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Smoothing the Marmousi Model

KAREL ŽÁČEK1

Summary—The only way to make an excessively complex velocity model suitable for application of

ray-based methods, such as the Gaussian beam or Gaussian packet methods, is to smooth it. We have

smoothed the Marmousi model by choosing a coarser grid and by minimizing the second spatial

derivatives of the slowness. This was done by minimizing the relevant Sobolev norm of slowness. We

show that minimizing the relevant Sobolev norm of slowness is a suitable technique for preparing the

optimum models for asymptotic ray theory methods. However, the price we pay for a model suitable for

ray tracing is an increase of the difference between the smoothed and original model. Similarly, the

estimated error in the travel time also increases due to the difference between the models. In smoothing

the Marmousi model, we have found the estimated error of travel times at the verge of acceptability.

Due to the low frequencies in the wavefield of the original Marmousi data set, we have found the

Gaussian beams and Gaussian packets at the verge of applicability even in models sufficiently smoothed

for ray tracing.

Key words: Velocity model, smoothing, asymptotic ray theory, Gaussian beams, Lyapunov exponent,

Sobolev norm.

1. Introduction

The computation of rays is extremely sensitive to the smoothness of the model. In

rough models, the behaviour of rays becomes chaotic and geometrical spreading and

the number of arrivals increase with travel time rapidly (e.g., SMITH et al., 1992;

ABDULLAEV, 1993; TAPPERT and TANG, 1996; WITTE et al., 1996; KEERS et al., 1997).

Moreover, a large number of two-point rays to each receiver makes calculation of

two-point travel times slow and expensive. Often, two-point rays cannot be found

within the numerical accuracy.

We need a reasonably smooth velocity model for a depth migration technique-

based on Gaussian packets. In the Gaussian packet method (e.g., KLIMEŠ, 1989), we

do not need to find two-point rays, however a sufficiently dense set of rays must be

calculated. Thus, the desired model should be suitable for ray tracing. Since we wish

to keep the width of the Gaussian packets sufficiently small, the width of the
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� Birkhäuser Verlag, Basel, 2002

Pure and Applied Geophysics



Gaussian packet also depending on frequency, the model should be sufficiently

smooth for the frequencies under consideration.

Various methods of smoothing the velocity model have been developed and

published. The authors have been interested in determining the most suitable

physical quantity to be smoothed (MÜLLER and SHAPIRO, 2000; GOLD et al., 2000), in

finding a way to smooth the velocity model (GRUBB and WALDEN, 1995; VERSTEEG,

1991; BRAC and NGUYEN, 1990), or in studying the effects of smoothing on the

wavefield (VERSTEEG, 1991, 1993).

An optimum way to smooth a complex velocity model for ray-based methods,

which is presented in this paper, is to minimize the appropriate Sobolev norm of the

velocity or slowness. We show that minimizing the Sobolev norm may be used for

efficiently controlling the behaviour of rays in complex structures.

2. The Marmousi Model

Since we wish to use a ‘‘realistic’’ 2-D velocity model, we have decided to smooth

the Marmousi model (VERSTEEG and GRAU, 1991; VERSTEEG, 1991, 1993). The

Marmousi model, based on a real geological structure, is very complex, see Figure 1.

The dimensions of the model are 9200 metres (length) by 3000 metres (depth). Values

of velocity, which correspond to P waves, are defined at each gridpoint of the grid of

cells of 4� 4 metres. The grided values of velocity vary from 1500 ms�1 to 5500 ms�1.

In the Marmousi model, the synthetic seismograms were computed by the finite

difference method (VERSTEEG and Grau, 1991). We wish to use these seismograms as

the ‘‘real data’’ for the migration. The length of the seismograms is 2:9 seconds with a

sampling interval of 4 milliseconds. A trapezoidal frequency filter determined by

frequencies of 0 Hz, 10 Hz, 35 Hz and 55 Hz has been applied to the data by the

developers of the Marmousi data set.

3. Basic Ideas about the Desired Model

The desired smoothed model must fulfil two main and, unfortunately, contra-

dictive requirements:

(a) to be in ‘‘good agreement’’ with the original Marmousi model, and

(b) to be ‘‘sufficiently smooth’’ for ray tracing and Gaussian packet computations.

Under the term ‘‘good agreement,’’ we understand a slight difference between the

smoothed and original model, expressed in terms of the standard L2 Lebesgue norm.

