❑▼ ❅▲❪●t❑▲ ❈❤▲ ❃❄❇❣❇❛●❍ ❇❛❈▲❄P❄▲❈●❈❇❃❛ ❃❩

❑P●❪▲❪❄●❩❈ ❇❳P●❪❈ ▲①P▲❄❇❳▲❛❈❑ ❇❛❖❇❪●❈▲❑ ● ❪❤●❛❣▲ ❃❩ ❑❍❃P▲ ●❈

❥ ❹ ⑥♣♣ q❳ ⑩▲◗❣◗▼ ❺❻♥❼ ❽❃❝▲ ❾ ❱❄❃❨❛❍▲▲ ❸❯❯③❶◗ ❿❤▲ ❑❃❍t❈❇❃❛❑

❨❇❈❤ ❥❦ ♠ ♥♣q❳ ●❛❖ r✉ ② ③④♥▼ ❨❤❇❪❤ ❨❃t❍❖ ❅▲❈❈▲❄ ❪❃❄❄▲❑P❃❛❖

❈❃ ❈❤▲ ❄▲❇❛❈▲❄P❄▲❈●❈❇❃❛ ❃❩ ❈❤▲ ❇❳P●❪❈ ▲①P▲❄❇❳▲❛❈❑ ❅❲ ❴●❈❤▲❨❑

▲❈ ●❍◗ ⑩⑥♣♣❸❶▼ ●❄▲ ●❍❑❃ P❍●t❑❇❅❍▲◗ ❷▲ ❨❇❍❍ ❖❇❑❪t❑❑ ❈❤❇❑ ❇❑❑t▲ ❇❛

❬▲❪❈❇❃❛ ➀◗

❷❤❇❍▲ ❃t❄ ❳❃❖▲❍❑ ➁➂⑩✈❶▼ ➁➂⑩➃❶▼ ●❛❖ ➁➂⑩➄❶ ❇❛ ❘❇❣t❄▲ ❸♣
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❶✐②♠r❑ ❩⑥❦❬❴ ❵❤❑r❑ ❹❺⑥❻❬ s❑❑❸s ▲❧ q❧◗◗❧❵ ❣✐qq❑r❑❥▲ ▲r❑❥❣s q❧r
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❾
❖❥❣ ❻ ❿ ❽❱

❾
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➅

➆ ❱❴ ▲❤❑ r❖❣✐❖❥▲s Þ◗◗ ▲❤❑
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❾
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❾
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❾
❘
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❾
❖❥❣ ▲❤❑✐r q♠◗◗
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❾
✐❥ ❫❧▲❤ ➐ ❖❥❣ ➑❘ ➌❤❑ ◗❧❦❖▲✐❧❥ ❖❥❣ s❪r❑❖❣ ❧q ❧♠r

❸❧❣❑◗ r❖❣✐❖❥▲s ❝❑r⑤ ❦◗❧s❑◗⑤ ❸❖▲❦❤ ▲❤❑s❑ ❸❑❖s♠r❑❸❑❥▲s❘
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t✫✵t ✇✵✯ ✸♦✛✙✵✪✴♥✗✩ t♦ ✑ ✵t ✴t✯ ✙✵♠✴✙★✙✰ ✲✫✗ ✩✵✯✫✗✩ ✛✗✘t✵✸✹✪✗✯ ✴✸ ✚♦t✫ ✕✵✸✗✪✯
✯✫♦✇ ♦★✛ ✛✵✩✴✵✸t ✯✗✪✗✘t✴♦✸ ✘✛✴t✗✛✴✵ ✩✗❞✸✗✩ ✴✸ ❙✗✘t✴♦✸ ✒✰✔✰

❊❍❑❑▲P▲◗❘ ❊❍❯❘P❍❱✉❘❍❲◗❯ ❲❑ ❍✐❳❨❩❘ ❯❳▲▲❊❯ ❨◗❊ ❤▲❬❍❲❩▲◗❘P❍❩ ❲P❱❍❘❯

❑❲P ❭ ❪ ❫ ❴❵❴❴❛ ❨◗❊ ❭❪ ❫ ❜❝ ❢❍❣✉P▲ ❜❥ ❍❬❬✉❯❘P❨❘▲❯ ❘❤▲ ❩❨❯▲ ❲❑

❭ ❪ ❫ ❜❝ ❦❤▲❯▲ P▲❯✉❬❘❯ ❨P▲ ❨❘ ❲❊❊❯ ❧❍❘❤ ❲❱❯▲P♣❨❘❍❲◗❯q ❱▲❩❨✉❯▲

❘❤▲ ❊❍❯❘P❍❱✉❘❍❲◗❯ ✐▲❨❯✉P▲❊ ❱s ✈①③④ ❨◗❊ ⑤①③④ ❨P▲ ◗❲❘ ❘❤❨❘

❊❍❑❑▲P▲◗❘❝

❦❲ P▲❯❲❬♣▲ ❘❤❍❯ ❳P❲❱❬▲✐q ❧▲ ◗▲▲❊▲❊ ❘❲ ❨❯❯✉✐▲ ❘❤❨❘ ⑥⑦⑧⑨⑨ ❑❲P

⑩ ❶ ❜ ✐✐ ❍❯ ❯❍❣◗❍❷❩❨◗❘❬s ❬❲◗❣▲P ❘❤❨◗ ❍◗ ❸❹❺ ❻❼ ❽ ❛❴❾❝

❢❍❣✉P▲ ❜❛ ❯❤❲❧❯ ❘❤▲ P▲❯✉❬❘❯ ❑❲P ❼ ❫ ❜❴❴❝ ❦❤▲✐❨❍◗ ❍✐❳P❲♣▲✐▲◗❘

❧❍❘❤ P▲❯❳▲❩❘ ❘❲ ❢❍❣✉P▲ ❜❥ ❍❯ ❘❤❨❘ ❿➀❻➁❾ ◗❲❧ ❳▲❨➂❯ ❨❘ ➁ ❶ ❜ ✈➃❝

❦❤❍❯ ❍❯ ❨ ❊❍P▲❩❘ ❩❲◗❯▲➄✉▲◗❩▲ ❲❑ ❬❲◗❣▲P ⑥⑦⑧⑨⑨q ❧❤❍❩❤ ❨❬❬❲❧❯

❘❤▲ ❬❨P❣▲ ❳❨P❘❍❩❬▲❯ ❘❲ ❨❩❩✉✐✉❬❨❘▲ ❬❨P❣▲P ➅➆④ ❊P❍❑❘❯ ❨◗❊ P▲❨❩❤

➁ ❶ ❜ ✈➃❝ ③◗ ❘❤▲ ❲❘❤▲P ❤❨◗❊q ✐❲❊▲❬❯ ❧❍❘❤ ❼ ❽ ❛❴ ❨◗❊

❭❪ ❫ ❴❵❴❜➇❴❝❴❴❜ ❊❲ ◗❲❘ ✐❨❘❩❤ ❘❤▲ ✈①③④ ✐▲❨❯✉P▲✐▲◗❘❯❝ ❦❤❍❯

❯❤❲❧❯ ❘❤❨❘ ❘❤▲ ❯❍➈▲ ❊▲❳▲◗❊▲◗❩▲ ❲❑ ❘❤▲ ❸❹❺ ❩❲❬❬❍❯❍❲◗❨❬ ✐❲❊▲❬

✐❨s ❱▲ ❍◗❩❲PP▲❩❘❝ ❦❨➂▲◗ ❘❲❣▲❘❤▲Pq ❍❑ ❼ ❽ ❛❴ ❍❯ ◗▲▲❊▲❊ ❘❲ ✐❨❘❩❤

⑤①③④q ❧❤❍❬▲ ❼ ❶ ❜ ❍❯ ◗▲▲❊▲❊ ❘❲ ✐❨❘❩❤ ✈①③④q ⑥⑦⑧⑨⑨❻⑩❾ ❯❤❲✉❬❊

❱▲✐❲P▲ ❩❲◗❯❘❨◗❘ ❲♣▲P ❘❤▲ P▲❬▲♣❨◗❘ ❯❍➈▲ P❨◗❣▲q⑩ ❶ ❛❴➇❜❴❴❴➉✐

❨❩❩❲P❊❍◗❣ ❘❲ ❢❍❣✉P▲ ➊q ❘❤❨◗ ❯✉❣❣▲❯❘▲❊ ❱s ❸❹❺❝

➋▲ ❳▲P❑❲P✐▲❊ ❨ ❯▲❨P❩❤ ❍◗ ❳❨P❨✐▲❘▲P ❯❳❨❩▲ ❘❲ ❯▲▲ ❧❤▲❘❤▲P

❧▲ ❩❨◗ ❲❱❘❨❍◗ ❘❤▲ ❍✐❳❨❩❘ ❯❳▲▲❊ ❨◗❊ ❲P❱❍❘ ❊❍❯❘P❍❱✉❘❍❲◗❯ ❧❍❘❤

❼ ❫ ❜❴❴ ❘❤❨❘ ❧❲✉❬❊ ❩❬❲❯▲❬s P▲❯▲✐❱❬▲ ❘❤❲❯▲ ✐▲❨❯✉P▲❊ ❱s ⑤①③④

❻❢❍❣✉P▲ ❜❴➇ ❜❥ ❍◗ ⑤❨✐❳❱▲❬❬➆➌P❲❧◗ ❥❴❴❹❾❝ ➋▲ ❑❲✉◗❊ ❘❤❨❘ ❘❤▲

✐❲❊▲❬ P▲❯✉❬❘❯ ❧❍❘❤ ➍ ❶ ❥ ❧❲P➂ ❱▲❯❘❝ ➋❍❘❤ ➍ ❶ ❥q ❨❘ ❬▲❨❯❘ ❬❲❩❨❬❬s

◗▲❨P ⑩ ❶ ❺❴❴➉✐q ❧❤❍❩❤ ❨P▲ ❘❤▲ ✐❲❯❘ ❍✐❳❲P❘❨◗❘ ❯❍➈▲❯ ❑❲P

⑤①③④q ❘❤▲ ✐❲❊▲❬ ❊❍❯❘P❍❱✉❘❍❲◗❯ ❤❨♣▲ ❘❤▲ ❩❤❨P❨❩❘▲P❍❯❘❍❩ ❯❤❨❳▲❯

✐▲❨❯✉P▲❊ ❱s ⑤①③④ ❻❢❍❣✉P▲ ❜➎❾❝ ➋❤▲◗ ◗❲ P❨❊❍❨◗❘ ❩✉❘❲❑❑ ❍❯

✉❯▲❊q ❿➀❻➏❾ ❤❨❯ ❘❤▲ ✐❨➐❍✐✉✐ ➑✉❯❘ ❱▲❬❲❧ ➏ ❫ ❥❴ ➂✐ ❯➒➓q ❨◗❊

❿➀❻➔❾ ❳▲❨➂❯ ❨❘ ➔ ❶ ❴❵→❝ ➋❤▲◗ ❘❤▲ P❨❊❍❨◗❘ ❩✉❘❲❑❑ ❍❯ ❨❳❳❬❍▲❊q

❿➀❻➏❾ ❤❨❯ ❘❤▲ ✐❨➐❍✐✉✐ ➑✉❯❘ ❱▲❬❲❧ ➏ ❫ ❛❴ ➂✐ ❯➒➓q ❨◗❊ ❿➀❻➔❾

❳▲❨➂❯ ❨❘ ➔ ❶ ❴❵❹❝ ❦❤▲❯▲ ❘P▲◗❊❯ ❩❲PP▲❯❳❲◗❊ ♣▲Ps ❧▲❬❬ ❘❲ ❘❤❲❯▲ ❍◗

❢❍❣✉P▲❯ ❜❴ ❨◗❊ ❜❥ ❍◗ ⑤❨✐❳❱▲❬❬➆➌P❲❧◗ ❻❥❴❴❹❾❝

❦❤▲ ✐❲❊▲❬ ❿➀❻➁❾ ❧❍❘❤ P❨❊❍❨◗❘ ❩✉❘❲❑❑ ❱▲❩❲✐▲❯ ✐❲P▲ ❘❍❣❤❘❬s

❩❬✉❯❘▲P▲❊ ❨❘ ➁ ❶ ❜ ✈➃ ❘❤❨◗ ❍◗ ❘❤▲ ❩❨❯▲ ❧❍❘❤❲✉❘ ❩✉❘❲❑❑q ❍◗ ❨ ◗❍❩▲

❩❲PP▲❯❳❲◗❊▲◗❩▲ ❘❲ ❘❤▲ ⑤①③④ ✐▲❨❯✉P▲✐▲◗❘❯ ❻❢❍❣✉P▲ ❜➎❻❱❾❾❝

③✉P ❿➀❻➣❾ ❧❍❘❤ P❨❊❍❨◗❘ ❩✉❘❲❑❑ ❍❯ ❯❬❍❣❤❘❬s ❱P❲❨❊▲P ❘❤❨◗ ❘❤▲ ⑤①③④

❊❍❯❘P❍❱✉❘❍❲◗ ❻❢❍❣✉P▲ ❜➎❻❩❾❾q ❧❤❍❩❤ ❍❯ ❬❲❣❍❩❨❬ ❱▲❩❨✉❯▲ ❘❤▲ P❨❊❍❨◗❘

❩✉❘❲❑❑ ✉❯▲❊ ❱s ⑤❨✐❳❱▲❬❬➆➌P❲❧◗ ❻❥❴❴❹❾ ❍❯ ✐❲P▲ P▲❯❘P❍❩❘❍♣▲ ❘❤❨◗

❘❤▲ ❲◗▲ ✉❯▲❊ ❤▲P▲❝ ③♣▲P❨❬❬q ❘❤▲ ❨❣P▲▲✐▲◗❘ ❱▲❘❧▲▲◗ ❘❤▲ ✐❲❊▲❬

❨◗❊ ❲❱❯▲P♣❨❘❍❲◗❯ ❍❯ ♣▲Ps ❣❲❲❊❝

➋❤❍❬▲ ❘❤▲ ✐▲❘▲❲P❲❍❊ ↔❢↕ ❩❨◗ ❱▲ ❧❨♣s ❻▲❝❣❝q ⑤▲❳❬▲❩❤❨ ▲❘ ❨❬❝

❜➊➊❹❾q ❧❍❘❤ ➍ ❶ ❛❵❺ ❨❘ ⑩ ❶ ❜❴❴➉✐ ❻❯▲▲ ↔▲❩❘❍❲◗ ❛❝❜❾ ❨◗❊

➍ ❶ ❥ ❨❘ ⑩ ❶ ❺❴❴➉✐q ❘❤▲❯▲ ❯❬❲❳▲ ❊▲❘▲P✐❍◗❨❘❍❲◗❯ ❩❨◗ ❨❬❯❲

❜❴

184



❚�✁ ❆✂✄☎✆✝�✞✂✟✠✡☛ ❏✆☞☎✌✡☛✱ ✼✍✎✏✑✒✓ ✭✑✔✕✕✖✱ ✒✷✑✑ ❉✗✘✗✙✚✗✛ ✒✷ ◆✁✂✜✆☎✌➠✞ ✁✄ ✡☛✳

❋✢✣✤✥❡ ✶✦✧ ❉★✩✩✗✛✗✪✫ ❧★✪✗✬ ✬s✮✇ ✫s✗ ✛✗✬✯❧✫✬ ✩✮✛ ■✰ ❂ ✷ ✭❞✮✫✫✗❞✖✱ ■✰ ❂ ✑ ✭✬✮❧★❞✖✱ ❛✪❞ ■✰ ❂ ✑ ✇★✫s ✛❛❞★❛✪✫ ✘✯✫✮✩✩ ✭❞❛✬s✗❞✖✲ ✴✬ ★✪ ✵★✸✯✛✗ ✑✷✱ ★❧❧✯✬✫✛❛✫★✪✸ ✮✯✛ ✕✛✗✩✗✛✛✗❞

Þ✫ ✫✮ ✫s✗ ✴▼✹✺ ❞❛✫❛✱ ✇✗ ✯✬✗❞ ✻✰ ❂ ✒✷✷➭✙✱ ✽✾ ❂ ✎✿❀✱ ✽❁ ❂ ❀✱ ❃ ❂ ✷✱ ❛✪❞ ❙ ❂ ✑✲ ❄s✗ ❞★✬✫✛★✚✯✫★✮✪✬ ✬s✮✇✪ s✗✛✗ ❞✮ ✪✮✫ ✙❛✫✘s ✫s✗ ❈▼✹✺ ✮✚✬✗✛♦❛✫★✮✪✬ ✮✩ ✫s✗

s✗❧★✮✪❅❛✪✫★s✗❧★✮✪ ✙✗✫✗✮✛✬ ✭✘✩✲ ✵★✸✯✛✗✬ ✑✷ ❛✪❞ ✑✒ ★✪ ❈❛✙✕✚✗❧❧❇❊✛✮✇✪ ✒✷✷●✖✲ ❄s✗② ✙❛② ✚✗ ✙✮✛✗ ✬★✙★❧❛✛ ✫✮ ✫s✗ ❞★✬✫✛★✚✯✫★✮✪✬ ★✪✩✗✛✛✗❞ ✩✛✮✙ ✫s✗ ♦★✬✯❛❧ ✙✗✫✗✮✛ ✬✯✛♦✗②✬

✫s❛✫ ❛✛✗ ✬✗✪✬★✫★♦✗ ✫✮ ❧❛✛✸✗✛✱ ❍✑ ✘✙ ✙✗✫✗✮✛✮★❞✬ ✭P✲ ❑✗✪✪★✬▲✗✪✬ ✗✫ ❛❧✲ ✒✷✑✑✱ ★✪ ✕✛✗✕❛✛❛✫★✮✪✖✲

❋✢✣✤✥❡ ✶❖✧ ◗❛✙✗ ❛✬ ✵★✸✯✛✗ ✑✒ ✚✯✫ ✩✮✛ ❙ ❂ ✑✷✷✲

❜❘ ❯❱❲❳❨❩❳❯❬❬❭ ❳✐❪❫❴❘❵ ❫❝ ❲t❘ ❱❘❴❢❬❲❴ ❜❭ ❫❢❱ ❴❳✐❪❬❘ ❲❱❘❯❲✐❘❝❲

❫❣ ❲t❘ ❱❯❵❯❱❤❴ ❵❘❲❘❩❲❳❫❝ ❘❣❨❩❳❘❝❩❭❥
❦♠

♥❝ ❯❵❵❳❲❳❫❝♣ ❳❲ ❳❴ ❝❫❲ ❩❬❘❯❱

✾q ❄s✗ ◗✵❉ ✘✮✪✬✫✛❛★✪✫✬ ✗✬✫❛✚❧★✬s✗❞ s✗✛✗ ✇✗✛✗ ✮✚✫❛★✪✗❞ ✇★✫s ✫s✗ ✬★✙✕❧✗
✕❛✛❛✙✗✫✗✛★r❛✫★✮✪ ✮✩ ✫s✗ ✛❛❞❛✛✉✬ ❞✗✫✗✘✫★✮✪ ✗✩Þ✘★✗✪✘② ❞✗✬✘✛★✚✗❞ ★✪ ◗✗✘✫★✮✪ ✒✲✔✲ ✈✪
✛✗❛❧★✫②✱ ✫s✗ ❞✗✫✗✘✫★✮✪ ✗✩Þ✘★✗✪✘② ✬s✮✯❧❞ ✚✗ ❛ ✙✮✛✗ ✘✮✙✕❧✗① ✩✯✪✘✫★✮✪ ✮✩ ✫s✗
✙✗✫✗✮✛✮★❞ ✙❛✬✬ ❛✪❞ ✬✕✗✗❞✱ ✮✫s✗✛ ★✙✕❛✘✫ ✕❛✛❛✙✗✫✗✛✬✱ ❛✪❞ ✮✚✬✗✛♦★✪✸ ✘✮✪❞★✫★✮✪✬✲
✈✫ ★✬ ✕❧❛✯✬★✚❧✗✱ ✩✮✛ ✗①❛✙✕❧✗✱ ✫s❛✫ ✫s✗ ❞✗✫✗✘✫★✮✪ ✕✛✮✚❛✚★❧★✫② ✮✩ ❛ ✙✗✫✗✮✛✱ ✻✭■✖✱
✸✮✗✬ ✬✙✮✮✫s❧② ✩✛✮✙ ❍✷ ✩✮✛ ■ ③ ■✰④ ⑤ ■✰ ✫✮ ❍✑ ✩✮✛ ■ ⑥ ■✰✾ ⑦ ■✰✱ ❛✪❞ ❛✫✫❛★✪✬
✬✮✙✗ ★✪✫✗✛✙✗❞★❛✫✗ ♦❛❧✯✗✬ ✩✛✮✙ ■✰④ ✫✮ ■✰✾ ✲ ✈✩ ✬✮✱ ✫s★✬ ✘✮✯❧❞ ✚✛✮❛❞✗✪ ✫s✗ ✬★r✗
✛❛✪✸✗ ✮✩ ✕❛✛✫★✘❧✗✬ ✫s❛✫ ✘✮✪✫✛★✚✯✫✗ ✫✮ ❞✗✫✗✘✫★✮✪✬ ❛✪❞ ✕✮✫✗✪✫★❛❧❧② ✛✗✬✮❧♦✗ ✫s✗
✕✛✮✚❧✗✙ ✇★✫s ✫s✗ ✇★❞✫s ✮✩ ⑧⑨✭⑩✖✱ ✇★✫s✮✯✫ ✫s✗ ✪✗✗❞ ✫✮ ✛✗✬✮✛✫★✪✸ ✫✮ ❛ ✛✗❧❛✫★♦✗❧②
✬s❛❧❧✮✇ ◗✵❉ ✬❧✮✕✗✲

❲❫ ❢❴ ❶t❘❲t❘❱ ❳❲ ❳❴ ❯❪❪❱❫❪❱❳❯❲❘ ❲❫ ❩❫✐❪❯❱❘ ❫❢❱ ❱❘❴❢❬❲❴ ❣❫❱ ❲t❘

t❘❬❳❫❝❷❯❝❲❳t❘❬❳❫❝ ✐❘❲❘❫❱❴ ❲❫ ❸❳❹❢❱❘❴ ❺❻ ❯❝❵ ❺❼ ❳❝ ❽❯✐❪❜❘❬❬❾

❿❱❫❶❝ ➀❼❻❻➁➂♣ ❜❘❩❯❢❴❘ ❲t❘❳❱ ❸❳❹❢❱❘ ❺❻ ❴t❫❶❴ ❲t❘ ❽➃➄➅

❵❳❴❲❱❳❜❢❲❳❫❝❴ ❣❫❱ ➆➇➇ ❴❪❫❱❯❵❳❩ ❴❫❢❱❩❘❴♣ ❯❝❵ ❲t❘ ❵❳❴❲❱❳❜❢❲❳❫❝❴ ❳❝

❸❳❹❢❱❘ ❺❼❶❘❱❘❶❘❳❹t❲❘❵ ❲❫ ❯ ❩❫❝❴❲❯❝❲ ❬❳✐❳❲❳❝❹✐❯❴❴♣ ❯ ❩❫❱❱❘❩❲❳❫❝

❲t❯❲ ❳❴ ❝❫❲ ❝❘❘❵❘❵ ❣❫❱ ❯ ❩❫✐❪❯❱❳❴❫❝ ❶❳❲t ❫❢❱ ✐❫❵❘❬❥

❸❳❝❯❬❬❭♣ ❸❳❹❢❱❘ ❺➈ ❴t❫❶❴ ❲t❘ ❽➃➄➅ ❱❯❵❳❯❝❲ ❵❳❴❲❱❳❜❢❲❳❫❝❴

❣❫❱ ✐❫❵❘❬❴ ❳❬❬❢❴❲❱❯❲❘❵ ❳❝ ❸❳❹❢❱❘❴ ❺❼ ❯❝❵ ❺➉❥ ➊❳❲t ❬❫❝❹❘❱ ➋➌➍➎➎♣

❲t❘ ❱❯❵❳❯❝❲❴ ❯❱❘ ❴❬❳❹t❲❬❭ ✐❫❱❘ ❴❪❱❘❯❵ ❯❱❫❢❝❵ ❲t❘ t❘❬❳❫❝ ❯❝❵

❯❝❲❳t❘❬❳❫❝ ❵❳❱❘❩❲❳❫❝❴❥ ♥❝❲❘❱❘❴❲❳❝❹❬❭♣ ❸❳❹❢❱❘ ❺➈ ❳❝❵❳❩❯❲❘❴ ❲t❯❲

❲t❘ ➏❸❽ ✐❘❲❘❫❱❫❳❵❴ ❯❱❘ ❩❯❪❯❜❬❘ ❫❣ ❪❱❫❵❢❩❳❝❹ ❯❪❘➐ ✐❘❲❘❫❱❴❥

❺❺

185



❚�✁ ❆✂✄☎✆✝�✞✂✟✠✡☛ ❏✆☞☎✌✡☛✱ ✼✍✎✏✑✒✓ ✭✑✔✕✕✖✱ ✒✷✑✑ ❉✗✘✗✙✚✗✛ ✒✷ ◆✁✂✜✆☎✌➠✞ ✁✄ ✡☛✳

❋✢✣✤✥❡ ✶✦✧ ❖★✛ ✕✛✗r✗✛✛✗✩ ✙♦✩✗✪ r♦✛ t✫✗ ❈▼❖✬ ✙✗t✗♦✛✮✯ ✰✫✗ Þ✪✪✗✩ ❛✲✩ ★✲Þ✪✪✗✩ ✘❝✛✘✪✗✮ ✪❛✚✗✪ t✫✗ ❈▼❖✬ ✩❛t❛ r✛♦✙ ✴❝✐★✛✗✮ ✑✷ ❛✲✩ ✑✒ ❝✲ ❈❛✙✕✚✗✪✪✵✸✛♦✇✲ ✭✒✷✷✹✖✯ ✰✫✗
Þ✪✪✗✩ ✘❝✛✘✪✗✮ ❛✛✗ ✛❛✇ ❈▼❖✬ ✩❛t❛ ✇✫✗✛✗ ✲♦ ✛❛✩❝❛✲t ✘★t♦rr ✇❛✮ ❛✕✕✪❝✗✩ t♦ ✮✗✕❛✛❛t✗ ✩❝rr✗✛✗✲t ✮♦★✛✘✗✮✯ ✰✫✗ ★✲Þ✪✪✗✩ ✘❝✛✘✪✗✮ ✮✫♦✇ t✫✗ ✩❝✮t✛❝✚★t❝♦✲✮✱ ✇✫✗✛✗ t✫✗ ❛✲t❝✫✗✪❝♦✲
✮♦★✛✘✗ ✇❛✮ ❝✮♦✪❛t✗✩ ✚❜ t✫✗ ✛❛✩❝❛✲t ✘★t♦rr ✩✗Þ✲✗✩ ❝✲ ✰❛✚✪✗ ✑ ❝✲ ❈❛✙✕✚✗✪✪✵✸✛♦✇✲ ✭✒✷✷✹✖✯ ✰✫✗✮✗ ✩❝✮t✛❝✚★t❝♦✲✮ ✇✗✛✗ ✘♦✛✛✗✘t✗✩ r♦✛ t✫✗ ♦✚✮✗✛✺❝✲✐ ✚❝❛✮✗✮ ❛✲✩ ✙❛✮✮ ✇✗❝✐✫t✗✩✯
✰✫✗ ✫✗✪❝♦✲ ✙✗t✗♦✛✮✱ ✲♦t ✮✫♦✇✲ ✫✗✛✗✱ ✫❛✺✗ t✫✗ ✘♦✛✛✗✘t✗✩ ❈▼❖✬ ✩❝✮t✛❝✚★t❝♦✲✮ ✺✗✛❜ ✮❝✙❝✪❛✛ t♦ t✫♦✮✗ ✕✪♦tt✗✩ ✫✗✛✗✯ ❉❝rr✗✛✗✲t ✪❝✲✗✮ ✮✫♦✇ t✫✗ ✙♦✩✗✪ ✛✗✮★✪t✮ r♦✛ ■✻ ❂ ✷
✭✩♦tt✗✩✖✱ ■✻ ❂ ✑ ✭✮♦✪❝✩✖✱ ❛✲✩ ■✻ ❂ ✑ ✇❝t✫ ✛❛✩❝❛✲t ✘★t♦rr ✭✩❛✮✫✗✩✖✯ ❲✗ ★✮✗✩ t✫✗ ✮❛✙✗ ✕❛✛❛✙✗t✗✛✮ ❛✮ ❝✲ ✴❝✐★✛✗ ✑✒✱ ✗①✘✗✕t r♦✛ ❙ ❂ ✑✷✷ ❛✲✩ ✽ ❂ ✒✯ ✰✫✗✮✗ ❛✮✮★✙✗✩
✕❛✛❛✙✗t✗✛✮ ❛✛✗ ✲♦t ❝✲✘♦✲✮❝✮t✗✲t ✇❝t✫ t✫♦✮✗ ★✮✗✩ ❝✮ ✴❝✐★✛✗ ✑✷✱ ✚✗✘❛★✮✗ t✫✗❜ ❛✕✕✪❜ t♦ ✪❛✛✐✗✛ ✕❛✛t❝✘✪✗✮✯ ✴❝✐★✛✗✮ ✑✷ ❛✲✩ ✑✍ ✘❛✲ t✫✗✛✗r♦✛✗ ✚✗ t✫♦★✐✫t ❛✮ ❛ ✮❝✙★✪t❛✲✗♦★✮ Þt t♦
t✫✗ ✛❛✩❛✛ ✩❛t❛✯ ✾♦t✗ t✫❛t t✫✗ ❳✵❛①❝✮ ✛❛✲✐✗✮ ✇✗✛✗ ✘✫❛✲✐✗✩ ✫✗✛✗ ✛✗✪❛t❝✺✗ t♦ t✫✗ ✕✛✗✺❝♦★✮ Þ✐★✛✗✮ t♦ ✮✫♦✇ t✫❝✲✐✮ ✙♦✛✗ ✘✪✗❛✛✪❜✯

❋✢✣✤✥❡ ✶✿✧ ✬❛✩❝❛✲t✮ r♦✛ ■✻ ❂ ✑ ❛✲✩✏ ✭✑✖ ❙ ❂ ✑✱ ❛✲✩ ✭✚✖ ❙ ❂ ✑✷✷✯ ✰✫✗
✙♦✩✗✪ ✕❛✛❛✙✗t✗✛✮ ★✮✗✩ ✫✗✛✗ ❛✛✗ t✫✗ ✮❛✙✗ ❛✮ ❝✲ ✴❝✐★✛✗✮ ✑✒ ❛✲✩ ✑✎✯ ✰✫✗ ✐✛❛❜
✮✘❛✪✗ ✮✫♦✇✮ t✫✗ ✛❛✩❝❛✲t ✩✗✲✮❝t❜ t✫❛t ✇❛✮ ✲♦✛✙❛✪❝♥✗✩ t♦ ✑ ❛t ❝t✮ ✙❛①❝✙★✙✯ ✰✫✗
✩❛✮✫✗✩ ✛✗✘t❛✲✐✪✗✮ ❝✲ ✚♦t✫ ✕❛✲✗✪✮ ✩✗✲♦t✗ ♦★✛ ✛❛✩❝❛✲t ✮✗✪✗✘t❝♦✲ ✘✛❝t✗✛❝❛ ✩✗Þ✲✗✩ ❝✲
❀✗✘t❝♦✲ ✒✯✔✯

❁❃❄❅❄ ❇❊❄● ❊❇♣❍❑▲P❄❅ ❃❇✈❄ ❊♣◗❘♣❇❯❄ ◗♣❱❑❍❅❨ P◗❩ ❑❬❊❇▲❍ ❅❊❄❄❯❅❨

❇❭❯ ✈❄♣❪ P◗❩ ❅❄❬❑❬❇❫◗♣ ❇●❄❅❴ ❁❃❄❪ ❑❬❊❇▲❍ ❢♣◗❬ ❍❃❄ ❇❊❄●

❯❑♣❄▲❍❑◗❭ ❱❄▲❇❵❅❄ ❍❃❄❑♣ ◗♣❱❑❍❇P ❅❊❄❄❯ ❭❄❇♣ ❍❃❄ ❇❊❃❄P❑◗❭ ❇❍ ❞ ❣❤

❑❅ ❅❬❇PP❄♣ ❍❃❇❍ ❍❃❄ ❥❇♣❍❃❦❅ ◗♣❱❑❍❇P ❅❊❄❄❯❴ ❁❃❄ ▲◗❭❍♣❑❱❵❍❑◗❭ ◗❢

❧♠q ❬❄❍❄◗♣◗❑❯❅ ❍◗ ❇❊❄● ❬❄❍❄◗♣❅ ❅❃◗❵P❯ ❱❄ ❅❬❇PP❨ ❃◗❩❄✈❄♣❨

♣❄P❇❍❑✈❄ ❍◗ ❍❃◗❅❄ ❊♣◗❯❵▲❄❯ ❱❪ ❍❃❄ ♣❄❍♣◗❘♣❇❯❄ s❁q ❇❭❯✉◗♣ ②qq

❬❄❍❄◗♣◗❑❯❅❴ ③❄ ✈❄♣❑④❄❯ ❍❃❇❍ ◗❭P❪ ❇ ❅❬❇PP ❢♣❇▲❍❑◗❭ ⑤⑥❞⑦⑧ ◗❢ ❍❃❄

❧♠q ❬❄❍❄◗♣◗❑❯❅ ▲❇❭ ♣❄❇▲❃ ♣❄❍♣◗❘♣❇❯❄ ◗♣❱❑❍❅❴

⑨⑩⑨⑩ ❶❷❸❹

❤❅❑❭❘ ❍❃❄ ❬❄❍❃◗❯❅ ❯❄❅▲♣❑❱❄❯ ❑❭ ❺❄▲❍❑◗❭❅ ❻❴❼ ❇❭❯ ❻❴❽❨ ❩❄

▲◗❬❊❵❍❄❯ ❍❃❄ ❾❿➀ ß❵●❄❅ ❢◗♣ ❇PP ❬◗❯❄P❅ ▲◗❭❅❑❯❄♣❄❯ ❑❭ ❍❃❄

❊♣❄✈❑◗❵❅ ❅❄▲❍❑◗❭❴ s❄♣❄ ❩❄ ❑PP❵❅❍♣❇❍❄ ❍❃❄❅❄ ♣❄❅❵P❍❅ ❇❭❯ ▲◗❬❊❇♣❄

❍❃❄❬ ❩❑❍❃ ❍❃◗❅❄ ◗❱❍❇❑❭❄❯ ❱❪ ❶❷❸❹❴ ➁❄❢◗♣❄ ❩❄ ❯◗ ❅◗❨ ❃◗❩❄✈❄♣❨

❩❄ ❩❇❭❍ ❍◗ ❄❬❊❃❇❅❑➂❄ ❍❃❇❍ ❍❃❄ ➃q ❑❅ ❑❭ ❇PP P❑➄❄P❑❃◗◗❯ ❇ ❬❑●❍❵♣❄

◗❢ ❅❄✈❄♣❇P ❊❇♣❍❑▲P❄ ❊◗❊❵P❇❍❑◗❭❅❨ ❑❭▲P❵❯❑❭❘ ▲◗❭❍♣❑❱❵❍❑◗❭ ❢♣◗❬

❇❅❍❄♣◗❑❯❅ ❇❭❯ P◗❭❘➅❊❄♣❑◗❯ ▲◗❬❄❍❅ ⑤❅❄❄❨ ❄❴❘❴❨ ➆❞➇⑧❨ ❩❃❑P❄ ❃❄♣❄

❩❄ ◗❭P❪ ❬◗❯❄P ❍❃❄ ❧♠q ▲◗❬❊◗❭❄❭❍❴ ❁❃❄ ❱❄❅❍ ④❍❅ ◗❱❍❇❑❭❄❯ ❍◗

❶❷❸❹ ◗❱❅❄♣✈❇❍❑◗❭❅ ❑❭ ❍❃❑❅ ❩◗♣➄ ❇♣❄ ❍❃❄♣❄❢◗♣❄ ◗❭P❪ ❇❊❊♣◗●❑❬❇❍❄

❇❭❯ ▲◗❵P❯ ❱❄ ❬◗❯❑④❄❯ ❑❢ ◗❍❃❄♣ ▲◗❬❊◗❭❄❭❍❅ ◗❢ ❍❃❄ ➃q ❩❄♣❄

▲◗❭❅❑❯❄♣❄❯❴

♠❑❘❵♣❄ ❞➈ ❅❃◗❩❅ ◗❵♣ ♣❄❅❵P❍❅ ❢◗♣ ➉➊ ➋ ❞➇➇➭❬❨ ➌➍ ➋ ❻❨

➌➎ ➋ ❽❨ ➏ ➋ ➇❨ ❇❭❯ ➐ ➋ ❞❨ ▲◗♣♣❄❅❊◗❭❯❑❭❘ ❍◗ ♠❑❘❵♣❄❅ ❼

❇❭❯ ❽❴ ❁❃❄ ❬◗❯❄P ❾❿➀ ❊♣◗④P❄❅ ❇♣❄ ❅P❑❘❃❍P❪ ❭❇♣♣◗❩❄♣ ❍❃❇❭ ❍❃❄

◗❱❅❄♣✈❄❯ ◗❭❄❅❨ ❱❵❍ ◗❍❃❄♣❩❑❅❄ ▲◗♣♣❄❅❊◗❭❯ ❍◗ ❶❷❸❹ ❬❄❇❅❵♣❄❬❄❭❍❅

♣❄❇❅◗❭❇❱P❪ ❩❄PP❴ ♠◗♣ ❄●❇❬❊P❄❨ ❇ ❅❬❇PP❨ ➑❞➇⑦ ▲◗❭❍♣❑❱❵❍❑◗❭ ❢♣◗❬

❇ ❅◗❵♣▲❄ ❩❑❍❃ ❇ ❬◗♣❄ ❑❅◗❍♣◗❊❑▲ ❯❑❅❍♣❑❱❵❍❑◗❭ ◗❢ ❑❭▲P❑❭❇❍❑◗❭❅❨ ❅❵▲❃

❇❅ s❁q❅ ❇❭❯✉◗♣ ②qq❅❨ ❩◗❵P❯ ❄❇❅❑P❪ ▲◗❬❊❄❭❅❇❍❄ ❢◗♣ ❍❃❄ ❅❬❇PP

❯❑❢❢❄♣❄❭▲❄❴ ❺❄❄ ➆❞➇ ❢◗♣ ❇ ❯❑❅▲❵❅❅❑◗❭ ◗❢ ❇❯❯❑❍❑◗❭❇P ❅◗❵♣▲❄❅ ❍❃❇❍

❩❄♣❄ ❭◗❍ ❬◗❯❄P❄❯ ❃❄♣❄❴

❣ ❯❑❢❢❄♣❄❭❍ ❩❇❪ ❍◗ ❱♣❑❭❘ ❍❃❄ ❬◗❯❄P ❇❭❯ ◗❱❅❄♣✈❇❍❑◗❭❅ ❑❭❍◗ ❇

▲P◗❅❄♣ ❇❘♣❄❄❬❄❭❍ ❑❅ ❍◗ ❇❅❅❵❬❄ ❍❃❇❍ ➏ ⑥ ➇❴ ③❑❍❃ ➏ ⑥ ➇❨ ❍❃❄
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✕❛✛❛✙✗✮✗✛✬ ❛✬ ❧✯ ❃❧✲✉✛✗ ✍✏ ❄❅ ❂ ✑✷✷➭✙✱ ❇❈ ❂ ✒✱ ❇❊ ❂ ✺✱ ● ❂ ✷ ❛✯✰ ❙ ❂ ✑✵