The meaning of the term ‘‘sufficiently smooth’’ is more complicated. In a complex

model, the geometrical spreading and number of arrivals exponentially increase with

increasing travel time. The exponential increment is controlled by the Lyapunov

exponent (LYAPUNOV, 1949; MCCAULEY, 1993; ADDISON, 1997; KLIMEŠ, 2001). Since
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the Lyapunov exponent depends on the second spatial derivatives of the velocity or

slowness, the second derivatives should be minimized.

By minimizing the square of the Sobolev norm of slowness we may minimize the

corresponding partial derivatives. The Sobolev scalar product is a linear combination

of the L2 Lebesgue scalar products of the zero, first, second or higher partial

derivatives (TARANTOLA, 1987).

The vague terms ‘‘good agreement’’ and ‘‘sufficiently smooth’’ cannot be easily

quantified before a detailed study of the behaviour of rays and Gaussian packets in

smoothed models is made.

The original Marmousi velocity model consists of discrete values of velocity at

grid points of a regular, dense grid. In obtaining a smoothed model we

(a) choose a coarser data grid (which is a subgrid of the original grid) to reduce the

amount of data to fit,

(b) arithmetically average the densely sampled slowness of the Marmousi model over

cells centred at the grid points of the coarse data grid,

(c) choose a coarse B-spline model grid (which is a subgrid of the coarse data grid) and

(d) fit the averaged slowness values by the smoothed model.

We need to interpolate the discrete values of slowness on a coarse model grid

for ray tracing. We have chosen bicubic B-splines as the interpolating functions,

benefiting from the continuity of the second derivatives.

We summarize all types of grids being used in this paper. The first one is the

original grid of the Marmousi model. The second is the coarser data grid constructed

from the Marmousi model as explained above, which is used to fit the smoothed

model. The third is the B-spline grid of the smoothed model.

4. Inversion

In order to find optimum parameters of the smoothed model, we minimize the

objective function S defined by formula

Figure 1

The Marmousi model.
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S ¼
X
GRID

uDðxGRIDÞ � uMðxGRIDÞ
rGRID

� �2

þ
Z

d2x
� ��1Z

bijkl
@2uMðxÞ
@xi@xj

� �
@2uMðxÞ
@xk@xl

� �
d2x ; ð1Þ

where uD is the value of slowness in the data grid, uM is the value of slowness in the

model being sought, x ¼ ðx1; x2Þ, rGRID are the weighting parameters of the grid

points, bijkl are the weighting coefficients of the Sobolev scalar product. Superscript

GRID takes values GRID ¼ 1; 2; . . . ;N , where N is the number of grid points of the

coarser data grid with averaged values of slowness mentioned above. Subscripts take

values i; j; k; l ¼ 1; 2 in a 2-D model. Einstein summation over the pairs of identical

indices is used. Integration is performed over the whole model.

We can express uM as a linear combination of bicubic B-splines BaðxÞ
uMðxÞ ¼ BaðxÞua ; ð2Þ

where ua are the model parameters (values of slowness at grid points of the B-spline

grid). Subscript a takes values a ¼ 1; 2; . . . ; P , where P is the number of model

parameters. Consequently, P is the number of B-splines describing the smoothed

model.

Equation (1) now reads

S ¼
X
GRID

uDðxGRIDÞ � BaðxGRIDÞua
rGRID

� �2

þ uaDabub ; ð3Þ

where

Dab ¼
Z

d2x
� ��1Z

bijkl
@2BaðxÞ
@xi@xj

� �
@2BbðxÞ
@xk@xl

� �
d2x : ð4Þ

Since we do not know the coefficients bijkl which lead to the optimum model, the

problem is not linear. Thus, parameters ua cannot be determined analytically. Since

we do not want to solve the nonlinear inverse problem numerically, we need to

‘‘linearize’’ formula (4). The linearization of (4) yields

Dab ¼ s2D0
ab ; ð5Þ

D0
ab ¼

Z
d2x

� ��1Z
b0ijkl

@2BaðxÞ
@xi@xj

� �
@2BbðxÞ
@xk@xl

� �
d2x ; ð6Þ

where s is a free parameter and b0ijkl are fixed coefficients of the Sobolev scalar

product. The choice of coefficients b0ijkl will be discussed in Section 6.

We can now rewrite equation (3) to read

S ¼ ½uD � Bu�TC�1½uD � Bu� þ s2uTD0u ; ð7Þ
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where B is defined as Bia ¼ BaðxiÞ, D0 is a P � P matrix given by formula ð6Þ, C is a

N � N diagonal matrix, composed of ðrGRIDÞ2, see equation ð1Þ. N is the number of

grid points.

The condition for the minimum of the objective function is

@S
@ua

¼ 0 ; ð8Þ

which yields

BTC�1½Bu� uD� þ s2D0u ¼ 0 : ð9Þ
The resulting vector of the model parameters is

u ¼ ½BTC�1Bþ s2D0��1BTC�1uD : ð10Þ

5. Criteria of Acceptability

In a complex 2-D model, the width of ray tube Q increases with increasing travel

time s approximately according to the asymptotic formula

Q / eks ; ð11Þ
where k is the Lyapunov exponent corresponding to the ray (LYAPUNOV, 1949;

OSELEDEC, 1968; KATOK, 1980).

The number of arrivals at each point of the model is an important indication as to

whether the behaviour of rays is regular or chaotic. We wish the number of arrivals

not to exceed, let us say, 10. In a finite model, the number of arrivals m is proportional
to the widths of the ray tubes. This is caused by the overlaping of the ray tubes, see

Figure 5. As we wish to smooth the model for migration, the sum of travel times from

source sS and receiver sR to a point of the model should be substituted for travel time

s in equation ð11Þ. Hence,

m / ekðsSþsRÞ : ð12Þ
Consequently, the number of arrivals m may be expressed as the product of the

numbers of arrivals from source mS and receiver mR

m ¼ mSmR : ð13Þ
For s ¼ sS þ sR ¼ 0, we obtain eks ¼ 1. Since this corresponds to the number of

arrivals in the nearest vicinity of the source (or of the receiver for the migration), we

can alter equation ð12Þ to read

m � ekðsSþsRÞ : ð14Þ

Vol. 159, 2002 Smoothing the Marmousi Model 1511



We want to work with the ‘‘average Lyapunov exponent’’ k̂k. The ‘‘average Lyapunov
exponent’’ k̂k is the Lyapunov exponent averaged over a large set of rays (KLIME�SS,

1999). The value of the ‘‘average Lyapunov exponent’’ may be one of the criteria of

the smoothness of the model. Hence, we wish ek̂ksmax not to exceed 10, smax being the

maximum sum of travel times from the source and receiver to a point of the model.

Since the sum of travel times from the source and receiver cannot exceed the length of

the seismogram, smax ¼ 2:9 s may be used for estimating the optimum value of k̂k.
Thus, for the number of arrivals not exceeding 10, we obtain the optimum value of k̂k
close to 0:8 s�1.

The width of Gaussian packets should be kept small. For very wide packets the

obtained wavefield would not be the correct solution of the equations being solved.

Accordingly, the desired migrated section would be wrong. The maximum halfwidth

should probably not be greater than the B-spline interval.

We mention that the width of the Gaussian beams or packets depends not only

on the smoothness of the model, but also on the frequencies under consideration.

From this point of view the model is not complex for Gaussian beams or packets by

itself, but in relation to the frequency.

The relative root-mean-square (RMS) difference of slowness between the original

and the smoothed model may be the criterion of ‘‘good agreement.’’ The relative

RMS difference of slowness corresponds approximately to the relative error of the

travel time. This is an asymptotic relation valid for short rays. The relative error of

the travel time may be smaller for longer rays.

By the term ‘‘error of travel time’’ we understand the difference between the real

travel time in the original structure and the computed travel time in the smoothed

model. Although we cannot determine the real travel time, we can estimate the error

caused by the difference between the original and the smoothed model.

6. Choice of the Coefficients and of the Density of the Grids

We need to specify coefficients b0ijkl and s, the matrix C and the density of the grids

before the computation.

As we have no prior information, we choose rGRID ¼ ffiffiffiffi
N

p
, where N is the number

of values to be fitted. This makes the value of objective function S approximately

independent of the number of gridpoints.

Coefficients b0ijkl may be constructed as a completely symmetric tensor (e.g.,

BULANT, 2001). The 4� 4 matrix b0 is then defined by

b0ijkl ¼
dðd þ 2Þ

3
heiejekeli ; ð15Þ

where e is a unit vector, h. . .i indicates averaging over all directions of the unit vector,
d ¼ 1 in 1-D, d ¼ 2 in 2-D and d ¼ 3 in 3-D. We have introduced the formal scaling
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coefficient 1=3dðd þ 2Þ in order to make the respective coefficients b0ijkl equal in 1-D,

2-D and 3-D.