❞❑▲❖P❑◗❘❖❑t❯ t❱ ❲❳❨ ♣❩P❖❑❬❭❪▲ ❑▲ ❫❪❑❴❵❖❪❞ ❖t❫❩P❞ ❭t❫ ❝ ❩❯❞ ❑▲

♣Pt❣❪❬❖❪❞ ❖t ❩ ❫❑❞❪P P❩❯❴❪ t❱ ❤ ❫❵❪❯ t◗▲❪P♦❪❞ ❱Pt✐ ❥ ❦ ♠ ♥qs

①❱ ② ③ ④⑤ t❯ ❖❵❪ t❖❵❪P ❵❩❯❞⑤ ❖❵❪ ❞❑▲❖P❑◗❘❖❑t❯ ❑▲ ❫❪❑❴❵❖❪❞ ❖t❫❩P❞

❭❩P❴❪ ❝ ❩❯❞ ❑▲ ▲❪❪❯ ❬❭t▲❪P ❖t ❖❵❪ ❪❬❭❑♣❖❑❬s ⑥❪ ❖❪▲❖❪❞ ❩ ❬t❯❖❑❯❘t❘▲

P❩❯❴❪ t❱ ② ♦❩❭❘❪▲ ❩❯❞ ❱t❘❯❞ ❖❵❩❖ ② ⑦ ⑧♠⑨⑩ ♣Pt♦❑❞❪❞ ❖❵❪ ◗❪▲❖

✐❩❖❬❵ ❖t ❖❵❪ ❶❝❷❸ t◗▲❪P♦❩❖❑t❯▲ ❹❳❑❴❘P❪ ♠❺❻s

❼❵❪ ❪❱❱❪❬❖▲ t❱ ❩❞❞❑❖❑t❯❩❭ ▲t❘P❬❪▲ ❩❯❞ ② ❽❦ ④ t❯ ❖❵❪ ❾①❿

♣Pt➀❭❪▲ ❩P❪ ❖t ▲t✐❪ ❞❪❴P❪❪ ❞❪❴❪❯❪P❩❖❪ ❑❯ ❖❵❪ ❶❝❷❸ ✐t❞❪❭s

❼❵❪➁ ❫t❘❭❞ ◗❪ ❞❑❱➀❬❘❭❖ ❖t ▲❪♣❩P❩❖❪⑤ ◗❩▲❪❞ ▲t❭❪❭➁ t❯ ✐t❞❪❭➂

❑❯❴ t❱ ❖❵❪ ❶❝❷❸ t◗▲❪P♦❩❖❑t❯▲⑤ ❑❱ ❫❪ ❑❯❬❭❘❞❪❞ ❩❞❞❑❖❑t❯❩❭ ▲t❘P❬❪▲

❑❯ ❖❵❪ ♣P❪▲❪❯❖ ❫tP➃s ❳tP ❪➄❩✐♣❭❪⑤ ❩▲ ❞❑▲❬❘▲▲❪❞ ❩◗t♦❪⑤ ❖❵❪

❾①❿ ♣Pt➀❭❪▲ ◗❪❬t✐❪ ◗Pt❩❞❪P⑤ ❩❯❞ ✐tP❪ ▲❑✐❑❭❩P ❖t ❖❵❪ ❶❝❷❸

✐❪❩▲❘P❪✐❪❯❖▲⑤ ❑❱ ② ➅ ④ ❩❯❞➆tP ❑❱ ▲t❘P❬❪▲ ❫❑❖❵ ❩ ✐tP❪

❑▲t❖Pt♣❑❬ ❑❯❬❭❑❯❩❖❑t❯ ❞❑▲❖P❑◗❘❖❑t❯ ❩P❪ ❑❯❬❭❘❞❪❞ ❹➇♠④❻s ➈❯ ❖❵❪

t❖❵❪P ❵❩❯❞⑤ ❩ ▲✐❩❭❭ ❩▲❖❪Pt❑❞ ❬t❯❖P❑◗❘❖❑t❯ ❩❖ ❖❵❪ ➉➊➋➌♠④➋

❭❪♦❪❭ ❹➇❪▲♦tP❯➍➁ ❪❖ ❩❭s ➎④④➏❻ ❫t❘❭❞ ♣Pt❞❘❬❪ ▲❭❑❴❵❖❭➁ ❯❩P➂

Pt❫❪P ♣Pt➀❭❪▲ ❖❵❩❯ ❖❵t▲❪ t◗❖❩❑❯❪❞ ❫❑❖❵ ❖❵❪ ❲❳❨▲ ❩❭t❯❪ ❹➇♠④❻s

♥ ❖❫t➂▲t❘P❬❪ ✐t❞❪❭ ❫❑❖❵ ❲❳❨▲ ❩❯❞ ❩▲❖❪Pt❑❞▲ ❫t❘❭❞ ❖❵❘▲

P❪➐❘❑P❪ ② ➅ ④s

❼❵❪ ❾①❿ ♣Pt➀❭❪▲ t◗❖❩❑❯❪❞ ❑❯ t❘P ✐t❞❪❭ ❩P❪ ❯t❖ t♦❪P❭➁

▲❪❯▲❑❖❑♦❪ ❖t ❖❵❪ ❩▲▲❘✐♣❖❑t❯▲ t❯ ❖❵❪ ❬t❭❭❑▲❑t❯❩❭ ❭❑❱❪❖❑✐❪▲ t❱

♣❩P❖❑❬❭❪▲s ❳tP ❪➄❩✐♣❭❪⑤ ❑❯❬P❪❩▲❑❯❴ ❖❵❪ ❬t❭❭❑▲❑t❯❩❭ ❭❑❱❪❖❑✐❪ t❱

✐❑❭❭❑✐❪❖❪P➂▲❑➑❪❞ ♣❩P❖❑❬❭❪▲ P❪❭❩❖❑♦❪ ❖t ❖❵❪ ➒➓➊ ✐t❞❪❭⑤ ❫❵❑❬❵ ✐❩➁

◗❪ ❯❪❪❞❪❞ ❖t ✐❩❖❬❵ ❨❾➈❿ t◗▲❪P♦❩❖❑t❯▲ ❹➔❪❬❖❑t❯ ⑩s➎❻⑤ ❞t❪▲ ❯t❖

❩❱❱❪❬❖ ❖❵❪ P❪▲❘❭❖▲ t◗❖❩❑❯❪❞ ❵❪P❪⑤ ◗❪❬❩❘▲❪ ❖❵❪ →❨➣▲ ❬Pt▲▲ ▲❪❬❖❑t❯

❑▲ ✐❩❑❯❭➁ ❑❯ ↔ ↕ ➎④④➙✐ ♣❩P❖❑❬❭❪▲ ❹➇♠④❻s

①❯ ❩❞❞❑❖❑t❯⑤ ❖❵❪ ✐t❞❪❭ ♣Pt➀❭❪▲ ❩P❪ ❩❭▲t ❑❯▲❪❯▲❑❖❑♦❪ ❖t ❖❵❪ ❑❯♣❘❖

➔❳➛ t❱ ❖❵❪ ❲❳❨ ♣❩P❖❑❬❭❪▲s ❼❵❑▲ ❑▲ ◗❪❬❩❘▲❪ ❖❵❪ ❲❳❨ ♣❩P❖❑❬❭❪▲ ❫❑❖❵

↔ ↕ ➎④④ ➙✐ ❵❩♦❪ ➜➝➞➟➟ ❖❵❩❖ ❪➄❬❪❪❞▲ ❖❵❪❑P ➡➂❿ ❞P❩❴ ❭❑❱❪❖❑✐❪▲s ♥❭❭

❖❵❪▲❪ ♣❩P❖❑❬❭❪▲ ❖❵❪P❪❱tP❪ ❵❩♦❪ Pt❘❴❵❭➁ ▲❑✐❑❭❩P tP◗❑❖❩❭ ❵❑▲❖tP❑❪▲

❩❯❞ ♣Pt❞❘❬❪ ▲❑✐❑❭❩P ❾①❿ ♣Pt➀❭❪▲s ❼❵❑▲ ❪➄♣❭❩❑❯▲ ❫❵➁ ❫❪ t◗❖❩❑❯

❋✢✣✤✥❡ ✶➢✧ ➤❛✙✗ ❛✬ ❃❧✲✉✛✗ ✑✔✱ ✚✉✮ ✇❧✮✴ ● ❂ ➥✑➦✎✵ ✸✴✗ ✛❛✰❧❛✫ ✰❧✬✮✛❧✚✉✮❧r✯
r✚✮❛❧✯✗✰ ✇❧✮✴ ● ❂ ➥✑➦✎ ✫✗❛✰✬ ✮r ✮✴✗ ✚✗✬✮ ✪✮ ✮r ■✹✻✽ r✚✬✗✛✈❛✮❧r✯✬✱ ❛✮ ✫✗❛✬✮ ❢r✛
✮✴✗ ❧✯✕✉✮ ➤❃❉ ❛✬✬✉✙✗✰ ✴✗✛✗✵ ✸✴✗▼★✩ ✕✛r✪✫✗✬✱ ✴r✇✗✈✗✛✱ ❛✛✗ ✯r✮ r✈✗✛✫❜ ✬✗✯✬❧✮❧✈✗
✮r ✮✴✗ ❛✬✬✉✙✗✰ ➤❃❉✵

❯❪❩P❭➁ ❑❞❪❯❖❑❬❩❭ P❪▲❘❭❖▲ ❱tP ❩❭❭ ↔➧ ➅ ➎④④➙✐s
➨➩

❼❵❪ ❪❱❱❪❬❖▲ t❱

➫➨ ❩❯❞ ➫➯ ❩P❪ ❩❭▲t ✐❑❯tPs

➲➳➵➳ ➸➺ ➻➼➽➽ ➼➾➚ ➺➪➶➽➽ ❸➹➘➴➷➶➾➬ ➼➾➚ ➻➼➽➽ ❶➾➮➱✃ ➶➾ ❐➼➪➴❒

❼❵❪ ❬t✐♣❩P❑▲t❯ t❱ t❘P ✐t❞❪❭ ❫❑❖❵ ❖❵❪ ❶❝❷❸ ❞❩❖❩ ❑▲ ❑✐♣tP❖❩❯❖

◗❪❬❩❘▲❪ ❑❖ ❩❭❭t❫▲ ❘▲ ❖t t◗❖❩❑❯ ❖❵❪ ❩◗▲t❭❘❖❪ ❬❩❭❑◗P❩❖❑t❯ t❱ ❖❵❪

❯❘✐◗❪P t❱ ♣❩P❖❑❬❭❪▲ ❑❯ ❖❵❪ →❨ ❹tP⑤ ✐tP❪ ♣P❪❬❑▲❪❭➁⑤ ❖❵❪❑P ❖t❖❩❭

❬Pt▲▲ ▲❪❬❖❑t❯❻s ❼❵❑▲ ❬❩❭❑◗P❩❖❑t❯ ❬❩❯ ❖❵❪❯ ◗❪ ❘▲❪❞ ❖t ❪▲❖❑✐❩❖❪ ❖❵❪

P❩❖❪ t❱ ❖❵❪ ❖❪PP❪▲❖P❑❩❭ ❩❬❬P❪❖❑t❯ t❱ ❑❯❖❪P♣❭❩❯❪❖❩P➁ ✐❩❖❪P❑❩❭⑤ ◗t❖❵

❫❑❖❵ ❩❯❞ ❫❑❖❵t❘❖ ❖❵❪ ❑t❯❑➑❩❖❑t❯ ❬❘❖t❱❱⑤ ❫❑❖❵ ❖❵❪ ❱tP✐❪P ❪▲❖❑✐❩❖❪

◗❪❑❯❴ P❪❭❪♦❩❯❖ ❖t P❩❞❩P t◗▲❪P♦❩❖❑t❯▲s ➇t❖❪ ❖❵❩❖ ❑❖ ❑▲ ✐tP❪ ❞❑❱➀❬❘❭❖

❖t ❞❪P❑♦❪ ❖❵❪ t♦❪P❩❭❭ ❖❪PP❪▲❖P❑❩❭ ❩❬❬P❪❖❑t❯ P❩❖❪ ❱Pt✐ ❖❵❪ ✐❪❖❪tP

P❩❞❩P ✐❪❩▲❘P❪✐❪❯❖▲ ❩❭t❯❪⑤ ◗❪❬❩❘▲❪ ❞❑❱❱❪P❪❯❖ P❩❞❩P ❑❯▲❖P❘✐❪❯❖▲

❵❩♦❪ ❞❑❱❱❪P❪❯❖ ❞❪❖❪❬❖❑t❯ ▲❪❯▲❑❖❑♦❑❖❑❪▲⑤ ❩❯❞ ▲t✐❪⑤ ▲❘❬❵ ❩▲ ❖❵❪

❭❪▲▲ ▲❪❯▲❑❖❑♦❪ ❨❾➈❿⑤ ❞t ❯t❖ ❞❪❖❪❬❖ ❖❵❪ ♦❪P➁ ▲✐❩❭❭ ❩❯❞➆tP ▲❭t❫

✐❪❖❪tPt❑❞▲ ❹▲❪❪ ❞❑▲❬❘▲▲❑t❯ ❑❯ ➔❪❬❖❑t❯ ❮❻s

q❯❭❪▲▲ ❫❪ ▲♣❪❬❑❱➁ t❖❵❪P❫❑▲❪⑤ ❩❭❭ ❪▲❖❑✐❩❖❪▲ ➐❘t❖❪❞ ◗❪❭t❫ ❫❪P❪

t◗❖❩❑❯❪❞ ❱tP ❖❵❪ ❱❘❭❭ ▲❑➑❪ P❩❯❴❪ t❱ ♣❩P❖❑❬❭❪▲ ◗❪❖❫❪❪❯ ↔ ❦ ➊➙✐

❩❯❞ ↔ ❦ ♠ ❬✐ ❹♠④
❰➨Ï ❴ ❖t ♠ ❴ ❱tP Ð ❦ ➎ ❴ ❬✐

❰Ñ❻s ❼❵❪▲❪

❪▲❖❑✐❩❖❪▲ ❯❪❪❞ ❖t ◗❪ ❬t❯▲❑❞❪P❪❞ ❫❑❖❵ ❬❩❘❖❑t❯ ◗❪❬❩❘▲❪ ❖❵❪➁ ❫❪P❪

t◗❖❩❑❯❪❞ ❫❑❖❵ ❩♣♣Pt➄❑✐❩❖❪ ❑❯❑❖❑❩❭ ➔❳➛▲s ①❯ P❪❩❭❑❖➁⑤ ❖❵❪ ❯❘✐◗❪P

t❱ ♣❩P❖❑❬❭❪▲ P❪❭❪❩▲❪❞ ◗➁ ❲❳❨▲ ❬❩❯ ◗❪ ❩ ❬t✐♣❭❑❬❩❖❪❞ ❱❘❯❬❖❑t❯

t❱ Ò ❩❯❞ ▲❵t❘❭❞ ❩❭▲t ❞❪♣❪❯❞ t❯ ❖❵❪ ❬❑P❬❘✐▲❖❩❯❬❪▲ t❱ ❖❵❪

▲♣❭❑❖❖❑❯❴➆❞❑▲P❘♣❖❑t❯ ❪♦❪❯❖▲s

⑥❪ ▲❖❩P❖ ◗➁ ❞❑▲❬❘▲▲❑❯❴ ❖❵❪ ❖t❖❩❭ ❬Pt▲▲➂▲❪❬❖❑t❯ ❩P❪❩ ❹ÓÔÕ❻ ❩❯❞

✐❩▲▲ ❹ÖÔÕ❻ t❱ ♣❩P❖❑❬❭❪▲ ❑❯ ❖❵❪ →❨s ❳tP ❖❵❪ ▲❩➃❪ t❱ ▲❑✐♣❭❑❬❑❖➁⑤ ❫❪

❫❑❭❭ ❩▲▲❘✐❪ ❖❵❩❖ ⑩④ ↕ ↔➧ ↕ ⑩④④➙✐⑤ ➫➨ ➅ ⑩ ❩❯❞ ➫➯ ③ ❮⑤ ▲t

❖❵❩❖ ♣❩P❖❑❬❭❪▲ ❫❑❖❵ ▲❑➑❪▲ ◗❪❭t❫ ⑩④ ➙✐ ❩❯❞ ❩◗t♦❪ ⑩④④➙✐ ❞t ❯t❖

▲❖Pt❯❴❭➁ ❬t❯❖P❑◗❘❖❪ ❖t ❖❵❪ ❬Pt▲▲ ▲❪❬❖❑t❯ tP ✐❩▲▲⑤ ❩▲ ▲❘❴❴❪▲❖❪❞

❈× Ø✗ ✯r✮✗ ✮✴❛✮ ✮✴✗ ✙r✰✗✫ ✕✛r✪✫✗✬ r✚✮❛❧✯✗✰ ❢r✛ ● Ù ➥✑➦✎ ❛✯✰ ❄❅ ❂ ✑✷➭✙
❛✛✗ ✬✫❧✲✴✮✫❜ ✯❛✛✛r✇✗✛ ✮✴❛✯ ✮✴r✬✗ ✬✴r✇✯ ❧✯ ❃❧✲✉✛✗ ✑✼ ❢r✛ ❄❅ ❂ ✑✷✷➭✙✱
✚✗✘❛✉✬✗ ✬✙❛✫✫ ✕❛✛✮❧✘✫✗✬ ✰✛❧❢✮ ❢❛✬✮✗✛ ❛✯✰ ✮✴✗❧✛ ❧✯✘✫❧✯❛✮❧r✯✬ ❛✛✗ ✰❧✬✮✉✛✚✗✰ ✮r ❛
✫✗✬✬✗✛ ✰✗✲✛✗✗ ✚❜ ✕✫❛✯✗✮✬ ❛✯✰ ✕✫❛✯✗✮❛✛❜ ✛✗✬r✯❛✯✘✗✬✵
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✑✷✷ ✒ ❂ ❅✑❃✎ ✒❃✷ ✎❃✓ ❂❄✷✷ ✑✔✱✷✷✷ ✼✷✷✷ ❂✓✷

✑✷✷ ✒ ❂ ✑ ✒❃✎ ✍❃✷ ✍✷✷✷ ✑✍✱✷✷✷ ✎✑✷✷ ✑✎✷

✎✷ ✒ ❂ ✷ ✑❃❄ ✑❃✒ ✑✔✷✷ ✼✼✷✷ ❂✷✷ ✒✼

✎✷✷ ✒ ❂ ✷ ✎❃✍ ✑❂ ✑✓✱✷✷✷ ✒✔✱✷✷✷ ✑✓✱✷✷✷ ✎✎✷✷

❂✷ ✒ ✎❃❂ ✷ ✒❃❂ ✑✒ ✒❂✱✷✷✷ ✑❄✱✷✷✷ ✓✎✷✷ ✍✑✷✷

❂✷✰ ✒ ✎❃❂ ✷ ✒❃❂ ✑✑ ✑✎✱✷✷✷ ✑✼✱✷✷✷ ❄❂✷✷ ✎✎✷✷

✒✷✷ ✎❃❂ ❂❃✷ ✷ ✑❃✓ ✒❃✷ ✒✍✷✷ ✑✒✱✷✷✷ ✒✓✷✷ ✒✎✷

✒✷✷✰ ✎❃❂ ❂❃✷ ✷ ✒❃✑ ✎❃✷ ✎✍✷✷ ✑✑✱✷✷✷ ✒✱✓✷✷ ✒✒✷
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✥✩✫ ✯ ■ ✎ ✙✙ ✇✗✛✗ ✘♦✩✮★✫✗✛✗✫❃

❑▲ t❖P s♣P◗t❘❯❱ ❲❑sP❘❳❯t❨❲❬s ❲❭ t❖P ❪❫ ❴P❵❛❵❝ ❢P❯◗❖ Pt ❯❱❵ ✐❥❥♥q❝

❯❬r ❳❯❘❨❲✈s ❲t❖P❘ ②P❯s✈❘P②P❬ts ❴sPP❝ P❵❛❵❝ ❫P♣❱P◗❖❯ Pt ❯❱❵ ③④④⑤❝

❯❬r t❖P ❘P❭P❘P❬◗Ps t❖P❘P❨❬q❵

⑥❨t❖ t❖PsP ❯ss✈②♣t❨❲❬s ⑦P Þ❬r t❖❯t ③⑧⑨ × ③❥⑩⑩ ❶ ❷❸❹ ❶

♥⑧❺ × ③❥⑩⑩ ❻②❼❝ ⑦❖P❘P t❖P ❱❯❘❛P❘ ❳❯❱✈Ps ◗❲❘❘Ps♣❲❬r t❲ ❽❿ ➀

♥❥❥➁②❵ ➂❖❨s Pst❨②❯tP ❨s ❨❬ ❯ ❛❲❲r ❯❛❘PP②P❬t ⑦❨t❖ ➃③❥ ⑦❖❲

❭❲✈❬r t❖❯t ❷❸❹ ➀ ❴✐⑧❥➧❥⑧❺q×③❥⑩⑩ ❻②❼❵ ➂❖P ✈❬◗P❘t❯❨❬t▲ ❨❬ ❷❸❹

②❯❨❬❱▲ stP②s ❭❘❲② t❖P ✈❬◗P❘t❯❨❬t▲ ❨❬ ❽❿❝ ⑦❨t❖ ➄ ♣❘❲r✈◗❨❬❛ ❲❬❱▲

❯ ②❨❬❲❘ P❭❭P◗t❵ ➅❲❘ ❯ ❘P❭P❘P❬◗P❝ t❖P ②❲rP❱s s❖❲⑦❬ ❨❬ ➅❨❛✈❘Ps ③➆

❯❬r ③⑨ ❖❯❳P ❷❸❹ ➀ ✐⑧③ ×③❥⑩⑩ ❯❬r ✐⑧❥ ×③❥⑩⑩ ❻②❼❝ ❘Ps♣P◗t❨❳P❱▲

❴➂❯❑❱P ③q❵

➇❯ss ➈❸❹ ❨s ②❲❘P ♣❲❲❘❱▲ ◗❲❬st❘❯❨❬Pr t❖P❬ ❷❸❹❵ ➅❲❘ ♥❥ ➉

❽❿ ➉ ♥❥❥➁②❝ ➊⑩ ❶ ♥❝ ➊❼ ➋ ➌ ❯❬r ➍ ➀ ✐ ❛ ◗②➎➏

⑦P Pst❨②❯tP t❖❯t ③❥⑩➐ ❶ ➑❸❹ ❶ ③⑧❺ × ③❥❼➒ ❛❝ ⑦❨t❖ ❱❯❘❛P❘

❳❯❱✈Ps ◗❲❘❘Ps♣❲❬r❨❬❛ t❲ ❽❿ ➀ ♥❥❥➁②❵ ➅❲❘ ❯ ②❲❘P ❘Pst❘❨◗t❨❳P

❯ss✈②♣t❨❲❬ ⑦❨t❖ ❽❿ ➓ ③❥❥➁②❝ ⑦P Þ❬r t❖❯t ♥×③❥⑩➐ ❶ ➑❸❹ ❶

❺ × ③❥⑩➐ ❛❝ ⑦❖P❘P t❖P P➔❯◗t ❳❯❱✈P rP♣P❬rs ❲❬ ➊⑩❝ ➊❼❝ ❯❬r ➄ ❵

➅❲❘ ❯ ❘P❭P❘P❬◗P❝ t❖P ②❲rP❱s s❖❲⑦❬ ❨❬ ➅❨❛✈❘Ps ③➆ ❯❬r ③⑨ ❖❯❳P

➑❸❹ ➀ ♥⑧⑤×③❥⑩➐ ❯❬r ♥⑧④×③❥⑩➐ ❛❝ ⑦❖❨◗❖ ❘❲✈❛❖❱▲ ◗❲❘❘Ps♣❲❬rs

t❲ ❯ ♥♥ ❻② r❨❯②PtP❘ s♣❖P❘P ⑦❨t❖ ➍ ➀ ✐ ❛ ◗②➎➏❵

➂❖PsP ❘Ps✈❱ts ◗❲②♣❯❘P ⑦P❱❱ ⑦❨t❖ t❖❲sP ❘P♣❲❘tPr ❨❬ ➃③❥❝ ⑦❖P❘P

❨t ⑦❯s ❭❲✈❬r t❖❯t ✐⑧➆ × ③❥⑩➐ ❶ ➑❸❹ ❶ ❺⑧✐ × ③❥⑩➐ ❛❝ ✈❬rP❘ t❖P
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♣❯❘t❨◗❱Ps ❘P❱P❯sPr ⑦❨t❖ ❱❲⑦ ➝ ❖❯s s❖❲❘tP❘ ❱❨❭Pt❨②Ps ❯❬r ❬PPrs t❲

❑P ❘Ps✈♣♣❱❨Pr ❯t ❯ ❖❨❛❖P❘ ❘❯tP❵ ➞❭ ❽❿ ➉ ③❥❥➁②❝ ➛➑❸❹ ❘❯❬❛Ps
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⑦❖P❘P ❯ ❱❯❘❛P ♣❯❘t ❲❭ t❖P ➢✈❲tPr ✈❬◗P❘t❯❨❬t▲ ◗❲②Ps ❭❘❲② t❖P

♣❲❲❘❱▲ ◗❲❬st❘❯❨❬Pr ➄ ❵ ➃❲tP t❖❯t t❖P ❳❯❱✈Ps ❭❲❘ ➨ ❿ ➀ ❥⑧❥❥♥ ❯❬r

➨❿ ➀ ③ r❲ ❬❲t ❨❬◗❱✈rP ❯❬▲ ❘❯r❨❯❬t ◗✈t❲❭❭❵

➂❖P ✈❬◗P❘t❯❨❬t▲ ❑P◗❲②Ps ❱❯❘❛P❘ ❨❭ ❽
❿ ❨s ❯❱❱❲⑦Pr t❲ ❳❯❘▲

❴➅❨❛✈❘P ③⑤q❵ ➅❲❘ P➔❯②♣❱P❝ ⑦❨t❖ ➊⑩ ➀ ✐❝ ➊❼ ➀ ❺❝ ❯❬r ➄ ➀ ❥❝ ⑦P

❲❑t❯❨❬ ➛➑➒ ➀ ✐➆➺❥❥❥ t❲❬s ▲❘➎⑩❝ ➛➑➒➻➒➒➏ ➀ ③④➺❥❥❥ t❲❬s ▲❘➎⑩❝

❯❬r ➛➑⑩ ➀ ♥♥❥❥ t❲❬s ▲❘➎⑩ ❭❲❘ ❽❿ ➀ ♥❥❥➁②❝ ❯❬r ➛➑➒ ➀

⑨⑨❥❥ t❲❬s ▲❘➎⑩❝ ➛➑➒➻➒➒➏ ➀ ❺❥❥ t❲❬s ▲❘➎⑩❝ ❯❬r ➛➑⑩ ➀ ✐⑨ t❲❬s ▲❘➎⑩

❭❲❘ ❽❿ ➀ ♥❥➁②❵ ➩❱s❲❝ ❲✈❘ ♣❘P❭P❘❘Pr ②❲rP❱ ❭❲❘ t❖P ➩➇➫❢

②PtP❲❘s ❨❱❱✈st❘❯tPr ❨❬ ➅❨❛✈❘P ③❥ ❛❨❳Ps ➛➑➒ ➀ ③✐➺❥❥❥ t❲❬s ▲❘➎⑩❝

➛➑➒➻➒➒➏ ➀ ✐④❥❥ t❲❬s ▲❘➎⑩❝ ❯❬r ➛➑⑩ ➀ ✐♥❥ t❲❬s ▲❘➎⑩❵ →❨②❨❱❯❘❱▲❝

t❖P ②❲rP❱ ⑦❨t❖ ❽❿ ➀ ❺❥➁②❝ ➊⑩ ➀ ✐❝ ❯❬r ➊❼ ➀ ♥⑧❺ ❛❨❳Ps

➛➑➒ ➀ ③⑤➺❥❥❥ t❲❬s ▲❘➎⑩❝ ➛➑➒➻➒➒➏ ➀ ④♥❥❥ t❲❬s ▲❘➎⑩❝ ❯❬r

➛➑⑩ ➀ ➌③❥❥❝ ❲❘ ➛➑➒ ➀ ③⑨➺❥❥❥ t❲❬s ▲❘➎⑩❝ ➛➑➒➻➒➒➏ ➀ ⑤❺❥❥ t❲❬s ▲❘➎⑩❝

❯❬r ➛➑⑩ ➀ ♥♥❥❥❝ t❲❬s ▲❘➎⑩❝ ❨❭ t❖P s❨↕P ❘❯❬❛P ❲❭ t❖P ◗❲❬t❘❨❑✈t❨❬❛

♣❯❘t❨◗❱Ps ❨s ❘Pst❘❨◗tPr t❲ ③❥ ❶ ❽ ❶ ♥❥❥❥➁② ❴➂❯❑❱P ③q❵

➂❖P ❯❑❲❳P Pst❨②❯tPs ⑦❨t❖ ➨❿ ➀ ❥ ❯❘P ❯ ❭❯◗t❲❘ ❲❭ sP❳P❘❯❱

❱❲⑦P❘ t❖❯❬ t❖❲sP ❭❲✈❬r ❑▲ ➃③❥❵ ➂❖❨s r❨❭❭P❘P❬◗P ♣❘❲❑❯❑❱▲ stP②s

❭❘❲② s❲②P ❲❭ t❖P ◗❘✈rP ❯♣♣❘❲➔❨②❯t❨❲❬s ✈sPr ❑▲ ➃③❥❵ ➅❲❘

P➔❯②♣❱P❝ ➃③❥ r❨r ❬❲t ✈sP ❯ ◗❲❬t❨❬✈❲✈s →➅➣ ❲❭ ♣❯❘t❨◗❱Ps ❯❬r
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②✗⑨⑦◗✛❱➠❸✱ ❉❪✱❱◗♣✛◗❣❯✐❴✘♣➠❸✱ ❉❪✱ ❝◗♣◗✛❱➠❸✱ ❝❪✱ ♥ ❶❳❱✘❯✗⑨✱ ❉❪ ✒✷✑✑✱ ♠✕❶✱ ❴❱ ✕✛✗⑨⑨
➡❖✕❴♣✱ ❊❪ ❶❪ ✑✓⑩✑✱ ❝✛◗✘❪ ⑤❪ ⑧✛❴⑨❯ ♠✘❳❨❪ ❥✗✘❬❪ ♠✱ ⑩✍✱ ✑✔⑩
⑤✗❳✘❯✱ t❪ ❫❪✱ ③◗✛✛❴⑨✱ ❝❪✱ ❖◗❣✐❳❱❢✗✛✱ ✉❪✱ ♥ ❖♣❣✙❣✛❳✱ ⑥❪ ✒✷✷✎✱ ⑧✘❳✛❣⑨✱ ✑✔✍✱ ✎❦✍

⑤✗❳✘❯✱ t❪ ❫❪✱ ⑥✗✐✐✗❸✱ ③❪ ❥❪✱ ♥ ❥❸♣✗⑨✱ ③❪ ❱❪ ✒✷✷✼✱ ⑧✘❳✛❣⑨✱ ✑✓✑✱ ✒✓❦
ÿ❥❴❨✐❴✘❯◗⑦⑨♣➠❸✱ ③❪✱ ♥ ②✗⑨⑦◗✛❱➠❸✱ ❉❪ ✑✓✓✍✱ ♠♥♠✱ ✒❦✓✱ ✓✼✒
❫❳❸✐◗✛✱ ♠❪✱ ♥③✘❖✛❴❨✗✱ ②❪ ✑✓✓✼✱ ❥✗✘◗❱❨❊❣✛◗✕✗❳❱ ④◗❱❧✗✛✗❱✘✗ ◗❱ ❥✕❳✘✗❉✗✚✛❴⑨✱

✎✓✎✱ ✎✼⑩

❱❳✐⑨✗✘✘❯❴✱ ❵❪ ❖❪ ✑✓✓✓✱ ❴❱ ⑧♠❯ ④◗✐✐◗♦❪ ✑✼✎✱ ❊⑦◗✐❣❬❴◗❱ ❳❱❨ ❥◗❣✛✘✗ ⑤✗❢❴◗❱⑨ ◗❧

♠⑨❬✗✛◗❴❨⑨ ❳❱❨ ④◗✙✗❬⑨✱ ✗❨❪ ❶❪ ❥⑦◗✛✗❱✱❊❪ ③❪ ❝❴❬❬❴✘❯✱ ♥❭❪ ⑤❴✘♣✙❳❱ ✭❫❳❬✛❳❱⑨♣❳

❷◗✙❱❴✘❳✏ ♠⑨❬✛◗❱◗✙❴✘❳✐ ⑧❱⑨❬❴❬❣❬✗ ◗❧ ❬❯✗ ❥✐◗⑦❳♣ ♠✘❳❨✗✙❸ ◗❧ ❥✘❴✗❱✘✗⑨✖✱ ✎⑩✎
t✗❬❯✗✛❴✐✐✱ ❵❪ t❪ ✑✓✔✼✱ ❶❪ ❵✗◗✕❯❸⑨❪ ⑤✗⑨❪✱ ✼✒✱ ✒✍✒✓

t❯❴✕✕✐✗✱ ✉❪ ❷❪ ✑✓✎✓✱ ❝❣✚✐❪ ♠✙❪ ♠⑨❬✛◗❱❪ ❥◗✘❪✱ ✓✱ ✒✎⑩

t❯❴✕✕✐✗✱ ✉❪ ❷❪ ✑✓⑩✑✱ ♠✕❶✱ ✑✑✎✱ ✍✔✍

t❴✗❢✗✛❬✱ ❝❪✱❱❳❣✚❳❴✐✐◗❱✱ ❶❪✱ ♥④❳✙✕✚✗✐✐❹❖✛◗❺❱✱③❪ ✒✷✷✓✱ ⑧✘❳✛❣⑨✱ ✒✷✑✱ ✒✓⑩✭t✷✓✖

t❴⑨❨◗✙✱ ❶❪✱ ♥ ❭◗✐✙❳❱✱ ③❪ ✑✓✓✑✱ ♠❶✱ ✑✷✒✱ ✑⑩✒❦

✶❅
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Paper E
❚�✁ ❆✂✄☎✆✝�✞✂✟✠✡☛ ❏✆☞☎✌✡☛✱ ✼✍✎✏✑✒ ✭✑✓✔✔✕✱ ✑✓✷✖ ✗✘✙✚ ✷ ❞✛✜✏✷✓✶✷✓✍✍✢✓✓✓✖✣✤✥✼✦✢✼✍✎✢✷✢✑✒

❈✧ ★✩✪✫✬ ✮✯✰ ✲♠✰✳✴✵✸✹ ✲✺✻✳✽✹✽♠✴✵✸✾ ❙✽✵✴✰✻✿✬ ✲✾✾ ✳✴✐✯✻✺ ✳✰✺✰✳❡✰❀✬ P✳✴✹✻✰❀ ✴✹ ✻✯✰ ❯✬❙✬✲✬

❉❨◆❁▼❂❃❁❄ ▼❅❉❇❄ ❋❅❖ ❊●❇ ❊❅❖❅❂❉❁❄ ❍■❅❖❁❉❂❃ ▼❇❊❇❅❖❍

❑▲◗❘ ❑❱❲❱❘❳➠②❩❬ ❭❛❪❫❴ ❵❱❲❘❱♦❜❝❫❢❲➠②❩❬ ❭❛❪❫❴ ❣▲❤❪❱❘❳➠②❥❬ ❦❛❘❧❛❘▲◗ ♥❛♣qr▲❝❝st❘❱✉❳✈❬ ❛❳❴ ❑▲◗▲❘ t❘❱✉❳✈

✪ ✇①③④✜④✘④⑤ ✛⑥ ⑦③④⑧✛①✛⑨✚✱ ⑩❶❷⑧✙⑤③ ❸①✜❹⑤⑧③✜④✚✱ ❺ ❻✛✙⑤ÿ③✛❹✜ÿ❝�➠❷❝❶ ✑✱ ⑩❈✣✷✍✓✓✓ P⑧❷✁✘⑤ ✍✱ ⑩✂⑤❝❶ ❘⑤✔✘✄✙✜❝☎ ✔⑤④⑧✶✔✛�✛⑧①✚❅❹✛✙①✚✶❝✂✱ ❹✛�⑧✛✘❶✙❅❝⑤③①⑤④✶❝✂
★ ❉⑤✔❷⑧④⑨⑤①④ ✛⑥ ❙✔❷❝⑤ ❙④✘❞✜⑤③✱ ❙✛✘④❶♦⑤③④ ❘⑤③⑤❷⑧❝❶ ✇①③④✜④✘④⑤✱ ✷✓✒✓ ❲❷✙①✘④ ❙④⑧⑤⑤④✱ ❙✘✜④⑤ ✥✓✓✱ ❇✛✘✙❞⑤⑧✱ ⑩✆ ✍✓✥✓✑✱ ❸❙⑦☎ ❞❷❹✜❞①❅✄✛✘✙❞⑤⑧✶③♦⑧✜✶⑤❞✘

✸ ❉⑤✔❷⑧④⑨⑤①④ ✛⑥ P❶✚③✜❝③ ❷①❞ ⑦③④⑧✛①✛⑨✚✱ ❸①✜❹⑤⑧③✜④✚ ✛⑥ ❲⑤③④⑤⑧① ✆①④❷⑧✜✛✱ ▲✛①❞✛①✱ ✆❖ ❖✤⑦ ✥❑✼✱ ⑩❷①❷❞❷☎ ⑨❷⑧✁❷⑧⑤④✶❝❷⑨✔✄⑤✙✙❅✘♦✛✶❝❷✱ ✔✄⑧✛♦①❅✘♦✛✶❝❷
✝✞✟✞✠✡✞☛ ✷☞✌✍ ❏❛✎✏❛✑✒ ✷✌✓ ❛✟✟✞✔✕✞☛ ✷☞✌✍ ▼❛✒ ✌✶✓ ✔✏♣✖✠✗✘✞☛ ✷☞✌✍ ❏✏✎✞ ✌☞

❆✙✚✛✜❆✢✛

✣✤✥✦ t✧★✩ ★ ❞✦✪★❞✦ ✤✫ ✥★❞★✥ ✤✬✦✥★t✭✤✩✮ ❜✯ t✧✦ ✢★✩★❞✭★✩ ✣✦t✦✤✥ ✰✥❜✭t ✜★❞★✥ ✧★✈✦ ★✱✱✤✇✦❞ ❜✤t✧ ✯✤②✩✲ ★✩❞

♠✤❞✦✥★t✦✱✯ ✤✱❞ ✮t✥✦★♠✮ t✤ ❜✦ ❞✭✮t✭✩✲②✭✮✧✦❞ ✫✥✤♠ t✧✦ ❞✭✮✬✦✥✮✦❞ ✮✬✤✥★❞✭✪ ❜★✪✳✲✥✤②✩❞ ✪✤♠✬✤✩✦✩t✴ ✛✧✦ ✱★tt✦✥ ✧★✮ ❜✦✦✩

✪★t✦✲✤✥✭❣✦❞ ★✪✪✤✥❞✭✩✲ t✤ ❜✥✤★❞ ✥★❞✭★✩t ✥✦✲✭✤✩✮ ✈✭✮✭❜✱✦ t✤ ❊★✥t✧✵❜★✮✦❞ ✤❜✮✦✥✈✦✥✮ ✭✩t✤ t✧✥✦✦ ❜✥✤★❞ ✪✱★✮✮✦✮✹ t✧✦ ✧✦✱✭✤✩

★✩❞ ★✩t✭✵✧✦✱✭✤✩ ✮✤②✥✪✦✺ t✧✦ ✩✤✥t✧ ★✩❞ ✮✤②t✧ ★✬✦① ✮✤②✥✪✦✮✺ ★✩❞ t✧✦ ✩✤✥t✧ ★✩❞ ✮✤②t✧ t✤✥✤✭❞★✱ ✮✤②✥✪✦✮ ✻★✩❞ ★ ✥✦✱★t✦❞ ★✥✪

✮t✥②✪t②✥✦s✴ ✛✧✦ Þ✥✮t t✇✤ ★✥✦ ✬✤✬②✱★t✦❞ ♠★✭✩✱✯ ❜✯ ❞②✮t ✥✦✱✦★✮✦❞ ✫✥✤♠ ✼②✬✭t✦✥✵✫★♠✭✱✯ ✪✤♠✦t✮ ★✩❞ ✩✦✇ ✪✤♠✦t✮✴ ✽✥✤✬✦✥

♠✤❞✦✱✭✩✲ ✤✫ t✧✦ t✤✥✤✭❞★✱ ✮✤②✥✪✦✮ ✧★✮ ✩✤t t✤ ❞★t✦ ❜✦✦✩ ★✪✪✤♠✬✱✭✮✧✦❞✴ ❍✦✥✦✺ ✇✦ ❞✦✈✦✱✤✬ ★ ✮t✦★❞✯✵✮t★t✦ ♠✤❞✦✱ ✫✤✥ t✧✦

t✤✥✤✭❞★✱ ✮✤②✥✪✦ ✤✫ t✧✦ ✮✬✤✥★❞✭✪ ♠✦t✦✤✥✤✭❞ ✪✤♠✬✱✦①✺ ✪✤♠✬★✥✦ ✤②✥ ♠✤❞✦✱ ✇✭t✧ t✧✦ ★✈★✭✱★❜✱✦ ✥★❞★✥ ♠✦★✮②✥✦♠✦✩t✮✺ ★✩❞

✭✩✈✦✮t✭✲★t✦ ★ ✪✤✩t✥✭❜②t✭✤✩ ✤✫ ❞②✮t ✬★✥t✭✪✱✦✮ ✫✥✤♠ ✤②✥ ♠✤❞✦✱ t✤ t✧✦ ✇✧✤✱✦ ✬✤✬②✱★t✭✤✩ ✤✫ ✮✬✤✥★❞✭✪ ♠✦t✦✤✥✤✭❞✮✴ ✾✦ Þ✩❞

t✧★t t✧✦ ✱✤✩✲✵t✦✥♠ ✮t★❜✱✦ ✬★✥t ✤✫ t✧✦ t✤✥✤✭❞★✱ ✬★✥t✭✪✱✦✮ ✭✮ ♠★✭✩✱✯ ✫✦❞ ❜✯ ❞②✮t ✥✦✱✦★✮✦❞ ❜✯ ❍★✱✱✦✯ t✯✬✦ ✻✱✤✩✲ ✬✦✥✭✤❞s

✪✤♠✦t✮ ✻❍✛✢✮s✴ ✰②✥ ✮✯✩t✧✦t✭✪ ♠✤❞✦✱ ✥✦✬✥✤❞②✪✦✮ ♠✤✮t ✤✫ t✧✦ ✤❜✮✦✥✈✦❞ ✫✦★t②✥✦✮ ✤✫ t✧✦ t✤✥✤✭❞★✱ ✬★✥t✭✪✱✦✮✺ ✭✩✪✱②❞✭✩✲

t✧✦ ♠✤✮t t✥✤②❜✱✦✮✤♠✦ ✱✤✇✵✦✪✪✦✩t✥✭✪✭t✯ ✪✤♠✬✤✩✦✩t✺ ✇✧✭✪✧ ✭✮ ❞②✦ t✤ ★ ✪✤♠❜✭✩★t✭✤✩ ✤✫ t✇✤ ✦✫✫✦✪t✮✹ ✬★✥t✭✪✱✦✮✿ ★❜✭✱✭t✯

t✤ ❞✦✪✤②✬✱✦ ✫✥✤♠ ✼②✬✭t✦✥ ★✩❞ ✪✭✥✪②✱★✥✭❣✦ ❜✯ t✧✦ ✽✤✯✩t✭✩✲❀✜✤❜✦✥t✮✤✩ ✦✫✫✦✪t✺ ★✩❞ ✱★✥✲✦ ✪✤✱✱✭✮✭✤✩ ✬✥✤❜★❜✭✱✭t✯ ✫✤✥ ✤✥❜✭t✮