The average of the unit vector over all directions can be calculated analytically.

Generally in d-D for d ¼ 1, 2 or 3, we may put

b0ijkl ¼
dijdkl þ dikdjl þ dildjk

3
; ð16Þ

where dij is the Kronecker symbol. In 2-D,

b01111 ¼ b02222 ¼ 1,

b01122 ¼ b01212 ¼ b01221 ¼ b02112 ¼ b02121 ¼ b02211 ¼ 1
3 and

b01112 ¼ b01121 ¼ b01211 ¼ b01222 ¼ b02111 ¼ b02122 ¼ b02212 ¼ b02221 ¼ 0 :

We must keep in mind that this is only our special choice of coefficients b0ijkl, and that

there are various other ways of constructing matrix b0. For example, we can increase

coefficient b01111 and decrease coefficient b02222 (or vice versa) and use this new matrix

of coefficients for anisotropic smoothing.

The original grid of the Marmousi model consists of cells of 4� 4 metres, which

yields 751� 2301 ¼ 1; 728; 051 grid points. Three B-spline grids of cells of

(a) 100� 400 metres, (b) 200� 230 metres and (c) 200� 400 metres are studied.

These grids consist of P ¼ 744, 656 and 384 grid points, respectively.

Three data grids of cells of (a) 20� 80 metres, (b) 40� 40 metres and (c) 40� 80

metres are used in the inversion. The values at the grid points are calculated by

averaging the values of slowness in the Marmousi model, as described in Section 3.

These grids consist of N ¼ 17516, 17556 and 8816 grid points, respectively.

Finally, we need to choose the values of parameter s. We choose the initial value

of parameter s for the linearized inversion as

sinit � ju� u0j
r

1

kukinit
; ð17Þ

where kukinit is the initial value of the Sobolev norm of slowness, ju� u0j is the

standard slowness deviation of the model, and r is the given slowness deviation. We

have made this rough estimate assuming that the first term on the right-hand side of

equation (1) does not exceed dramatically the second term, or vice versa. According

to equation (A.10), we can estimate the maximum value of the Sobolev norm of

slowness as kukinit �
ffiffiffiffiffiffiffiffi
8=3

p ð2KinitÞ2u3A, where uA is the average slowness in the model,

and Kinit is the initial value of the ‘‘average Lyapunov exponent’’ without

compensation for the focusing low-velocity zones, see equation (A.1). The standard

slowness deviation of the model may be estimated by ju� u0j � euA, e being the

relative travel-time error. The given slowness deviation is determined by

r ¼ rGRIDN�1=2. Hence, we can alter equation ð17Þ as

sinit �
ffiffiffi
3

8

r
e 2uAKinitð Þ�2

ffiffiffiffi
N

p
rGRID
� ��1

: ð18Þ
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Note that parameter s is proportional to k̂k�2, see equation ð18Þ. Thus, the n-fold
decrement of k̂k requires an n4-fold increment of the square of the Sobolev norm in the

objective function in equation ð1Þ. Consequently, the decrement of k̂k increases the

difference between the new and the original model. From this point of view k̂k should

not be too small. We should keep k̂k close to the optimum value estimated above.

For e ¼ 0:1, uAð Þ�1¼ 3000 ms�1 andKinit ¼ 1:3 s�1, see equation (A.12), we obtain

sinit ¼ 81529.We study the values of sof (1) 0 m2 (without the Sobolev norm included in

the inversion), (2)
ffiffiffiffiffiffiffiffi
3=8

p � 10; 000 m2 � 6124 m2, (3)
ffiffiffiffiffiffiffiffi
3=8

p � 25; 000 m2 � 15; 309 m2,

(4)
ffiffiffiffiffiffiffiffi
3=8

p � 50; 000 m2 � 30; 619 m2, (5)
ffiffiffiffiffiffiffiffi
3=8

p � 100; 000 m2 � 61; 237 m2 and

(6)
ffiffiffiffiffiffiffiffi
3=8

p � 225; 000 m2 � 137; 784 m2.

7. Numerical Examples

We have calculated the smoothed models, the corresponding values of the relative

RMS difference of slowness between the smoothed and original model, the angular

dependence of the Lyapunov exponents, the values of the ‘‘average Lyapunov

exponents,’’ rays, numbers of arrivals and the halfwidths of Gaussian beams.

Figure 2 displays the models without the minimized Sobolev norm, smoothed just

by the use of the coarse B-spline grid.

Figure 3 presents the smoothed models with the grid of cells of 200� 400 metres

and with the minimized Sobolev norm. The respective figures for the models with the

grid of cells of 100� 400 or 200� 230 metres look similar and are not shown. At first

glance we can see that the models with the values of parameter s ¼ 61;237 m2 and

s ¼ 137;784 m2 do not show features of the original Marmousi model.

Figure 4 displays the angular dependence of the Lyapunov exponents and the

values of the ‘‘average Lyapunov exponents’’ for smoothed models with the B-spline

grid of cells of 200� 400 metres. We can see that the model without the minimized

Sobolev norm of slowness seems to be too rough, whereas the ‘‘average Lyapunov

exponents’’ of the models with the minimized Sobolev norm are close to or less than

our initial assumption of the optimum value. Unfortunately, the strong angular

dependence of the Lyapunov exponents (and consequently the excessive maximum

value of the Lyapunov exponent) indicates that even models with k̂k close to 1 (as the

model with s ¼ 6124 m2) may still be too rough.

The synthetic seismograms, used for the migration in the Marmousi model, are

computed with the length of 2:9 seconds. The streamer composed of hydrophone

groups has been used for data acquisition for each shot. The farthest hydrophone

was located 2575 metres from the watergun. Since the maximum travel time cannot

exceed the length of the seismogram, let us assume a fixed travel time of 2:9 seconds.

For an almost horizontal ray with the endpoint in the farthest hydrophone and for

the velocity of 1500 ms�1 we obtain the farthest possible reflection point, at 4350

metres from the watergun and 900 metres from the farthest hydrophone. As 900
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metres corresponds to 0:6 seconds, we may estimate the maximum useful value of the

travel time as 2:3 seconds. The rays have been calculated for this value of the

maximum travel time.

Figure 5 displays rays computed in the smoothed models with a constant step in

the take-off angles. We can see the dependence of the behaviour of rays on

parameter s. We moved the source along the whole profile and tested ray tracing.

The behaviour of rays was always of the same kind as in these illustrative figures.

Models with s ¼ 0 m2 and s ¼ 6124 m2 seem to be unsuitable for ray methods due

to the density of caustics. In Figure 5a we can see rays trapped in the low velocity

channels.

Figure 2

The smoothed models without minimized Sobolev norm of slowness (s ¼ 0 m2) for the B-spline grids of

cells of (a) 200� 400 metres, (b) 200� 230 metres and (c) 100� 400 metres.
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The maximum number of arrivals for the models with the B-spline grid of cells of

200� 400 metres is

(a) 19 for the value of s ¼ 0 m2,

(b) 18 for the value of s ¼ 6124 m2,

(c) 7 for the value of s ¼ 15;309 m2,

(d) 5 for the value of s ¼ 30;619 m2,

(e) 3 for the value of s ¼ 61;237 m2 and

(f) 2 for the value of s ¼ 137;784 m2.

In the model without interfaces, the number of arrivals should be odd. Even numbers

for s ¼ 6124 m2 and s ¼ 137; 784 m2 may be explained by the influence of the

Figure 3

The smoothed models for the B-spline grid of cells of 200� 400 metres and for values of parameter s of
(a) 0 m2, (b) 6124 m2, (c) 15;309 m2, (d) 30;619 m2, (e) 61;237 m2 and (f) 137;784 m2.

1516 Karel Žáček Pure appl. geophys.,



borders of the model. Due to the requirements established above, the models with

s ¼ 0 m2 and s ¼ 6124 m2 are probably not suitable for ray-based methods.

The relative RMS difference of slowness between all calculated models and the

original Marmousi model is in Table 1. We can see that the price for a model

suitable for ray tracing is a considerable increment of the relative RMS difference

of slowness between the smoothed and original model, representing here the

geological structure. This resulted from the complexity of the original Marmousi

model. If the value of parameter s is larger, the relative RMS difference is the same

for all the studied B-spline grids. Hence, the model with the B-spline grid of cells

of 200� 400 metres (with only 384 B-spline grid points) is probably the best

choice.

Figure 3d–f
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In general, we believe it is useless to work with an overly dense B-spline grid,

because the smoothed models with various densities of the model grid converge with

increasing weight of the Sobolev norm.