✮✭♠✭✱★✥ t✤ t✧★t ✤✫ t✧✦ ❊★✥t✧✴ ✰②✥ ✪★✱✭❜✥★t✦❞ ♠✤❞✦✱ ★✱✮✤ ★✱✱✤✇✮ ②✮ t✤ ✦✮t✭♠★t✦ t✧✦ t✤t★✱ ♠★✮✮ ✤✫ t✧✦ ❍✛✢✵✥✦✱✦★✮✦❞ ❞②✮t

✭✩ ✮✬★✪✦ ★✩❞ ✪✧✦✪✳ t✧✦ ß②① ✩✦✪✦✮✮★✥✯ t✤ ♠★✭✩t★✭✩ t✧✦ ✪✱✤②❞ ✭✩ ★ ✮t✦★❞✯ ✮t★t✦✴

❁❡❂ ❃❄❋●■◆ ✭✩t✦✥✬✱★✩✦t★✥✯ ♠✦❞✭②♠ ❀ ♠✦t✦✤✥✭t✦✮✺ ♠✦t✦✤✥✮✺ ♠✦t✦✤✥✤✭❞✮ ❀ ❣✤❞✭★✪★✱ ❞②✮t
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✦t ★✱✴ ❨❩❩❢❴ ❯✦✮✈✤✥✩♥✯ ✦t ★✱✴ ❨❩◗◗★s✴ ✛✧✭✮ ✭✮ ✤✩✱✯ ✩★t②✥★✱✺ ✮✭✩✪✦

✼❧✢✮ ★✥✦ t✧✦ ✪✱✤✮✦✮t ✈★✮t ✬✤✬②✱★t✭✤✩ ✤✫ ✮✤✱★✥ ✮✯✮t✦♠ ❜✤❞✭✦✮

✇✭t✧ ✮✭✲✩✭Þ✪★✩t ❞②✮t ✬✥✤❞②✪t✭✤✩✴ ❚t ✧★✮ ★✱✮✤ ❜✦✦✩ ✮✧✤✇✩ t✧★t t✧✦

✼❧✢✵✬✥✤❞②✪✦❞ ❞②✮t ✬★✥t✭✪✱✦✮ ✪✤✩t✥✭❜②t✦ ❞✤♠✭✩★✩t✱✯ t✤ t✧✦ t✧✦✥✵

♠★✱ ß②① ✫✥✤♠ t✧✦ ❣✤❞✭★✪★✱ ✪✱✤②❞ ★✮ ✮✦✦✩ ❜✯ ✮✬★✪✦ ✮②✥✈✦✯✮ ✮②✪✧

★✮ t✧✦ qr✉❋③④❡● ⑤■⑥❋❄r❄⑦⑧⑨③⑩ ❶③⑥❡⑩⑩⑧⑥❡ ✻q④⑤❶s ✤✥ ❷❄■⑦⑧⑨ ❸③⑨❹❺

❻❋❄❼r● ❽❾❿⑩❄❋❡❋ ✮✬★✪✦✪✥★✫t ✻✦✴✲✴✺ ❯✦✮✈✤✥✩♥✯ ✦t ★✱✴ ❨❩◗❩✺ ❨❩◗◗★s✴

✛✧✦ ★✬✦① ✮✤②✥✪✦ ✥★❞✭★✩t✮ ★✥✦ ✱✤✪★t✦❞ ★t ✦✪✱✭✬t✭✪ ✱★t✭t②❞✦

➀➧❨❩
❦
✩✤✥t✧ ★✩❞ ✮✤②t✧ ✫✥✤♠ t✧✦ ★✬✦① ❞✭✥✦✪t✭✤✩✴ ✛✧✦✮✦ ✬★✥t✭✪✱✦✮

✧★✈✦ ❜✦✦✩ ★✮✮✤✪✭★t✦❞ ✇✭t✧ ✮✤♠✦ ✱✤✩✲✵✬✦✥✭✤❞ ✪✤♠✦t✮ ✻❍✛✢✮s ✤✥

✦✈✦✩ ✩✦✇ ✻✰✤✥t ✪✱✤②❞s ✪✤♠✦t✮ ✻✰✢✢✮❴ ✦✴✲✴✺ ✼✤✩✦✮ ✦t ★✱✴ ❨❩❩◗❴

◗
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❲✐❡❣❡rt ❡t ✜❧✢ ✣✤✤✥❀✦❡s✈♦r♥✧② ❡t ✜❧✢ ✣✤★★✩❀ ✜♥❛❙❡✪t✐♦♥ ✹✢✫ ❤❡r❡✬✢

✮❤✐s ✐s ✜❧s♦ ✉♥s✉r✯r✐s✐♥❣✰ ✩❡✪✜✉s❡ ✩♦t❤ ❍✮✲s ✜♥❛ ❖✲✲s✴✵❤✐❧❡

✩❡✐♥❣♠♦r❡ ❛✐st✜♥t ❢r♦♠ t❤❡❊✜rt❤✴✜r❡ ✜❧s♦ ✈❡r② ✯r♦❧✐✶✪ s♦✉r✪❡s

♦❢ ❛✉st ✐♥ t❤❡ s♦❧✜r s②st❡♠✢

■♥ ✵❤✜t ❢♦❧❧♦✵s✰ ✵❡ ✪♦♥s✐❛❡r t❤❡ t❤✐r❛ ♦❢ t❤❡ s♦✉r✪❡ r❡❣✐♦♥s

❢♦r s✯♦r✜❛✐✪♠❡t❡♦r♦✐❛s✰ ♥✜♠❡❧② t❤❡ t♦r♦✐❛✜❧ ✯✜rt✐✪❧❡s✢ ✮❤❡ ♥♦rt❤

t♦r♦✐❛✜❧ s♦✉r✪❡ ✵✜s ✶rst ❛✐s✪♦✈❡r❡❛ ✜♥❛ ❢✉❧❧② ❛❡s✪r✐✩❡❛ ✐♥ t❤❡

❡✜r❧② ★✥✸✤s ❢r♦♠ t❤❡ ✜♥✜❧②s✐s ♦❢ ❍✜r✈✜r❛ ❘✜❛✐♦ ▼❡t❡♦r ✺r♦✻❡✪t

✽❍✜✵❦✐♥s ★✥✸✣✰ ★✥✸✫✬✰ ✵✐t❤ ❤✐♥ts ✪♦♠✐♥❣ ❢r♦♠ ❡✜r❧✐❡r ✯r♦✻❡✪ts

s✉✪❤ ✜s ✜t ✾♦❛r❡❧❧ ❇✜♥❦ ✽❡✢❣✢✰ ❉✜✈✐❡s ★✥✿❁❀ ❉✜✈✐❡s ❂ ●✐❧❧ ★✥✸✤✬✢

■ts ✪♦✉♥t❡r✯✜rt✰ t❤❡ s♦✉t❤ t♦r♦✐❛✜❧ s♦✉r✪❡ ✵✜s ✪♦♥✶r♠❡❛ ✐♥ ✜

st✉❛② ♦❢ ♠❡t❡♦r ♦r✩✐t s✉r✈❡②s ✩② ✾♦♥❡s ❂ ❇r♦✵♥ ✽★✥✥✫✬✰ ✜♥❛

❧✜t❡r ✐♥ t❤❡ ♠♦r❡ ❛❡t✜✐❧❡❛ st✉❛② ♦❢ ❃▼❖❘ ❛✜t✜ ✩② ●✜❧❧✐❣✜♥ ❂

❇✜❣❣✜❧❡② ✽✣✤✤✿✬✰ ♦r ✾✐✪✜♠✜r✪✜ ❤✐❣❤❄✯♦✵❡r ❧✜r❣❡❄✜✯❡rt✉r❡ r✜❛✜r

✩② ✲❤✜✉ ❡t ✜❧✢ ✽✣✤✤❁✬✢ ✮❤❡ ♠♦st ❛❡t✜✐❧❡❛ st✉❛② ♦❢ t❤❡ ♥♦rt❤

t♦r♦✐❛✜❧ ✪♦♠✯❧❡① s♦ ❢✜r ✵✜s ✯r❡s❡♥t❡❛ ✩② ✲✜♠✯✩❡❧❧❄❇r♦✵♥ ❂

❲✐❡❣❡rt ✽✣✤✤✥✬✢ ❃♥ ♦✯t✐✪✜❧ ✪♦♠✯♦♥❡♥t ♦❢ t❤❡ ♥♦rt❤ t♦r♦✐❛✜❧

s♦✉r✪❡ ✵✜s ✜❧s♦ ✐❛❡♥t✐✶❡❛ ✽s❡❡✰ ❡✢❣✢✰ ❍✜s❤✐♠♦t♦ ❡t ✜❧✢ ✣✤★★✬✢

■t ✐s ✐♥t❡r❡st✐♥❣✰ ✜♥❛ t♦ s♦♠❡ ❡①t❡♥t ✜✪t✉✜❧❧② ✯✉♣♣❧✐♥❣✰ t❤✜t

✉♥❛❡rst✜♥❛✐♥❣ t❤❡ ✯✜r❡♥t s♦✉r✪❡ ❢♦r t❤❡ t♦r♦✐❛✜❧ ✯✜rt✐✪❧❡s ❤✜s

✯r♦✈❡❛ t♦ ✩❡ t❤❡ ♠♦st ❛✐❢✶✪✉❧t ♦❢ ✜❧❧ t❤❡ s✯♦r✜❛✐✪ s♦✉r✪❡s✢ ✮❤❡✐r

✜✯✯✜r❡♥t s♦✉r✪❡ ♣♦♥❡ ♦♥ t❤❡ s❦② ✐s ✪❤✜r✜✪t❡r✐♣❡❛ ✩② ❤✐❣❤❄❧✜t✐t✉❛❡

r✜❛✐✜♥ts ♦❢ ❅❈✽✿✿
❋
Ð✸✤

❋
✬✰ ✩♦t❤ ♥♦rt❤ ✜♥❛ s♦✉t❤ ❢r♦♠ t❤❡ ✜✯❡①

❛✐r❡✪t✐♦♥✢ ✮❤❡ t♦r♦✐❛✜❧ ✯✜rt✐✪❧❡s ✐♠✯✜✪t t❤❡ ❊✜rt❤ ✵✐t❤ ✜ t②✯✐✪✜❧

✈❡❧♦✪✐t② ♦❢ ❅✫✿ ❦♠ s
❾❑
✢ ❲❤❡♥ tr✜♥s❧✜t❡❛ t♦ t❤❡ ✯✜r✜♠❡t❡rs ♦❢

t❤❡ ✯r❡❄✜t♠♦s✯❤❡r✐✪ ❤❡❧✐♦✪❡♥tr✐✪ ♦r✩✐ts✰ t❤❡ t♦r♦✐❛✜❧ ✯✜rt✐✪❧❡s

s❡❡♥ ✩② r✜❛✜rs r❡s✐❛❡ ♦♥ ❤✐❣❤❄✐♥✪❧✐♥✜t✐♦♥ ♦r✩✐ts ✵✐t❤ r❡s✯❡✪t t♦

t❤❡ ❡✪❧✐✯t✐✪ ✽❅❁✤
❋
✬✰ ❤✜✈❡ s❡♠✐♠✜✻♦r ✜①❡s ✪❧♦s❡ t♦ ★ ✜✉✰ ✩✉t ✵✐t❤

✜ ❧♦♥❣ t✜✐❧ t♦ ❧✜r❣❡r ✈✜❧✉❡s✰ ✜♥❛ ❤✜✈❡ ✜ ✩r♦✜❛ ❛✐str✐✩✉t✐♦♥ ♦❢

❡✪✪❡♥tr✐✪✐t✐❡s ✵✐t❤ ✜ ♠✜①✐♠✉♠ ✜t ❅✤▲✣ ✽❡✢❣✢✰ ✲✜♠✯✩❡❧❧❄❇r♦✵♥

❂ ❲✐❡❣❡rt ✣✤✤✥ ✜♥❛ ◆✐❣✉r❡ ✫ ✩❡❧♦✵✬✢ ✮✜❦❡♥ str✜✐❣❤t✰ t❤❡r❡ ✐s

✪❧❡✜r❧② ♥♦ s✐❣♥✐✶✪✜♥t ✯♦✯✉❧✜t✐♦♥ ♦❢ s♦❧✜r s②st❡♠ ✩♦❛✐❡s ✵✐t❤

s✐♠✐❧✜r ♦r✩✐ts t❤✜t ✪♦✉❧❛ ✯r♦✈✐❛❡ ✜ s✐❣♥✐✶✪✜♥t ✜♠♦✉♥t ♦❢ ❛✉st✢

❍❡♥✪❡✰ t❤✐s ♠✜❛❡ ✯r❡✈✐♦✉s ✵♦r❦❡rs t♦ s✯❡✪✉❧✜t❡ t❤✜t ❡✐t❤❡r

✽★✬ t❤❡ t♦r♦✐❛✜❧ ✯✜rt✐✪❧❡s ♠✜② ✪♦♠❡ ❢r♦♠ ✜ s✐♥❣❧❡ ♦r ❢❡✵✰ ✉♥✉s✉✜❧

s♦✉r✪❡✽s✬✰ s♦♠❡ ♦❢ ✵❤✐✪❤ ♠✜② ✩❡ ✯r❡s❡♥t❧② ❡①t✐♥✪t✰ ♦r ✽✣✬ t♦

✪♦♥✪❧✉❛❡ t❤✜t t❤❡ ♦✩s❡r✈❡❛ t♦r♦✐❛✜❧ ✯✜rt✐✪❧❡ ♦r✩✐ts ♠✉st ❤✜✈❡

s✐❣♥✐✶✪✜♥t❧② ❡✈♦❧✈❡❛ ❢r♦♠ t❤❡✐r s♦✉r✪❡ r❡❣✐♦♥s✢ ✮❤❡ ❧✜tt❡r ♠✐❣❤t

♠✜❦❡ t❤❡ s♦✉r✪❡ ✐❛❡♥t✐✶✪✜t✐♦♥ s♦♠❡✵❤✜t ✯r♦✩❧❡♠✜t✐✪✰ ✩✉t t❤❡r❡

✐s ♥♦ ✜ ✯r✐♦r✐ r❡✜s♦♥ t♦ ✩❡❧✐❡✈❡ t❤✜t t❤❡ ✯r♦✩❧❡♠ s❤♦✉❧❛ ✩❡ ♠♦r❡

✪♦♠✯❧✐✪✜t❡❛ t❤✜♥ ❢♦r t❤❡ ❤❡❧✐♦♥◗✜♥t✐❄❤❡❧✐♦♥ ♦r ✜✯❡① s♦✉r✪❡s✢ ❲❡

s❤✜❧❧ s❡❡ ✐♥ ❙❡✪t✐♦♥ ✣✢★ t❤✜t ✜♥ ✐♠✯♦rt✜♥t st❡✯ ✩❡❢♦r❡ ❢✉rt❤❡r

tr✜✪❦✐♥❣ t❤❡ ♣♦♥❡ ♦❢ ♦r✐❣✐♥ ❢♦r t❤❡ t♦r♦✐❛✜❧ ✯✜rt✐✪❧❡s ✐s t♦ ✜✯✯❧② ✜

✯r♦✯❡r ❛❡✩✐✜s✐♥❣✰ s✯❡✪✐✶✪✜❧❧② t♦ t✜❦❡ ✐♥t♦ ✜✪✪♦✉♥t t❤❡ ✪♦❧❧✐s✐♦♥

✯r♦✩✜✩✐❧✐t② ✵✐t❤ t❤❡ ❊✜rt❤ ❢♦r ✯✜rt✐✪❧❡s ♦♥ ❛✐❢❢❡r❡♥t ❤❡❧✐♦✪❡♥tr✐✪

♦r✩✐ts✢

❯❱❯❱ ❳❨❩❬❭❪❫❴ ❵❪❜❩❝❴

❃s ❢✜r ✜s ♠♦❛❡❧✐♥❣ ❡❢❢♦rts ❢♦r t❤❡ ♦r✐❣✐♥ ♦❢ t♦r♦✐❛✜❧ ✯✜rt✐✪❧❡s

✜r❡ ✪♦♥✪❡r♥❡❛✰ ✵❡ ♥♦t❡ t❤✜t ✾♦♥❡s ❡t ✜❧✢ ✽✣✤✤★✬✰ ✐♥ ✜ s❤♦rt ✩✉t

✐♥t❡r❡st✐♥❣ ✪♦♥❢❡r❡♥✪❡ ✯✜✯❡r✰ ✜ss✉♠❡❛ t❤❡ s♦✉r✪❡ ♦❢ t❤❡ t♦r♦✐❛✜❧

✯✜rt✐✪❧❡s ✪♦✉❧❛ ✩❡ ✐♥t❡r✯r❡t❡❛ ✜s ✜ ❤✐❣❤❄✐♥✪❧✐♥✜t✐♦♥ t✜✐❧ ♦❢ t❤❡

✾◆✲❄r❡❧❡✜s❡❛ ✯✜rt✐✪❧❡s✢ ✮♦ ✯r♦✈❡ t❤❡ ✪♦♥✪❡✯t✰ t❤❡② ♠♦❛❡❧❡❛ ✜

s✐♠✯❧❡ ✜♥✜❧②t✐✪ ✺♦②♥t✐♥❣Ð❘♦✩❡rts♦♥ ✽✺❘✬ ❛r✜❣ ❛r✐✈❡♥ ❡✈♦❧✉t✐♦♥

❢r♦♠ ✾◆✲ ✯♦✯✉❧✜t✐♦♥✰ ✩✉t ♥♦t❡❛ t❤✜t ✐♥ ♦r❛❡r t♦ ♦✩t✜✐♥ t♦r♦✐❛✜❧❄

s♦✉r✪❡ ✯✜rt✐✪❧❡s t❤❡② ♥❡❡❛ t♦ s✐❣♥✐✶✪✜♥t❧② ✯✉s❤ t❤❡ ✐♥✐t✐✜❧

✐♥✪❧✐♥✜t✐♦♥ ✈✜❧✉❡s ♦❢ t❤✐s ✪♦♠❡t ✯♦✯✉❧✜t✐♦♥✢ ■♥ ✯✜rt✐✪✉❧✜r✰ ✐♥st❡✜❛

♦❢ ❤✜✈✐♥❣ ✜ ●✜✉ss✐✜♥ ✐♥✪❧✐♥✜t✐♦♥ ❛✐str✐✩✉t✐♦♥ ✵✐t❤ ✜ st✜♥❛✜r❛

❛❡✈✐✜t✐♦♥ ♦❢ ❅★★▲❞
❋
✽♦✩s❡r✈❡❛✬✰ t❤❡② ♥❡❡❛❡❛ t♦ ✉♥r❡✜❧✐st✐✪✜❧❧②

✐♥✪r❡✜s❡ t❤✐s ✈✜❧✉❡ t♦ ❅✣❞
❋
s♦ t❤✜t t❤❡ t♦r♦✐❛✜❧ ✪♦♥✪❡♥tr✜t✐♦♥

♦❢ r✜❛✐✜♥ts ✵♦✉❧❛ ✜✯✯❡✜r ✐♥ t❤❡✐r s✐♠✉❧✜t✐♦♥✢ ❲❤✐❧❡ ✐♥t❡r❡st✐♥❣✰

t❤❡r❡ ✐s ♥♦ r❡✜❧ ✯❤②s✐✪✜❧ ✻✉st✐✶✪✜t✐♦♥ ❢♦r s✉✪❤ ✜ ❧✜r❣❡ ✐♥✪❧✐♥✜t✐♦♥

✪♦♠✯♦♥❡♥t ✜♠♦♥❣ ✾◆✲s✢ ■♥t❡r❡st✐♥❣❧② t❤♦✉❣❤✰ ✵❤✜t t❤❡② st✜rt❡❛

✵✐t❤ ✐s r♦✉❣❤❧② ✜♥ ❡✈♦❧✉t✐♦♥✜r② ✯❤✜s❡ ✐♥ ♦✉r s✐♠✉❧✜t✐♦♥s ✩❡❧♦✵

t❤✜t ✐❛❡♥t✐❢② t❤❡ st✜rt✐♥❣ ♦r✩✐ts ♦❢ t❤❡ t♦r♦✐❛✜❧ ✯✜rt✐✪❧❡s ✵✐t❤

t❤❡ ❍✮✲s✢

❲✐❡❣❡rt ❡t ✜❧✢ ✽✣✤✤✥✬ ✯r❡s❡♥t❡❛ ✜♥ ❡❢❢♦rt t♦ ❡①✯❧✜✐♥ ✜❧❧

♠✜✻♦r s♦✉r✪❡s ♦❢ s✯♦r✜❛✐✪ ♠❡t❡♦r♦✐❛s✢ ❃s ❢✜r ✜s t❤❡ t♦r♦✐❛✜❧

✪♦♠✯♦♥❡♥t ✐s ✪♦♥✪❡r♥❡❛✰ t❤❡② ✪♦♥s✐❛❡r❡❛ ✩♦t❤ ❧♦♥❣❄✯❡r✐♦❛

✪♦♠❡ts ✜♥❛ ♥❡✜r❄❊✜rt❤ ✜st❡r♦✐❛s ✽✦❊❃s✬ ✵✐t❤ ❤✐❣❤❄✐♥✪❧✐♥✜t✐♦♥

♦r✩✐ts ✜s ✯♦t❡♥t✐✜❧ ✽✐♠♠❡❛✐✜t❡✬ s♦✉r✪❡ ✩♦❛✐❡s✢ ❊✈❡♥ t❤♦✉❣❤

✐♥t❡r❡st✐♥❣✰ t❤❡ ✪♦♥✪❧✉s✐♦♥ ❢r♦♠ t❤✐s ♠♦❛❡❧ s✉❢❢❡rs s✐❣♥✐✶✪✜♥t

❛r✜✵✩✜✪❦s ✜♥❛ ✯♦t❡♥t✐✜❧ ❛❡❣❡♥❡r✜✪✐❡s✢ ◆✐rst✰ t❤❡ ✜✉t❤♦rs ❛✐❛

♥♦t ✯❡r❢♦r♠ ✜♥② q✉✜♥t✐t✜t✐✈❡ ✶t t♦ t❤❡ ❛✜t✜ ✜♥❛ ❤❡♥✪❡ t❤❡

♠♦❛❡❧❡❛ ♦r✩✐t✜❧ ❛✐str✐✩✉t✐♦♥ ♦❢ t❤❡ t♦r♦✐❛✜❧ ✯✜rt✐✪❧❡s ❛✐❛ ♥♦t

♠✜t✪❤ t❤❡ ♦✩s❡r✈✜t✐♦♥s ❡①✪❡✯t ✐♥ ✜ ✩r♦✜❛ q✉✜❧✐t✜t✐✈❡ ♠✜♥♥❡r

✽◆✐❣✉r❡ ✹ ✐♥ ❲✐❡❣❡rt ❡t ✜❧✢ ✣✤✤✥✬✢ ▼♦r❡ ✐♠✯♦rt✜♥t❧②✰ t❤♦✉❣❤✰

t❤❡ ✜✉t❤♦rs ✵❡r❡ ❧❡❛ t♦ ✪♦♥✪❧✉❛❡✴✐♥ ✪♦♥tr✜❛✐✪t✐♦♥ ✵✐t❤ t❤❡✐r

✐♥✐t✐✜❧ ✜ss✉♠✯t✐♦♥s✴t❤✜t ✜✪t✐✈✐t② ♦❢ ✜ s✐♥❣❧❡ ♦r ✜ ❢❡✵ ✐♥❛✐✈✐❛✉✜❧

♦✩✻❡✪ts ♠✜② ❛♦♠✐♥✜♥t❧② ✪♦♥tr✐✩✉t❡ t♦ ❡✐t❤❡r ♦❢ t❤❡ ✜✯✯✜r❡♥t

r✜❛✐✜♥t s♦✉r✪❡ r❡❣✐♦♥s ♦❢ ♠❡t❡♦r♦✐❛s ♦♥ t❤❡ s❦②✢ ■♥ t❤❡ ✪✜s❡ ♦❢

t❤❡ ✦✮ s♦✉r✪❡ r❡❣✐♦♥ t❤❡② ✐♥ ❢✜✪t ✯r❡❢❡rr❡❛ ✪♦♥tr✐✩✉t✐♦♥ ❢r♦♠

s❡✈❡r✜❧ ✦❊❃s✢ ✮❤✐s ✐s✰ ❤♦✵❡✈❡r✰ t❤❡ ✵❡✜❦❡st ✯♦✐♥t ♦❢ t❤❡✐r ♠♦❛❡❧

✩❡✪✜✉s❡ t❤❡r❡ ✐s ♥♦ ✻✉st✐✶✪✜t✐♦♥ ❢♦r s✐❣♥✐✶✪✜♥t ✜✪t✐✈✐t② ❢r♦♠♠♦st

✦❊❃s ✜s ❢✜r ✯✜rt✐✪❧❡ ✯r♦❛✉✪t✐♦♥ ✐s ✪♦♥✪❡r♥❡❛ ✽❡✈❡♥ ✐♥ t❤❡ ♠♦st

❢✜♠♦✉s ✪✜s❡ ♦❢ ✫✣✤✤ ✺❤✜❡t♦♥✰ ❢♦r ✵❤✐✪❤ ✜ s♦❧✐❛ ❡✈✐❛❡♥✪❡ ♦❢

t❤❡ ❛✉st ✯r♦❛✉✪t✐♦♥ ❤✜s ✩❡❡♥ ❢♦✉♥❛✰ ❡✢❣✢✰ ✾❡✵✐tt ❡t ✜❧✢ ✣✤★✫✰

t❤❡ ✪♦♥t❡♠✯♦r✜r② ✜♠♦✉♥t ♦❢ ❛✉st ✯r♦❛✉✪❡❛ ✐s ❢✜r t♦♦ s♠✜❧❧ t♦

✜✪✪♦✉♥t ❢♦r t❤❡ ✜ss♦✪✐✜t❡❛ ●❡♠✐♥✐❛ str❡✜♠ ✜♥❛ ✐♥ ✺❤✜❡t♦♥❥s ✪✜s❡

♦♥❧② ♦✪✪✉rs ✩❡✪✜✉s❡ ♦❢ ✐ts ✉♥✉s✉✜❧❧② s♠✜❧❧ ✯❡r✐❤❡❧✐♦♥ ❛✐st✜♥✪❡✬✢

■♥ ✜♥ ❡✜r❧✐❡r ✵♦r❦✰ ❲✐❡❣❡rt ✽✣✤✤❞✬ st✉❛✐❡❛ t❤❡ ♦r✩✐t✜❧ ❡✈♦❧✉❄

t✐♦♥ ♦❢ ❢✜✐♥t str❡✜♠s ✵✐t❤ r✜❛✐✜♥ts ❧♦✪✜t❡❛ ✐♥ t❤❡ ✜r✪ str✉✪t✉r❡s

✪♦♥♥❡✪t✐♥❣ t❤❡ t♦r♦✐❛✜❧ r❡❣✐♦♥ ♦♥ t❤❡ s❦② ✵✐t❤ t❤❡ ♥♦rt❤ ✜♥❛

s♦✉t❤ ✜✯❡① r❡❣✐♦♥s ✽s❡❡ ✜❧s♦ ❇r♦✵♥ ❡t ✜❧✢ ✣✤★✤✬✢ ❇② ✯❡r❢♦r♠❄

✐♥❣ ✩✜✪❦✵✜r❛ ✐♥t❡❣r✜t✐♦♥ ✐♥ t✐♠❡ ❢♦r s❡✈❡r✜❧ ♦❢ s✉✪❤ str❡✜♠s✰

❲✐❡❣❡rt ✽✣✤✤❞✬ ✵✜s ✜✩❧❡ t♦ tr✜✪❦ t❤❡✐r ❡✈♦❧✉t✐♦♥ t♦ ✾◆✲❄❧✐❦❡

♦r✩✐ts ✵✐t❤ ❤✐❣❤ ✐♥✪❧✐♥✜t✐♦♥s ✜❢❢❡✪t❡❛ ✩② t❤❡ ✇♦♣✜✐Ð③✐❛♦✈ ♦s❄

✪✐❧❧✜t✐♦♥s✢ ❲❤❡♥ r✉♥♥✐♥❣ ❢♦r✵✜r❛ s✐♠✉❧✜t✐♦♥s ❢♦r ✯✜rt✐✪❧❡s ❢r♦♠

s✉✪❤ st✜rt✐♥❣ ♦r✩✐ts ✽s♦♠❡✵❤✜t s✐♠✐❧✜r t♦ s✐♠✯❧❡r ♠♦❛❡❧✐♥❣ ✵♦r❦

♦❢ ✾♦♥❡s ❡t ✜❧✢ ✣✤✤★✬✰ ❤❡ ✪♦♥✪❧✉❛❡❛ t❤✜t s♦♠❡ ♦❢ t❤❡♠ ✵❡r❡ ✜❧s♦

✪✜✯✜✩❧❡ ♦❢ ✯♦✯✉❧✜t✐♥❣ t❤❡ t♦r♦✐❛✜❧ s♦✉r✪❡ r❡❣✐♦♥s✢ ❍♦✵❡✈❡r✰

s✯✜rs❡ s✜♠✯❧✐♥❣ ♦❢ t❤❡ ✐♥✐t✐✜❧ ♦r✩✐ts ✜♥❛◗♦r ✉♥✜✈✜✐❧✜✩✐❧✐t② ♦❢ ✜

♠♦r❡ ✜❛✈✜♥✪❡❛ ✪♦❧❧✐s✐♦♥ ✯r♦✩✜✩✐❧✐t② s✪❤❡♠❡♠✜❛❡ ❤✐♠ ✪♦♥✪❧✉❛❡

t❤✜t t❤❡ ♦✩s❡r✈❡❛ ✜♥❛ ♠♦❛❡❧❡❛ ❡✪✪❡♥tr✐✪✐t② ❛✐str✐✩✉t✐♦♥ ✐♥ t❤❡

✦✮ s♦✉r✪❡ st✐❧❧ ❛♦ ♥♦t ♠✜t✪❤ ✯❡r❢❡✪t❧②✢

■♥ ♦✉r ✵♦r❦✰ ✵❡ r❡✈✐s✐t t❤❡ ✯r♦✩❧❡♠ ♦❢ t❤❡ ✉❧t✐♠✜t❡ s♦✉r✪❡ ♦❢

✩✜✪❦❣r♦✉♥❛ ✯✜rt✐✪❧❡s s❡❡♥ ✐♥ t❤❡ t♦r♦✐❛✜❧ s♦✉r✪❡ r❡❣✐♦♥s✢ ❲❡ ✜r❡

s✐♠✯❧② r❡t✉r♥✐♥❣ t♦ t❤❡ ✐❛❡✜ q✉✜❧✐t✜t✐✈❡❧② ♦✉t❧✐♥❡❛ ✩② ❉✜✈✐❡s ❂

●✐❧❧ ✽★✥✸✤✬ ✩✉t ❡q✉✐✯✯❡❛ ✵✐t❤ ♠♦❛❡r♥ ♦✩s❡r✈✜t✐♦♥s ✜♥❛ ✩❡tt❡r

✪♦♠✯✉t✜t✐♦♥✜❧ s✯❡❡❛✢ ✮❤❡s❡ ✜✉t❤♦rs ❤②✯♦t❤❡s✐♣❡❛ t❤✜t t❤❡ ❤✐❣❤❄

✐♥✪❧✐♥✜t✐♦♥ ✜♥❛ ❧♦✵❄❡✪✪❡♥tr✐✪✐t② s✯♦r✜❛✐✪ ✦✮ ✪♦♠✯♦♥❡♥t ✉❧t✐❄

♠✜t❡❧② ♦r✐❣✐♥✜t❡s ❢r♦♠ ❧♦♥❣❄✯❡r✐♦❛ ✪♦♠❡ts✢ ✺✜rt✐✪❧❡s r❡❧❡✜s❡❛

❢r♦♠ t❤❡♠ ✵♦✉❧❛ ❤✜✈❡ ✜ ❤✐❣❤❡r ✪❤✜♥✪❡ ♦❢ ♦✈❡r✪♦♠✐♥❣ ✾✉✯✐t❡r❥s

✩✜rr✐❡r ✜t ❧✜r❣❡r ✐♥✪❧✐♥✜t✐♦♥s ✜♥❛ ✵♦✉❧❛ t❤✉s ✩❡ ✜✩❧❡ t♦ ♠✐❣r✜t❡

✐♥t♦ t❤❡ ✐♥♥❡r ✯✜rts ♦❢ t❤❡ s♦❧✜r s②st❡♠✢ ❃❧♦♥❣ t❤❡ ✵✜②✰ t❤❡✐r
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✥ ✜ ✢✥ ✢✜ ✣✥

❙✩✵✮✵✾❥✫✽ ♦❂✮✸ ✲✾❃✹

❋❄❅❇❈❡ ❉● ❍❑▲▼◆❑❖✘▼❑t◗ t❢ ❘❯t❲❯◗▼◆❑❲ ❑✐✔❳❲▼ ▲✔❯❯s ✭▼t✔ ✙❯❢▼✕✱ ❯❲❲❯◗▼◆❑❲❑▼✚ ✭▼t✔ ◆❑❘r▼✕✱ ❑◗❲✙❑◗❳▼❑t◗ ✭❖t▼▼t✐ ❳◗s ✙❯❢▼✕✱ ❳◗s r❯✙❑t❲❯◗▼◆❑❲ ▲❯✐❑✐❳❨t◆ ❳①❑▲ ✭❖t▼▼t✐ ◆❑❘r▼✕

❢t◆ ❩✒✒✓ ▲❯✙❯❲▼❯s ✔❳◆▼❑❲✙❯▲ t❢ ▼r❯ ❖❳❲❛❘◆t✘◗s ✔t✔✘✙❳▼❑t◗ t❢ ❬❭ ✔❳◆▼❑❲✙❯▲❪ ❭r❯ ❘◆❳✚ r❑▲▼t❘◆❳✐▲ ❲t◆◆❯▲✔t◗s ▼t ▼r❯ t❖▲❯◆❫❯s s❳▼❳ ❢◆t✐ ❴❵❜❝❪ ❭r❯ ✘◗✉✙✙❯s ❖✙❳❲❛

r❑▲▼t❘◆❳✐▲ ✇❯◆❯ ❲t◗▲▼◆✘❲▼❯s ✘▲❑◗❘ ▼r❯ ✐❯▼rts▲ s❯▲❲◆❑❖❯s ❑◗ ❞❯❲▼❑t◗ ✑❪✷ ❳◗s ❳✔✔◆t①❑✐❳▼❯ ▼r❯ s❑▲▼◆❑❖✘▼❑t◗ t❢ ▼r❯ ✔t✔✘✙❳▼❑t◗ ✇❑▼r ❳◗ ❳❖❑✙❑▼✚ t❢ ❘❯◗❯◆❳▼❑◗❘ t❖▲❯◆❫❯s ❬❭

✔❳◆▼❑❲✙❯▲ ◗t◆✐❳✙❑♥❯s ▼t ✘◗❑▼✚❪ ❭r❯ ◆❳✇ ❳◗s ❘❯◗❯◆❳▼❑◗❘ s❑▲▼◆❑❖✘▼❑t◗▲ ❳◆❯ ▲❑❘◗❑✉❲❳◗▼✙✚ s❑❢❢❯◆❯◗▼✱ ❑✐✔✙✚❑◗❘ ▼r❯◆❯ ❳◆❯ ▲▼◆t◗❘ ▲❯✙❯❲▼❑t◗ ❯❢❢❯❲▼▲ ❑◗ ▼r❯ t❖▲❯◆❫❯s ✔t✔✘✙❳▼❑t◗❪

❭r❯ ✔❳◆❳✐❯▼❯◆▲ t❢ ▼r❯ ❘❯◗❯◆❳▼❑◗❘ ✔t✔✘✙❳▼❑t◗ ✙❯s ✘▲ ▼t ❲rtt▲❯ ❤❭❴▲ ❳▲ ▼r❯ ✐t▲▼ ✔◆t✐❑▲❑◗❘ ▲t✘◆❲❯ t❢ ❬❭ ✔❳◆▼❑❲✙❯▲❪

❦❧♠♣q✈ ②③ ♠③④⑤⑥⑦❧⑧③ q⑨⑩q q⑨③♠③ ⑩♠③ q②⑤ ❶♠❧⑦④❧❶⑩❷ ♣q♠⑤⑦⑥ ♣q♠③⑩❸

④⑤⑦q♠❧❹❺q❧⑤⑦♣ ❧⑦ q⑨③ ❻❼ ♣⑤❺♠④③✈ ⑦⑩❸③❷❽❾ ❿➀➁ ➂❺⑩➃♠⑩⑦q❧➃♣ ⑩q ➄ ➅

➆➇➈
➉
✈ ⑩⑦➃ ❿➆➁ ➊ ⑩⑦➃ ➋ ➌⑤♠⑤⑦⑩③ ➍⑤♠③⑩❷❧➃♣ ⑩q ➄ ➅ ❿➆➇➎

➉
Ð➈➏➏

➉
➁➐

❼⑨③♣③ ⑩♠③ q⑨③ ♣⑤❺♠④③♣ ➑ ⑩⑦➃ ➒ ➃③♣④♠❧❹③➃ ❧⑦ ➌⑩❸❶❹③❷❷➓➍♠⑤②⑦ ➔

→❧③⑥③♠q ❿➆➏➏➣➁➐ ❻③↔q✈ q⑨③♠③ ⑩♠③ ♠⑤❺⑥⑨❷❽ ↕⑤❺♠ ❹♠⑤⑩➃③♠✈ ❸⑤♠③ ➃❧♣➓

❶③♠♣③➃ ♣q♠③⑩❸ ④⑤⑦q♠❧❹❺q❧⑤⑦♣ ⑦⑩❸③➃ ➑③❷❧⑤⑦ ⑩⑦➃ ➙⑦q❧⑨③❷❧⑤⑦ ➙♠④

⑩⑦➃ ➍ ⑩♣ ⑥❧➛③⑦ ❧⑦ ➌⑩❸❶❹③❷❷➓➍♠⑤②⑦ ➔ →❧③⑥③♠q ❿➆➏➏➣➁ q⑨♠⑤❺⑥⑨➓

⑤❺q q⑨③ ④⑤❺♠♣③ ⑤↕ q⑨③ ❽③⑩♠➐ ➒⑦ ⑤❺♠ ➃⑩q⑩ ❿❦❧⑥❺♠③ ➆➁ ②③ ④⑩⑦ ♣③③ q⑨③❸

⑩♣ ♠⑤❺⑥⑨❷❽ ➜⑩❺♣♣❧⑩⑦ ↕③⑩q❺♠③♣ ⑩q ♣⑤❷⑩♠ ❷⑤⑦⑥❧q❺➃③ ⑤↕ ➝➀➞
➉
✈ ➝➀➀➎

➉
✈

➝➆➀➟
➉
⑩⑦➃ ➝➆➇➏

➉
❿q⑨③ ❷⑩♣q ⑨⑩♣ ❹③③⑦ ⑩❷♣⑤ ➃③♣④♠❧❹③➃ ❹❽ ➍♠⑤②⑦

③q ⑩❷➐ ➆➏➀➏✈ ⑩♣ ⑩⑦ ❺⑦➃③♠❷❽❧⑦⑥➂❺⑩➃♠⑩⑦q❧➃♣ ③↔q③⑦♣❧⑤⑦ ④⑤⑦♣❧♣q❧⑦⑥ ⑤↕

q⑨③ ❻⑤➛③❸❹③♠ ➡ ➢♠⑩④⑤⑦❧➃♣ ⑩⑦➃ ➢③④③❸❹③♠ ➤ ➢♠⑩④⑤⑦❧➃♣✈ ❶③♠⑨⑩❶♣

❧⑦➃❧④⑩q❧⑦⑥ ⑩⑦ ⑤❷➃ ♣q♠③⑩❸ ④⑤❸❶❷③↔ ♠③❷⑩q③➃ q⑤ ⑩④q❧➛❧q❽ ⑤↕ q⑨③ ④⑤❸③q

➣➟➥➦➧⑩④⑨⑨⑤❷⑧➁➐ ❼⑨③ q⑤q⑩❷ ➃❺♠⑩q❧⑤⑦ ⑤↕ q⑨❧♣ ④⑤❸❶❷③↔ ❧♣ ⑤⑦③ q⑤ q②⑤

❸⑤⑦q⑨♣➐ →③ Þ⑦➃ ❧q ❧⑦q③♠③♣q❧⑦⑥ q⑨⑩q q⑨③♣③ ↕⑤❺♠ ❹♠⑤⑩➃ ↕③⑩q❺♠③♣ ❸⑩❽

⑩④q❺⑩❷❷❽ ❹③ ⑤♠⑥⑩⑦❧⑧③➃ ❧⑦ q②⑤ ❶⑩❧♠♣ ②❧q⑨ ❷⑤⑦⑥❧q❺➃③ ➃❧↕↕③♠③⑦④③ ⑤↕

➅❿➀➇➏
➉
Ð➆➏➏

➉
➁➐ ➑③⑦④③ ⑩q ❷③⑩♣q q②⑤ ➃❧↕↕③♠③⑦q ❧⑦➃❧➛❧➃❺⑩❷ ♣⑤❺♠④③♣

⑩♠③ ⑦③③➃③➃✈ ⑤❺q ⑤↕ ②⑨❧④⑨ q⑨③ ❶⑩❧♠ ④⑤⑦♣❧♣q❧⑦⑥ ⑤↕ q⑨③ q⑤♠⑤❧➃⑩❷ ➢

♣q♠③⑩❸ ⑩⑦➃ q⑨③ ➂❺⑩➃♠⑩⑦q❧➃ ❹♠⑤⑩➃ ❺⑦➃③♠❷❽❧⑦⑥ ♣q♠③⑩❸ ⑨⑩➛③ ⑩ ❷❧➨③❷❽

❶♠⑤⑥③⑦❧q⑤♠ ❧⑦ q⑨③ ⑩④q❧➛❧q❽ ⑤↕ ④⑤❸③q ➣➟➥➦➧⑩④⑨⑨⑤❷⑧ ♣③➛③♠⑩❷ q⑨⑤❺➓

♣⑩⑦➃ ❽③⑩♠♣ ⑩⑥⑤ ❿③➐⑥➐✈ ➜⑤⑦④⑧❧ ③q ⑩❷➐ ➀➣➣➆➩ ➫⑤⑦③♣ ➔ ➫⑤⑦③♣ ➀➣➣➈➩

➭③➨⑩⑦❧⑦⑩ ➔ ➌⑨⑤➃⑩♣ ➆➏➏➎➩ ➯⑩ÿ⑦❺④⑨⑤➛➠⑩ ➔ ❻③♣❷❺ÿ♣⑩⑦ ➆➏➏➞➁➐ →③

♣⑨⑩❷❷ ⑩➃➃♠③♣♣ q⑨❧♣ ❧♣♣❺③ ❧⑦ ⑩ ↕⑤♠q⑨④⑤❸❧⑦⑥ ♣q❺➃❽➐

❼⑤ ⑩➛⑤❧➃ ④⑤⑦↕❺♣❧⑤⑦ ❹③q②③③⑦ ❹⑩④➨⑥♠⑤❺⑦➃ ⑩⑦➃ ❧⑦➃❧➛❧➃❺⑩❷

♣⑤❺♠④③♣ ②③ ⑩♠③ q⑨③⑦ ❷③↕q ②❧q⑨ q②⑤ ❷⑤⑦⑥❧q❺➃③ ❧⑦q③♠➛⑩❷♣ ⑩❶➓

❶⑩♠③⑦q❷❽ ➃③➛⑤❧➃ ⑤↕ ♣q♠③⑩❸ ⑩④q❧➛❧q❽❾ ❿➀➁ ➅❿➎➏
➉
Ð➣➏

➉
➁✈ ⑩⑦➃

❿➆➁ ➅❿➈➆➏
➉
Ð➈➟➏

➉
➁➐ ➌⑩❸❶❹③❷❷➓➍♠⑤②⑦ ➔ →❧③⑥③♠q ❿➆➏➏➣➁ ➃③♣④♠❧❹③

⑩ ②③⑩➨ ⑩⑦➃ ➛③♠❽ ❹♠⑤⑩➃ q⑤♠⑤❧➃⑩❷ ♣⑤❺♠④③ ➌ ❧⑦ q⑨③ ❷⑩qq③♠ ❧⑦q③♠➓

➛⑩❷✈ ②⑨❧❷③ ⑦⑤ ♠③④⑤⑥⑦❧⑧⑩❹❷③ ❧⑦➃❧➛❧➃❺⑩❷ ♣⑤❺♠④③ ❧♣ ♣③③⑦ ❧⑦ q⑨③

Þ♠♣q ❧⑦q③♠➛⑩❷➐ ➙♣ ⑩ ♠③♣❺❷q✈ ②③ ♣⑨⑩❷❷ ④⑤⑦♣❧➃③♠ ❻❼ ❶⑩♠q❧④❷③♣ ❧⑦

q⑨③ Þ♠♣q ❧⑦q③♠➛⑩❷ ❿➀➁ q⑤ ❹③ ⑤❺♠ ❶♠❧❸⑩♠❽ q③♣q ♣⑩❸❶❷③ ⑤↕ ❹⑩④➨⑥♠⑤❺⑦➃

❶⑤❶❺❷⑩q❧⑤⑦➐ ❼③♣q♣ ♣⑨⑤②✈ ⑨⑤②③➛③♠✈ q⑨⑩q ⑤♠❹❧q⑩❷ ➃⑩q⑩ ↕⑤♠ ❶⑩♠q❧④❷③♣ ❧⑦

q⑨③ ♣③④⑤⑦➃ ❧⑦q③♠➛⑩❷ ❿➆➁ ⑩♠③ ➛③♠❽ ♣❧❸❧❷⑩♠ q⑤ q⑨⑤♣③ ❧⑦ q⑨③ Þ♠♣q ❧⑦q③♠➓

➛⑩❷ ❿➀➁✈ ♣⑤ ②③ ↕③③❷ ❥❺♣q❧Þ③➃ ❧⑦ ④⑨③④➨❧⑦⑥ ⑤❺♠ ♠③♣❺❷q♣ ❹❽ ❸③♠⑥❧⑦⑥

❧⑦↕⑤♠❸⑩q❧⑤⑦ ↕♠⑤❸ ❹⑤q⑨ ❧⑦q③♠➛⑩❷♣ ⑤↕ q❧❸③➐ ❖❺♠ ♠③♣q♠❧④q③➃ ♣⑩❸➓

❶❷③ ⑤↕ ❹⑩④➨⑥♠⑤❺⑦➃ ❻❼➓♣⑤❺♠④③ ❶⑩♠q❧④❷③♣ ④⑤⑦q⑩❧⑦♣ ➈➎➎➏ ❧⑦➃❧➛❧➃❺⑩❷

❸③q③⑤♠⑤❧➃ ⑤♠❹❧q♣✈ ♠⑤❺⑥⑨❷❽ ➣➏ ❶⑩♠q❧④❷③♣ ⑨❧qq❧⑦⑥ q⑨③ ❊⑩♠q⑨ ❶③♠ ➃⑩❽➐

❦❧⑥❺♠③ ➈ ❿⑥♠⑩❽ ⑨❧♣q⑤⑥♠⑩❸➁ ♣⑨⑤②♣ q⑨③ ➃❧♣q♠❧❹❺q❧⑤⑦ ⑤↕ q⑨③ ⑩❶❶⑩♠➓

③⑦q ❧❸❶⑩④q ♣❶③③➃ ⑤↕ q⑨③ ♣③❷③④q③➃ ❻❼ ❶⑩♠q❧④❷③♣ ⑩⑦➃ ➃❧♣q♠❧❹❺q❧⑤⑦♣

⑤↕ q⑨③ ⑤♠❹❧q⑩❷ ③❷③❸③⑦q♣✈ ⑦⑩❸③❷❽ ♣③❸❧❸⑩❥⑤♠ ⑩↔❧♣✈ ③④④③⑦q♠❧④❧q❽ ⑩⑦➃

❧⑦④❷❧⑦⑩q❧⑤⑦➐ ❖❺♠ ♠③♣❺❷q♣ ⑩♠③ ➛③♠❽ ♣❧❸❧❷⑩♠ q⑤ q⑨⑤♣③ ⑤↕ ➌⑩❸❶❹③❷❷➓

➍♠⑤②⑦ ❿➆➏➏➇➁ ⑤♠ ➌⑩❸❶❹③❷❷➓➍♠⑤②⑦ ➔ →❧③⑥③♠q ❿➆➏➏➣➁➐ ❼⑨③ ❸⑤♣q

➃❧♣q❧⑦④q ↕③⑩q❺♠③♣ ⑩♠③❾ ❿➀➁ ♣③❸❧❸⑩❥⑤♠ ⑩↔❧♣ ➃❧♣q♠❧❹❺q❧⑤⑦ ❶③⑩➨③➃ ⑩q

➀ ⑩❺✈ ❿➆➁ ❹♠⑤⑩➃ ③④④③⑦q♠❧④❧q❽ ➃❧♣q♠❧❹❺q❧⑤⑦ ②❧q⑨ ⑩ ❶♠③➃⑤❸❧⑦⑩⑦④③ ⑤↕
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✈✩r✫ ✬✦♦♦✩r✩✧✥ ♦r✜t ✥✮✩ ✜✪✉✩r✈✩✬ ✜✧✩✸ ✴✮✩ ✉✩t✦t✤✺✜r ✤❛✦✉ ✈✤✣✢✩✉

✬✦✉✥r✦✪✢✥✦✜✧ ✦✉ ✪✤✉✦❝✤✣✣✫ ß✤✥ ✢♣ ✥✜ ❱✢♣✦✥✩r❯✉ ✮✩✣✦✜❝✩✧✥r✦❝ ✬✦✉✥✤✧❝✩

✜♦ ❵❂ ✤✢★ ♦✜✣✣✜✇✩✬ ✪✫ ✤ ✉✣✜✇ ✬✩❝r✩✤✉✩ ✦✧ ✧✢t✪✩r✉ ✤✥ ✣✤r❡✩r

✈✤✣✢✩✉✸ ✴✮✩r✩ ✦✉ ✉✥✦✣✣ ✤ ♦✤✦r ❝✜✧✥r✦✪✢✥✦✜✧ ✜♦ ✜r✪✦✥✉ ✇✦✥✮ ❜ ✪✩✫✜✧✬

✶✲ ✤✢★ ✥✮✜✢❡✮ ✪✜✥✮ ✧✜✦✉✩ ✯✬✢✩ ✥✜ ♦✩✇ ✜✪✉✩r✈✩✬ ✜r✪✦✥✉ ✇✦✥✮ ✥✮✜✉✩

✈✤✣✢✩✉ ✜♦ ❜✵ ✤✧✬ ✦t♣✩r♦✩❝✥✦✜✧ ✦✧ ✽✾✿❀❀ ✬✩✥✩rt✦✧✤✥✦✜✧ ✤♦♦✩❝✥ ✥✮✩

✬✦✉✥r✦✪✢✥✦✜✧ ✥r✩✧✬✸ ❩✧ ✥✮✩ ✉✤t✩ ✇✤✫★ ✥✮✩ ❡✩✧✩r✤✥✦✧❡ ✩❝❝✩✧✥r✦❝✦✥✫

✉✥✩✤✬✦✣✫ ✦✧❝r✩✤✉✩✉ ✥✜ ✣✤r❡✩ ✈✤✣✢✩✉★ ✦✧✬✦❝✤✥✦✧❡ ✥✮✩ ✣✜✇❧✩❝❝✩✧✥r✦❝✦✥✫

♣✜♣✢✣✤✥✦✜✧ ✦✉ ✺✢✉✥ ✤ t✦✧✜r ♣✤r✥ ✜♦ ✥✮✩ ✇✮✜✣✩ ✬✦✉✥r✦✪✢✥✦✜✧✸ ✴✮✩

✦✧❝✣✦✧✤✥✦✜✧✉★ ✇✮✦✣✩ ❝✜✧✉✥r✤✦✧✩✬ ✪✫ ✥✮✩ r✩✣✤✥✦✈✩✣✫ ✥✦❡✮✥ r✤✬✦✤✧✥

❊✜✧✩ ✜✧ ✥✮✩ ✉✻✫★ ✤r✩ ✤✣✉✜ ✉✣✦❡✮✥✣✫ ✉✮✦♦✥✩✬ ✥✜ ✣✤r❡✩r ✈✤✣✢✩✉★

✧✜✇ ✮✤✈✦✧❡ ✤ ✮✦❡✮✩r ❝✜✧✥r✦✪✢✥✦✜✧ ✜♦ r✩✥r✜❡r✤✬✩ ✜r✪✦✥✉✸ ✴✮✦✉ ✦✉

✤✣✉✜ r✩ß✩❝✥✩✬ ✦✧ ✉✫✉✥✩t✤✥✦❝✤✣✣✫ ✣✤r❡✩r ✦t♣✤❝✥ ✈✩✣✜❝✦✥✦✩✉ ♦✜r ✥✮✩

❡✩✧✩r✤✥✦✧❡ ♣✜♣✢✣✤✥✦✜✧✸ ❞✣✣ ✥✮✩✉✩ s✧✬✦✧❡✉ ♣✜✦✧✥ ✥✜ ✤ ❝✜t✩✥✤r✫

✜r✦❡✦✧ ✜♦ ✥✮✩ ◆✴ ♣✤r✥✦❝✣✩✉✸ ❢✦✧❝✩ ❱❨❣ ✜r✪✦✥✤✣ ♣✤r✤t✩✥✩r✉ ✤r✩

✧✜✥ ❝✜t♣✤✥✦✪✣✩ ✇✦✥✮ ✥✮✩ ✜r✪✦✥✤✣ ✩✣✩t✩✧✥✉ ✜♦ ❡✩✧✩r✤✥✦✧❡ ♣✤r✥✦❝✣✩✉

✉✩✩✧ ✦✧ ❨✦❡✢r✩ ❙★ ✩✉♣✩❝✦✤✣✣✫ ✤✉ ♦✤r ✤✉ ✥✮✩ ✉✩t✦t✤✺✜r ✤❛✦✉ ✤✧✬

✦✧❝✣✦✧✤✥✦✜✧ ✤r✩ ❝✜✧❝✩r✧✩✬★ ✇✩ ✤r✩ ✣✩♦✥ ✇✦✥✮ ✥✮✩ ✣✜✧❡❧♣✩r✦✜✬ ❝✜t✩✥

♣✜♣✢✣✤✥✦✜✧✸ ✴✮✩ ❝✜✧✥r✦✪✢✥✦✜✧ ✜♦ ✥✮✩ ✧✩✇ ❝✜t✩✥✉ ✮✤✉ ✪✩✩✧ ✉✥✢✬✦✩✬

✪✫ ◆✩✉✈✜r✧▼✫ ✩✥ ✤✣✸ ✯❉✲✶✶✪✵★ ✇✮✜ ✉✮✜✇✩✬ ✥✮✤✥ ✥✮✩ ✦✉✜✥r✜♣✦❝ ✤✧✬

t✜r✩ ✬✦✉✥✤✧✥ ✦✧✦✥✦✤✣ ✜r✪✦✥✉ ♣r✩♦✩r✩✧✥✦✤✣✣✫ ✣✩✬ ✥✮✩ ✬✢✉✥ ♣✤r✥✦❝✣✩✉

✦t♣✤❝✥✦✧❡ ✦✧ ✥✮✩ ✤♣✩❛ ✉✜✢r❝✩✉✸ ❲✩ ✥✮✢✉ ✉✢❡❡✩✉✥ ✥✮✤✥ ✥✮✩ ♣r✦t✩

❝✤✧✬✦✬✤✥✩ ✉✜✢r❝✩ ♣✜♣✢✣✤✥✦✜✧ ♦✜r ✥✮✩ ◆✴ ♣✤r✥✦❝✣✩✉ ✤r✩ ❍✴❣✉✸ ❩✧

❢✩❝✥✦✜✧✉ ❙ ✤✧✬ ❤ ✇✩ ✩❛♣✣✜r✩ ✥✮✦✉ ✮✫♣✜✥✮✩✉✦✉ ✇✦✥✮ ✤ ✬✩✥✤✦✣✩✬

✧✢t✩r✦❝✤✣ t✜✬✩✣✸

❙✸ ❥❖❦❳■♠ ✴❍❳❖♥❳✴❩❣❞■ q❞❢❩❢

❖✢r t✜✬✩✣ ❝✜✧✥✤✦✧✉ ✥✮✩ ♦✜✣✣✜✇✦✧❡ ✩✣✩t✩✧✥✉✸ ❲✩ ✉✥✤r✥ ✇✦✥✮

✤ ✬✩✉❝r✦♣✥✦✜✧ ✜♦ ✥✮✩ ✤✉✉✢t✩✬ ✢✣✥✦t✤✥✩ ♣✜♣✢✣✤✥✦✜✧ ✜♦ ✉✜✢r❝✩

✪✜✬✦✩✉ ♦r✜t ✇✮✦❝✮ ✥✮✩ ◆✴ ♣✤r✥✦❝✣✩✉ ✤r✩ ✦✧✦✥✦✤✣✣✫ r✩✣✩✤✉✩✬✸

✴✜ ✥✮✤✥ ✩✧✬ ✇✩ ✢✉✩ ✤✧ ✢♣❧✥✜❧✬✤✥✩ ✉✫✧✥✮✩✥✦❝ t✜✬✩✣ ✜♦ ❍✴❣✉

✯❢✩❝✥✦✜✧ ❙✸✶✵✸ ✴✮✩ ✜r✪✦✥✤✣ ✩✈✜✣✢✥✦✜✧ ✜♦ ♣✤r✥✦❝✣✩✉ ✇✦✥✮ ✬✦♦♦✩r✩✧✥

✉✦❊✩✉ ✦✉ ✧✢t✩r✦❝✤✣✣✫ ♣r✜♣✤❡✤✥✩✬ ✢✧✥✦✣ ✦✥ r✩✤❝✮✩✉ ✜✧✩ ✜♦ ✉✩✈✩r✤✣

♣✜✉✉✦✪✣✩ ✩✧✬❧✉✥✤✥✩✉ ✯✩✺✩❝✥✦✜✧ ♦r✜t ✥✮✩ ✉✜✣✤r ✉✫✉✥✩t ✜r ✦t♣✤❝✥ ✜✧

✥✮✩ ❢✢✧ ✜r ♣✣✤✧✩✥✉❇ ❢✩❝✥✦✜✧ ❙✸❉✵✸ ✴✮✩ ✦✧✥✩❡r✤✥✜r ✤❝❝✜✢✧✥✉ ♦✜r ✪✜✥✮

❡r✤✈✦✥✤✥✦✜✧✤✣ ♣✩r✥✢r✪✤✥✦✜✧✉ ✬✢✩ ✥✜ ♣✣✤✧✩✥✉ ✤✧✬ r✤✬✦✤✥✦✈✩ ✩♦♦✩❝✥✉

✯✬✦r✩❝✥ ✉✜✣✤r r✤✬✦✤✥✦✜✧ ♣r✩✉✉✢r✩ ✤✧✬ ◗♥ ✬r✤❡✵✸ ❳✈✜✣✢✥✦✜✧✤r✫

♣✤✥✮✉ ♦✜r ✤✣✣ ♣✤r✥✦❝✣✩✉ ✤r✩ ✉✥✜r✩✬ ✤✧✬ ✢✉✩✬ ♦✜r ♦✢r✥✮✩r ✤✧✤✣✫✉✦✉✸

✴✮✩ ✩♦♦✩❝✥✉ ✜♦ ❝✜✣✣✦✉✦✜✧✤✣ ✬✩✉✥r✢❝✥✦✜✧ ✪✫ ✦t♣✤❝✥✉ ✜♦ ✜✥✮✩r

❊✜✬✦✤❝✤✣ ❝✣✜✢✬ ♣✤r✥✦❝✣✩✉ ✤r✩ t✜✬✩✣✩✬ ✉✩♣✤r✤✥✩✣✫ ✢✉✦✧❡ ✤ ❥✜✧✥✩

❣✤r✣✜ ♣r✜✪✤✪✦✣✦✉✥✦❝ ✉❝✮✩t✩ ✯❢✩❝✥✦✜✧ ❙✸❙✵✸ ◗r✜♣✩r ✇✩✦❡✮✥✦✧❡

✜♦ ✥✮✩ ❝✜✧✥r✦✪✢✥✦✜✧ ♦r✜t ♣✤r✥✦❝✣✩✉ ✇✦✥✮ ✬✦♦♦✩r✩✧✥ ✉✦❊✩✉ ✦✉ ✤✣✉✜

✧✩✩✬✩✬ ✯❢✩❝✥✦✜✧ ❙✸❤✵✸ ❥✩r❡✦✧❡ ✥✮✩ ✬✤✥✤ ✥✜❡✩✥✮✩r ✥✜ ✉✦t✢✣✤✥✩ ✥✮✩

✉✫✧✥✮✩✥✦❝ ✦t♣✤❝✥ ♣✜♣✢✣✤✥✦✜✧ ✤✥ ◆✴ ✉✜✢r❝✩ ✤✧✬ ❝✜t♣✤r✦✉✜✧ ✇✦✥✮

✜✪✉✩r✈✤✥✦✜✧✉ ✦✉ ❝✜✈✩r✩✬ ✦✧ ❢✩❝✥✦✜✧ ❤✸

①②③② ④⑤⑥ ⑦⑧⑨⑩❶❷ ❸❹❺❻❺❜❶ ❼❜❽❻❺❾❶⑩ ❿❽➀❺❻➁

❲✩ ✤✬✜♣✥ r✩✉✢✣✥✉ ♦r✜t ■✩✈✦✉✜✧ ✩✥ ✤✣✸ ✯❉✲✲❄✵✸ ✴✮✩✉✩ ✤✢✥✮✜r✉

✬✩✈✩✣✜♣✩✬ ✤ ✉✥✩✤✬✫❧✉✥✤✥✩ t✜✬✩✣ ♦✜r ❍✴❣ ✜r✪✦✥✤✣ ✤r❝✮✦✥✩❝✥✢r✩★

✤✉✉✢t✦✧❡ ✥✮✩✫ ✜r✦❡✦✧✤✥✩ ✦✧ ✥✮✩ ✉❝✤✥✥✩r✩✬ ✬✦✉✻✸ ✴r✤❝✻✦✧❡ ✥✮✩

✜r✪✦✥✤✣ ✩✈✜✣✢✥✦✜✧ ✜♦ ✤ ✣✤r❡✩ ✧✢t✪✩r ✜♦ ✥✩✉✥ ♣✤r✥✦❝✣✩✉★ ✥✮✩✦r t✜✬✩✣

✇✤✉ ✤✪✣✩ ✥✜ ✉✢❝❝✩✉✉♦✢✣✣✫ t✤✥❝✮ ✥✮✩ ✜✪✉✩r✈✩✬ ✬✦✉✥r✦✪✢✥✦✜✧ ✜♦

❍✴❣ ✜r✪✦✥✤✣ ✩✣✩t✩✧✥✉★ ✦✧❝✣✢✬✦✧❡ ✥✮✩ t✜✉✥ ♣r✜✪✣✩t✤✥✦❝ ❝✤✉✩ ✜♦

✥✮✩ ✦✧❝✣✦✧✤✥✦✜✧ ✬✦✉✥r✦✪✢✥✦✜✧ ✥✮✤✥ ✇✤✉ ✧✜✥ r✩♣r✜✬✢❝✩✬ ✦✧ ♣r✩✈✦✜✢✉

✩♦♦✜r✥✉✸ ✴✮✦✉ ✦✉ ✪✩❝✤✢✉✩ ✥✮✩ ✜✪✉✩r✈✩✬ ✦✧❝✣✦✧✤✥✦✜✧ ✬✦✉✥r✦✪✢✥✦✜✧

✜♦ ❍✴❣✉ ❝✜✧✥✤✦✧✉ ♣r✩♦✩r✩✧✥✦✤✣✣✫ ♣r✜❡r✤✬✩ ✜r✪✦✥✉ ✇✦✥✮ ✤ t✩✬✦✤✧

✦✧❝✣✦✧✤✥✦✜✧ ✈✤✣✢✩ ✜♦ ➂❂❂
➃

✤✧✬ ✜✧✣✫ ✤ ✉t✤✣✣ ♦r✤❝✥✦✜✧ ✜♦ ❝✜t✩✥✉

✜✧ r✩✥r✜❡r✤✬✩ ✜r✪✦✥✉ ✯❨✦❡✢r✩ ❤✵✸ ❩✧ r✩✣✤✥✦✜✧ ✥✜ ✥✮✩ ❍✴❣ ✬✢✉✥ ✦✥

✦✉ ✥✮✢✉ ✦✧✥✩r✩✉✥✦✧❡ ✥✜ ✧✜✥✩ ✥✮✤✥ ♣r✩✈✦✜✢✉ ✇✜r✻✉★ ✉✢❝✮ ✤✉ ❲✦✩❡✩r✥

✩✥ ✤✣✸ ✯❉✲✲❁✵★ ✤♣♣✩✤r✩✬ ✥✜ ♦✜❝✢✉ ✜✧ ✥✮✩ r✜✣✩ ✜♦ ♦✤t✜✢✉✣✫ ✻✧✜✇✧

✣✜✧❡❧♣✩r✦✜✬ ❝✜t✩✥✉ ✉✢❝✮ ✤✉ ✶◗❴❍✤✣✣✩✫ ✜r ❂❂◗❴✴✩t♣✩✣❧✴✢✥✥✣✩★

✇✮✜✉✩ ✜r✪✦✥✉ ✤r✩ ✤❝✥✢✤✣✣✫ ✜✢✥✣✦✩r✉ ✦✧ ✥✮✩✦r ❡r✜✢♣✸ ❲✩ ✤✣✉✜ ✧✜✥✩

✥✮✤✥ ✧✩✤r✣✫ ✮✤✣♦ ✜♦ ❍✴❣✉ ✮✤✈✩ ✦✧❝✣✦✧✤✥✦✜✧ ✈✤✣✢✩✉ ✪✩✥✇✩✩✧ ➂❤✲
➃

✤✧✬ ➂❈✲
➃
★ ✇✮✦❝✮ ✤✬✬✦✥✦✜✧✤✣✣✫ ♦✤✈✜r✉ ✥✮✩t ✤✉ ✤ ✉✜✢r❝✩ ♦✜r ◆✴

✯✤✧✬ ❢✴✵ ♣✤r✥✦❝✣✩✉✸

✴✮✩ ✉✥✤r✥✦✧❡ ✜r✪✦✥✉ ♦✜r ✜✢r ♣✤r✥✦❝✣✩✉ ✤r✩ ✥✮✜✉✩ ✜♦ ✥✮✩ ✉✫✧✥✮✩✥✦❝★

✉✥✩✤✬✫❧✉✥✤✥✩ ♣✜♣✢✣✤✥✦✜✧ ✜♦ ❍✴❣✉ ♦r✜t ■✩✈✦✉✜✧ ✩✥ ✤✣✸ ✯❉✲✲❄✵✸

❢✦✧❝✩ ✇✩ ✥✤✻✩ ✦✧✥✜ ✤❝❝✜✢✧✥ r✤✬✦✤✥✦✜✧ ♦✜r❝✩✉★ ✦✧❝✣✢✬✦✧❡ ✬✦r✩❝✥

r✤✬✦✤✥✦✜✧ ♣r✩✉✉✢r✩ ✤✧✬ ◗♥ ✬r✤❡★ ✦✧ ✥✮✩ ♣✤r✥✦❝✣✩ ✬✫✧✤t✦❝✉★ ✥✮✩

✜✉❝✢✣✤✥✦✧❡ ✜r✪✦✥✉ ✢♣✜✧ r✩✣✩✤✉✩ ♦r✜t ✥✮✩ ♣✤r✩✧✥ ❝✜t✩✥ ❝✮✤✧❡✩

✯✩✸❡✸★ ❦✩rt✜✥✥ ✩✥ ✤✣✸ ❉✲✲✶✵✸ ✴✮✦✉ ✦✉ ✪✩❝✤✢✉✩ r✤✬✦✤✥✦✜✧ ♣r✩✉✉✢r✩

✩♦♦✩❝✥✦✈✩✣✫ ❝✮✤✧❡✩✉ ✥✮✩ ✉✜✣✤r t✤✉✉ ⑦ ✥✜ ➄ ✯✶ ➅ ➆✵★ ✇✦✥✮

➆ ➇ ✶➈✶❂
➉➊➋

➌➍
❭ ✯❉✵

♦✜r ✤ ♣✤r✥✦❝✣✩ ✜♦ ✤ ✪✢✣✻ ✬✩✧✉✦✥✫ ➌ ✯✦✧ ❡ ❝t
➎➏

✵ ✤✧✬ ✉✦❊✩ ➐ ✯✦✧

➭t✵✸ ❦✩✥✤✦✣✉ ✜♦ ✥✮✩ r✤✬✦✤✥✦✜✧ ✦✧✥✩r✤❝✥✦✜✧ ✇✦✥✮ ✥✮✩ ♣✤r✥✦❝✣✩ ✤r✩

✦✧❝✣✢✬✩✬ ✦✧ ✥✮✩ ♣r✩✉✉✢r✩ ❝✜✩♦s❝✦✩✧✥ ➉➊➋✸ ❩✧ ✤✣✣ ✜✢r ✉✦t✢✣✤✥✦✜✧✉

✪✩✣✜✇ ✇✩ ✥✤✻✩ ➌ ➇ ❉ ❡ ❝t
➎➏

✤✧✬ ✉✩✥ ➉➊➋ ➇ ✶ ♦✜r ✉✦t♣✣✦❝✦✥✫✸

❖✧✩ ✜♦ ✥✮✩ ✉✜✣✤r t✤✉✉ r✩❝✤✣✦✪r✤✥✦✜✧ ✤✉♣✩❝✥✉ ✦✉ ✥✮✤✥ ♣✤r✥✦❝✣✩ ✜r✪✦✥✉

t✤✫ ✪✩❝✜t✩ ✢✧✪✜✢✧✬ ✇✮✩✧ r✩✣✩✤✉✩✬ ♦r✜t ✤ ✮✦❡✮❧✩❝❝✩✧✥r✦❝✦✥✫

❝✜t✩✥✤r✫ ✜r✪✦✥ ✯❨✦❡✢r✩ ❤✵✸ ✴✜ ✉✥✤✫ ✦✧✦✥✦✤✣✣✫ ✪✜✢✧✬ ✦✧ ✥✮✩ ✉✜✣✤r

✉✫✉✥✩t★ ✤ ♣✤r✥✦❝✣✩ ✇✦✥✮ ✤ ✪✩✥✤ ♦✤❝✥✜r ➆ t✢✉✥ ✪✩ r✩✣✩✤✉✩✬ ✤✥

✮✩✣✦✜❝✩✧✥r✦❝ ✬✦✉✥✤✧❝✩ ➑

➒ ➓ ➒
➔

➇ ❉➆❬ ❭ ✯❙✵

♦✜r ✤ ❝✜t✩✥✤r✫ ✜r✪✦✥ ✇✦✥✮ ✤ ✉✩t✦t✤✺✜r ✤❛✦✉ ❜ ✯✩✸❡✸★ ❦✩rt✜✥✥

✩✥ ✤✣✸ ❉✲✲✶✵✸ ❢✦✧❝✩ ✥✮✩ ♣✤r✥✦❝✣✩✉ ✜♦ ✦✧✥✩r✩✉✥ ♦✜r ✢✉ ✮✤✈✩ ✥✫♣✦❝✤✣✣✫

❄
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✥

✥✜✢

✥✜✣

✥✜✤

✥✜✦

✧

✥ ★ ✧✥ ✧★ ✢✥ ✢★

❈
✩
✪
✩
✫✬
✮✯
✰
✲
✴
✩
✪
✵
✲
✶

❙✸✹✺✹✻❥♦✽ ✾✿✺❀ ❁✻❂❃

✥✜❄★ ✥✜❄✤ ✥✜❄❅ ✥✜❄✦ ✥✜❄❄

❊❇❇✸❉❋✽✺❇✺❋②

✥ ✥✜✢ ✥✜✣ ✥✜✤ ✥✜✦ ✧

●✸✽✺❍✸■✺♦❉ ❑✺❀❋✻❉❇✸ ❁✻❂❃

✥ ▲✥ ✤✥ ❄✥ ✧✢✥ ✧★✥ ✧✦✥

▼❉❇■✺❉✻❋✺♦❉ ❁❑✸❣❃

◆❖◗❘❯❡ ❱❲ ❳❨❩❬❭❨❪✘❬❨t❫ t❢ ❬❤❴ ❤❴✙❨t❵❴❫❬❭❨❵ t❭❪❨❬❛✙ ❴✙❴❜❴❫❬❩ t❢ ❬❤❴ ❩✚❫❬❤❴❬❨❵ ✔t✔✘✙❛❬❨t❫ t❢ ❝❞✐❩✏ ❩❴❜❨❜❛st❭ ❛①❨❩ ❦ ✭✙❴❢❬✕✱ ❴❵❵❴❫❬❭❨❵❨❬✚ ❧ ✭❩❴❵t❫♠ ❢❭t❜ ✙❴❢❬✕✱ ✔❴❭❨❤❴✙❨t❫

♠❨❩❬❛❫❵❴ q ✭❩❴❵t❫♠ ❢❭t❜ ❭❨♥❤❬✕✱ ❛❫♠ ❨❫❵✙❨❫❛❬❨t❫ ♣ ✭❭❨♥❤❬✕r ✉t❩❬ ❫t❬❛❪✙✚✱ ❬❤❴ ❨❫❵✙❨❫❛❬❨t❫ ❨❩ ✘❫❴✈❴❫✙✚ ♠❨❩❬❭❨❪✘❬❴♠ ❛❪t✘❬ ✎✓✇✏ ❬❤❴ ❜❴♠❨❛❫ ❨❫❵✙❨❫❛❬❨t❫ t❢ ❝❞✐❩ ❨❩ ③✒✒✇ ❛❫♠

t❫✙✚ ③✑✓④ t❢ t❭❪❨❬❩ ❤❛✈❴ ❨❫❵✙❨❫❛❬❨t❫ ✙❛❭♥❴❭ ❬❤❛❫ ✎✓✇r ❞❤❨❩ ❢❛✈t❭❛❪✙✚ ♠❨❭❴❵❬❩ ✔❛❭❬❨❵✙❴❩ ❩✘❭✈❨✈❨❫♥ ❬❤❴ ✗✘✔❨❬❴❭ ❪❛❭❭❨❴❭ ❬t ❬❤❴ ❬t❭t❨♠❛✙ ❩t✘❭❵❴ ⑤t❫❴r