Let us form a short summary of what we have accomplished. We have prepared

the smoothed models. We have calculated the values of corresponding ‘‘directional’’

and ‘‘average Lyapunov exponents’’ and the values of the relative RMS difference

between the smoothed and the original Marmousi model. Finally, we have studied

the behaviour of rays in the smoothed models. That is, we already know how to

smooth the Marmousi model for the computation of rays and travel times.

8. Effects of Smoothing on Gaussian Beams

Our primary objective was to prepare a suitable velocity model for Gaussian

packet migration. Since the width of the Gaussian beam is equal to the width of the

Figure 4

The angular dependence of the Lyapunov exponents for the models with the B-spline grid of cells of

200� 400 metres. The left and right border corresponds to the vertical ray, the middle corresponds to the

horizontal ray. The values of parameter s are (1) 0 m2 for the dotted lines, (2) 6124 m2, (3) 15;309 m2,

(4) 30;619 m2 and (5) 61;237 m2 for the dashed lines and (6) 137;784 m2 for the solid lines. The thin

horizontal lines correspond to the ‘‘average Lyapunov exponents,’’ averaged over angles with a uniform

weight.
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corresponding symmetric Gaussian packets, and the computation of the beams is

easier, we study the width of the Gaussian beams. In 2-D, the profile of the Gaussian

beam in a cross section orthogonal to the ray is controlled by the factor

exp ipfMq2
� �

; ð19Þ
where i is the imaginary unit, f is frequency, q is the ray-centred coordinate

orthogonal to the ray, and M is the second derivative of the complex-valued travel

time. The quadratic term in the Taylor expansion of the complex-valued travel time

of the Gaussian beam thus reads
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Figure 5

Rays in models with the B-spline grid of cells of 200� 400 metres and with values of parameter s of

(a) 0 m2, (b) 6124 m2, (c) 15;309 m2, (d) 30;619 m2, (e) 61;237 m2, and (f) 137;784 m2. The maximum travel

time is of 2:3 seconds.
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1
2 Mq2 : ð20Þ

The quadratic term in the Taylor expansion of the complex-valued travel time of the

Gaussian beam along the surface is

1
2ðGR þ iGIÞðx� x0Þ2 ; ð21Þ

where ðx� x0Þ is the distance from the initial point of the central ray of the Gaussian

beam to the respective point on the surface and GR and GI are real-valued parameters

determining M uniquely (KLIMEŠ, 1984).
We have calculated the standard halfwidths of Gaussian beams in various

smoothed models for various initial values of parameters GR and GI. Standard

halfwidth a of a Gaussian beam of cross section
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Figure 5d–f
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exp � q2

2a2

� �
; ð22Þ

multiplied by the square root of ð2pf Þ, has been interpolated between the rays and

displayed,

W ¼ a
ffiffiffiffiffiffiffiffi
2pf

p
: ð23Þ

The halfwidths of Gaussian beams calculated for the models with the B-spline

grid of cells of 200� 400 metres and with s ¼ 15;309 m2, s ¼ 30;619 m2,

s ¼ 61;237 m2 and s ¼ 137;784 m2 are shown in Figure 6. These halfwidths have

been calculated for the initial values of parameters GR ¼ 0 and GI ¼ 0:250� 10�6.

The models with lower values of s were excluded.

The gray-scale coded quantity W is displayed at the respective points along the

central rays of the beams. The white colour corresponds to the Gaussian beam

halfwidth of 0 metres for all frequencies. The black colour corresponds to the

Gaussian beam halfwidths of 1010 metres and more for the frequency of 35 Hz, and

of 1890 metres and more for the frequency of 10 Hz. Therefore, the black coloured

regions of Figure 6 indicate too wide Gaussian beams for the frequencies under

consideration.

We can see that the model with s ¼ 15;309 m2 is not suitable for Gaussian

beams or packets. Especially if the position of the source is close to the middle of

the profile, the Gaussian beams become wider too quickly. On the other hand, the

models with s ¼ 61;237 m2 and s ¼ 137;784 m2 seem to be acceptable. Unfortu-

nately, these models are smoothed to an extent which may jeopardize the

migration. We hope that we will be able to use the model with s ¼ 30;619 m2 in

the migration. We have studied the behaviour of Gaussian beams for various

initial parameters GR and GI. We have realized that different initial values of these

parameters are suitable for different positions of the source, or of the receiver in

the migration. Consequently, we will try to develop a method to optimize the

shapes of Gaussian beams or packets dependent on the position of the source, or

of the receiver in the migration. This would allow the use of models not so

smoothed.

We mention that even in models with a sufficiently small number of arrivals, the

widths of Gaussian beams are at the verge of acceptability. This is due to the low

frequencies under consideration.

Let us summarize that models with parameter s equal to or greater than 15; 309 m2

seem to be suitable for ray tracing with the travel time of 2:3 seconds, see Figures 5

and 6. From this point of view, these models are sufficiently smooth. However, the low

frequencies under consideration make the use of the Gaussian beam or packet method

almost impossible. We probably should improve the applicability of the Gaussian

packet method by using shapes of Gaussian packets optimized in dependence on the

position of the source, or of the receiver in the migration.
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Figure 6

The halfwidths of Gaussian beams in smoothed models with the B-spline grid of cells of 200� 400 metres.

Columns correspond from left to right to the values of parameter s of (a) 15;309 m2, (b) 30;619 m2,

(c) 61;237 m2 and (d) 137;784 m2. Rows correspond to various positions of the source (in metres).
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9. Conclusions

The minimization of the relevant Sobolev norm of slowness is a powerful tool for

preparing the optimum models for the asymptotic ray theory methods. As we have

illustrated in numerical examples, it can be used for smoothing very complex models.

However, the difference of slowness between the smoothed and the original model

then increases rapidly. Also, the error of the travel time then increases.

We must keep in mind that there exists a natural relation between the complexity

of the original model and the resulting difference between the sufficiently smoothed

model and the original model. The more complex the original model, the more

change it requires. Thus, the decision rests with the user, whether or not the model is

too complex for smoothing. The required maximum error of travel time is then a key

argument.

We have also demonstrated that even in models sufficiently smoothed for ray

tracing, the Gaussian beams may still be too wide for the frequencies under

consideration. In preparing a model for Gaussian beams or packets, we cannot judge

solely from the number of arrivals and values of the ‘‘average Lyapunov exponents’’,

whether the model is convenient. The widths of Gaussian beams or packets in

relation to the frequency should be studied as well.
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Table 1

The relative RMS difference between the smoothed and the Marmousi model. Columns correspond to various

B-spline grids, rows correspond to various values of parameter s

100–400 m 200–230 m 200–400 m

0 m2 8.3% 10.8% 11.1%

6,124 m2 11.4% 11.9% 12.0%

15,309 m2 13.2% 13.2% 13.3%

30,619 m2 14.3% 14.3% 14.3%

61,237 m2 15.1% 15.1% 15.1%

137,784 m2 15.8% 15.8% 15.8%
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Appendix A

In evaluating a meaningful initial value of parameter s (see Section 6), we need

to find some approximative relation between the Sobolev norm and the Lyapunov

exponent.

According to KLIMEŠ (1999), the ‘‘average Lyapunov exponent’’ k̂k may be

approximated by

k̂k � Kþ DU ; ðA:1Þ
where DU is the decompensation for the low-velocity focusing zones. In 2-D, K is

defined as

K ¼
Z

v�1 d2x
� ��1Z ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

negðv;ij ei ejÞv�1

q
d2x ; ðA:2Þ

where negðf Þ ¼ 1=2ðf � jf jÞ is the negative part of f , v is the velocity, v;ij is the

second velocity derivative and e is a unit vector perpendicular to the ray.

We assume that the model is so smooth that the number of velocity oscillations,

Kosc, along rays of length corresponding to smax is small,

Kosc ¼ smax

sosc
; ðA:3Þ

where sosc is the average wavelength of the velocity oscillations in the smoothed

model, expressed in travel-time units. This assumption allows for the approximation

DU � � ln 2

sosc
¼ �Kosc ln 2

smax
: ðA:4Þ

Let us now perform several approximations to express K in terms of the Sobolev

norm of slowness u in the model without interfaces,

K �
Z

u d2x
� ��1Z ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

posðu;ij ei ejÞu�1

q
d2x ; ðA:5Þ

where posðf Þ ¼ 1=2ðf þ jf jÞ is the positive part of f ,

K � 1

2

Z
u

3
2 d2x

� ��1Z ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ju;ij ei ejj

q
d2x ; ðA:6Þ

and

K � 1

2
u
�3

2

A

Z
d2x

� ��1Z
ðu;ij ei ejÞ2 d2x

( )1
4

; ðA:7Þ

where
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uA ¼
Z

d2x
� ��1Z

u
3
2 d2x

( )2
3

: ðA:8Þ

Finally, we arrive at

K � 1

2
u
� 3

2
A

3

8

� �
1
4

ffiffiffiffiffiffiffiffi
kuk

p
; ðA:9Þ

where kuk is the Sobolev norm of slowness given by matrix b0, see equation ð17Þ. This
approximation may also be expressed as