⑥ ⑦ ⑧⑨⑨➭⑩❶ ❷❸ ❸❹❺❺❻❸❼❻❽ ❾❿ ➀➁❺❹➂❻ ➃❶ ❼➄❻ ➅➆➇❽➁❼➁➆➇ ➈➉➊ ➁❸ ➇➆❼

➋❻➂❿ ➂❻❸❼➂➁➅❼➁➋❻ ➈➁❼ ➆➇➌❿ ➍➂➆➄➁❾➁❼❸ ➂❻➌❻❷❸❻ ➋❻➂❿ ➇❻❷➂ ➍❻➂➁➄❻➌➁➆➇

➎➆➂ ➅➆⑩❻❼❸ ➏➁❼➄ ❼➄❻ ➌❷➂❺❻❸❼ ➐ ❷➇❽ ➆❹➂ ❸⑩❷➌➌❻❸❼ ➍❷➂❼➁➅➌❻❸➊➑ ➒➆

➓❻❻➍ ❼➄➁➇❺❸ ❸➁⑩➍➌❻❶ ❸➁➇➅❻ ➆❹➂ ⑩➆❽❻➌ ➅➆➇❼❷➁➇❸ ❻➇➆❹❺➄ ➎➂❻❻

➍❷➂❷⑩❻❼❻➂❸ ➆➎ ⑩➆➂❻ ➁⑩➍➆➂❼❷➇➅❻❶ ➏❻ ➂❻➌❻❷❸❻ ➍❷➂❼➁➅➌❻❸ ❹➇➁➎➆➂⑩➌❿

➁➇ ⑩❻❷➇ ➌➆➇❺➁❼❹❽❻ ❷➌➆➇❺ ❼➄❻ ➅➆⑩❻❼❷➂❿ ➆➂❾➁❼❸ ➈➇➆❼ ❸❻❻➓➁➇❺ ❼➄❹❸

❷➇ ❷❽❽➁❼➁➆➇❷➌ ➍❷➂❷⑩❻❼❻➂➁➔❷❼➁➆➇ ❼➆ ⑩➆❽❻➌ ❼➄❻➁➂ ❻→❻➅❼➁➆➇ ❷❸ ⑩➆➂❻

➅➆➇➅❻➇❼➂❷❼❻❽ ❼➆➏❷➂❽ ➍❻➂➁➄❻➌➁➆➇➊➑ ➣❻ ❷➌❸➆ ❺➁➋❻ ❼➄❻ ➍❷➂❼➁➅➌❻❸ ➔❻➂➆

❻→❻➅❼➁➆➇ ➋❻➌➆➅➁❼❿ ➏➁❼➄ ➂❻❸➍❻➅❼ ❼➆ ❼➄❻ ➅➆⑩❻❼❶ ❷➅➅➆❹➇❼➁➇❺ ➆➇➌❿ ➎➆➂

❼➄❻ ➂❷❽➁❷❼➁➆➇ ➍➂❻❸❸❹➂❻ ❻➎➎❻➅❼❸ ⑩❻➇❼➁➆➇❻❽ ❷❾➆➋❻➑

➒➄❻ ❸❼❷➂❼➁➇❺ ➆➂❾➁❼❸ ➆➎ ➆❹➂ ➍❷➂❼➁➅➌❻❸ ➄❷➋❻ ❽➁➎➎❻➂❻➇❼ ➍❻➂➁➄❻➌➁➆➇

❽➁❸❼❷➇➅❻❸ ↔ ➁➇ ❷➅➅➆➂❽ ➏➁❼➄ ❼➄❻ ❽➁❸❼➂➁❾❹❼➁➆➇ ❸➄➆➏➇ ➆➇ ❼➄❻ ❼➄➁➂❽

➍❷➇❻➌ ➁➇ ➀➁❺❹➂❻ ↕➑ ➙➆⑩❻❼❸ ➏➁❼➄ ❸⑩❷➌➌❻➂ ↔ ➋❷➌❹❻❸ ❷➂❻ ❺❻➇❻➂❷➌➌❿

⑩➆➂❻ ❷➅❼➁➋❻ ❷➇❽⑩❷❿ ❽❻➌➁➋❻➂⑩➆➂❻ ❽❹❸❼ ➍❷➂❼➁➅➌❻❸ ❼➆ ➁➇❼❻➂➍➌❷➇❻❼❷➂❿

❸➍❷➅❻➑ ➛➇ ➆➂❽❻➂ ❼➆ ❷➅➅➆❹➇❼ ➎➆➂ ❼➄➁❸ ❾➁❷❸❶ ➏❻ ➁➇❼➂➆❽❹➅❻ ❷ ➏❻➁❺➄❼➁➇❺

➎❷➅❼➆➂ ➜➝❶ ❷❸❸➁❺➇❻❽ ❼➆ ❻❷➅➄ ➆➎ ❼➄❻ ➍❷➂❼➁➅➌❻❸ ❷❸

➜➝ ➞ ➟
➡➢

➤ ➈↕➊

➥❻➂❻ ↔ ➁❸ ➁➇ ❷❸❼➂➆➇➆⑩➁➅❷➌ ❹➇➁❼❸ ❷➇❽ ➦ ➁❸ ❷➇ ❷❽→❹❸❼❷❾➌❻ ➍❷➂❷⑩❻❼❻➂

➆➎ ➆❹➂ ⑩➆❽❻➌➑ ➣❻ ➇➆⑩➁➇❷➌➌❿ ❸❻❼ ➦ ➞ ⑨❶ ❾❹❼ ❼❻❸❼ ❼➄❻ ❸❻➇❸➁❼➁➋➁❼❿

➆➎ ❼➄❻ ➂❻❸❹➌❼❸ ❼➆ ❷❽➆➍❼➁➇❺ ➍➆❸➁❼➁➋❻ ➦ ➋❷➌❹❻❸➑

➛❼ ➁❸ ❷➌❸➆ ➁⑩➍➆➂❼❷➇❼ ❼➆ ➇➆❼❻ ❼➄❷❼ ➏❻ ➅➆➇❸➁❽❻➂ ❷ ➍➆➍❹➌❷❼➁➆➇

➆➎ ❸❼❷➂❼➁➇❺ ➆➂❾➁❼❸ ➏➁❼➄ ➍❻➂➁➄❻➌➁➆➇ ↔ ❹➍ ❼➆ ❷ ⑩❷➧➁⑩❹⑩ ➋❷➌❹❻

➆➎ ➃➤➉ ❷❹ ➈➀➁❺❹➂❻ ↕➊➑ ➥➆➏❻➋❻➂❶ ❸❻➌❻➅❼➁➇❺ ❷ ➌➁⑩➁❼❻❽ ➇❹⑩❾❻➂ ➆➎

➍❷➂❼➁➅➌❻ ❸➁➔❻❸❶ ➏❻ ❷➌❸➆ ❼❻❸❼❻❽ ❷ ❸➆➌❹❼➁➆➇❸ ➏➁❼➄ ↔ ❻➧❼❻➇❽➁➇❺ ❼➆

⑧➤➨ ❷❹❶ ❻➧❼➂❷➍➆➌❷❼➁➇❺ ❼➄❻ ❼➂❻➇❽ ➎➂➆⑩ ❼➄❻ ➩❻➋➁❸➆➇ ❻❼ ❷➌➑ ➈⑧⑨⑨➨➊

⑩➆❽❻➌➑➣❻ ➎➆❹➇❽ ❼➄❷❼ ❼➄❻ ➂❻❸❹➌❼❸ ❷➂❻ ➇➆❼ ❸❻➇❸➁❼➁➋❻ ❼➆ ❼➄➁❸ ➌➁⑩➁❼ ❷➇❽

❷➂❻ ➅➆⑩➍❷➂❷❾➌❻ ❼➆ ➆❹➂ ⑩❷➁➇ ➂❻❸❹➌❼❸➑ ➀➆➂ ❼➄❷❼ ➂❻❷❸➆➇ ➏❻ ❾❻➌➁❻➋❻

❼➄❷❼ ❼➄❻ ➌➁⑩➁❼❷❼➁➆➇ ➆➎ ➟ ➫ ➃➤➉ ❷❹ ❽➆❻❸ ➇➆❼ ➂❻➍➂❻❸❻➇❼ ❷ ➌➁⑩➁❼❷❼➁➆➇

➆➎ ➆❹➂ ⑩➆❽❻➌➑

➯➲➳➲ ➵➸➺➻➼➐➽ ➾➚➪➽➶➼➻➪➹ ➘➸➪➴➐➷➐➼➪➸ ➐➹➬

➮➱✃➶➽➼✃ ➪❐ ➘➐➸➼➻❒➽➱ ❮➹➼➱➷➸➐➼➻➪➹✃

➒➄❻ ➍❷➂❼➁➅➌❻ ➆➂❾➁❼❸ ➏❻➂❻ ➇❹⑩❻➂➁➅❷➌➌❿ ➍➂➆➍❷❺❷❼❻❽ ❹❸➁➇❺

❼➄❻ ❰ÏÐÑÒÓÔÕÖ❰× ➅➆❽❻ ➈❻➑❺➑❶ ➩❻➋➁❸➆➇ Ø Ù❹➇➅❷➇ ➃ÚÚ↕Û

➄❼❼➍ÜÝÝ➏➏➏➑❾➆❹➌❽❻➂➑❸➏➂➁➑❻❽❹ÝÞ➄❷➌Ý❸➏➁➎❼➑➄❼⑩➌➊ ➏➄➁➅➄ ❷➌➌➆➏❸ ❷➇

❻➎ß➅➁❻➇❼ ➌➆➇❺à❼❻➂⑩ ➁➇❼❻❺➂❷❼➁➆➇ ➆➎ ❼❻❸❼ ❾➆❽➁❻❸ ➁➇ ❼➄❻ ❸➆➌❷➂ ❸❿❸à

❼❻⑩➑ á➂❷➋➁❼❷❼➁➆➇❷➌ ➍❻➂❼❹➂❾❷❼➁➆➇❸ ➎➂➆⑩ ❷➌➌ ➍➌❷➇❻❼❸❶ ➏➄➆❸❻ ➁➇➁❼➁❷➌

➆➂❾➁❼❸ ➏❻➂❻ ➆❾❼❷➁➇❻❽ ➎➂➆⑩ ❼➄❻ âã➩ Ùä↕⑨å ❻➍➄❻⑩❻➂➁❽❻❸❶ ➏❻➂❻

❼❷➓❻➇ ➁➇❼➆ ❷➅➅➆❹➇❼➑ ➒➄❻ ➂❷❽➁❷❼➁➆➇ ➎➆➂➅❻❸ ➏❻➂❻ ➁⑩➍➌❻⑩❻➇❼❻❽ ➁➇

❼➏➆ ❸❼❻➍❸ ❹➍➆➇ ❻➋❷➌❹❷❼➁➆➇ ➆➎ ❼➄❻ æà➎❷➅❼➆➂ ➎➆➂ ➍❷➂❼➁➅➌❻❸ ➆➎ ❷ ❸➍❻➅à

➁ß❻❽ ❸➁➔❻ ➈äç❹❷❼➁➆➇ ➈⑧➊➊Ü ➈➃➊ ❼➄❻ ❽➁➂❻➅❼ ➂❷❽➁❷❼➁➆➇ ➍➂❻❸❸❹➂❻ ➏❷❸

➂❻➍➂❻❸❻➇❼❻❽ ❷❸ ❼➄❻ ❷➍➍➂➆➍➂➁❷❼❻ ➂❻➅❷➌➁❾➂❷❼➁➆➇ ➆➎ ❼➄❻ ❸➆➌❷➂ ⑩❷❸❸❶

❷➇❽ ➈⑧➊ ❼➄❻ ãè ❽➂❷❺ ➏❷❸ ➁➇❼➂➆❽❹➅❻❽ ❷❸ ❷ ➍❻➂❼❹➂❾❷❼➁➆➇ ➌➁➓❻ ❼➄❻

❺➂❷➋➁❼❷❼➁➆➇❷➌ ❻➎➎❻➅❼❸ ➆➎ ➍➌❷➇❻❼❸➑ ➒➄❻ ➅➆❽❻ ➏❷❸ ❼❻❸❼❻❽ ❷➇❽ ❸❹➅à

➅❻❸❸➎❹➌➌❿ ❹❸❻❽ ➁➇ ➍➂❻➋➁➆❹❸ ❸❼❹❽➁❻❸ ➈❻➑❺➑❶ é❻❸➋➆➂➇ê❿ ❻❼ ❷➌➑ ⑧⑨⑨➨❶

⑧⑨➃⑨❶ ⑧⑨➃➃❷❶ ⑧⑨➃➃❾➊➑ ➣❻ ❷➌❸➆ ❼❷➓❻ ➁➇❼➆ ❷➅➅➆❹➇❼ ❼➄❻ ❽➂❷❺ ❻➎➎❻➅❼

➆➎ ❼➄❻ ❸➆➌❷➂ ➏➁➇❽ ➏➄➁➅➄ ➁❸❶ ➆➇ ❷➋❻➂❷❺❻❶ ❾❻➌➁❻➋❻❽ ❼➆ ➁➇➅➂❻❷❸❻ ❼➄❻

ãè ❽➂❷❺ ❾❿ ❸➆⑩❻ ➉⑨ë ➈❻➑❺➑❶ Ù❻➂⑩➆❼❼ ❻❼ ❷➌➑ ⑧⑨⑨➃➊➑

ì➁➇➅❻ ➏❻ ❷➁⑩ ❼➆ ⑩➆❽❻➌ ❷ ❸❼❻❷❽❿à❸❼❷❼❻ ➍➆➍❹➌❷❼➁➆➇ ➆➎ ➥➒➙à

➂❻➌❷❼❻❽ ➍❷➂❼➁➅➌❻❸ ➁➇ ➁➇❼❻➂➍➌❷➇❻❼❷➂❿ ❸➍❷➅❻❶ ➆➇➅❻ ❸❼❷➂❼❻❽ ➆➇ ❼➄❻➁➂

➁➇➁❼➁❷➌ ➆➂❾➁❼❸❶ ❼➄❻ ➍❷➂❼➁➅➌❻❸ ➏❻➂❻ ➎➆➌➌➆➏❻❽ ❹➇❼➁➌ ❼➄❻ ➏➄➆➌❻ ➍➆➍à

❹➌❷❼➁➆➇ ➏❷❸ ❻➌➁⑩➁➇❷❼❻❽➑ ➒➄❻➂❻ ➏❻➂❻ ❸❻➋❻➂❷➌ ➆➂❾➁❼❷➌ ❻➇❽à❸❼❷❼❻❸

➁➇ ➆❹➂ ❸➁⑩❹➌❷❼➁➆➇❸➑ ➙➌➆❸❻ ❻➇➅➆❹➇❼❻➂ ➏➁❼➄ ❺➁❷➇❼ ➍➌❷➇❻❼❸❶ ⑩❷➁➇➌❿

â❹➍➁❼❻➂❶ ➅➆❹➌❽ ❻→❻➅❼ ❼➄❻ ➍❷➂❼➁➅➌❻❸ ➎➂➆⑩ ❼➄❻ ❸➆➌❷➂ ❸❿❸❼❻⑩ ➈➏❻ ➅➆➇à

❸➁❽❻➂ ❼➄➁❸ ➅➆➇❽➁❼➁➆➇ ❼➆ ❾❻ ➏➄❻➇ ❼➄❻ ➄❻➌➁➆➅❻➇❼➂➁➅ ❽➁❸❼❷➇➅❻ ➆➎ ❼➄❻

➍❷➂❼➁➅➌❻ ❾❻➅➆⑩❻❸ ➌❷➂❺❻➂ ❼➄❷➇ ➃⑨❶⑨⑨⑨ ❷❹➊➑ ã❷➂❼➁➅➌❻❸ ⑩❷❿ ❷➌❸➆ ➄➁❼

❼➄❻ ì❹➇ ➆➂ ➁❼❸ ➁⑩⑩❻❽➁❷❼❻ ➋➁➅➁➇➁❼❿➑ ➣❻ ❻➌➁⑩➁➇❷❼❻ ❼➄❻⑩ ➏➄❻➇ ❼➄❻

➄❻➌➁➆➅❻➇❼➂➁➅ ❽➁❸❼❷➇➅❻ ❾❻➅➆⑩❻❸ ❸⑩❷➌➌❻➂ ❼➄❷➇ ⑨➤⑨å ❷❹❶ ➂➆❹❺➄➌❿ ❼❻➇

❸➆➌❷➂ ➂❷❽➁➁➑ í❻➌➆➏ ❼➄❷❼ ❽➁❸❼❷➇➅❻ ❼➄❻ ❻➎➎❻➅❼➁➋❻ ❼❻⑩➍❻➂❷❼❹➂❻ ➆➎ ❼➄❻

➍❷➂❼➁➅➌❻❸ ❻➧➅❻❻❽❸ Þ➃➉⑨⑨î ❷➇❽ ❼➄❻ ➍❷➂❼➁➅➌❻❸ ❷➂❻ ❽❻❻⑩❻❽ ❼➆ ❻➋❷➍à

➆➂❷❼❻ ➆➂ ❾❻ ❼➆➂➇ ❾❿ ❼➄❻➂⑩❷➌ ❸❼➂❻❸❸❻❸ ➈❻➑❺➑❶ ÿ➙❷➍❻➓ Ø❱➆➓➂➆❹➄➌➁➅➓ê❿

⑧⑨➃⑨➊➑ ì➆⑩❻ ➍❷➂❼➁➅➌❻❸⑩❷❿ ❻➋❻➇ ➄➁❼ ❷ ➍➌❷➇❻❼❶ ➁➇➅➌❹❽➁➇❺ ❼➄❻ ä❷➂❼➄❶

❾❹❼ ❼➄❻ ➌➁➓❻➌➁➄➆➆❽ ➁❸ ❸⑩❷➌➌ ❺➁➋❻➇ ❷ ➌➁⑩➁❼❻❽ ➇❹⑩❾❻➂ ➆➎ ➁➇❼❻❺➂❷❼❻❽

❾➆❽➁❻❸➑ ➣❻ ❽➆ ➇➆❼ ⑩❷➓❻ ❹❸❻ ➆➎ ❼➄❻ ❽➁➂❻➅❼➌❿ ❸➁⑩❹➌❷❼❻❽ ä❷➂❼➄

➁⑩➍❷➅❼❸ ➁➇ ➆❹➂ ❷➇❷➌❿❸➁❸➑

ì➁➇➅❻ ❷➌➌ ➍➌❷➇❻❼❸❶ ➁➇➅➌❹❽➁➇❺▼❻➂➅❹➂❿❶ ❷➂❻ ➍➂➆➍❷❺❷❼❻❽ ❼➆❺❻❼➄❻➂

➏➁❼➄ ❼➄❻ ❽❹❸❼ ➍❷➂❼➁➅➌❻❸ ➁➇ ➆❹➂ ❸➁⑩❹➌❷❼➁➆➇❸❶ ➏❻ ❹❸❻ ❷ ❸➄➆➂❼ ❼➁⑩❻❸❼❻➍

➆➎ ➃ ❽❷❿➑ ➛➇ ➆➂❽❻➂ ❼➆ ➍➂❻➋❻➇❼ ❽➁❸➓ ➆➋❻➂r➆➏❶ ❼➄❻ ➍❷➂❼➁➅➌❻ ➆➂❾➁❼❸

❷➂❻ ❻➧➍➆➂❼❻❽❶ ❷➇❽ ❹❸❻❽ ➎➆➂ ➎❹➂❼➄❻➂ ❷➇❷➌❿❸➁❸❶ ➆➇➅❻ ❻➋❻➂❿ ➃⑨⑨ ❿➂ ➁➇

❷➌➌ ➆❹➂ ❸➁⑩❹➌❷❼➁➆➇❸➑ ➣❻ ➂❷➇ ❸➁⑩❹➌❷❼➁➆➇❸ ➎➆➂ ➍❷➂❼➁➅➌❻❸ ➆➎ ❽➁➎➎❻➂❻➇❼

❸➁➔❻❸ ❉❶ ➇❷⑩❻➌❿❶ ➃⑨⑨➭⑩❶ ⑧⑨⑨➭⑩❶ ↕⑨⑨➭⑩❶ ➨⑨⑨➭⑩❶ ✽⑨⑨➭⑩❶

➃⑨⑨⑨➭⑩❶ ➃⑧⑨⑨➭⑩❶ ➃å⑨⑨➭⑩❶ ❷➇❽ ⑧⑨⑨⑨➭⑩➑ ä❷➅➄ ❼➁⑩❻❶ ➏❻ ➄❷❽

⑧⑨✱ ⑨⑨⑨ ➂❷➇❽➆⑩➌❿ ❺❻➇❻➂❷❼❻❽ ➆➂❾➁❼❸ ➆➎ ➍❷➂❼➁➅➌❻❸❶ ❺➁➋➁➇❺ ❷➌❼➆❺❻❼➄❻➂

➇❻❷➂➌❿ ⑧⑨⑨✱⑨⑨⑨ ➍➂➆➍❷❺❷❼❻❽ ➍❷➂❼➁➅➌❻❸➑ ▼➆❸❼ ➆➎ ❼➄❻ ➂❹➇❸ ➏❻➂❻

➅➆⑩➍➌❻❼❻❽ ❾❿ t ➞ ➃⑨▼❿➂❶ ❷➇❽ ➆➇➌❿ ❸➆⑩❻ ➆➎ ❼➄❻ ➌❷➂❺❻❸❼ ➍❷➂❼➁➅➌❻❸

➌❷❸❼❻❽ ➌➆➇❺❻➂ ➁➇ ➆❹➂ ❸➁⑩❹➌❷❼➁➆➇❸➑ ➣❻ ➎➆❹➇❽ ❼➄❷❼ ❼➄❻ ❽❿➇❷⑩➁➅❸

➆➎ ➍❷➂❼➁➅➌❻❸ ➁➇ ➆❹➂ ❼➏➆ ➌❷➂❺❻❸❼à❸➁➔❻ ❾➁➇❸ ➁❸ ❸❹➎ß➅➁❻➇❼➌❿ ❸➁⑩➁➌❷➂

❼➆ ❾➁➇ ❼➄❻⑩ ❼➆❺❻❼➄❻➂➑ ➒➄➁❸ ⑩❻❷➇❸ ❼➂❷→❻➅❼➆➂➁❻❸ ➆➎ ➆❹➂ ➌❷➂❺❻❸❼

➍❷➂❼➁➅➌❻❸❶ ⑧ ⑩⑩ ➁➇ ❸➁➔❻❶ ➅➆❹➌❽ ❾❻ ❼❷➓❻➇ ❷❸ ❷ ❺➆➆❽ ❼❻⑩➍➌❷❼❻

➎➆➂ ❽❿➇❷⑩➁➅❸ ➆➎ ❷➇❿ ➆❼➄❻➂ ➍❷➂❼➁➅➌❻❸ ➏➁❼➄ ➌❷➂❺❻➂ ❸➁➔❻➑ Ù❷❼❷ ❸➄➆➏➇

➁➇ ➀➁❺❹➂❻ ➃ ➁➇❽➁➅❷❼❻ ❼➄❷❼ ➏❻ ❽➆ ➇➆❼ ➇❻❻❽ ❼➆ ➁➇❼❻❺➂❷❼❻ ➆➂❾➁❼❸ ➎➆➂

➍❷➂❼➁➅➌❻❸ ➏➁❼➄ ❸➁➔❻❸ ❸⑩❷➌➌❻➂ ❼➄❷➇ ➃⑨⑨➭⑩ ➎➆➂ ❼➄➁❸ ➍➂➆→❻➅❼ ❷❸ ❼➄➁❸

➁❸ ❾❻➌➆➏ ❼➄❻ ❸❻➇❸➁❼➁➋➁❼❿ ➌➁⑩➁❼ ➎➆➂ ➙▼�è➑ ➣➁❼➄ ➆❹➂ ➅➄➆➁➅❻❶ ❷➇❽

➅➆⑩➍❹❼❻➂à➍➆➏❻➂ ➌➁⑩➁❼❷❼➁➆➇❸❶ ➏❻ ❾❻➌➁❻➋❻ ➏❻ ❸❹➎ß➅➁❻➇❼➌❿ ➅➆➋❻➂❻❽

❼➄❻ ➇❻➅❻❸❸❷➂❿ ➁➇❼❻➂➋❷➌ ➆➎ ➍❷➂❼➁➅➌❻ ❸➁➔❻❸ ➎➆➂ ❼➄❻ ➍➆➍❹➌❷❼➁➆➇ ❸➁➔❻

❽➁❸❼➂➁❾❹❼➁➆➇ ❷➇❷➌❿❸➁❸ ➈ì❻➅❼➁➆➇ ➉➑↕➊➑

➛➇ ❼➄❻ ➔❻➂➆ ❷➍➍➂➆➧➁⑩❷❼➁➆➇❶ ❼➄❻ ➍➆➍❹➌❷❼➁➆➇ ❽❻➍➌❻❼➁➆➇ ➏➁❼➄

❼➁⑩❻ ➼ ➁➇ ➆❹➂ ➂❹➇❸ ⑩❷❿ ❾❻ ⑩❷❼➅➄❻❽ ❾❿ ❷➇ ❻➧➍➆➇❻➇❼➁❷➌ ➌❷➏

✝ ❻➧➍➈❾t✁☛ ➊❶ ➏➄❻➂❻ ☛ ➁❸ ❸➆⑩❻ ➅➄❷➂❷➅❼❻➂➁❸❼➁➅ ❼➁⑩❻❸➅❷➌❻➑ ➀➆➂ ➆❹➂

❸⑩❷➌➌❻❸❼ ➍❷➂❼➁➅➌❻❸ ➆➎ ➃⑨⑨➭⑩ ❷➇❽ ⑧⑨⑨➭⑩ ➏❻ ➎➆❹➇❽ ☛ ☎ ⑨➤➨✻

▼❿➂ ❷➇❽ ☛ ☎ ➃➤⑨✻ ▼❿➂❶ ➂❻❸➍❻➅❼➁➋❻➌❿➑ ➀➆➂ ❷➌➌ ➌❷➂❺❻➂ ➍❷➂❼➁➅➌❻❸❶ ❼➄❻

☛ ➋❷➌❹❻ ➂❷➇❺❻❽ ❾❻❼➏❻❻➇ Þ➃➤↕✽ ▼❿➂ ❷➇❽ Þ➃➤✽å ▼❿➂❶ ç❹➁➅➓➌❿

❷➍➍➂➆❷➅➄➁➇❺ ❷ ➌➁⑩➁❼➁➇❺ ➋❷➌❹❻ ➆➎ Þ➃➤Ú ▼❿➂➑ ➒➄➁❸ ➁➇➎➆➂⑩❷❼➁➆➇

➁❸ ➇❻➅❻❸❸❷➂❿ ➏➄❻➇ ❻❸❼➁⑩❷❼➁➇❺ ❼➄❻ ➍➂➆❽❹➅❼➁➆➇ ➂❷❼❻ ➆➎ ➥➒➙

✻

197



❚�✁ ❆✂✄☎✆✝�✞✂✟✠✡☛ ❏✆☞☎✌✡☛✱ ✼✍✎✏✑✒ ✭✑✓✔✔✕✱ ✑✓✷✖ ✗✘✙✚ ✷ P✆✛✆☎✌➠✞ ✁✄ ✡☛✳

♣✜✢✣✤✥✦✧★ ✜✣ ✣❤✧ ★s✩✢✥✧ ✣s ♠✜✤✪✣✜✤✪ ✜ ★✣✧✜t✫✬★✣✜✣✧ ★✤✣✩✜✣✤s✪ ✮★✧✧

❙✧✥✣✤s✪ ✹✯✰

✲✪s✣❤✧✢ ✤✪✣✧✢✧★✣✤✪✐ ♣✤✧✥✧ s♦ ✤✪♦s✢♠✜✣✤s✪ ✣❤✜✣ ✇✧ s✴✣✜✤✪ ♦✢s♠

s✩✢ ★✤♠✩✦✜✣✤s✪★ ✢✧✦✜✣✧★ ✣s ✣❤✧ ♣✜✢✣✤✥✦✧★ ✜✴✤✦✤✣✫ ✣s t✧✥s✩♣✦✧ ♦✢s♠

✣❤✧ ✐✢✜✈✤✣✜✣✤s✪✜✦ ✤✪✵✩✧✪✥✧ s♦ ✶✩♣✤✣✧✢ ✜✪t ♠✤✐✢✜✣✧ ✤✪✇✜✢t ✣s ✣❤✧

✣✧✢✢✧★✣✢✤✜✦ ♣✦✜✪✧✣ ③s✪✧✰ ❲✧ Þ✪t ✣❤✜✣ ✸✺✻✽ ♣✜✢✣✤✥✦✧★ s♦ ✺✾✾➭♠

★✤③✧ t✧✥s✩♣✦✧ ♦✢s♠ ✶✩♣✤✣✧✢✿ ✇❤✤✦✧ s✪✦✫ ✸✻✽ s♦ ❀ ♠♠ ♣✜✢✣✤✥✦✧★

✜✢✧ ✜✴✦✧ ✣s ts ★s✰ ❁❤✧★✧ ♣✧✢✥✧✪✣✜✐✧★ ✜✢✧ ✦✜✢✐✧ ✜✪t ♣✢s♠✤★✤✪✐

♦s✢ ✣❤✧ ♠st✧✦✤✪✐ s♦ ✣❤✧ ✣s✢s✤t✜✦ ★s✩✢✥✧★✰ ◆s✣✧ ✣❤✜✣ ★✤♠✤✦✜✢

✤✪✣✧✐✢✜✣✤s✪★ ♦s✢ ♣✜✢✣✤✥✦✧★ ✢✧✦✧✜★✧t ♦✢s♠ ✣❤✧ ❖s✢✣ ✥✦s✩t ✥s♠✧✣★

✢✧✈✧✜✦✧t ✣❤✜✣ ✦✧★★ ✣❤✜✪ ✸✾❂❀✽❃✾❂✻✽ s♦ ♣✜✢✣✤✥✦✧★ t✧✥s✩♣✦✧ ♦✢s♠

✶✩♣✤✣✧✢ ✤✪ ✣❤✤★ ★✤③✧ ✢✜✪✐✧ ✮✧✰✐✰✿ ◆✧★✈s✢✪❄✫ ✧✣ ✜✦✰ ✺✾❀❀✴✯✰ ❁❤✤★ ✤★

♠s✢✧ ✣❤✜✪ ✜ ♦✜✥✣s✢ s♦ ❀✾ ♦✧✇✧✢ ♣✜✢✣✤✥✦✧★ ✣❤✜✪ ✤✪ s✩✢ ★✤♠✩✦✜✣✤s✪★

s♦ ❍❁❅✬✴s✢✪ ♣✜✢✣✤✥✦✧★✰

❇❈❇❈ ❉ ❊❋●■❑▲ ▼●■❑▲●▲◗❘❯❘❋❱◗ ❱❢ ❘❳▲ ❨❯r❘❋❩❑▲

❬❱❑❑❋❭❋❱◗❯❑ ❪❋❢▲❘❋●▲

❫✜✢✣✤✥✦✧★ ♠✜✫ ✜✦★s ✴✧ ✢✧♠s✈✧t s✪ ✣❤✧✤✢ ✇✜✫ ✣s✇✜✢t ✣❤✧ ✤✪✬

✪✧✢ ★s✦✜✢ ★✫★✣✧♠ ✴✧✥✜✩★✧ s♦ ✜ ✥s✦✦✤★✤s✪ ✇✤✣❤ ✜✪s✣❤✧✢ ♣✜✢✣✤✥✦✧ ✤✪

✣❤✧ ✤✪✣✧✢♣✦✜✪✧✣✜✢✫ ★♣✜✥✧✰ ❁❤✤★ ✧♦♦✧✥✣ ✤★ ✪s✣ t✤✢✧✥✣✦✫ ♠st✧✦✧t ✤✪

s✩✢ ✪✩♠✧✢✤✥✜✦ ★✤♠✩✦✜✣✤s✪★ ✜✪t ♠✩★✣ ✴✧ ✥s✪★✤t✧✢✧t ★✧♣✜✢✜✣✧✦✫✰

❴✪t✧✧t✿ ✣❤✧ ✧★✣✤♠✜✣✧t ✥s✦✦✤★✤s✪✜✦ ✦✤♦✧✣✤♠✧ ♦s✢ ♣✜✢✣✤✥✦✧★ ✤✪ ✣❤✧ ✢✧✦✬

✧✈✜✪✣ ★✤③✧ ✢✜✪✐✧ ✮❵✤✐✩✢✧ ❀✯ ♠✜✫ ✴✧ ★❤s✢✣✧✢ ✣❤✜✪ ✣❤✧ ✥❤✜✢✜✥✣✧✢✤★✣✤✥

t✫✪✜♠✤✥✜✦ ✦✤♦✧✣✤♠✧ ♠✧✪✣✤s✪✧t ✜✴s✈✧✿ ✧★♣✧✥✤✜✦✦✫ ✇❤✧✪ ♣✜✢✣✤✥✦✧★

♠s✈✧ ✣s ✤✪★✤t✧ ♣✜✢✣ s♦ ✣❤✧ ✶✩♣✤✣✧✢❛★ s✢✴✤✣✰ ❵s✢ ✢✧♦✧✢✧✪✥✧✿ ✜ ❜ ✸ ❀

♠♠ ♣✜✢✣✤✥✦✧ s✪ ❝ ✸ ❀ ✜✩ s✢✴✤✣✿ ✣✫♣✤✥✜✦ ♦s✢ ✣❤✧ ◆❁ ★s✩✢✥✧ ③s✪✧

✮❵✤✐✩✢✧ ❞✯✿ ❤✜★ ✜✪ ✧★✣✤♠✜✣✧t ✥s✦✦✤★✤s✪✜✦ ✦✤♦✧✣✤♠✧ ❡❀✾❣ ✫✢ ✮✧✰✐✰✿

❙✣✧✧✦ ❥ ❦✦♦s✢t ❀❧♥q✉ ①✢➡✩✪ ✧✣ ✜✦✰ ❀❧♥✻✯✰ ❁❤✤★ ♠✜✫ ✴✧ ✩♣ ✣s ✜✪

s✢t✧✢ s♦ ♠✜✐✪✤✣✩t✧ ★❤s✢✣✧✢ ✣❤✜✪ ✣❤✧ t✫✪✜♠✤✥✜✦ ✣✢✜✪★♣s✢✣ ✣✤♠✧

♦✢s♠ ✤✣★ ✤✪✤✣✤✜✦✿ ❍❁❅✬✦✤②✧ s✢✴✤✣✰

❙✤♠✤✦✜✢✦✫ ✣s ❲✤✧✐✧✢✣ ✧✣ ✜✦✰ ✮✺✾✾❧✯✿ ✇✧ ✩★✧t ✣❤✧ ✥s✦✦✤★✤s✪✜✦

♠st✧✦ s♦ ❙✣✧✧✦ ❥ ❦✦♦s✢t ✮❀❧♥q✿ ❤✧✢✧✜♦✣✧✢ ❙❦♥q✯✿ Þ✢★✣ ✥❤✧✥②✤✪✐

✣❤✜✣ ★✤♠✤✦✜✢ ✢✧★✩✦✣★ ✇s✩✦t ✜✦★s ❤✜✈✧ ✴✧✧✪ s✴✣✜✤✪✧t ✇✤✣❤ ✣❤✧

♠st✧✦ ✴✫ ①✢➡✩✪ ✧✣ ✜✦✰ ✮❀❧♥✻✯ ✣❤✜✣ ❤✜★ ✴✧✧✪ ✩★✧t ✴✫ ◆✧★✈s✢✪❄✫

✧✣ ✜✦✰ ✮✺✾❀❀✜✿ ✺✾❀❀✴✯✰ ❅s✪✈✧✪✤✧✪✣✦✫✿ ✣❤✧ ❙❦♥q ♠st✧✦ ♣✢s✈✤t✧★

✣❤✧ t✧♣✧✪t✧✪✥✧ s♦ ✣❤✧ ✥s✦✦✤★✤s✪✜✦ ✦✤♦✧✣✤♠✧ s✪ ✣❤✧ s✢✴✤✣✜✦ ✧✦✧♠✧✪✣★

s♦ ✣❤✧ ♣✜✢✣✤✥✦✧✿ ✤✪✥✦✩t✤✪✐ ✣❤✧ ✤✪✥✦✤✪✜✣✤s✪ ✈✜✦✩✧✿ ✇❤✤✥❤ ✇✜★ s✩✢

✦✜✢✐✧★✣ ✥s✪✥✧✢✪ ✤✪ ✣❤✤★ ★✣✩t✫✰ ❴✪ s✢t✧✢ ✣s ✧★✣✤♠✜✣✧ ✣❤✧ ✥s✦✦✤★✤s✪✜✦

✦✤♦✧✣✤♠✧ s♦ ✜ ♣✜✢✣✤✥✦✧✿ ❙❦♥q ✩★✧ ✜ ✣✧✥❤✪✤④✩✧ s♦ ✈s✦✩♠✧ ✤✪✣✧✐✢✜✣✤s✪

s♦ ♣✜✢✣✤✜✦ ★♣✜✥✧❃t✧✪★✤✣✫ t✤★✣✢✤✴✩✣✤s✪ ♦✩✪✥✣✤s✪★ s♦ ✮❀✯ ✣❤✧ ③st✤✜✥✜✦

✥✦s✩t ♠st✧✦✿ ✜✪t ✮✺✯ ✣❤✜✣ s♦ ♣✜✢✣✤✥✦✧✬s✢✴✤✣★ ★✇✧♣✣ t✩✢✤✪✐ s✪✧

★✧✥✩✦✜✢ ✥✫✥✦✧ s♦ ✪st✧ ✜✪t ♣✧✢✤✥✧✪✣✧✢ ✦s✪✐✤✣✩t✧★ ✮★✧✧ ⑤✧★★✦✧✢

❀❧♥❀✯✰ ❁❤✧✢✧ ✜✢✧ s✴✈✤s✩★✦✫ ✦✜✢✐✧ ✜♣♣✢s⑥✤♠✜✣✤s✪★ ✣✜②✧✪ ✴s✣❤ ✤✪

✮❀✯ ✜✪t ✮✺✯✰ ✲★ ♦✜✢ ✜★ ✮❀✯ ✤★ ✥s✪✥✧✢✪✧t✿ ❙❦♥q ✩★✧ ✜ ✈✧✢✫ ★✤♠♣✦✧

t✧✪★✤✣✫ t✤★✣✢✤✴✩✣✤s✪ ♠st✧✦ s♦ ✣❤✧ ③st✤✜✥✜✦ ✥✦s✩t ✮❦④✩✜✣✤s✪ ✮✺✯

✤✪ ❙❦♥q✯✰ ❲✧ ✜ts♣✣ ✣❤✤★ ♠st✧✦ ✜★ ✇✧✦✦✰ ✲★ ♦✜✢ ✜★ ✮✺✯ ✤★

✥s✪✥✧✢✪✧t✿ ❙❦♥q ✜★★✩♠✧ ✥s✪★✣✜✪✣ ✧✥✥✧✪✣✢✤✥✤✣✫ ✜✪t ✤✪✥✦✤✪✜✣✤s✪

✈✜✦✩✧★ t✩✢✤✪✐ ✣❤✧ ★✧✥✩✦✜✢ ✥✫✥✦✧✰ ❁❤✤★ ✤★ ♣✜✢✣✤✥✩✦✜✢✦✫ ✈✤s✦✜✣✧t ♦s✢

✣❤✧ ❤✤✐❤✬✧✥✥✧✪✣✢✤✥✤✣✫ ✜✪t ❤✤✐❤✬✤✪✥✦✤✪✜✣✤s✪ s✢✴✤✣★ ★✣✩t✤✧t ❤✧✢✧✿

✜✪t ✣❤✩★ ✇✧ ❤✜✈✧ ★✦✤✐❤✣✦✫ ♠st✤Þ✧t ✣❤✧ ❙❦♥q ✣✧✥❤✪✤④✩✧✰ ❴✪

♣✜✢✣✤✥✩✦✜✢✿ ✇✧ ✧✈✜✦✩✜✣✧ ✜✪ ✤✪★✣✜✪✣✜✪✧s✩★ ✥s✦✦✤★✤s✪ ♣✢s✴✜✴✤✦✤✣✫

s♦ ✣❤✧ ♣✜✢✣✤✥✦✧ s✢✴✤✣ ✇✤✣❤ ✣❤✧ ③st✤✜✥✜✦ ✥✦s✩t ♣✧✢♦s✢♠✤✪✐ ★✤♠♣✦✫ ✜

s✪✧✬t✤♠✧✪★✤s✪✜✦ ✜✈✧✢✜✐✤✪✐ s✢✴✤✣ ✢✧✈s✦✩✣✤s✪ ✜✴s✩✣ ✣❤✧ ❙✩✪ ✮★s♠✧

t✧✣✜✤✦★ ✜✢✧ ✐✤✈✧✪ ✤✪ ❙✩♣♣✦✧♠✧✪✣✜✢✫ ♠✜✣✧✢✤✜✦★✯✰ ❁❤✤★ ✢✧★✩✦✣ ✴✧✣✣✧✢

★✩✤✣★ s✩✢ ♠st✧✦✿ ✴✧✥✜✩★✧ ✇✧ ✥✜✪ ✪s✇ ♦✩✦✦✫ ✜✥✥s✩✪✣ ♦s✢ ✪s✪✬

✣✢✤✈✤✜✦ ★✧✥✩✦✜✢ ✈✜✢✤✜✣✤s✪★ s♦ ✣❤✧ ♣✜✢✣✤✥✦✧ s✢✴✤✣ ✜★ ♣✢s✈✤t✧t ✴✫

s✩✢ ✪✩♠✧✢✤✥✜✦ ✤✪✣✧✐✢✜✣s✢✰ ⑦s✢✧s✈✧✢✿ ✇✧ ♠st✧✦ ✣❤✧ ✥s✦✦✤★✤s✪✜✦

t✫✪✜♠✤✥★ s♦ ✣❤✧ ♣✜✢✣✤✥✦✧★ ✩★✤✪✐ ✜ ⑦s✪✣✧ ❅✜✢✦s ♠st✧✦ ✇✤✣❤ ✜

✣✤♠✧★✣✧♣ ★❤s✢✣✧✢ ✣❤✜✪ ✣❤✧ s✢✴✤✣✜✦ ★✧✥✩✦✜✢ ✥✫✥✦✧✿ ★s ✣❤✧ ✧★✣✤♠✜✣✧

s♦ ✜ ✥s✦✦✤★✤s✪✜✦ ✦✤♦✧✣✤♠✧ ♦s✢ ✣❤✧ ✤✪★✣✜✪✣✜✪✧s✩★ s✢✴✤✣ ✇s✩✦t ✴✧

✪✧✧t✧t ✜✪✫✇✜✫✰ ✲★ ♦✜✢ ✜★ ✣❤✧ ★✤③✧ t✧♣✧✪t✧✪✥✧ s♦ ✣❤✧ ✥s✦✦✤★✤s✪✜✦

✦✤♦✧✣✤♠✧ ✤★ ✥s✪✥✧✢✪✧t✿ ✇✧ ✜★★✩♠✧t ✣❤✜✣ ♣✢s⑧✧✥✣✤✦✧ ✥✜♣✜✴✦✧ s♦

✴✢✧✜②✤✪✐ ✜ ✐✤✈✧✪ ♣✜✢✣✤✥✦✧ ✤★ s✪✧ ✸❞✾ ✣✤♠✧★ ★♠✜✦✦✧✢ ✤✪ ★✤③✧ ✮❙❦♥q✯

✜✪t ✩★✧t ✣❤✧ ③st✤✜✥✜✦ ✥✦s✩t ★✤③✧ t✤★✣✢✤✴✩✣✤s✪ ♦✢s♠ ①✢➡✩✪ ✧✣ ✜✦✰

✮❀❧♥✻✯✰ ❖✴✈✤s✩★✦✫✿ ✜✦✦ ✣❤✧★✧ ✜★★✩♠♣✣✤s✪★ ✜✢✧ ✐✢s★★✦✫ ★✤♠♣✦✤Þ✧t✰

❵s✢ ✣❤✜✣ ✢✧✜★s✪ ✇✧ ✜✦★s ✩★✧t ✜✪ ✧♠♣✤✢✤✥✜✦ ♦✜✥✣s✢ ⑨⑩❶❷❷ ✴✫ ✇❤✤✥❤

✇✧ ♠✩✦✣✤♣✦✫ ✣❤✧ ✧★✣✤♠✜✣✧t ✥s✦✦✤★✤s✪✜✦ ✦✤♦✧✣✤♠✧✰ ❸✜✦✩✧★ s♦ ⑨⑩❶❷❷

✴✧✣✇✧✧✪ ❀ ✜✪t ❞✾ ✜✢✧ ✜✦✦s✇✧t ✤✪ s✩✢ ♣✢s✥✧t✩✢✧ ✜✪t ✜t⑧✩★✣✧t ✣s

s✴✣✜✤✪ ✣❤✧ ✴✧★✣ ♠✜✣✥❤ ✴✧✣✇✧✧✪ ✣❤✧ s✴★✧✢✈✜✣✤s✪★ ✜✪t ✣❤✧ ♠st✧✦

✮❙✧✥✣✤s✪ ✹✉ ◆✧★✈s✢✪❄✫ ✧✣ ✜✦✰ ✺✾❀❀✜✿ ✺✾❀❀✴ ❤✜✈✧ ✩★✧t ✜ ★✤♠✤✦✜✢

★✥❤✧♠✧ s♦ ✧⑥✣✧✪t✤✪✐ ✣❤✧ ✥✜✪s✪✤✥✜✦ ✥s✦✦✤★✤s✪✜✦ ✦✤♦✧✣✤♠✧ ✈✜✦✩✧★✯✰

❲✧ ✤♠♣✦✧♠✧✪✣ ✣❤✧ ✧♦♦✧✥✣★ s♦ ✜ Þ✪✤✣✧ ✥s✦✦✤★✤s✪✜✦ ✦✤♦✧✣✤♠✧ ✤✪ ✣❤✧

♦s✦✦s✇✤✪✐ ✇✜✫✰ ❖✩✢ ✪✩♠✧✢✤✥✜✦ ✤✪✣✧✐✢✜✣✤s✪ s♦ ✣❤✧ ♣✜✢✣✤✥✦✧✬s✢✴✤✣✜✦

✧✈s✦✩✣✤s✪ ✣✢✧✜✣★ ✣❤✧♠ ✜★ ✤✪t✧★✣✢✩✥✣✤✴✦✧ ✴st✤✧★ ✜✪t s✩✣♣✩✣★ ✣❤✧

★✣✜✣✧ ✈✧✥✣s✢★ s✪✥✧ ✧✈✧✢✫ ❹❺ ❻ ❀✾✾ ✫✢✰ ❴✪ ✣❤✧ ♠st✧✦✤✪✐ ♣❤✜★✧✿ ✇✧

✦s✜t ✣❤✧★✧ s✢✴✤✣✜✦ ❤✤★✣s✢✤✧★ ✜✪t ♦s✦✦s✇ ✣❤✧ ♣✜✢✣✤✥✦✧★ ✜✪✧✇✰ ✲✣ ✣❤✤★

♣❤✜★✧✿ ✣❤s✩✐❤✿ ✇✧ ✜★★✩♠✧ ✜ Þ✪✤✣✧ ✥s✦✦✤★✤s✪✜✦ ✦✤♦✧✣✤♠✧ ❼⑩❷ ✜✪t ✜✣

✧✜✥❤ ✣✤♠✧★✣✧♣ ❹❺ ✇✧ ✥s✪★✤t✧✢ ✜ ♣✢s✴✜✴✤✦✤✣✫ ❀ ❾ ✧⑥♣✮❾❹❺❽❼⑩❷✯

✣❤✜✣ ✣❤✧ ♣✜✢✣✤✥✦✧ ✥s✦✦✤★✤s✪✜✦✦✫ t✤★✢✩♣✣★✰ ✲✣ ✧✜✥❤ ✣✤♠✧★✣✧♣ ✇✧

✣❤✩★ ✥s✪★✤t✧✢ ✜ ✢✜✪ts♠✦✫ ✐✧✪✧✢✜✣✧t ✪✩♠✴✧✢✿ ✥s♠♣✜✢✧ ✤✣ ✇✤✣❤

✣❤✧ t✤★✢✩♣✣✤s✪ ♣✢s✴✜✴✤✦✤✣✫ ✜✪t t✧✥✤t✧ ✇❤✧✣❤✧✢ ✣❤✧ ♣✜✢✣✤✥✦✧ ✤★ ✣s

✴✧ ✧✦✤♠✤✪✜✣✧t ♦✢s♠ ♦✩✢✣❤✧✢ ✜✪✜✦✫★✤★✰ ❙✤✪✥✧ ★✩✥❤ ✜ ⑦s✪✣✧ ❅✜✢✦s

♣✢s✥✧t✩✢✧ ✴✢✤✪✐★ ✜ ★✣s✥❤✜★✣✤✥ ✧✦✧♠✧✪✣ ✤✪ s✩✢✇s✢②✿ ✜✪t ✥s♠♣✩✣✧✢

♣s✇✧✢ ✜✦✦s✇★ s✪✦✫ ✜ ★♠✜✦✦ ✪✩♠✴✧✢ s♦ ♣✜✢✣✤✥✦✧★ ✣s ✴✧ ✜✪✜✦✫③✧t✿

✇✧ ✣✫♣✤✥✜✦✦✫ ✢✧♣✧✜✣ ✣❤✧ ✜✪✜✦✫★✤★ ✺✻ ✣✤♠✧★ ✜✪t ✜✈✧✢✜✐✧ s✈✧✢ ✣❤✧

✢✧★✩✦✣★✰

❲✧ ★❤s✩✦t ✜✦★s ♣s✤✪✣ s✩✣ ✣❤✜✣ ✤✪ ✣❤✤★ ✇s✢②✿ ✜★ ✇✧✦✦ ✤✪ ✜✦✦ ♣✢✧✈✤✬

s✩★ ✇s✢②★✿ ✣❤✧ ♣✜✢✣✤✥✦✧★ t✧✧♠✧t ✣s ✥s✦✦✤★✤s✪✜✦✦✫ t✤★✢✩♣✣ ✜✢✧ ♦✩✦✦✫

✧✦✤♠✤✪✜✣✧t✰ ❴✪ ✢✧✜✦✤✣✫✿ ✣❤s✩✐❤✿ t✤★✢✩♣✣✤s✪ ✧✈✧✪✣★ ♦s✢♠ ♦✢✜✐♠✧✪✣★

✣❤✜✣ ✣❤✧♠★✧✦✈✧★ ✥s✪✣✤✪✩✧ s✢✴✤✣✜✦ ✧✈s✦✩✣✤s✪ ✜✪t ✧✈✧✪✣✩✜✦✦✫ ♠✜✫

✥s✪✣✢✤✴✩✣✧ ✣s ✣❤✧ s✴★✧✢✈✧t ★✤✐✪✜✦ ✜✣ ✣❤✧ ❦✜✢✣❤✰ ❲✧ ✴✧✦✤✧✈✧ ✣❤✜✣
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❜➈➉➓ ➔

→ ➣↔ ↕➙✚ ➙✙➛➜ ✘➛↔ ➙ ➛➝➞➟✙↔➢➛✙➜✔↔ ✔➜➤↔➥➢✙➙➤ ➦➧➨ ➩✚ ➛↔➫➫➝➞➟ ➯ ➲ ➳ ➝➞ ➙✙✙
➵➜➥↕✘✙➙➛ ➝➞ ➦↔➸➫➝➜➞➛ ➺➻✖ ➙➞➼ ✖➻✑➽ ➜➞↔ ↔➙➛➝✙✚ ➾↔➥➝➚↔➛ ➫➪➙➫ ➶➹➘➴ ➝➛ ↔➝➫➪↔➥
➙➥➩➝➫➥➙➥✚ ➜➥ ➼➥➜✔➛ ➜✘➫ ➜➵ ➫➪↔ ↔➷✘➙➫➝➜➞➛ ➝➞ ➫➪➙➫ ➸➙➛↔➻

♥
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❀t✉t ✬★ ✫✐✵ s♣✵✯✬Þ✵❞ ✪✩★❣✵ ♦✺ s✬✶✵s ✪✵✩❞s ❀t✉t ❂ ❬❑ ❩ ❬✇✴ ✹✬✫✐

❬✇ ❂
❀❈

❇ ❳ ❨

❃
❉♠✢✸

❉♠✢✣

❄❈❾❑

❊ ✜❨❧✮

❢✐✬✲✵ ✫✐✵ ✩✻♦✈✵ ✺♦✪❛✰✲✩✫✬♦★ ✵★✺♦✪✯✵s ✯♦★✫✬★✰✬✫❝ ♦✺ ✫✐✵ ✯✰❛✰✲✩❖

✫✬✈✵ ❙▼◆ ✩✯✪♦ss ✫✐✵ ✹✐♦✲✵ ✪✩★❣✵ ♦✺ s✬✶✵s✴ ✫✐✵ Þ★✬✫✵ ✪✩★❣✵ ♦✺ ✫✐✵

✫✹♦ ✬★✫✵✪✈✩✲s ✜❉♠✢✣✤ ❉♠✢✸✮ ✩★❞ ✜❉♠✢✸✤ ❉♠✥✦✮ ♣✪♦❞✰✯✵ ✻♦✰★❞✩✪❝

✵✺✺✵✯✫s✧ ■★ ♣✩✪✫✬✯✰✲✩✪✴ ♣✵✪✺♦✪❛✬★❣ ✩ ✲✵✩s✫ sq✰✩✪✵s Þ✫ ♦✺ ✫✐✵ s✬★❣✲✵

♣♦✹✵✪❖✲✩✹ ✵①♣♦★✵★✫ ✬★ ✵✩✯✐ ♦✺ ✫✐✵ ✬★✫✵✪✈✩✲s ❛✩❝ ★♦✫ ✪✵s✰✲✫ ✬★

✵✬✫✐✵✪ ✽ ♦✺ ❇ ✈✩✲✰✵s✴ ✹✐✬✯✐ ✺♦✪❛✩✲✲❝ ❞✵Þ★✵ ♦✰✪ ✻✪♦②✵★ ♣♦✹✵✪❖

✲✩✹ ❙▼◆✧ ●✐✵ ✵✺✺✵✯✫✬✈✵ ♣♦✹✵✪❖✲✩✹ ✵①♣♦★✵★✫ ❛✩❝ ✻✵ s✫✵✵♣✵✪

♦✪ s✐✩✲✲♦✹✵✪✴ ✩★❞ ✫✐✵ ✻♦✰★❞✩✪❝ ✵✺✺✵✯✫ ✬s ✲✩✪❣✵✪ ✺♦✪ ✩ s❛✩✲✲✵✪

✪✩★❣✵ ♦✺ s✬✶✵s ✜✩★❞ ✵①✩❛♣✲✵ ♦✺ ✫✐✵ ♣✐✵★♦❛✵★♦★ ✬s ❞✬s✯✰ss✵❞ ✬★

✫✐✵ ❙✰♣♣✲✵❛✵★✫✩✪❝ ❛✩✫✵✪✬✩✲s✮✧ ❢✵ s✐✩✲✲ ✻✵✩✪ ✫✐✬s ✬★ ❛✬★❞ ✹✐✵★

✯♦❛❛✵★✫✬★❣ ♦★ ♦✰✪ ✺♦✪❛✩✲ s♦✲✰✫✬♦★s ✺♦✪ ✽ ✩★❞ ❇ ✬★ ❙✵✯✫✬♦★ ❥✧

■★ ♦✰✪ ♣✪♦✯✵❞✰✪✵✴ ✹✵ ✺♦✲✲♦✹ ✫✐✵ ♦✪✻✬✫✩✲ ✵✈♦✲✰✫✬♦★ ♦✺ ✩ s✵✫

♦✺ s✬✶✵s ✜❉③✤ ④ ❂ ❨✤ ❊ ❊ ❊ ✤ ⑤✮ ❲ ✜❉♠✢✣✤ ❉♠✥✦✮✧
⑥

●✐✵ ♣♦♣✰✲✩✫✬♦★

✹✵✬❣✐✫ ✩ss✬❣★✵❞ ✫♦ ✵✩✯✐ ♦✺ ✫✐✵ s✬✶✵s ✬s ❞✵✫✵✪❛✬★✵❞ ✩s ✺♦✲✲♦✹s✿

✜❨✮ ✹✵ ❞✬✈✬❞✵ ✬★✫✵✪✈✩✲s ✻✵✫✹✵✵★ ✫✐✵ ★✵✬❣✐✻♦✪ s✬✶✵s ✬★ ✐✩✲✺✴ ✫✩②✬★❣

✩ ✲♦❣✩✪✬✫✐❛✬✯ s✬✶✵ s✯✩✲✵✴ ✩★❞ ✜❡✮ ✰s✵ ✫✐✵ ✯✰❛✰✲✩✫✬✈✵ ❙▼◆ ✬★ ✜❱✮

⑦ ⑧⑨ ⑩✘❶ ❷❸❹❺✱ ❻ ❼ ✎ ❸⑨❽ ❿➀❺ ➁⑨❽➁➂➁❽✘❸✙ ❹➁➃❺❹ ➄➅ ➆❺❶❺ ✙➁❹❿❺❽ ➁⑨ ➇❺❷❿➁⑩⑨ ➈➉✑➉

✩★❞ ✜❭✮ ✫♦ ❞✵✫✵✪❛✬★✵ ✫✐✵ ★✰❛✻✵✪ ♦✺ ♣♦♣✰✲✩✫✬♦★ ♣✩✪✫✬✯✲✵s ❴➊ ✬★ ✫✐✵

✬★✫✵✪✈✩✲ ✯✵★✫✵✪✵❞ ✩✫ ✫✐✵ ✯✐♦s✵★ s✬✶✵ ➋➊✧ ❢✵✪✵ ✹✵ ✩✻✲✵ ✫♦ ✬★✫✵❣✪✩✫✵

✩ ✲✩✪❣✵ ★✰❛✻✵✪ ♦✺ s✬✶✵s✴ ✩★❞ ✫✐✵ ❙▼◆ ✹✵✪✵ ❜✰s✫ ✩ s✬★❣✲✵ ♣♦✹✵✪

✲✩✹ ✹✬✫✐ ✩★❞ ✬★❞✵① ✽✴ ✹✵ ✹♦✰✲❞ ✐✩✈✵ ❀③ ➌ ❉
❑❾❁
③ ✜✯♦❛♣✩✪✵ ✹✬✫✐

❢✬✵❣✵✪✫ ✵✫ ✩✲✧ ❡❧❧❫✴ ❙✵✯✫✬♦★ ❡✧❡✧❨✮✧ ●✐✵ Þ★✬✫✵ ★✰❛✻✵✪ ♦✺ s✬✶✵s

➋➊✴ ✩★❞ ✫✐✵ ✩ss✰❛✵❞ ✻✪♦②✵★ ♣♦✹✵✪ ✲✩✹ ♦✺ ❙▼◆✴ ❛✩❝ ✯✐✩★❣✵

✫✐✬s s✬❛♣✲✵ ❞✵♣✵★❞✵★✯✵✧ ●✐✵ ✵s✫✬❛✩✫✵❞ ♣♦♣✰✲✩✫✬♦★ ★✰❛✻✵✪ ❴➊ ✬s

✰s✵❞ ✬★ ♦✰✪ Þ✫✫✬★❣ ♣✪♦✯✵❞✰✪✵ ✩s ✩ ✹✵✬❣✐✫✬★❣ ✺✩✯✫♦✪ ➍✸ ✩ss✬❣★✵❞

✫♦ ✵✩✯✐ ♦✺ ✫✐✵ ♣✩✪✫✬✯✲✵s ♦✺ ✩ ❣✬✈✵★ s✬✶✵ ➋➊✿ ➍✸ ❂ ❀③✧

➎➏➐➏ ➑➒➓➔→➣↔↕ ➙↕→➛➜➔→➝➛ ➞➟➛↕➔➜↕➓ ➒➝➡ ➢→➔➔→➝➛ ➤➟➡↕↔ ➑➒➓➒➥↕➔↕➓➦

❙✰❛❛✩✪✬✶✬★❣ ✫✐✵ ✬★✺♦✪❛✩✫✬♦★ ✩✻♦✈✵✴ ✩ ✫♦✫✩✲ ✹✵✬❣✐✫ ➙ ✬s

✩ss✬❣★✵❞ ✫♦ ✵✩✯✐ ♣✩✪✫✬✯✲✵ ✬★ ♦✰✪ s✬❛✰✲✩✫✬♦★✴ ✯♦❛♣♦s✵❞ ♦✺ ✫✐✪✵✵

♣✩✪✫✬✩✲ ✫✵✪❛s✿

➍ ❂ ➍✥ ➍➧ ➍✸ ❊ ✜❨❨✮

●✐✵ Þ✪s✫ ✯♦★✫✪✬✻✰✫✬♦★✴ ➍✥✴ ✪✵♣✪✵s✵★✫s ✫✐✵ ✩✯✫✬✈✬✫❝ ♦✺ ✫✐✵ s♦✰✪✯✵

✯♦❛✵✫ ✬★ ✫✵✪❛s ♦✺ ♣✩✪✫✬✯✲✵ ♣✪♦❞✰✯✫✬♦★ ✜❙✵✯✫✬♦★ ❤✧❨✮✧ ●✐✵ s✵✯♦★❞

✯♦★✫✪✬✻✰✫✬♦★✴ ➍➧✴ ✬s ✫✐✵ ✯♦✲✲✬s✬♦★ ♣✪♦✻✩✻✬✲✬✫❝ ♦✺ ✫✐✵ ♣✩✪✫✬✯✲✵

♦✪✻✬✫ ✩✫ ✩ ❣✬✈✵★ ✫✬❛✵ ✹✬✫✐ ✪✵s♣✵✯✫ ✫♦ ✫✐✵ ◗✩✪✫✐✧ ❢✵ ✫✩②✵

➍➧ ❂ ➨➧✉➩➩✴ ✹✐✵✪✵ ➨➧✉➩➩ ✬s ✺✪♦❛ ➫♦②✪♦✰✐✲✬✯②➭❝ ✵✫ ✩✲✧ ✜❡❧❨❡✮✧ ●✐✵

✲✩s✫ ✯♦★✫✪✬✻✰✫✬♦★✴ ➍✸✴ ✵①♣✪✵ss✵s ✫✐✵ ✬★✯✪✵✩s✬★❣ ★✰❛✻✵✪ ♦✺ s❛✩✲✲

♣✩✪✫✬✯✲✵s ✬★ ✫✐✵ ♣♦♣✰✲✩✫✬♦★ ✫✐✪♦✰❣✐ ✫✐✵ ❙▼◆ ❛♦❞✵✲✬★❣ ❞✵s✯✪✬✻✵❞

✬★ ❙✵✯✫✬♦★ ❤✧❥✧ ➯✵✯✩✲✲ ✫✐✩✫ ✫✐✵ Þ✫✫✵❞ ❙▼◆ ✬s ✪✵♣✪✵s✵★✫✩✫✬✈✵ ♦✺ ✫✐✵

s♦✰✪✯✵ ♣♦♣✰✲✩✫✬♦★ ♦✺ ♣✩✪✫✬✯✲✵s ✪✵✲✵✩s✵❞ ✺✪♦❛ ❪●▲✧

❢✵ ✩ss✰❛✵ ✫✐✩✫ ♦✰✪ ❛♦❞✵✲✵❞ ♣✩✪✫✬✯✲✵ ♣♦♣✰✲✩✫✬♦★ ✺✪♦❛ ❪●▲

✬s ✬★ ✩★ ✩♣♣✪♦①✬❛✩✫✵ s✫✵✩❞❝ s✫✩✫✵✧ ●✐✬s ✩✲✲♦✹s ✰s ✫♦ ★✵❣✲✵✯✫ ✫✐✵

✫✬❛✵ ✵✈♦✲✰✫✬♦★ ♦✺ ✫✐✵ ✬★❞✬✈✬❞✰✩✲ ♣✩✪✫✬✯✲✵s ✬★ ♦✰✪ s✬❛✰✲✩✫✬♦★ s✬★✯✵

✩★❝ ✫✬❛✵ s✐♦✰✲❞ ✻✵ ✵q✰✩✲✲❝ ✪✵♣✪✵s✵★✫✩✫✬✈✵ ♦✺ ✫✐✵ ♣♦♣✰✲✩✫✬♦★

s✫✩✫✵✧ ➯✩✫✐✵✪✴ ✹✵ ❜✰s✫ ♣✵✪✺♦✪❛ ✩ ❞✬✪✵✯✫ s✰❛❛✩✫✬♦★ ♦✺ ✫✐✵ ♣✩✪✫✬✯✲✵

✯♦★✫✪✬✻✰✫✬♦★s ✫♦ ✫✐✵ ✬❛♣✩✯✫✬★❣ ♣♦♣✰✲✩✫✬♦★ ♦★✫♦ ✫✐✵ ◗✩✪✫✐ ♦✈✵✪

✩✲✲ ✯♦❛♣✰✫✵✪❖s✫♦✪✵❞ ♦✪✻✬✫✩✲ s✫✩✫✵s ♦✺ ✩✲✲ ♣✩✪✫✬✯✲✵s✧

❵✰✪ ❣♦✩✲ ✬s ✫♦ ✵①✩❛✬★✵ ✫✐✵ ✐❝♣♦✫✐✵s✬s ✫✐✩✫ ✫✐✵ ♣✩✪✫✬✯✲✵s

✪✵✲✵✩s✵❞ ✺✪♦❛ ❪●▲s ✪✵♣✪✵s✵★✫ ✩ ✈✬✩✻✲✵ ✵①♣✲✩★✩✫✬♦★ ♦✺ ✫✐✵

✻✩✯②❣✪♦✰★❞ ♣♦♣✰✲✩✫✬♦★ ♦✺ ➲● ❛✵✫✵♦✪♦✬❞s ✩s s✵✵★ ✻❝ ✫✐✵ ▲➳❵➯

s❝s✫✵❛✧ ●♦ ✫✐✩✫ ✵★❞ ✹✵ ❛✩✫✯✐ ✫✐✵ ♦✻s✵✪✈✵❞ ♣✩✪✫✬✯✲✵ ♣♦♣✰✲✩✫✬♦★✴

✩s ❞✵s✯✪✬✻✵❞ ✬★ ❙✵✯✫✬♦★ ❡✴ ✫♦ ✫✐✵ s❝★✫✐✵✫✬✯ ♣♦♣✰✲✩✫✬♦★✴ ✩s

♦✻✫✩✬★✵❞ ✹✬✫✐ ♦✰✪ ❛♦❞✵✲ ✬★ ❙✵✯✫✬♦★ ❤✧ ■★ ❞♦✬★❣ s♦ ✹✵ ✩❞❜✰s✫

s✵✈✵✪✩✲ ✺✪✵✵ ♣✩✪✩❛✵✫✵✪s ✬★✫✪♦❞✰✯✵❞ ✩✻♦✈✵✴ ★✩❛✵✲❝✴ ✜❨✮ ❙▼◆ s✲♦♣✵

♣✩✪✩❛✵✫✵✪s ✽ ✩★❞ ❇✴ ✻✪✵✩②❖♣♦✬★✫ ✲♦✯✩✫✬♦★ ❉♠✢✸ ✩★❞ ★✰❛✻✵✪

❴❯ ♦✺ ♣✩✪✫✬✯✲✵s ✹✬✫✐ ✫✐✵ ✲✩✪❣✵s✫ s✬✶✵ ❉♠✥✦ ❂ ❤ ❛❛ ✜✬✺ Þ✫✫✬★❣

♦★✲❝ ✩ s✬★❣✲✵❖s✲♦♣✵ ♣♦✹✵✪❖✲✩✹ ❙▼◆ ✹✵ ✩❞❜✰s✫ ✽ ✩★❞ ❴❯✮✴
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s✬❛♣✲✬Þ✯✩✫✬♦★s ✬★ ✺✰✲✲❝ ❛♦❞✵✲✬★❣ ✫✐✵ ▲➳❵➯ s❝s✫✵❛ ✪✵s♣♦★s✵

✺✰★✯✫✬♦★✴ ✹✵ ✬★✫✪♦❞✰✯✵ ✩ s✯✩✲✬★❣ ✺✩✯✫♦✪ ➸✢♠➺ ❂ ❀✢♠➺❍❀✉➻➼ ✩★❞

✩✲✲♦✹ ✬✫s ✈✩✲✰✵s ✫♦ ✪✩★❣✵ ✬★ s♦❛✵ ✪✵✩s♦★✩✻✲✵ ✬★✫✵✪✈✩✲ ✩✪♦✰★❞

✰★✬✫❝✧

❵✰✪ ✫✩✪❣✵✫ ✺✰★✯✫✬♦★ ❛✩❝ ✻✵ ✵✬✫✐✵✪ ♦★✵ ✜♦✪ ✩ ✯♦❛✻✬★✩✫✬♦★✮ ♦✺

✫✐✵ ♦✪✻✬✫✩✲ ✵✲✵❛✵★✫ ♦✪ ✈✵✲♦✯✬✫❝ ❞✬s✫✪✬✻✰✫✬♦★s s✐♦✹★ ♦★ ▼✬❣✰✪✵ ❤✧

◆✵★♦✫✬★❣ ➽➊ ✫✐✵ ♦✻s✵✪✈✵❞ ❞✩✫✩ ✩★❞ ➾➊ ✫✐✵ ❛♦❞✵✲✵❞ ❞✩✫✩✴ ✹✵ ✰s✵

♦✺ ✩ ✯✐✬❖sq✰✩✪✵ ✺✰★✯✫✬♦★

❫

199



❚�✁ ❆✂✄☎✆✝�✞✂✟✠✡☛ ❏✆☞☎✌✡☛✱ ✼✍✎✏✑✒ ✭✑✓✔✔✕✱ ✑✓✷✖ ✗✘✙✚ ✷ P✆✛✆☎✌➠✞ ✁✄ ✡☛✳

❋✜✢✣✤❡ ✺✥ ❙✚✦✧★✩✧✪✫ ◆✬ ✔♣✔✘✙✮✧✪♣✦ ♣❢ ✔✮❛✧✪✫✙✩✯ ✇✪✧★ ❉ ❂ ✑✓✓ ➭♠ ❢❛♣♠ ✧★✩ ✯♣✙✩ ❞✚✦✮♠✪✫✮✙ ✧❛✮✦✯✔♣❛✧ ♣❢ ❍✬✰✲✙✪✴✩ ♣❛r✪✧✯ ✮✧ ♣❛✪♦✪✦✏ ✪✦♥✦✪✧✩ ✫♣✙✙✪✯✪♣✦✮✙ ✙✪❢✩✧✪♠✩ ✮❛✩

✮✯✯✘♠✩❞ ✮✦❞ ✦♣ ✙♣✇✩❛ ✫✘✧♣❢❢ ✪✦ ✧★✩ ✪♣✦✪✐✮✧✪♣✦ ❢✮✫✧♣❛ ■ ✮✧ ✪♠✔✮✫✧ ✭✪✵✩✵✱ ✩❢❢✩✫✧✪✈✩✙✚ ✶✸ ❂ ✓✕✵ ✹✪✯✧❛✪r✘✧✪♣✦ ♣❢ ♦✩♣✫✩✦✧❛✪✫ ✪♠✔✮✫✧ ✯✔✩✩❞ ❱ ✭✧♣✔ ✙✩❢✧✕✱ ✩✫✫✩✦✧❛✪✫✪✧✚ ✻ ✭✧♣✔ ❛✪♦★✧✕✱

✮✦❞ ✪✦✫✙✪✦✮✧✪♣✦ ✭r♣✧✧♣♠ ✙✩❢✧✕ ✮✧ ✪♠✔✮✫✧✱ ✮✙✙ ✇✩✪♦★✧✩❞ r✚ ✧★✩ ✫♣✙✙✪✯✪♣✦ ✔❛♣r✮r✪✙✪✧✚ ✽❝✾✿✿✵ ✹✪✯✧❛✪r✘✧✪♣✦ ♣❢ ❛✮❞✪✮✦✧ ✙♣✫✮✧✪♣✦✯ ❛✩✯✧❛✪✫✧✩❞ ✧♣ ✧★✩ ◆✬ ✮✦❞ ❙✬ ✐♣✦✩✯ ✭r♣✧✧♣♠ ✮✦❞

❛✪♦★✧✕✵ ❖✦✙✚ ♠✩✧✩♣❛✯ ✪✦ ✧✇♣ ✩✙✙✪✔✧✪✫✮✙ ❛✩♦✪♣✦✯ ✪✦ ✧★✩ r♣✧✧♣♠ ✮✦❞ ❛✪♦★✧ ✔✮✦✩✙ ✮❛✩ ✧✮✴✩✦ ✪✦✧♣ ✮✫✫♣✘✦✧✵ ✬★✩ ♦❛✪❞ ✯★♣✇✯ ✧★✩ ❛✮❞✪✮✦✧ ✙♣✫✮✧✪♣✦✯ ✧★✮✧ ✇✩❛✩ ✦♣✧ ✫♣✦✯✪❞✩❛✩❞✵ ❀❘

❞❛✮♦ ♠✮✴✩✯ ✧★✩ ♣❛r✪✧✮✙ ✩✫✫✩✦✧❛✪✫✪✧✚ ❞✩✫❛✩✮✯✩ ✯✪♦✦✪♥✫✮✦✧✙✚ ❢❛♣♠ ✧★✩ ✪✦✪✧✪✮✙ ✈✮✙✘✩✯✱ ✮✦❞ ♣❛r✪✧✯ ✇✪✧★ ✙✮❛♦✩❛ ✧★✮✦ ❁✍✓❃ ✪✦✫✙✪✦✮✧✪♣✦ ✧✚✔✪✫✮✙✙✚ ✪♠✔✮✫✧ ✧★✩ ❙✘✦ ♣✦ ✧★✩✪❛ ✇✮✚ ✧♣

✧★✩ ✪✦✦✩❛ ✯♣✙✮❛ ✯✚✯✧✩♠ ❞✘✩ ✧♣ ✧★✩ ❑♣✐✮✪❄❅✪❞♣✈ ✩❢❢✩✫✧✵

❇
❈

❊

●

▲

▼◗▲ ❾ ❯▲❲
❈

◗▲
▼❳❨❲

t❩ ❬❭❪❧❫❪t❬ t❤❬ s❴❵❴❧❪❜❴t❣ ❩❥ t❤❬ ❩❦s❬❜❭❬q ❪✉q ❵❩q❬❧❬q q❪t❪ ▼s❬❬

❪❧s❩ ①❜❬ss ❬t ❪❧② ❨③③④❲② ⑤❤❬ ⑥❩❩q✉❬ss ❩❥ Þt ❴s ❦❬st ❜❬⑦❜❬s❬✉t❬q

⑧❴t❤ ⑨
❈

✉❩❜❵❪❧❴⑩❬q ❦❣ ❶ ❾ ❷❸ ⑧❤❬❜❬ ❶ ❴s ✉❫❵❦❬❜ ❩❥ q❪t❪ ▼❦❴✉s❲

❪✉q ❷ ❴s t❤❬ ✉❫❵❦❬❜ ❩❥ Þtt❬q ⑦❪❜❪❵❬t❬❜s② ❹❬✉❬❜❪❧❧❣❸ ❭❪❧❫❬s

⑨ ❺ ❳ ❴✉q❴❻❪t❬ ❪ st❪t❴st❴❻❪❧❧❣ ⑥❩❩q Þt② ❼❩⑧❬❭❬❜❸ ❦❬❻❪❫s❬ ❩❥

⑦❩ss❴❦❧❬ ❫✉❻❬❜t❪❴✉t❣ ❴✉ ❦❩t❤ t❤❬ ❩❦s❬❜❭❪t❴❩✉s ❪✉q t❤❬ ❵❩q❬❧

▼s❫❻❤ ❪s q❪t❪ s❬❧❬❻t❴❩✉ ❦❣ t❤❬ s❴❵⑦❧❴Þ❬q ❴❩✉❴⑩❪t❴❩✉ ❥❫✉❻t❴❩✉ ❽❿

s❬❬ ➀❬❻t❴❩✉ ❨②❳❲❸ ⑧❬ ❪❻❻❬⑦t ❭❪❧❫❬s s❧❴⑥❤t❧❣ ❧❪❜⑥❬❜ t❤❪✉ ❫✉❴t❣ ❪s

❜❬❪s❩✉❪❦❧❬②

➁❬ ❫s❬ t❤❬ ❤❴⑥❤❧❣ ❬❥Þ❻❴❬✉t ➂❪❣❬s❴❪✉ ❪✉❪❧❣s❴s s❬❪❜❻❤ ❩❥ t❤❬

❪q❵❴tt❬q s❩❧❫t❴❩✉s ❴✉ t❤❬ ⑦❪❜❪❵❬t❬❜ s⑦❪❻❬ ❪s q❬s❻❜❴❦❬q ❦❣ t❤❬

❵❫❧t❴❵❩q❬ ✉❬st❬q s❪❵⑦❧❬q ❵❬t❤❩q ❬❥Þ❻❴❬✉t❧❣ ❴❵⑦❧❬❵❬✉t❬q ❦❣

t❤❬ ➃➄➅➆➇➈➉➊➆ ❻❩q❬ ▼❬②⑥②❸ ➋❬❜❩⑩ ❨③③➌❿ ➋❬❜❩⑩ ❬t ❪❧② ❨③③➍❲② ⑤❤❬

q❴❥❥❬❜❬✉t ✉❪t❫❜❬ ❩❥ t❤❬ ❪q➎❫st❪❦❧❬ ⑦❪❜❪❵❬t❬❜s ❴✉ ❩❫❜ ❵❩q❬❧ ❪qqs

❪ s❧❴⑥❤t ❻❩❵⑦❧❴❻❪t❴❩✉ ❴✉ ❩❫❜ ❬❥❥❩❜t② ⑤❤❴s ❴s ❦❬❻❪❫s❬ ⑧❤❴❧❬ t❤❬

➀➋➏ ⑦❪❜❪❵❬t❬❜s ▼➐➑ ➒➑ ➓➔→➣➑ ↔↕❲ ❪✉q t❤❬ ⑦❪❜t❴❻❧❬ ⑦❜❩q❫❻t❴❩✉

⑦❪❜❪❵❬t❬❜ ➙ ⑦❜❩➎❬❻t ❩✉t❩ t❤❬ ❜❬s❫❧ts ❴✉ ❪ q❬t❬❜❵❴✉❴st❴❻ ⑧❪❣❸ t❤❬

❬❥❥❬❻t ❩❥ t❤❬ ❻❩❧❧❴s❴❩✉❪❧ ❧❴❥❬t❴❵❬ ❪q➎❫st❵❬✉t ⑦❪❜❪❵❬t❬❜ ➛➜➝➞➞ ❴s

st❪t❴st❴❻❪❧ ❴✉ ✉❪t❫❜❬② ➟s ❵❬✉t❴❩✉❬q ❴✉ ➀❬❻t❴❩✉ ➡②➡❸ t❤❬ ❻❩❧❧❴s❴❩✉❪❧

❦❜❬❪➢❫⑦ ❩❥ t❤❬ ⑦❪❜t❴❻❧❬s ❴s ❪ ❜❪✉q❩❵ ⑦❜❩❻❬ss② ➟ s❴✉⑥❧❬ s❴❵❫❧❪t❴❩✉

❤❪s st❩❻❤❪st❴❻ ❭❪❜❴❪t❴❩✉s❸ s❩ ⑧❬ ❪❧⑧❪❣s ⑦❬❜❥❩❜❵ ❨➤ q❴❥❥❬❜❬✉t

❜❫✉s ❥❩❜ t❤❬ s❪❵❬ ➛➜➝➞➞ ❪✉q ❪❭❬❜❪⑥❬ t❤❬ ❜❬s❫❧ts② ⑤❤❴s ⑦❪❜t ❴s

❻❩❵⑦❫t❪t❴❩✉❪❧❧❣ q❬❵❪✉q❴✉⑥❸ ❦❬❻❪❫s❬ ❴t ✉❬❬qs t❩ ❥❩❧❧❩⑧ t❤❬

❩❜❦❴t❪❧ ❬❭❩❧❫t❴❩✉ ❩❥ ❤❫✉q❜❬qs ❩❥ t❤❩❫s❪✉qs ❩❥ ⑦❪❜t❴❻❧❬s ❥❜❩❵

❩❫❜ ❴✉t❬⑥❜❪t❴❩✉ ❩❫t⑦❫t Þ❧❬s② ➥✉ ❥❪❻t❸ ⑧❬ ❩⑦t❬q t❩ ⑦❜❬➦❻❩❵⑦❫t❬ t❤❬

❵❩q❬❧❬q q❴st❜❴❦❫t❴❩✉s ❩❥ ❴❵⑦❪❻t s⑦❬❬qs ❪✉q ❩❜❦❴t❪❧ ❬❧❬❵❬✉ts ❥❩❜

❬❪❻❤ ❩❥ t❤❬ ⑦❪❜t❴❻❧❬ s❴⑩❬s ❪✉q ❪ ⑥❜❴q ❩❥ ▼➙ ➑ ➛➜➝➞➞❲ ❭❪❧❫❬s② ⑤❤❬s❬

❜❬s❫❧ts ❪❜❬ t❤❬✉ ❻❩❵❦❴✉❬q ❴✉ t❤❬ Þtt❴✉⑥ ❵❩q❬❧ ⑧❤❬✉ t❜❣❴✉⑥ t❩

❻❩✉st❜❪❴✉ t❤❬ ➀➋➏ ⑦❪❜❪❵❬t❬❜② ➥✉ t❤❴s ⑧❪❣ t❤❬ ➀➋➏ ⑦❪❜❪❵❬t❬❜s ❪❜❬

❪✉❪❧❣⑩❬q s❬⑦❪❜❪t❬❧❣ ❥❜❩❵ t❤❬ ▼➙ ➑ ➛➜➝➞➞❲② ➁❤❴❧❬ t❤❬ ➧❪❜➢❩❭ ❻❤❪❴✉

⑧❪❧➢❴✉⑥ ❴s ❪⑦⑦❧❴❬q t❩ t❤❬ ▼➐➑ ➒➑ ➓➔→➣➑ ↔↕❲ ⑦❪❜❪❵❬t❬❜ s⑦❪❻❬❸ ❩❜

❪❧t❬❜✉❪t❬❧❣ ▼➐➑ ➒➑ ➓➔→➣➑ ➛→➔➨❲❸ t❤❬ ⑥❜❴q ❩❥ ▼➙ ➑ ➛➜➝➞➞❲ ❴s s❪❵⑦❧❬q

❫✉❴❥❩❜❵❧❣ ⑧❴t❤❴✉ s❩❵❬ ⑦❜❬s❬t ❭❪❧❫❬s② ⑤❤❬ ❴✉❻❩✉❭❬✉❴❬✉❻❬ ❴s t❤❪t

✉❩ ❻❩❜❜❬❧❪t❴❩✉ ❩❥ ▼➙ ➑ ➛➜➝➞➞❲ ⑧❴t❤ t❤❬ ❥❩❫❜ ➀➋➏ ⑦❪❜❪❵❬t❬❜s ❴s

❩❦t❪❴✉❬q❸ ❦❫t ⑧❬ ❪❻❻❬⑦t t❤❴s ❧❴❵❴t❪t❴❩✉ ❥❩❜ s❴❵⑦❧❴❻❴t❣②

➩② ➧➫➏➯➲➳ ➀➵➸⑤❼➯⑤➥➺ ➏➟⑤➟ ➟➸➏ ➺➫➧①➟➻➥➀➫➸

➁➥⑤❼ ⑤❼➯ ➟➼➟➥➲➟➂➲➯ ➫➂➀➯➻➼➟⑤➥➫➸➀

➽➾➚➾ ➪➶➹➘➴➷➬ ➘➮➶ ➱✃❐✃❷➶➘➶❐ ❒➶❮➶➷❰➶➷Ï➶ ÐÑ ➘➮➶ Ò➶➹ÓÔ➘➹

➂❬❥❩❜❬ ⑧❬ ⑦❜❬s❬✉t ❩❥ ❩❫❜ Þ✉❪❧ ❜❬s❫❧ts❸ ⑧❬ q❬s❻❜❴❦❬ t❤❬

❵❩st ❴❵⑦❩❜t❪✉t ⑥❧❩❦❪❧ t❜❬✉qs ❥❩❫✉q ⑧❤❬✉ ❻❤❪✉⑥❴✉⑥ ⑦❜❴✉❻❴⑦❪❧

⑦❪❜❪❵❬t❬❜s② ⑤❤❴s ❤❬❧⑦s ❦❬tt❬❜ ❫✉q❬❜st❪✉q t❤❬ ⑦❜❩❦❧❬❵s ❪✉q t❤❬

⑦❪❜❪❵❬t❬❜ q❬⑦❬✉q❬✉❻❴❬s②

➋❴❜st❸ ⑧❬ ❻❩✉s❴q❬❜ s❬⑦❪❜❪t❬❧❣ ❜❫✉s ⑧❴t❤ ⑦❪❜t❴❻❧❬s ❩❥ ❪ q❴❥❥❬❜❬✉t

s❴⑩❬ ❒ ❪✉q ❩❦s❬❜❭❬ ❤❩⑧ t❤❬❣ ⑦❩t❬✉t❴❪❧❧❣ ❻❩✉t❜❴❦❫t❬ t❩ t❤❬ ➸⑤

s❩❫❜❻❬② ➋❴⑥❫❜❬ ➤ s❤❩⑧s t❤❬ s❣✉t❤❬t❴❻ ⑦❩⑦❫❧❪t❴❩✉ ❩❥ ➸⑤ ⑦❪❜t❴❻❧❬s

❥❩❜ ➓ ❊ ❨③③ Õ❵ ⑧❤❬✉ ✉❩ ❧❴❵❴t❴✉⑥ ❻❫t❩❥❥ ❩❥ t❤❬ ❴❩✉❴⑩❪t❴❩✉

❥❪❻t❩❜ ❽ ❴s ❪ss❫❵❬q ▼❴②❬②❸ Ö× ❊ ③❲② ➸❩ ❻❩❧❧❴s❴❩✉❪❧ q❴s❜❫⑦t❴❩✉s

⑧❬❜❬ ❵❩q❬❧❬q ❴✉ t❤❴s t❬st② ⑤❤❴s ❜❬❭❬❪❧s t❤❬ ⑦❩t❬✉t❴❪❧ ❴❵⑦❪❻t❴✉⑥

⑦❩⑦❫❧❪t❴❩✉ ❩❥ ⑦❪❜t❴❻❧❬s ❥❜❩❵ ❼⑤➺s ❪s ❴❥ t❤❬ ❴✉st❜❫❵❬✉t ❤❪q

❴✉Þ✉❴t❬ s❬✉s❴t❴❭❴t❣ ❪✉q t❤❬ ⑦❪❜t❴❻❧❬s ⑧❬❜❬ ❴✉q❬st❜❫❻t❴❦❧❬ ▼❧❴❵❴t❬q

❩✉❧❣ ❦❣ t❤❬ q❣✉❪❵❴❻❪❧ t❜❪✉s⑦❩❜t ❥❜❩❵ t❤❬❴❜ ❫❧t❴❵❪t❬ s❩❫❜❻❬❲②

⑤❩ t❤❬ ⑩❬❜❩ ❩❜q❬❜❸ t❤❬ ❜❬s❫❧ts ❵❪t❻❤ t❤❬ ❩❦s❬❜❭❬q ⑦❩⑦❫❧❪t❴❩✉ ❩❥

➸⑤ ⑦❪❜t❴❻❧❬s ▼➋❴⑥❫❜❬ ➡❲❸ ❴✉❻❧❫q❴✉⑥ t❤❬ ❵❩st ⑦❜❩❵❴✉❬✉t ❥❬❪t❫❜❬❸

t❤❬ ⑦❜❬q❩❵❴✉❪✉❻❬ ❩❥ ⑦❪❜t❴❻❧❬s ❩✉ ❩❜❦❴ts ⑧❴t❤ ❧❩⑧ ❬❻❻❬✉t❜❴❻❴t❴❬s②

⑤❤❴s ❴s ❻❪❫s❬q ❦❣ ❪ ❻❩❵❦❴✉❪t❴❩✉ ❩❥ t❤❬ ⑦❪❜t❴❻❧❬➦❩❜❦❴tsØ ❪❦❴❧❴t❣ t❩

q❬❻❩❫⑦❧❬ ❥❜❩❵ Ù❫⑦❴t❬❜ ▼➀❬❻t❴❩✉ ➡②❨❲❸ ❪✉q ❬❥Þ❻❴❬✉t ❻❴❜❻❫❧❪❜❴⑩❪t❴❩✉

❦❣ ①➻ q❜❪⑥② ➀❴✉❻❬ ❪ ❜❬❪s❩✉❪❦❧❬ ➀➋➏ ⑧❩❫❧q ❥❪❭❩❜ s❵❪❧❧ ⑦❪❜t❴❻❧❬s

❵❩❜❬ t❤❪✉ ❧❪❜⑥❬ ❩✉❬s❸ ⑧❬ ❻❩✉s❴q❬❜ t❤❬ ❜❬s❫❧t t❩ ❦❬ ⑦❜❩❵❴s❴✉⑥②

❳③
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❍✿❀❁❃❁❄❅ t❈❁ ❧❉●❉t❁❑ ❉▲▼t❄◗●❁▲t ▼❁▲▼❉t❉❃❉t❘❯❱▼ ❁①❲❄❁▼▼❁❑

❈❁❄❁ ❳❘ t❈❁ ●❉▲❉●◗● ❉✿▲❉♦❱t❉✿▲ ❢❱❨t✿❄ ▲❁❁❑❁❑ ❢✿❄ ❑❁t❁❨t❉✿▲❯

❨✿●❲❧❉❨❱t❁▼ t❈❁▼❁ Þ❄▼t ❄❁▼◗❧t▼❩ ❬❉❭◗❄❁ ❪ ❉▼ ▼❉●❉❧❱❄ t✿ ❬❉❭◗❄❁ ❫

❳◗t ▲✿❀ t❱❴❁▼ ❉▲t✿ ❱❨❨✿◗▲t t❈❁ ❵❞ ❣ ❥ ❧❉●❉t❩ ❦●❱❧❧ ●❱▼▼❁▼ ❱▲❑

❲❄❁❑✿●❉▲❱▲t❧❘ ❧✿❀ ❉●❲❱❨t ❃❁❧✿❨❉t❘ ●❱❑❁ ●✿▼t ✿❢ t❈❁ ❲❱❄t❉❨❧❁▼

❨✿▲t❄❉❳◗t❉▲❭ t✿ t❈❁ ▼❉❭▲❱❧ ❉▲ ❬❉❭◗❄❁ ❫ ◗▲❑❁t❁❨t❱❳❧❁ ❀❉t❈ t❈❉▼

❉✿▲❉♦❱t❉✿▲ ❢❱❨t✿❄ ❨◗t✿❢❢❩ ♠❈❱t ❄❁●❱❉▲▼ ❉▼ ♣◗▼t t❈❁ ❈❉❭❈q▼❲❁❁❑

t❱❉❧ ✿❢ ❲❱❄t❉❨❧❁▼ ❉●❲❱❨t❉▲❭ ❢❄✿● ❄❁t❄✿❭❄❱❑❁ ❱▲❑ ❈❉❭❈q❁❨❨❁▲t❄❉❨❉t❘

✿❄❳❉t▼❅ ❀❈❉❨❈ ❱❄❁ ▲✿t t❘❲❉❨❱❧ ❉▲ t❈❁ ❲✿❲◗❧❱t❉✿▲❩ s✿❄❁✿❃❁❄❅

t❈❁ ▼❉❭▲❱❧ ▼❁❁▲ ❉▲ ❬❉❭◗❄❁ ❪ ❉▼ ▲✿❀ ▲✿t ❨✿●❲❱t❉❳❧❁ ❀❉t❈ t❈❁

✿❳▼❁❄❃❱t❉✿▲▼ ❱▲❑ t❈❉▼ ❧❁❱❑▼ t✿ ❱ ❲✿t❁▲t❉❱❧ ❲❄✿❳❧❁●❩ ②❢ t❈❁ ❦❬③ ✿❢

t❈❁ ❉●❲❱❨t❉▲❭ ❲❱❄t❉❨❧❁▼ ▼t❁❁❲❧❘ ❉▲❨❄❁❱▼❁❑ t✿❀❱❄❑ ▼●❱❧❧ ▼❉♦❁▼ ④❉❩❁❩❅

t❈❁ ❀❁❉❭❈t❉▲❭ ❢❱❨t✿❄ ⑤⑥ ❧❱❄❭❁ ❁▲✿◗❭❈ ❢✿❄ ⑦⑧⑨⑨ ➭● ❲❱❄t❉❨❧❁▼⑩❅

❁❃❁▲ t❈❁ t❱❉❧ ❨✿▲t❄❉❳◗t❉✿▲ ❀✿◗❧❑ ❨✿❄❄◗❲t t❈❁ ●✿❑❁❧❩ ❶❈❉▼ ❲◗t▼ ❱

▼❁❃❁❄❁ ❨✿▲▼t❄❱❉▲t ✿▲ t❈❁ ▼❧✿❲❁ ❷ ✿❢ t❈❁ ❦❬③ ④▼❁❁ ❦❁❨t❉✿▲ ⑧❩❥ ❢✿❄

▼✿●❁ ❈❉▲t▼⑩❩

❬❉❭◗❄❁ ❸ ▼❈✿❀▼ t❈❁ ▼❱●❁ ❁①❁❄❨❉▼❁ ❳◗t ▲✿❀ ❢✿❄ ❧❱❄❭❁❄ ❲❱❄t❉❨❧❁▼

❀❉t❈ ❹ ❣ ❪⑨⑨ ➭●❩ ❶❈❁❉❄ ▲❁❱❄❧❘ ❺⑨ t❉●❁▼ ❧❱❄❭❁❄ ●❱▼▼ ●❱❴❁▼

t❈❁● ✿❃❁❄❨✿●❁ t❈❁ ❵❞ ❣ ❥ ❨◗t✿❢❢❅ ❱▲❑ ❱❧❧ ❲❱❄t❉❨❧❁▼ ❱❄❁ ❲✿t❁▲t❉❱❧❧❘

❑❁t❁❨t❁❑ ❳❘ t❈❁ ❻s❼❽ ▼❘▼t❁●❩ ②t ❉▼ ▼t❉❧❧ ❃❁❄❘ ❲❄✿●❉▼❉▲❭ t❈❱t

❁❃❁▲ t❈❁ ❹ ❣ ❪⑨⑨ ➭● ❲❱❄t❉❨❧❁▼ ❑❁❨✿◗❲❧❁ ❢❄✿● ❾◗❲❉t❁❄ ❢✿❄

t❈❁ ●✿▼t ❲❱❄t ❱▲❑ ❨❉❄❨◗❧❱❄❉♦❁ t❈❁❉❄ ✿❄❳❉t▼ t✿ ❿ ⑦ ⑨➀➁ ❃❱❧◗❁▼❩

②▲t❁❄❁▼t❉▲❭❧❘❅ t❈❁ ❁❨❨❁▲t❄❉❨❉t❘ ❄❱▲❭❁ ❳❁t❀❁❁▲ ➂⑨➀❫ ❱▲❑ ➂⑨➀➃ ❉▼

◗▲❑❁❄❲✿❲◗❧❱t❁❑❩ ♠❁ ❳❁❧❉❁❃❁ t❈❉▼ ❉▼ ❱ ❄❁▼◗❧t ✿❢ t❈❁ ➄✿♦❱❉➅➆❉❑✿❃

❁❢❢❁❨t❅ ❀❈❉❨❈ ●❱❴❁▼ ❁❨❨❁▲t❄❉❨❉t❘ ❱▲❑ ❉▲❨❧❉▲❱t❉✿▲ ✿▼❨❉❧❧❱t❁ ❉▲ ❱

❨✿❄❄❁❧❱t❁❑ ❀❱❘❩ ❶❈❁ ➇❶ ♦✿▲❁ ❄❁➈◗❉❄❁▼ ❈❉❭❈ ✿❄❳❉t❱❧ ❉▲❨❧❉▲❱t❉✿▲

❃❱❧◗❁▼❅ ❱▲❑ t❈❉▼ ❄❁➈◗❉❄❁▼ t❈❁ ❁❨❨❁▲t❄❉❨❉t❉❁▼ t✿ ❳❁ ▼●❱❧❧❁❄❩ ➉❳✿❃❁

❿ ➂ ⑨➀➃ t❈❁ ❁❨❨❁▲t❄❉❨❉t❘ ❑❉▼t❄❉❳◗t❉✿▲ ❱❭❱❉▲ ▼❧❉❭❈t❧❘ ❉▲❨❄❁❱▼❁▼❅

❀❈❉❨❈ ❉▼ t❈❁ ❨✿▲t❄❉❳◗t❉✿▲ ✿❢ t❈❁ ❲✿❲◗❧❱t❉✿▲ ✿❢ ❲❱❄t❉❨❧❁▼ ❢❄❁▼❈❧❘

❄❁❧❁❱▼❁❑ ❢❄✿● t❈❁ ❲❱❄❁▲t ❍❶❻▼ ❱▲❑ t❈✿▼❁ ❧❱t❁❧❘ ▼❨❱tt❁❄❁❑ ❳❘

❾◗❲❉t❁❄❩

➇❁①t❅ ❀❁ ❲❄✿❳❁ t❈❁ ❉●❲✿❄t❱▲❨❁ ✿❢ ❨✿❧❧❉▼❉✿▲❱❧ ❑❉▼❄◗❲t❉✿▲▼ ✿❢ t❈❁

❲❱❄t❉❨❧❁▼❩ ❬❉❭◗❄❁ ➃ ▼❈✿❀▼ ❱ ▼❉●◗❧❱t❉✿▲ ❢✿❄ ❹ ❣ ❪⑨⑨ ➭● ❲❱❄t❉❨❧❁▼

❁①❨❁❁❑❉▲❭ t❈❁ ❵❞ ❣ ❥ ❨◗t✿❢❢ ④❱▼ ❉▲ ❬❉❭◗❄❁ ❸⑩❅ ❳◗t ▲✿❀ t❈❁❉❄

❧✿▼▼❁▼ ❑◗❁ t✿ ❳❄❁❱❴◗❲▼ ✿▲ t❈❁ ❀❱❘ t✿ t❈❁ ➊❱❄t❈ ❱❄❁ ❉▲❨❧◗❑❁❑❩ ♠❁

❨✿▲▼❉❑❁❄ ❱ ▲✿●❉▲❱❧ ❨✿❧❧❉▼❉✿▲❱❧ ●✿❑❁❧ ❳❘ ❦t❁❁❧ ➋ ➊❧❢✿❄❑ ④❥➌➃❪⑩❅

❱▲❑ ❱❧▼✿ ❁①t❁▲❑❁❑ ❲❱❄t❉❨❧❁ ❧❉❢❁t❉●❁▼ ❀❉t❈ ➍➎➏➐➐ ❣ ❥ t✿ ❥⑨❩ ➉▼

❁①❲❁❨t❁❑❅ ▼❈✿❄t❁❄ ❧❉❢❁t❉●❁▼ ❑✿ ▲✿t ❱❧❧✿❀ ❲❱❄t❉❨❧❁▼ t✿ ❁❃✿❧❃❁ ●◗❨❈

❢❄✿● t❈❁❉❄ ❉▲❉t❉❱❧ ✿❄❳❉t▼❅ ❲◗▼❈❉▲❭ t❈◗▼ t❈❁ t❘❲❉❨❱❧ ❁❨❨❁▲t❄❉❨❉t❉❁▼ t✿

❧❱❄❭❁ ❃❱❧◗❁▼❩ ❶❈❁ ❉▲❨❧❉▲❱t❉✿▲ ❃❱❧◗❁▼ ❱❄❁ ❱❧▼✿ ❑❉▼❨✿❄❑❱▲t ❀❉t❈ t❈❁

✿❳▼❁❄❃❱t❉✿▲▼ ④❳❁❉▲❭ ▼❘▼t❁●❱t❉❨❱❧❧❘ ❧❱❄❭❁❄⑩❅ ❉▲❑❉❨❱t❉▲❭ t❈❱t ●✿❄❁

❑❘▲❱●❉❨❱❧ ❁❃✿❧◗t❉✿▲ ❉▼ ▲❁❁❑❁❑ t✿ ❁①t❁▲❑ t❈❁❉❄ ❄❱▲❭❁❩ ❶❈❉▼ ❉▼

❧❉❴❁❧❘ ❑◗❁ t✿ ▼❨❱tt❁❄❉▲❭ ❳❘ ❾◗❲❉t❁❄ ❱▲❑ ❁❢❢❁❨t▼ ✿❢ ●◗❧t❉❲❧❁ ▼❁❨◗❧❱❄

❄❁▼✿▲❱▲❨❁▼ ❉▲ t❈❁ ❉▲t❄❱q❾✿❃❉❱▲ ❄❁❭❉✿▲❩ ❻❧❁❱❄❧❘❅ ➍➎➏➐ ➑ ❥⑨ ❃❱❧◗❁▼

❱❄❁ ▲❁❁❑❁❑ t✿ ●❱t❨❈ t❈❁ ✿❳▼❁❄❃❱t❉✿▲▼ ④▼❁❁ ❱❧▼✿ ❱ ▼❉●❉❧❱❄ ❄❁▼◗❧t▼

❢❄✿● ➇❁▼❃✿❄▲➒❘ ❁t ❱❧❩ ⑧⑨❥❥❳⑩❩

➓➔→➔ ➣↔↕↕↔➙➛ ↕➜➝ ➞➟➡➝➢ ↕➟ ↕➜➝ ➤➥➦➝➧➨➩↕↔➟➙➦

♠❁ ▲✿❀ ❱tt❁●❲t t✿ ❁▼t❉●❱t❁ ❲❱❄❱●❁t❁❄▼ ✿❢ t❈❁ ▼❘▲t❈❁t❉❨

●✿❑❁❧ t❈❱t ❀✿◗❧❑ ❳❁▼t ●❱t❨❈ t❈❁ ▼❁❧❁❨t❁❑ ✿❳▼❁❄❃❱t❉✿▲▼ ▼❈✿❀▲ ❉▲

❬❉❭◗❄❁ ❺❩ ➫❁❢✿❄❁ ❑✿❉▲❭ ▼✿❅ ❉t ❉▼ ◗▼❁❢◗❧ t✿ ❨✿●●❁▲t ✿▲ t❈❁ ▼❲❁❨❉❱❧

▼t❱t◗▼ ✿❢ t❈❁ ❲✿❲◗❧❱t❉✿▲ ❲❱❄❱●❁t❁❄ ➯➲ ④❦❁❨t❉✿▲ ❺❩➁❅ ❱❧t❁❄▲❱t❁❧❘❅

t❈❁ ➍➳➵➸ ❲❱❄❱●❁t❁❄⑩❩ ❍❱❃❉▲❭ t❈❁ ❱❳▼✿❧◗t❁ ❑❱❉❧❘ ▲◗●❳❁❄ ✿❢

✿❳▼❁❄❃❁❑ ●❁t❁✿❄✿❉❑▼❅ ❀❁ ●❱❘ ❉▲ ❲❄❉▲❨❉❲❧❁❅ ❁▼t❉●❱t❁ t❈❁ t✿t❱❧

❲✿❲◗❧❱t❉✿▲ ✿❢ ❍❶❻ ❲❱❄t❉❨❧❁▼ ④t❈◗▼ ➯➲⑩❩ ❍✿❀❁❃❁❄❅ t❈❁❄❁ ❉▼ ❱ ▼◗❉t❁

✿❢ ❱❑❑❉t❉✿▲❱❧ ❢❱❨t✿❄▼ ❀❈❉❨❈ ❳❉❱▼ t❈❁ ✿❳▼❁❄❃❱t❉✿▲▼❅ ❱▲❑ ❁❱❨❈ ✿❢

t❈❁● ●❱❘ ❱❑❑ ▼✿●❁ ◗▲❨❁❄t❱❉▲t❘❩

❬❉❄▼t❅ ❀❁ ▼❁❧❁❨t❁❑ ❑❱t❱ ❢❄✿● ✿▲❧❘ ❱ ➺❥➻➌ ❢❄❱❨t❉✿▲ ✿❢ t❈❁

⑧⑨❥⑧ ❘❁❱❄❩ ❶❈❁ ❨✿❧❧❉▼❉✿▲ ❲❄✿❳❱❳❉❧❉t❘ ⑤➎ ❉▲ t❈❁ ▼❘▲t❈❁t❉❨ ●✿❑❁❧

▲✿❄●❱❧❉♦❁❑ ❁▼t❉●❱t❁ ❉▼ ❁❢❢❁❨t❉❃❁❧❘ t✿ ❱ ❘❁❱❄ ❉▲ ❧❁▲❭t❈❅ ▼✿ ❀❁

❈❱❃❁ t✿ ❱❨❨✿◗▲t ❢✿❄ t❈❉▼ ▼❁❧❁❨t❉✿▲❩ ❦❁❨✿▲❑❅ t❈❁❄❁ ❉▼ ❱ ❃❉▼❉❳❉❧❉t❘

❳❉❱▼ ✿❢ t❈❁ ▼✿◗❄❨❁ ♦✿▲❁ ✿▲ t❈❁ ▼❴❘ ❱▼ ▼❁❁▲ ❳❘ ❻s❼❽ ④❁❩❭❩❅

❻❱●❲❳❁❧❧q➫❄✿❀▲ ⑧⑨⑨➃⑩❩ ➆◗❨❴❉❧❘❅ t❈❁ ▲✿❄t❈❁❄▲ ❧✿❨❱t❉✿▲ ✿❢ t❈❁

➇❶ ▼✿◗❄❨❁ ●❁❱▲▼ ❉t ❉▼ ▲❁❱❄❧❘ ❱❧❀❱❘▼ ❃❉▼❉❳❧❁ ❢❄✿● ❻❱▲❱❑❱❩ ♠❁

❄❱▲ ❱ ▼❉●❲❧❁ ▼❉●◗❧❱t✿❄ ✿❢ t❈❁ ✿❳▼❁❄❃❱t❉✿▲▼❅ t❱❴❉▲❭ ❉▲t✿ ❱❨❨✿◗▲t

t❈❁ ❧❱t❉t◗❑❁ ✿❢ t❈❁ ❻s❼❽ ▼❘▼t❁●❅ t❈❁ ❧✿❨❱t❉✿▲ ✿❢ t❈❁ ➇❶ ▼✿◗❄❨❁

✿▲ t❈❁ ▼❴❘❅ ❱▲❑ ➊❱❄t❈➼▼ ❄❁❃✿❧◗t❉✿▲ ❱❳✿◗t t❈❁ ❦◗▲❅ ❱▲❑ ❢✿◗▲❑

❥❥
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⑧❸❺ ⑥❽➂⑧➄❷ ⑦➂❻❻❺↕ ❷➅❻ ⑥❸❼⑩❹❽⑧❷⑥⑩❸ ⑥⑦ ❼⑧⑥❹➁➃ ❺⑥⑦❷❹⑥⑨❶❷❻❺ ⑩➩❻❹ ⑧

➁⑧❹❾❻ ❹⑧❸❾❻ ⑩❼ ➩⑧➁❶❻⑦ ⑧❸❺ ❷➅❶⑦ ❺⑧❷⑧➵⑨⑥❸⑦❿ ➸❼❷❻❹ ❻➯➂❻❹⑥❽❻❸❷⑥❸❾

➑⑥❷➅ ❷➅❻ ❺⑧❷⑧ ⑧❸❺ ❽⑩❺❻➁↕ ➑❻ ❺❻➄⑥❺❻❺ ❷⑩ ➣❷ ➞➺➻ ❹⑧❷➅❻❹ ❷➅⑧❸ ➼ ⑩❼

❷➅❻ ⑥❽➂⑧➄❷⑥❸❾ ➂⑧❹❷⑥➄➁❻⑦ ➉⑦❻❻ ➲⑥❾❶❹❻ ➽↕ ❹⑥❾➅❷ ⑧❸❺ ❷⑩➂ ➂⑧❸❻➁⑦➎❿➀⑥❷➅

❷➅⑧❷ ➂⑧❹⑧❽❻❷❻❹↕ ❻➳❶⑥➩⑧➁❻❸❷ ❷⑩ ❷➅❻ ➅❻➁⑥⑩➄❻❸❷❹⑥➄ ⑨⑥❸❺⑥❸❾ ❻❸❻❹❾➃↕ ❷➅❻

⑥❸❼⑩❹❽⑧❷⑥⑩❸ ➄⑩❸❷⑧⑥❸❻❺ ⑥❸ ❷➅❻ ❺⑧❷⑧ ❻➯➂⑧❸❺⑦ ⑧❸❺ ❷➅❻ ❽⑩❺❻➁ ⑥⑦↕ ⑥❸

❼⑧➄❷↕ ❷❻⑦❷❻❺ ➳❶⑥❷❻ ❽⑩❹❻ ⑦❻➩❻❹❻➁➃ ❷➅⑧❸ ❶⑦⑥❸❾ ⑦⑥❽➂➁➃ ❷➅❻ ⑦❻❽⑥❽⑧➫⑩❹

⑧➯⑥⑦ ❺⑥⑦❷❹⑥⑨❶❷⑥⑩❸❿

➀❻❶⑦❻❺ ⑧ ❸❶❽❻❹⑥➄⑧➁ ➄⑩❺❻ ❷⑩ ⑦❻⑧❹➄➅ ⑧ ➂⑧❹⑧❽❻❷❻❹ ⑦➂⑧➄❻➑⑥❷➅ ❷➅❻

➁⑥❽⑥❷⑦
➾
❾⑥➩❻❸ ⑥❸ ➐⑧⑨➁❻ ➞❿ ➸⑦ ❽❻❸❷⑥⑩❸❻❺ ⑧⑨⑩➩❻↕ ❷➅❻ ➉➚➪ ➶➪➹➘➴➷➪

➬➴➘➮➎ ⑦❶⑨⑦➂⑧➄❻ ➑⑧⑦ ❻❼➣➄⑥❻❸❷➁➃ ⑦➄⑧❸❸❻❺ ⑨➃ ❷➅❻ ➱⑧➃❻⑦⑥⑧❸ ⑦❷⑧❷⑥⑦➵

❷⑥➄⑦ ➂❹⑩➄❻❺❶❹❻ ❶⑦❻❺ ⑨➃ ❷➅❻ ✃❐❒❮❰ÏÐÑ❮ ➄⑩❺❻↕ ➑➅⑥➁❻ ❷➅❻ ➉Ò➪ ➬ÓÔÕÕ➎

➂⑧❹⑧❽❻❷❻❹⑦ ➑❻❹❻ ⑦⑧❽➂➁❻❺ ➑⑥❷➅ ⑦❷❻➂⑦ ➍➝➞ ⑧❸❺ ➇❿

Ö ❫❍▼ ❯❍❑✔✙❙t❙◗❙❖❖ ✇❙ ❑❙◗t◆❍◗ t❘▲t ✇❙ ▲✙❖❍ ✔▼❍❩❙❲ ▲◗ ❙②t❙◗❲❙❲ ▼▲◗❣❙ ♦❍▼ t❘❙

❜ ✔▲▼▲❑❙t❙▼ ❲❍✇◗ t❍ ◗❙❣▲t◆✈❙ ✈▲✙✘❙❖ ❍♦ Ø✖ ▲◗❲ ♦❍✘◗❲ ✙❍❯▲✙ ❑◆◗◆❑▲ ❍♦ t❘❙ ÙÚ

♦✘◗❯t◆❍◗ ♦❍▼ ◗❙❣▲t◆✈❙ ❜ ✈▲✙✘❙❖✉ Û❙▼❙ ✇❙ ❲◆❖❯▲▼❲ t❘❙❑✱ t❘❍✘❣❘✱ ♦❍▼ ✙▲❯❬ ❍♦
✔❘✚❖◆❯▲✙ ①✘❖t◆Þ❯▲t◆❍◗✉

ÜÝßà❡ á

â▲▼▲❑❙t❙▼ ã▲◗❣❙ ◆◗ t❘❙ ❫◆tt◆◗❣ ã✘◗❖

â▲▼▲❑❙t❙▼ ä◆◗◆❑✘❑ ä▲②◆❑✘❑

❵ ✑✉✓ ✒✉✓

❜ ✓✉✒ ✖✉✓

❝♠❞❢ ✑✓✓ ➭❑ ✷✍✓✓ ➭❑

❤❞♠✐ ✓✉✍ ✷✉✑

❧ ✓✉✓ ✷✉å

❤♣rss ✷ æ✓

çèé❡ê❉ ë◗ t❘❙ ❯▲❖❙ ❍♦ ❧ ▲◗❲ ❤♣rss ✔▲▼▲❑❙t❙▼❖✱ ♦❍▼ ✇❘◆❯❘ ✇❙ ❲❍ ◗❍t

✘❖❙ t❘❙ ìíîïðñòóï ❖❙▲▼❯❘✱ ✇❙ ❖▲❑✔✙❙ t❘❙◆▼ ✈▲✙✘❙❖ ✇◆t❘ ✓❦✷ ▲◗❲ ✒

❙q✘▲✙ ❖t❙✔❖✉ ã✘◗❖ ♦❍▼ ❙▲❯❘ ❤♣rss ✈▲✙✘❙ ✇❙▼❙ ✔❙▼♦❍▼❑❙❲ ✑✒ t◆❑❙❖ ▲◗❲

▼❙❖✘✙t❖ ▲✈❙▼▲❣❙❲ t❍ ▲✈❍◆❲ ô✘❬❙❖✉

➛❶❹ ❼⑩❹❽⑧➁➁➃ ⑨❻⑦❷ ⑦⑩➁❶❷⑥⑩❸ ➑⑥❷➅ ⑧ ⑨❹⑩õ❻❸ ➂⑩➑❻❹➵➁⑧➑ ➊➲ö

➑⑧⑦ ❼⑩❹ ➉➚➪ ➶➪➹➘➴➷➪ ➬➴➘➮➎ ÷ ➉→➝ø➪ ➞➝➞➪ ➽➇➍ ù❽➪ ➞➝➍ú➎↕ Ò ÷ ➍➝➍

⑧❸❺ ➬ÓÔÕÕ ÷ ➆➍❿ ➐➅❻ ❽⑧❷➄➅ ❷⑩ ❷➅❻ ❺⑧❷⑧ ⑥⑦ ⑦➅⑩➑❸ ⑥❸ ➲⑥❾❶❹❻ ➽❿

➛➩❻❹⑧➁➁↕ ❷➅❻ ➣❷ ⑥⑦ ❹❻⑧⑦⑩❸⑧⑨➁❻↕ ❽⑧❷➄➅⑥❸❾ ❷➅❻ ❽⑧➫⑩❹ ❼❻⑧❷❶❹❻⑦

⑩⑨⑦❻❹➩❻❺ ❼⑩❹ ➏➐ ❽❻❷❻⑩❹⑩⑥❺⑦↕ ❷➅❻❹❻ ⑧❹❻↕ ➅⑩➑❻➩❻❹↕ ❷➑⑩ ❽⑧➫⑩❹↕

⑧❸❺ ➄⑩❹❹❻➁⑧❷❻❺↕ ❽⑥⑦❽⑧❷➄➅❻⑦û ⑩❶❹ ⑦➃❸❷➅❻❷⑥➄ ❽⑩❺❻➁ ➂❹⑩➩⑥❺❻⑦ ⑧❸

❶❸⑩⑨⑦❻❹➩❻❺ ➂⑩➂❶➁⑧❷⑥⑩❸ ⑩❼ ➅⑥❾➅➵❻➄➄❻❸❷❹⑥➄⑥❷➃ ⑧❸❺ ➁⑧❹❾❻ ⑦❻❽⑥❽⑧➫⑩❹

⑧➯⑥⑦ ⑩❹⑨⑥❷⑦❿ ➌➁❻⑧❹➁➃↕ ❷➅⑥⑦ ⑥⑦ ⑧ ➂⑩➂❶➁⑧❷⑥⑩❸ ⑩❼ ❼❹❻⑦➅➁➃ ❻➫❻➄❷❻❺

➂⑧❹❷⑥➄➁❻⑦ ❷➅⑧❷ ➅⑧⑦ ⑦❷⑥➁➁ ❸⑩❷ ❻➩⑩➁➩❻❺ ❼⑧❹ ❼❹⑩❽ ❷➅❻➦➐➌⑦⑩❶❹➄❻ ⑩❹⑨⑥❷⑦❿

➸❺❺⑥❷⑥⑩❸⑧➁➁➃↕ ➑❻ ➣❸❺ ❷➅⑧❷ ❷➅❻ ❹❻⑦❶➁❷⑦ ⑩❸➁➃ ➩❻❹➃ ➑❻⑧õ➁➃ ❺❻➂❻❸❺

⑩❸ ❷➅❻ Ò ➂⑧❹⑧❽❻❷❻❹ ⑨❶❷ ❺⑩ ❺❻➂❻❸❺ ⑩❸ ❷➅❻ ➬ÓÔÕÕ❿ ➸⑦ ❺⑥⑦➄❶⑦⑦❻❺

⑧⑨⑩➩❻↕ ➩⑧➁❶❻⑦ ⑩❼ ➬ÓÔÕÕ ü ➇ ➃⑥❻➁❺ ⑧ ⑦➃❸❷➅❻❷⑥➄ ❽⑩❺❻➁ ⑥❸➄⑩❸⑦⑥⑦❷❻❸❷

➑⑥❷➅ ❷➅❻ ❺⑧❷⑧ ➉➲⑥❾❶❹❻ ú➎➈ ➬ÓÔÕÕ ý ➞➍ ⑥⑦ ❸❻❻❺❻❺↕ ➑➅⑥➁❻ ➩⑧➁❶❻⑦ ⑩➩❻❹

➆➍ ➂❹⑩➩⑥❺❻ ⑦❷⑧❷⑥⑦❷⑥➄⑧➁➁➃ ❻➳❶⑥➩⑧➁❻❸❷ ❹❻⑦❶➁❷⑦❿ ➲⑥❸⑧➁➁➃↕ ⑩❶❹ ❼⑩❹❽⑧➁ ➣❷

➅⑧⑦ ⑧ ⑦➅⑧➁➁⑩➑ ➊➲ö ⑦➁⑩➂❻ ⑧❷ ❷➅❻ ⑦❽⑧➁➁➵⑦⑥➨❻ ❻❸❺ ⑩❼ ❷➅❻ ⑦➂❻➄❷❹❶❽

➉⑥❿❻❿↕ ➶➎❿ ➐➅❻ ➁⑧❷❻❹ ⑦❻❻❽⑦ ⑦⑩❽❻➑➅⑧❷ ➂❶➨➨➁⑥❸❾↕ ❷➅⑩❶❾➅ ➅⑥❸❷⑦ ⑧❹❻

➞➒
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❋❃❄❅❇❡ ❈❉● ❙❍❑▲ ❍❛ ✐▼ ◆✐❖✘◗▲ ✎✱ ❜✘✉ ▼♥✇ ❢♥◗ ✉t▲ ❞❍✉❍ ❛▲✉ ✇t▲◗▲ ❍✙✙ ✔❍◗✉✐♣✙▲❛ ✇✐✉t ♥❜❛▲◗♦▲❞ t▲✙✐♥♣▲▼✉◗✐♣ ▲♣♣▲▼✉◗✐♣✐✉✚ ♦❍✙✘▲❛ ✙❍◗❖▲◗ ✉t❍▼ ✓❘✍ ✇▲◗▲ ▲✙✐❑✐▼❍✉▲❞❯ ❲t▲ ❜▲❛✉❳❨✉

✔❍◗❍❑▲✉▲◗❛ ❍◗▲ ✭❩❬ ❭❬❪♠❫❴❬ ❵❫♠❝✕ ❣ ✭✖❘✍❬ ✷❘❤❬ ✼✒✓ ➭❑❬ ✷❘✷✷✕✱ ❥ ❣ ✓❘❦ ❍▼❞ ❵❧qrr ❣ ✑✓❯

s✈①②s③④ ⑤⑥⑦⑧s⑨⑦②③ ⑨⑦ ⑧⑩② ⑦s⑧❶①② ⑥❷ ⑧⑩② ③s⑧s ❸②⑧ ❹❸②② ❺②⑤⑧⑨⑥⑦ ❻❼❽❾❿

s⑦③ ⑨⑧ ⑨❸ ③⑨❷Þ⑤❶✈⑧ ⑧⑥ ➀②⑧ s①⑥❶⑦③❼ ➁⑩② ❺➂➃ ➄①②s➅➆➇⑥⑨⑦⑧ ⑦②s① ⑧⑥

❽ ➈➈ s⑦③ ⑨⑧❸ ❸⑩s✈✈⑥➉ ➄①s⑦⑤⑩ ➄②✈⑥➉ ⑧⑩⑨❸ ➊s✈❶② ⑩s❸ ⑦⑥⑧ ➄②②⑦

①②➇⑥①⑧②③ ⑨⑦ s⑦④ ⑥❷ ⑧⑩② ➇①②➊⑨⑥❶❸ s⑦s✈④❸②❸❼

➋⑩⑨✈② s Ò✈⑥⑦➀ ⑤⑥✈✈⑨❸⑨⑥⑦s✈ ✈⑨❷②⑧⑨➈②➌ ⑥❷ ⑧⑩② ➇s①⑧⑨⑤✈②❸ ⑨❸ s ①②➆

➍❶⑨①②③ ⑤⑥⑦③⑨⑧⑨⑥⑦ ⑥❷ ❸s⑧⑨❸❷s⑤⑧⑥①④ Þ⑧❸❿ ➉② ❸⑩s✈✈ ⑦⑥➉ ⑧②❸⑧ ⑧⑩② ❸②⑦➆

❸⑨⑧⑨➊⑨⑧④ ⑥❷ ⑧⑩② ①②❸❶✈⑧❸ ➉⑨⑧⑩ ①②➀s①③❸ ⑧⑥ ⑧➉⑥ ②❷❷②⑤⑧❸➎ ❹❽❾ Ò❸②✈②⑤⑧⑨➊②➆

❸❶➄➏②⑤⑧⑨➊②➌ ①②➈⑥➊s✈ ⑥❷ ⑧⑩② ➇⑥❸❸⑨➄✈④ ❶⑦③②⑧②⑤⑧②③ ⑩⑨➀⑩➆②⑤⑤②⑦⑧①⑨⑤⑨⑧④

⑥①➄⑨⑧❸❿ s⑦③ ❹❻❾ ⑦②⑤②❸❸⑨⑧④ ⑥❷ ⑧⑩② ➄①⑥➅②⑦ ➇⑥➉②①➆✈s➉ ❺➂➃❼

➂⑨①❸⑧❿ ➉② ⑦⑥⑧② ⑧⑩s⑧ ⑧⑩② ⑩⑨➀⑩②❸⑧➆❸➇②②③ ➇s①⑧⑨⑤✈②❸ s①② ❸❶➄➏②⑤⑧ ⑧⑥

➈⑥①② ➄⑨s❸ ⑨⑦ ⑧⑩② ➐➑➒➓ ⑥➄❸②①➊s⑧⑨⑥⑦❸ ⑧⑩s⑦ ⑧⑩② ✈⑥➉②①➆❸➇②②③ ➇s①➆

⑧⑨⑤✈②❸ ❹❺②⑤⑧⑨⑥⑦ ➔❼→ ⑨⑦ ➐s➈➇➄②✈✈ ❻➣➣❻❾❼ ↔⑧ ➈s④ ⑧⑩❶❸ ⑩s➇➇②⑦❿ ⑧⑩s⑧

⑧⑩② Ò➈⑨❸❸⑨⑦➀ ➇⑥➇❶✈s⑧⑨⑥⑦➌ ⑥❷ ⑧⑩② ⑧⑥①⑥⑨③s✈ ➇s①⑧⑨⑤✈②❸ ⑨⑦ ⑧⑩② ➐➑➒➓

③s⑧s❿ ⑧⑩s⑧ ➉② ➉⑥❶✈③ ➇①②③⑨⑤⑧ ❷①⑥➈ ⑥❶① ❸④⑦⑧⑩②⑧⑨⑤ ➈⑥③②✈ ⑨⑦ ➂⑨➀❶①② ↕

❹⑨❼②❼❿ ✈s①➀②➆➙ s⑦③ ✈s①➀②➆➛ ⑩②✈⑨⑥⑤②⑦⑧①⑨⑤ ⑥①➄⑨⑧❸❾❿ ➉②①② ①②➈⑥➊②③ ❹⑥①

➉②①② ⑦⑥⑧ ③②⑧②⑤⑧②③❾ ⑨⑦ ⑧⑩② ➐➑➒➓ ③s⑧s s⑦③ s①② ⑦⑥⑧ ⑧⑩❶❸ ➇①②❸②⑦⑧ ⑨⑦

⑥❶① Þ⑦s✈ ③s⑧s ❸②⑧❼ ➁⑥ ⑧②❸⑧ ⑧⑩⑨❸ ➇⑥❸❸⑨➄⑨✈⑨⑧④❿ ➉② ①②①❶⑦ ⑥❶① Þ⑧ ⑥⑦ ⑧⑩②

③s⑧s❿ ➉⑩②①② ➉② s①⑧⑨Þ⑤⑨s✈✈④ ③⑨❸⑤s①③②③ s✈✈ ③s⑧s ➉⑨⑧⑩ ⑩②✈⑨⑥⑤②⑦⑧①⑨⑤

②⑤⑤②⑦⑧①⑨⑤⑨⑧④ ✈s①➀②① ⑧⑩s⑦ ➣➜➝ ❹➉⑩②①② ⑧⑩② ③s⑧s s⑦③ ➈⑥③②✈❸ ❸⑧s①⑧

⑧⑥ ③⑨➊②①➀② ⑨⑦ ➂⑨➀❶①② ↕❾❼ ➞④ ③⑥⑨⑦➀ ⑧⑩⑨❸ ➉② ⑥➄⑧s⑨⑦②③ ⑧⑩② ①②❸❶✈⑧❸

❸⑩⑥➉⑦ ⑨⑦ ➂⑨➀❶①② ❽➣❼ ➁⑩② ➍❶s✈⑨⑧④ ⑥❷ Þ⑧ ⑨➈➇①⑥➊②③❿ ②➟⑤②➇⑧ ❷⑥① s

❸➈s✈✈ ➈⑨❸➈s⑧⑤⑩ ⑨⑦ ⑧⑩② ⑨⑦⑤✈⑨⑦s⑧⑨⑥⑦ Þ⑧ ❹➈⑥①② ✈⑥➉②①➆⑨⑦⑤✈⑨⑦s⑧⑨⑥⑦

➇s①⑧⑨⑤✈②❸ ➇①②③⑨⑤⑧②③ ⑧⑩s⑦ ⑥➄❸②①➊②③ s⑦③ ➊⑨⑤② ➊②①❸s❾❼ ➂①⑥➈ ⑧⑩⑨❸ ⑧②❸⑧

➉② ⑤⑥⑦⑤✈❶③② ⑧⑩s⑧ ⑧⑩② ➡ ➢ ➣➜➝ ➇s①⑧⑨⑤✈②❸ ➈s④ ➄② ⑨⑦⑤⑥➈➇✈②⑧②✈④

③②⑧②⑤⑧②③❿ ❸⑨⑦⑤② ⑧⑩② ➈⑥③②✈ ⑥⑧⑩②①➉⑨❸② Þ⑧❸ ⑧⑩② ③s⑧s ➉②✈✈❼

➤⑥➉❿ ➉② ②➟s➈⑨⑦② ⑩⑥➉ ➈❶⑤⑩ ➉② ⑤s⑦ ①②✈s➟ ⑧⑩② ❸⑩s✈✈⑥➉⑦②❸❸

⑥❷ ⑧⑩② ➇s①⑧⑨⑤✈② ❺➂➃ ❷⑥① ❸➈s✈✈ ➇s①⑧⑨⑤✈②❸ ➄②❷⑥①② ⑧⑩② Þ⑧ ➄②⑤⑥➈②❸

➉⑥①❸②❼ ➁⑥ ⑧⑩s⑧ ②⑦③ ➉② ❷⑥①⑤② ⑧⑩② ❺➂➃ ➄② s ❸⑨⑦➀✈②➆❸✈⑥➇② ➇⑥➉②①➆✈s➉

③⑨❸⑧①⑨➄❶⑧⑨⑥⑦ ➉⑨⑧⑩ ⑧⑩② ②➟➇⑥⑦②⑦⑧ ➥ ⑨⑦ ⑧⑩② ①s⑦➀② ❽➦→❼ ➒➄➊⑨⑥❶❸✈④❿

⑨⑦ ⑧⑩⑨❸ s⑧⑧②➈➇⑧ ➉② ③⑥ ⑦⑥⑧ ⑩s➊② ⑧⑩② ➄①②s➅➆➇⑥⑨⑦⑧ ❸⑨➧② ➨➩➫➯ s⑦③

⑧⑩② ⑥⑦✈④ Þ⑧⑧②③ ➇s①s➈②⑧②①❸❿ ②➟⑤②➇⑧ ❷⑥① ➲ s⑦③ ➳➵➸➺➺❿ s①② ❹➥➻ ➳➫➩➼❾

❹⑧⑩② ✈s⑧⑧②① s➀s⑨⑦ ❸⑧s⑦③⑨⑦➀ ❷⑥① ➽➾❾❼ ➋② ❶❸②③ ⑧⑩② ➐➑➒➓ ③s⑧s

❸②⑧ ➉⑩②①② s✈✈ ➇s①⑧⑨⑤✈②❸ ➉⑨⑧⑩ ➡ ➢ ➣➜➝ ➉②①② ②➟⑤✈❶③②③ s❸ s➄⑥➊②❼

➁⑩② ➄②❸⑧➆Þ⑧ ➈⑥③②✈❿ ❹➥➻ ➳➫➩➼❾ ➚ ❹❻➜❽➻ ❽➜❽❽❾ ➉⑨⑧⑩ ➲ ➚ ➣ s⑦③

➳➵➸➺➺ ➚ ❻➣❿ ⑨❸ ❷⑥①➈s✈✈④ ➉⑥①❸② ⑨⑦ ⑧②①➈❸ ⑥❷ ➪
➶

➊s✈❶② ⑧⑩s⑦ ➉⑨⑧⑩
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➉② ➇②①❷⑥①➈②③ ⑨⑦③⑨⑤s⑧②③ ⑦⑥ ❸❶➄❸⑧s⑦⑧⑨s✈ ③⑨❷❷②①②⑦⑤②❸❼ ➁⑩② ⑧⑥➇ ⑧➉⑥

➇s⑦②✈❸ ⑨⑦ ➂⑨➀❶①② ❽❽ ❸⑩⑥➉ ⑧⑩② ➇⑥❸⑧②①⑨⑥① ③⑨❸⑧①⑨➄❶⑧⑨⑥⑦ ⑨⑦ ➞s④②❸⑨s⑦

❸⑧s⑧⑨❸⑧⑨⑤❸ ⑥❷ ⑧⑩② ➥ s⑦③ ➳➫➩➼ ➇s①s➈②⑧②①❸ s❸ ③②⑧②①➈⑨⑦②③ ➄④ ⑧⑩②

➹➘➴➷➬➮➱✃➷ ⑤⑥③②❼ ➋② s✈❸⑥ ⑦⑥⑧② ⑧⑩② ✈s⑤➅ ⑥❷ ⑤⑥①①②✈s⑧⑨⑥⑦ ⑥❷ ⑧⑩② ⑧➉⑥

➇s①s➈②⑧②①❸❼ ❐➊②⑦ ➉⑩②⑦ ❷⑥①⑤⑨⑦➀ ➥ ⑧⑥ ➄② ⑤✈⑥❸②① ⑧⑥ s ➈⑥①② ①②s✈⑨❸⑧⑨⑤

➊s✈❶② ➄②⑧➉②②⑦ ❒❹❻➜➝➦❮❾❿ ➉② ❸⑧⑨✈✈ ➀②⑧ ➊⑨❸❶s✈✈④ s⑤⑤②➇⑧s➄✈②❿ ⑧⑩⑥❶➀⑩

❸⑧s⑧⑨❸⑧⑨⑤s✈✈④ ➉⑥①❸② Þ⑧❸❼ ➋② ①②⑤s✈✈ ⑧⑩s⑧❿ ➀⑨➊②⑦ ⑧⑩② ❸⑨➈➇✈② ⑦s⑧❶①②

⑥❷ ⑥❶① ⑧①②s⑧➈②⑦⑧ ⑥❷ ⑧⑩② ➐➑➒➓ ➄⑨s❸②❸ ❹❸❶⑤⑩ s❸ s ➈⑥①② ⑤⑥➈➇✈②⑧②

❶⑦③②①❸⑧s⑦③⑨⑦➀ ⑥❷ ⑧⑩② ③②⑧②⑤⑧⑨⑥⑦ ➇①⑥➄s➄⑨✈⑨⑧④ s❸ s ❷❶⑦⑤⑧⑨⑥⑦ ⑥❷

⑧⑩② ⑨⑥⑦⑨➧s⑧⑨⑥⑦ ❷s⑤⑧⑥① ❰ s⑦③ s ⑤⑥➈➇✈②⑧② ⑧①②s⑧➈②⑦⑧ ⑥❷ ⑧⑩② ①s③s①

①②❸➇⑥⑦❸② ❷❶⑦⑤⑧⑨⑥⑦❾❿ s ⑦⑥➈⑨⑦s✈✈④ ❸⑧s⑧⑨❸⑧⑨⑤s✈✈④ ⑨➈➇②①❷②⑤⑧ ③s⑧s Þ⑧
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➋② ⑩s➊② s❸❸❶➈②③ ➄⑥⑧⑩ ➥ s⑦③ ç s①② ❸➈s✈✈②① ⑧⑩s⑦ s ⑤①⑨⑧⑨⑤s✈ ➊s✈❶②

⑥❷ í❿ s⑦③ ⑨⑦⑧①⑥③❶⑤②③ ➈s❸❸ è➩ëì ➚ ÷ø➨
ù
➩ëìú➔ ⑥❷ ⑧⑩② ✈s①➀②❸⑧

➇s①⑧⑨⑤✈②❸ ➉⑨⑧⑩ ❸⑨➧② ➨➩ëì s⑦③ ➄❶✈➅ ③②⑦❸⑨⑧④ ø❼ ➒➄➊⑨⑥❶❸✈④❿ ➉② ➈s④
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⑩s➊② ✈s①➀②❿ s⑦③ ⑦⑥⑧ ❷❶✈✈④ ②❸⑧s➄✈⑨❸⑩②③❿ ❶⑦⑤②①⑧s⑨⑦⑧⑨②❸❼ ❺②⑤⑥⑦③❿ ❷⑥①
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❲❳❨❩❨ ❬❭❪❲❫❴❵❨❩ ❜❣❵❤ ❥❨❭❧❵❤ ❴❜❣❲❪❫♥q❲❨r ❲❜ ❲❳❨ s❜r❨❵ ①❲ ♥❨❴❭q❩❨

❜② ❲❳❨❫❪ ❩s❭❵❵ ❣qs♥❨❪③ ④❣ ❲❳❨ ❜❲❳❨❪ ❳❭❣r⑤ ❲❳❫❩ ❭❬❬❪❜⑥❫s❭❲❫❜❣

❩❳❜❥❩ ❲❳❭❲ ❲❳❨ ♥❪❨❭❧⑦❬❜❫❣❲ ❵❜❴❭❲❫❜❣ ⑧⑨⑩❶ ❭❣r ❲❳❨ ❩❵❜❬❨ ❨⑥❬❜❣❨❣❲

❷ ❭❲ ❩s❭❵❵❨❪ ❩❫❸❨❩ ❜❣❵❤ ❥❨❭❧❵❤ ❫❣❹q❨❣❴❨ ❲❳❨ ❨❩❲❫s❭❲❨r s❭❩❩

❺❻❼❻③ ❽❳❫❩ ❫❩ ❥❨❵❵ q❣r❨❪❩❲❜❜r⑤ ♥❨❴❭q❩❨ ②❜❪ ❩❳❭❵❵❜❥ ❾❿➀❩⑤ ❲❳❨

❵❭❪➁❨❩❲ ❬❭❪❲❫❴❵❨❩ ❭❣r ❲❳❨ ❵❜❴❭❵ ❩❵❜❬❨ ❜② ❲❳❨ ❾❿➀ r❜s❫❣❭❲❨ ❲❳❨

s❭❩❩ r❨❲❨❪s❫❣❭❲❫❜❣③

❾❫❣❴❨ ❜q❪ ②❜❪s❭❵ ❩❜❵q❲❫❜❣❩ ❭❵❩❜ ❭rs❫❲ ➂ ➃ ➄⑤ ❥❨ ➁❫➅❨ ❳❨❪❨

❲❳❨ ❬❜❬q❵❭❲❫❜❣ s❭❩❩ ❫❣ ❲❳❫❩ ❴❭❩❨ ➆❩❲❫❵❵ ❭❩❩qs❫❣➁ ❷ ➇ ➄➈➉

❺❻❼❻

❺⑨⑩❶
➊

➋➌

➂ ➍ ➄

➎
⑧⑨➏➐

⑧⑨⑩❶

➑➌➒➓ ➔
➂ ➍ ❷

➄ ➍ ❷

➍

➎
⑧⑨⑩❶

⑧⑨➏➐

➑➌➒→

➍
➂ ➍ ➄

➄ ➍ ❷

➎
⑧⑨⑩➣

⑧⑨⑩❶

➑→➒↔ ↕

➙ ➆➛➄➈

❥❫❲❳ ❲❳❨ s❭❩❩ ❜② ❬❭❪❲❫❴❵❨❩ ❭❲ ❲❳❨ ❾❿➀ ♥❪❨❭❧⑦❬❜❫❣❲ ❩❫❸❨ ❣❜❥

❺⑨⑩❶ ➊ ➜➝⑧
➞
⑨⑩❶➟➡ ➆❜♥➅❫❜q❩❵❤⑤ ❲❳❨ ❩❴❭❵❫❣➁ q❩❨❩ ❲❳❨ s❭❩❩ ❜② ❲❳❨

❬❭❪❲❫❴❵❨❩ r❜s❫❣❭❲❫❣➁ ❲❳❨ ❲❜❲❭❵ s❭❩❩ ❜② ❲❳❨ ❬❜❬q❵❭❲❫❜❣➈③ ❽❳❨ ❴❭❩❨

➂ ➊ ➄ ❥❜q❵r ❳❭➅❨ ❲❜ ♥❨ ❲❪❨❭❲❨r ❩❨❬❭❪❭❲❨❵❤⑤ ♥q❲ ❥❨ r❜ ❣❜❲ ➁❫➅❨

❲❳❨ ❪❨❩q❵❲ ❳❨❪❨ ♥❨❴❭q❩❨ ❜② ❫❲❩ ❩❫❣➁q❵❭❪ ❣❭❲q❪❨ ❫❣ ❲❳❨ ➂ ❬❭❪❭s❨❲❨❪

❩❜❵q❲❫❜❣③

➢q❣❣❫❣➁ ②❜❪sq❵❭❩ ➆➛➤➈ ❭❣r ➆➛➄➈ ❲❳❪❜q➁❳ ❜q❪ ❩❜❵q❲❫❜❣❩⑤ ❥❨

❜♥❲❭❫❣ ❺❻❼❻ ➥ ➆➤➦➧➨➈ × ➛➨
➓➩

❧➁ ❫❣ ❜q❪ ①❲❲❨r ❬❭❪❲❫❴❵❨ ❩❫❸❨ ❪❭❣➁❨

♥❨❲❥❨❨❣ ➫➨➨ ➯s ❭❣r ➤ ss③ ❽❳❨ ❲❳❫❪r⑦❪❜❥ ❬❭❣❨❵ ❫❣ ❿❫➁q❪❨ ➛➛

➁❫➅❨❩ ❲❳❨ ❴❜s❬q❲❨r ➅❭❵q❨❩ ❜② ❺❻❼❻ ❫❣ ❲❳❨ ❴❭❩❨ ❥❳❨❪❨ ❥❨ ①❲❲❨r ❭

❩❫❣➁❵❨⑦❩❵❜❬❨ ❬❜❥❨❪⑦❵❭❥ ❾❿➀③ ➲❨ ❣❜❲❨ ❺❻❼❻ ❫❩ ❭❣❲❫⑦❴❜❪❪❨❵❭❲❨r

❥❫❲❳ ❲❳❨ ❩❵❜❬❨ ❬❭❪❭s❨❲❨❪ ➂⑤ ❩q❴❳ ❲❳❭❲ ❩❲❨❨❬❨❪⑦❩❵❜❬❨ ❾❿➀❩

❥❜q❵r ❤❫❨❵r ❩s❭❵❵❨❪ ❲❜❲❭❵ ❬❭❪❲❫❴❵❨ s❭❩❩ ❺❻❼❻③ ❽❳❫❩ ❫❩ ❨❭❩❫❵❤

q❣r❨❪❩❲❜❜r ♥❨❴❭q❩❨ ❜② ♥❤ ❴❜❣❩❨❪➅❭❲❫❜❣ ❜② ❲❳❨ ❣qs♥❨❪ ❜②

❫s❬❭❴❲❫❣➁ ❬❭❪❲❫❴❵❨❩ ❭❲ ❲❳❨ ➳❭❪❲❳③
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❋ ❄
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❂
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✹✩ ✴✣
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▲ ✸✿■❀
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❼❽❷ ⑩➉❸❹❺➄❺⑧❶❼➄ ➊❼❷ ⑧⑨⑩ ❾⑩❸❹⑩⑧⑩❾ ❷❶➄➋ ❶➂ ➁❺❶➄❹➇ ❼➊ ❺ ❾➇➄❺➁❶➀❺❹➈

❷❺⑧⑨⑩❷ ⑧⑨❺➄ ➀❼❹❹❶➂❶❼➄❺❹➈ ❼❷❶➋❶➄ ➌➂⑩⑩ ➍❺➁❸❿⑩❹❹➎➏❷❼❻➄ ➐➑➑➒➓➅ ➔⑨⑩

➊⑩❻ ❼❷❿❶⑧➂ ❻⑨❼➂⑩ ❷❺❾❶❺➄⑧➂ ❺❷⑩ ➂⑩⑩➄ ❶➄ ⑧⑨⑩ →❼➄⑩ ❼➊ ⑧⑨⑩ ❾⑩❸❹⑩⑧⑩❾

❷❶➄➋ ❺❷⑩ ❸❷❼➋❷❺❾⑩ ❶➄ ➄❺⑧❽❷⑩ ❺➄❾ ⑨❺➣⑩ ➁❺❶➄❹➇ ➂⑩➁❶➁❺↔❼❷ ❺➉❶➂

➣❺❹❽⑩➂ ➂➁❺❹❹⑩❷ ⑧⑨❺➄ ↕ ❺❽ ❺➄❾ ➂➁❺❹❹ ⑩➀➀⑩➄⑧❷❶➀❶⑧❶⑩➂➅ ➔⑨⑩➇ ❷⑩❸❷⑩➂⑩➄⑧

❺➄ ❽➄❽➂❽❺❹ ⑩➄❾➎➂⑧❺⑧⑩➈ ➄❼⑧ ⑩➊➙➀❶⑩➄⑧❹➇ ➊⑩❾ ❿➇ ❺➄➇ ⑩➣❼❹❽⑧❶❼➄❺❷➇ ❸❺⑧⑨

❺➄❾➈ ❼❿➣❶❼❽➂❹➇➈ ⑧⑨⑩➇ ❺❹➂❼ ⑨❺➣⑩ ➂⑨❼❷⑧ ➀❼❹❹❶➂❶❼➄❺❹ ❹❶➊⑩⑧❶➁⑩➂➅ ➔⑨❶➂ ❶➂➈

⑨❼❻⑩➣⑩❷➈ ❼➄❹➇ ❺ ➂⑩➀❼➄❾❺❷➇ ❺➂❸⑩➀⑧ ❼➊ ⑧⑨⑩ ❾⑩❸❹⑩⑧❶❼➄➈ ⑧⑨⑩ ❸❷❶➁❺❷➇

❿⑩❶➄➋ ❾➇➄❺➁❶➀❺❹ ❼❷❶➋❶➄➅

➛⑨❶❹⑩ ⑧⑨⑩ ❶➁❸❺➀⑧ ➂❸⑩⑩❾ ❾❶➂⑧❷❶❿❽⑧❶❼➄ ❼➊ ❺❷➀ ❼❷❿❶⑧➂ ❷⑩➂⑩➁❿❹⑩➂

⑧⑨❺⑧ ❼➊ ⑧⑨⑩ ➜➔ ❼❷❿❶⑧➂ ➌➝❶➋❽❷⑩ ➞➓➈ ❻⑩ ➂⑩⑩ ➣⑩❷➇ ❾❶➊➊⑩❷⑩➄⑧ ➟ ❺➄❾

➡ ❾❶➂⑧❷❶❿❽⑧❶❼➄➂➢ ➌↕➓ ⑧⑨⑩ ➁⑩❾❶❺➄ ❶➄➀❹❶➄❺⑧❶❼➄ ❶➂ ➤➥➦
➧

❺➄❾ ⑩➉⑧⑩➄❾➂

➊❷❼➁ ➄⑩❺❷❹➇ →⑩❷❼ ⑧❼ ➤↕↕➑
➧
➈ ❺➄❾ ➌➐➓ ⑧⑨⑩ ⑩➀➀⑩➄⑧❷❶➀❶⑧➇ ❾❶➂⑧❷❶❿❽⑧❶❼➄

➂⑧⑩❺❾❶❹➇ ❶➄➀❷⑩❺➂⑩➂ ⑧❼ ❺ ➣❺❹❽⑩ ❼➊ ➤➑➨➒➩➑➨➫➅ ➔⑨⑩ ❹❺⑧⑧⑩❷ ➀❼➄➙❷➁➂

❼❽❷ ❸❷⑩➣❶❼❽➂ ➙➄❾❶➄➋ ⑧⑨❺⑧ ➣⑩❷➇ ❹❼❻ ➟ ➣❺❹❽⑩➂ ❶➄ ⑧⑨⑩ ➜➔ ➂❼❽❷➀⑩

❺❷⑩ ⑧⑨⑩ ❷⑩➂❽❹⑧ ❼➊ ❺ ➂⑩❹⑩➀⑧❶❼➄ ⑩➊➊⑩➀⑧➢ ➜➔ ❷❺❾❶❺➄⑧➂ ➂❶➁❸❹➇ ❷⑩➭❽❶❷⑩

⑨❶➋⑨ ❶➄➀❹❶➄❺⑧❶❼➄ ❺➄❾ ⑧⑨⑩ ➯❼→❺❶➩➲❶❾❼➣ ❾➇➄❺➁❶➀➂ ⑧⑨⑩➄ ➁❺➳⑩➂ ⑧⑨⑩

⑩➀➀⑩➄⑧❷❶➀❶⑧➇ ➂➁❺❹❹➅ ➛⑨⑩➄ ⑧⑨⑩ ❷❺❾❶❺➄⑧➎❹❼➀❺⑧❶❼➄ ❶➂ ❷⑩❹❺➉⑩❾ ➊❷❼➁

⑧⑨⑩ ➜➔ →❼➄⑩➈ ⑧⑨⑩ ❺❷➀ ❼❷❿❶⑧➂ ⑨❺➣⑩ ❶➄➀❹❶➄❺⑧❶❼➄ ❾❶➂⑧❷❶❿❽⑧❶❼➄ ➂❶➁❶❹❺❷ ⑧❼

⑧⑨⑩➵➔➍❼❷❿❶⑧➂➈ ❻❶⑧⑨ ❼➄❹➇ ➂❹❶➋⑨⑧ ❸❷⑩➊⑩❷⑩➄➀⑩ ➊❼❷ ❹❼❻⑩❷ ❶➄➀❹❶➄❺⑧❶❼➄➂

❿⑩➀❺❽➂⑩ ❼➊ ⑧⑨⑩ ⑨❶➋⑨⑩❷ ➀❼❹❹❶➂❶❼➄ ❸❷❼❿❺❿❶❹❶⑧➇ ❻❶⑧⑨ ⑧⑨⑩ ➸❺❷⑧⑨➅ ➔⑨⑩

❹❼❻⑩❷ ❹❺⑧❶⑧❽❾⑩ ❷❺❾❶❺➄⑧➂ ❶➁❸❹➇ ⑨❶➋⑨⑩❷ ⑩➀➀⑩➄⑧❷❶➀❶⑧➇ ➣❺❹❽⑩➂ ➌⑩➅➋➅➈

➺❼➳❷❼❽⑨❹❶➀➳➻➇ ⑩⑧ ❺❹➅ ➐➑↕➐➓➅

➛⑩ ➙➄❾ ⑧⑨❺⑧ ⑧⑨⑩ ➵➔➍➎❷⑩❹⑩❺➂⑩❾ ❸❺❷⑧❶➀❹⑩➂ ❺❹➂❼ ➀❼➄⑧❷❶❿❽⑧⑩ ⑧❼

⑧⑨⑩ ❺❸⑩➉ ➂❼❽❷➀⑩➂➅ ➵❺➣❶➄➋ ➼ ➽ ➞➑
➧
➈ ⑧⑨⑩➇ ❷⑩➭❽❶❷⑩ ❸❷⑩❾❼➁❶➄❺➄⑧❹➇

❷⑩⑧❷❼➋❷❺❾⑩ ❼❷ ⑨❶➋⑨ ⑩➀➀⑩➄⑧❷❶➀❶⑧➇ ❼❷❿❶⑧➂➅ ➔⑨⑩ ➙❷➂⑧ ❷⑩❸❷⑩➂⑩➄⑧➂ ❺

➁❶➄❼❷❶⑧➇ ❼➊ ➀❺➂⑩➂ ❺➁❼➄➋ ❼❽❷ ➂⑧❺❷⑧❶➄➋ ➀❼➄❾❶⑧❶❼➄➂ ➊❼❷ ➵➔➍➎

❷⑩❹⑩❺➂⑩❾ ❾❽➂⑧ ❸❺❷⑧❶➀❹⑩➂➈ ❿❽⑧ ❷⑩⑧❷❼➋❷❺❾⑩ ❼❷❿❶⑧➂ ➁❺➇ ❿⑩ ❸❷❼❾❽➀⑩❾

❾❽❷❶➄➋ ⑧⑨⑩❶❷ ❼❷❿❶⑧❺❹ ⑩➣❼❹❽⑧❶❼➄ ❿➇ ➂➀❺⑧⑧⑩❷❶➄➋ ❼➊➊ ➾❽❸❶⑧⑩❷ ❺➄❾➚❼❷ ⑧⑨⑩

⑩➊➊⑩➀⑧➂ ❼➊ ➂⑩➀❽❹❺❷ ❷⑩➂❼➄❺➄➀⑩➂➅ ➛❶⑧⑨ ⑧⑨⑩❶❷ ❹❺❷➋⑩❷ ❶➁❸❺➀⑧ ➂❸⑩⑩❾➂

➌➁⑩❾❶❺➄ ➣❺❹❽⑩ ➤➦➦ ➳➁ ➂
➪➶

❺➄❾ ❺ ⑧❺❶❹ ❽❸ ⑧❼ ➹➑ ➳➁ ➂
➪➶

➓➈ ⑧⑨⑩ ❺❸⑩➉

→❼➄⑩ ➁❺➇ ➂⑩⑩ ➂❼➁⑩❻⑨❺⑧ ➂➁❺❹❹⑩❷ ❸❺❷⑧❶➀❹⑩➂ ⑧⑨❺➄ ⑧⑨⑩ ➜➔ →❼➄⑩➅

➝❼❷ ❶➄➂⑧❺➄➀⑩➈ ❻⑩ ➙➄❾ ⑧⑨❺⑧ ❸❺❷⑧❶➀❹⑩➂ ❿⑩⑧❻⑩⑩➄ ↕➑➑ ❺➄❾ ➐➑➑ ➘➁

➀❼➄⑧❷❶❿❽⑧⑩ ⑧❼ ⑧⑨⑩ ❺❸⑩➉➈ ❻⑨❶❹⑩ ⑧⑨⑩❶❷ ❶➄❸❽⑧ ❶➄⑧❼ ⑧⑨⑩ ➜➔ →❼➄⑩ ❻❺➂

➄⑩➋❹❶➋❶❿❹⑩ ➌➝❶➋❽❷⑩ ↕➓➅ ➝❼❷ ⑧⑨❶➂ ❷⑩❺➂❼➄ ❶⑧ ❶➂ ❸❷❼❿❹⑩➁❺⑧❶➀ ⑧❼ ❽➂⑩ ❼❽❷

➀❺❹❶❿❷❺⑧⑩❾ ❸❼❸❽❹❺⑧❶❼➄ ❼➊ ⑧⑨⑩ ➵➔➍ ❸❺❷⑧❶➀❹⑩➂ ❺➄❾ ➀❼➁❸❽⑧⑩ ⑧⑨⑩❶❷

⑩➉❺➀⑧ ➴❽➉ ❺⑧ ⑧⑨⑩ ❺❸⑩➉ →❼➄⑩ ➌❽➄❹⑩➂➂ ❺➄ ❽➄➀⑩❷⑧❺❶➄ ⑩➉⑧❷❺❸❼❹❺⑧❶❼➄

⑧❼ ➂➁❺❹❹⑩❷ ➂❶→⑩➂ ❶➂ ❽➂⑩❾➓➅ ➃❶➄➀⑩ ⑧⑨⑩ ❶➁❸❺➀⑧ ➂❸⑩⑩❾➈ ➂⑩➁❶➁❺↔❼❷

❺➉❶➂➈ ⑩➀➀⑩➄⑧❷❶➀❶⑧➇ ❺➄❾ ❶➄➀❹❶➄❺⑧❶❼➄ ❾❶➂⑧❷❶❿❽⑧❶❼➄➂ ➊❷❼➁ ❼❽❷ ↕➑➑ ❺➄❾

➐➑➑ ➘➁ ➂➇➄⑧⑨⑩⑧❶➀ ❸❼❸❽❹❺⑧❶❼➄ ❷⑩➂⑩➁❿❹⑩➂ ➀❹❼➂⑩❹➇ ⑧⑨⑩ ❼❿➂⑩❷➣⑩❾

❾❺⑧❺ ➌➂⑩⑩➈ ⑩➅➋➅➈ ➍❺➁❸❿⑩❹❹➎➏❷❼❻➄ ➐➑➑➒➓➈ ❻⑩ ➙➄❾ ❶⑧ ❸❷❼➁❶➂❶➄➋

⑧⑨❺⑧ ❼❽❷ ➁❼❾⑩❹ ❸❷⑩❾❶➀⑧➂ ⑧⑨⑩ ➵➔➍ ❸❺❷⑧❶➀❹⑩➂ ❺❷⑩ ➀❼➄⑧❷❶❿❽⑧❼❷➂ ⑧❼

⑧⑨⑩ ❺❸⑩➉ →❼➄⑩ ⑧❼❼➅ ➷❾❾❶⑧❶❼➄❺❹❹➇➈ ❼❽❷ ➂❶➁❽❹❺⑧❶❼➄➂ ➂⑨❼❻ ⑧⑨❺⑧ ⑧⑨⑩

❺➣⑩❷❺➋⑩ ➂⑧❷⑩➄➋⑧⑨ ❼➊ ⑧⑨⑩ ❺❸⑩➉ ➂❼❽❷➀⑩ ❶➂ ➬➦ ⑧❼ ➬↕➦ ⑧❶➁⑩➂ ❹❺❷➋⑩❷

⑧⑨❺➄ ⑧⑨⑩ ➜➔ ➂❼❽❷➀⑩ ❺➄❾ ❾⑩❸⑩➄❾➂➈ ❺➁❼➄➋ ❼⑧⑨⑩❷ ➊❺➀⑧❼❷➂➈ ❺❹➂❼ ❼➄

⑧⑨⑩ ➮ ⑩➉❸❼➄⑩➄⑧ ❼➊ ⑧⑨⑩ ➀❼➁⑩⑧❺❷➇ ❾❽➂⑧ ❸❷❼❾❽➀⑧❶❼➄ ➊❽➄➀⑧❶❼➄ ➌➥➓➅

➃❶➄➀⑩ ⑧⑨⑩ ➜➔ ➂❶➋➄❺❹ ❶➂ ❹❺❷➋⑩❹➇ ❶➄➂⑩➄➂❶⑧❶➣⑩ ⑧❼ ➮ ➈ ➊❽❷⑧⑨⑩❷ ❻❼❷➳ ❼➄

⑨❼❻ ⑧⑨⑩ ➵➔➍ ❾❽➂⑧ ➀❼➄⑧❷❶❿❽⑧⑩➂ ❿❼⑧⑨ ❶➄ ➜➔ ❺➄❾ ❺❸⑩➉ ➂❼❽❷➀⑩➂ ➁❺➇

⑨⑩❹❸ ❶➄ ❷⑩➙➄❶➄➋ ❼❽❷ ➁❼❾⑩❹➅ ➱⑩➎⑩➣❺❹❽❺⑧❶❼➄ ❼➊ ⑧⑨⑩ ❷⑩❹❺⑧❶➣⑩ ❻⑩❶➋⑨⑧

❺⑧ ❻⑨❶➀⑨ ⑧⑨❶➂ ❾❽➂⑧ ➀❼➁❸❼➄⑩➄⑧ ❺➄❾ ❾❽➂⑧ ➊❷❼➁ ➄⑩❻ ➌✃❼❷⑧ ➀❹❼❽❾➓

➀❼➁⑩⑧➂ ➀❼➄⑧❷❶❿❽⑧⑩ ❺⑧ ❺❸⑩➉ ➌❺➂ ❺❾➣❼➀❺⑧⑩❾ ❿➇ ➜⑩➂➣❼❷➄➻➇ ⑩⑧ ❺❹➅
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❽ ❹➐❽❻❻ ➌❾➀❼❸➁➒❺❼➁❾➀ ❾➎ ❸❷❼❸❾➃❸❽➏❷ ➁➐➈❽➌❼❾❸❹ ➎❸❾➐ ➂➁➃❺❸❷ ➅➔➆

⑩❶❷ ❽➏→❺❹❼❷➏ ➋❽❻❺❷❹ ❸❷❽➏ ➣↔ ↕ ➅➄➙➛ ➧ ➜➙➅ ➝➐ ❹
➞➟

❽➀➏ ➡➣↔ ↕

➢➙➤➧➜➙➅ ➝➐ ❹
➞➟

➆ ⑩❶❷ ➍❼ ❾➎ ❼❶❷ ❾➒❹❷❸➋❷➏ ❹➁➥❷ ➏➁❹❼❸➁➒❺❼➁❾➀ ➁❹ ❽❻❹❾

❸❽❼❶❷❸ ➃❾❾➏ ➓❼❶❷ ➀❾❸➐❽❻➁➥❷➏ ➦
➨
➈❽❸❽➐❷❼❷❸ ➎❸❾➐ ➩➫❺❽❼➁❾➀ ➓➄➤➔

➁❹ ➯➜➙➛➔➆ ⑩❶❷ ➎❾❸➐❽❻ ❹❾❻❺❼➁❾➀ ❾➎ ❼❶❷ ❽➏→❺❹❼❷➏ ➈❽❸❽➐❷❼❷❸❹ ➁❹

➲➳➵➸ ↕ ➓➺➻➜ ➧ ➤➜➔ ➼➐➊ ➽ ↕ ➅➙➜ ➧ ➜➙➄ ❽➀➏ ➾ ↕ ➄➙➜ ➧ ➜➙➤➆ ➚➎

❼❶❷❹❷ ➋❽❻❺❷❹➊ ❾➀❻➉ ➽ ➐❽❼➌❶❷❹ ❼❶❷ ❷➪➈❷➌❼❷➏ ➋❽❻❺❷ ➓❹❷❷ ❸❷➎❷❸❷➀➌❷❹

➁➀ ➶❷➌❼➁❾➀ ➅➆➹➔➊ ❿❶➁❻❷ ❼❶❷ ➋❽❻❺❷ ➾ ➁❹ ➫❺➁❼❷ ❹❶❽❻❻❾❿ ❽➀➏ ❼❶❷

➒❸❷❽➝➑➈❾➁➀❼ ❽❼ ➘➺➻➜➼➐ ❶❽❹ ➀❾❼ ➒❷❷➀ ❸❷➈❾❸❼❷➏ ➁➀ ❼❶❷ ❻➁❼❷❸❽❼❺❸❷➆

➴❷➌❽❻❻ ❼❶❽❼ ❼❶❷ ❾➒❹❷❸➋❷➏➑➈❾➈❺❻❽❼➁❾➀ ➶➂➷ ➐❽➈❹ ❼❾ ❼❶❷ ❹❾❺❸➌❷➑

➈❾➈❺❻❽❼➁❾➀ ➶➂➷ ➁➀ ❽ ➀❾➀➑❼❸➁➋➁❽❻ ❿❽➉ ➏❺❷ ❼❾ ❹➁➥❷➑➏❷➈❷➀➏❷➀❼

➏➉➀❽➐➁➌❽❻ ➓➬➴ ➏❸❽➃➔ ❽➀➏ ➈❶➉❹➁➌❽❻ ➓➌❾❻❻➁❹➁❾➀❽❻ ❻➁➎❷❼➁➐❷➔ ❷➎➎❷➌❼❹➆

➮❾❿❷➋❷❸➊ ❺➀➏❷❸❹❼❽➀➏➁➀➃ ❾➎ ❹❾➐❷ ❷❻❷➐❷➀❼❹ ❾➎ ❼❶❷➐❾➏❷❻ ➐❽➉ ➀❾❼

➒❷ ❷➀❼➁❸❷❻➉ ➌❾❸❸❷➌❼➊ ❽❹ ➁➀➏➁➌❽❼❷➏ ➒➉ ❼❶❷ ➈❾❾❸ ➐❽❼➌❶ ➒❷❼❿❷❷➀ ❼❶❷

➏➁❹❼❸➁➒❺❼➁❾➀ ❾➎ ❼❶❷ ❾➒❹❷❸➋❷➏ ❽➀➏ ➐❾➏❷❻❷➏ ➁❾➀➁➥❽❼➁❾➀ ➎❽➌❼❾❸ ➓❼❾➈

❻❷➎❼ ➈❽➀❷❻ ❾➀ ➂➁➃❺❸❷ ➄➅➔➆ ⑩❶➁❹ ➐❽➉ ➒❷ ➏❺❷ ❼❾ ❽➀ ❺➀➐❾➏❷❻❷➏

➌❾❸❸❷❻❽❼➁❾➀ ➒❷❼❿❷❷➀ ❼❶❷ ❸❽➏➁❽➀❼ ➈❾❹➁❼➁❾➀ ❽➀➏ ➁➐➈❽➌❼ ❹➈❷❷➏

➓❿❶➁➌❶ ➁❹➊ ❶❾❿❷➋❷❸➊ ➀❾❼ ❹❼❸❾➀➃❻➉ ❹❷❷➀ ➁➀ ❼❶❷ ➏❽❼❽➔➆ ⑩❶❷ ➈❸❾➒❻❷➐

➐❽➉➊ ❶❾❿❷➋❷❸➊ ❽❻❹❾ ➒❷ ➏❷❷➈❷❸ ❽➀➏ ➁➀➏➁➌❽❼❷ ❼❶❽❼ ➓➄➔ ❷➁❼❶❷❸ ❼❶❷

➁❾➀➁➥❽❼➁❾➀ ➎❽➌❼❾❸ ➎❸❾➐ ➓➄➔ ➁❹ →❺❹❼ ❼❾❾ ❹➁➐➈❻➁➍❷➏➊ ❽➀➏ ➏❾❷❹ ➀❾❼

❽➌➌❺❸❽❼❷❻➉ ➌❽➈❼❺❸❷ ❽❻❻ ❼❶❷ ➍➀❷ ➏❷❼❽➁❻❹ ❾➎ ➈❽❸❼➁➌❻❷ ➏❷❼❷➌❼➁❾➀❹➊ ❾❸

➓➤➔ ❼❶❷ ❹❶❽❸➈ ❼❸❽➀❹➁❼➁❾➀ ➎❸❾➐ ➀❾➀➑➏❷❼❷➌❼❷➏ ❼❾ ➏❷❼❷➌❼❷➏ ➈❽❸❼➁➌❻❷❹

❽❹ ➱ ➌❸❾❹❹❷❹ ❼❶❷ ➌❸➁❼➁➌❽❻ ➋❽❻❺❷ ✃❐ ↕ ➄ ➁❹ ❺➀❸❷❽❻➁❹❼➁➌➆ ⑩❶❷ ❻❽❼❼❷❸

➁❹❹❺❷ ➓➤➔ ➁❹ ❽➀ ❷❹➈❷➌➁❽❻❻➉ ➁➐➈❾❸❼❽➀❼ ➎❽➌❼❾❸ ➁➀ ❾❺❸ ❾➈➁➀➁❾➀➆ ❒➀

➎❽➌❼➊ ❼❶❷❸❷ ❹❶❾❺❻➏ ➒❷ ❹❾➐❷ ➁➀❼❷❸➋❽❻ ❾➎ ➁❾➀➁➥❽❼➁❾➀ ➎❽➌❼❾❸ ➋❽❻❺❷❹➊

❹❽➉ ➒❷❼❿❷❷➀ ➄ ❽➀➏ ➅❮➻➊ ❿❶❷❸❷ ➈❽❸❼➁➌❻❷❹ ❽❸❷ ➏❷❼❷➌❼❷➏ ❿➁❼❶ ❽

➈❸❾➒❽➒➁❻➁❼➉ ❹➐❽❻❻❷❸ ❼❶❽➀ ❺➀➁❼➉ ➓➁➀➌❸❷❽❹➁➀➃ ❼❾❿❽❸➏ ❼❶❷ ❻❽❸➃❷❸ ➱

➋❽❻❺❷❹➔➆ ⑩❶➁❹ ➐❽➉ ❿❷❻❻ ❷➪➈❻❽➁➀ ❿❶➉ ❿❷ ❽❸❷ ➎❾❸➌❷➏ ❼❾ ❽❹❹❺➐❷ ❼❶❷

❹❶❽❻❻❾❿ ➏➁❹❼❸➁➒❺❼➁❾➀ ➒❷❻❾❿ ❼❶❷ ➒❸❷❽➝➑➈❾➁➀❼ ➲➳➵➸ ➁➀ ❾❺❸ ❹➁➐➈❻❷

❼❷❹❼➆ ➮❾❿❷➋❷❸➊ ❽❼ ❼❶➁❹ ➐❾➐❷➀❼ ❿❷ ➏❾ ➀❾❼ ❶❽➋❷ ❽➋❽➁❻❽➒❻❷ ❽➀ ➁➀➑

➏❷➈❼❶ ❽➀❽❻➉❹➁❹ ❾➎ ➏❷❼❷➌❼➁❾➀ ❷➎➍➌➁❷➀➌➉ ❽❹ ❽ ➎❺➀➌❼➁❾➀ ❾➎ ➱ ➀❷❽❸ ❼❶❷

➌❸➁❼➁➌❽❻ ➋❽❻❺❷ ✃❐➊ ➀❾❸ ❽ ❸❷➈❻❽➌❷➐❷➀❼ ❾➎ ➱ ❿➁❼❶ ❽➀❾❼❶❷❸ ➫❺❽➀❼➁❼➉ ❼❶❽❼

❿❾❺❻➏ ➐❾❸❷ ❸❷❽❻➁❹❼➁➌❽❻❻➉ ➌❽➈❼❺❸❷ ❼❶❷ ➈❽❸❼➁➌❻❷ ➏❷❼❷➌❼❽➒➁❻➁❼➉➆ ❰➁❼❶

❹❺➌❶ ❿❽❸➀➁➀➃❹ ❿❷ ❼❶❺❹ ➈❸❾➌❷❷➏ ❼❾❿❽❸➏ ❼❶❷ ➎❺❻❻ ➀❺➐❷❸➁➌❽❻ ➐❾➏❷❻

➎❾❸ ❼❶❷ ➒❽➌➝➃❸❾❺➀➏ ➈❾➈❺❻❽❼➁❾➀ ❾➎ ❼❶❷ Ï⑩ ➈❽❸❼➁➌❻❷❹➆ ❰❷ ❹❶❾❺❻➏

➀❾❼❷➊ ❼❶❽❼ ❼❶❷ ➒❸❷❽➝➑➈❾➁➀❼ ➐❽➉ ➒❷ ❸❷❻❽❼❷➏ ❼❾ ❼❶❷ ❹➁➐➈❻➁➍❷➏ ➀❽❼❺❸❷

❾➎ ❼❶❷ ➐❽❹❹ ➏❷❼❷❸➐➁➀❽❼➁❾➀➊ ➁➀ ➈❽❸❼➁➌❺❻❽❸ ➁➀ ❼❶❷ ➁➀❼❷❸➐❷➏➁❽❼❷

❹➌❽❼❼❷❸➁➀➃ ❸❷➃➁❾➀ ➒❷❼❿❷❷➀ ❺➀➏❷❸➏❷➀❹❷ ❽➀➏ ❾➋❷❸➏❷➀❹❷ ❷➌❶❾❷❹

❼❶❽❼ ❽❸❷ ❼❸❷❽❼❷➏ ❽❹ ❽ ❹❼❷➈ ➎❺➀➌❼➁❾➀ ❸❽❼❶❷❸ ❼❶❽➀ ❼❶❸❾❺➃❶ ❽ ➎❺❻❻➑

❿❽➋❷ ➐❾➏❷❻ ❽➈➈❸❾❽➌❶ ❹❺➌❶ ❽❹ ➬❾❺❻❼❷❸ Ð Ñ❽➃➃❽❻❷➉ ➓➄➢➺➛➔➆

➴❷➍➀❷➐❷➀❼❹ ➁➀ ❼❶❷ ❸❽➏❽❸ ➐❽❹❹ ❹➌❽❻❷ ➁➀ ➎❺❼❺❸❷ ➐❽➉ ➌❶❽➀➃❷ ❼❶❷

❸❷❹❺❻❼❹➊ ➒❺❼ ❼❶❷ ➃❷➀❷❸❽❻ ➐❷➌❶❽➀➁➌❹ ❾➎ ❾❺❸ ➐❾➏❷❻ ❹❶❾❺❻➏ ➀❾❼ ➒❷

❹➁➃➀➁➍➌❽➀❼❻➉ ❽➎➎❷➌❼❷➏➆

➴➩➂➩➴➩ÏÒ➩➶

⑦✙✐✐✘⑤✱ ❵t Ót✱ Ó✐❤✔q❛✙✙❦⑦❞❣⑤❧✱ Ôt Õt✱ Ö ×❛❞✚✇✱ ❵t ✗t ✑✓✷✷✱ Ô①❵Ør✱

✖✷✑✱ ✑✓✈✈

⑦❣❝❝✇❛✱ ×t Ùt✱ Ô❣❞qs♦❛✙✙s✱ Øt✱ ✗❛♦s♣✇❛✱ ❵t✱ ❛❝ ✐✙t ✑✓✓✑✱ Ú♣✐❞✱ ✷✒Û✱ ✈✎✎

⑦❞❣⑤❧✱ Üt Ýt✱ Ö ✗❣❧❛❜✱ ✗t ✷✎✎✒✱ ßÔÖÜ✱ Û✍✱ ✑✑✈

⑦❞❣⑤❧✱ Üt Ýt✱×❛❞✚✇✱ ❵t ✗t✱×❣❧♥✱ Õt àt✱ Ö Ó✐❤✔q❛✙✙❦⑦❞❣⑤❧✱ Ôt Õt ✑✓✷✑✱ ÕÜr✱

✖✖✱ ✈✓✑t✓✖

⑦❞❣⑤❧✱ Üt Ýt✱ ×❛❞✚✇✱ ❵t ✗t✱ ×❣❧♥✱ Õt àt✱ Ö ✗❣❧❛❜✱ ✗t ✑✓✓✍✱ Ú♣✐❞✱ ✷✎✒✱ ✈✷✼

⑦❞❣⑤❧✱ Üt Ýt✱ ×❣❧♥✱ Õt àt✱ ×❛❞✚✇✱ ❵t ✗t✱ Ö ×s❛♥❛❞❝✱ Üt ✑✓✷✓✱ Ú♣✐❞✱ ✑✓✼✱ ÛÛ

Ó✐❤✔q❛✙✙✱ Ôt Õt ✑✓✓✑✱ Ü✉Õ ❝✉❛❜s❜✱ á❧s❥t ×❛❜❝❛❞❧ â❧❝✐❞s❣ ✭Ó✐❧✐♦✐✕

Ó✐❤✔q❛✙✙❦⑦❞❣⑤❧✱ Ôt Õt ✑✓✓✍✱ Ú♣✐❞✱ ✷✎Û✱ ✷✖✖

Ó✐❤✔q❛✙✙❦⑦❞❣⑤❧✱ Ôt Õt✱ Ö ×s❛♥❛❞❝✱ Üt ✑✓✓✎✱ ÔÖÜr✱ ✖✖✱ ✷✍✈✼
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