kuk �
ffiffiffi
8

3

r
u3Að2KÞ2 : ðA:10Þ

As we need to find some initial value of parameter s, we should estimate the

respective value of the Sobolev norm kukinit. Since we have already derived an

approximative relation between kuk and K, see equation (A.10), we need to find the

value of Kinit. We have decided to keep the number of arrivals less than 10, see

Section 5. With a view to equations (14), (A.1) and (A.4),

K � ln 10þ Kosc ln 2

smax
: ðA:11Þ

Since we assume at least one shift of � ln 2 for the source and one for the receiver, we

assume Kosc ¼ 2. For smax ¼ 2:9 s, we can put

Kinit � 1:3 s�1 : ðA:12Þ
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�{�h�{§Gªq¶��G²T¡£¢T�h�ñ��¥p¢T�h�m�h������������ ~¡£¢T¡q��¤Î¡� s�h�� ´¡q¶�¤h���B�h��²T�m�� ´������¡�§Gªqª£±Î¥Ä�G²,¤`®h�#��²~¡q�"§Gª�¢T�� ´¢~¡q¤h¶
��¤3¢T�h�+ãZ³iïóò-§g²T�%��®h ~¡s�5§g¢S§# ´��¢ Õuô ��²T ´¢~����¶=Øõ­R²S§G®¸ÃoÛxÜ�ÜpÛZæL·��{�5§g¢R¡q �¦���±3��¤hª�±&ãZ³Dïö�"§G ~�.¡� 
�h�"§Gª£¢�¦�¡�¢T�«¡q¤Ô¢T�h¡q {�¯§g����²�Ãk§Gª£¢T�h��®h¶��«¢T�h� ¶���¤h��²S§Gª�¡q¬"§g¢~¡q��¤=¢T�#à7³iï÷¡q � ´¢~²S§G¡�¶��`¢T¥Ä�G²´¦{§g²T�¸·

øúù~ûZüçýÄþ ÿ��hþ �������iýÄÿgþ ù
	��
����� ý���������ü��������������£ýÄÿ! �"7ý��#�
�$�&%�')(*��ý����
�$���hýÄù+�,�.-0/�ý��.��1+2çÿ þ �Äÿ! 3	�1��.��� ýÄÿ54gùÅþ �Jý�� ÿ£þ �62
 �78���
9.�Åý. 3:�;
;+'.<= #���#> %�?�@A:
?
ðCB



D E 6 > À �GF ÀVÂ ÊvÉZÊ À È
¹���¦m��®hªq�3ª�¡�°��(¢T��§g�h�h²T�"½h¡���§g¢T�R¢T�h��¦{§x¨���©5��ªq� Õ �����#�#��¤9³i ~�h�G¢�¶�§g¢T�h��²�æIH Õ�J�K#L æÏ¡�¤µ¢T�h�º¥Ä�G²~�
��¥ MH Õ�JON
K#L�N æQPSRõ� L�T Rõ�VUe�L½p�XW�Y�¡=U Õ�L�N Y L�T æ�Z,Rõ� J
T Rõ��[���½p�\W ¡�U][ Õ^J)N Y J)T æAZ

_a` Õ�J N Y J
TbK#L N Y L�TQK#J)TbK [ K#L�TcK U0æed Õ�J)TbK [ K#L�TfK UÏæ K Õ ÛZæ
¦��h��²T� J)T ¡q (¢T�h�+���9�G²~�h¡q¤5§g¢T�B��¥�¢~�h��¡�¤`¢T�L²T ~����¢~¡q��¤���¥�¢T�h�+����¤�¢~²S§Gª,²S§"±Q��¥0§µ­�§G®h ~ ~¡q§G¤Q�¯§G�T°���¢
¦�¡�¢T��¢~�h�%�h²T�G©5ªq�gÃ L�T �h��¤h�G¢~�� .���G²~²T�� ´����¤h�h¡�¤h¶�§g²~²T¡�¨g§Gª$¢T¡q�#�+��¥m§�­�§G®h ~ ~¡�§G¤Ò�¯§G�T°���¢�ÃO[Ð¡q  ¢T�h�
�����%�k��¤h��¤�¢���¥�¢T�h�3 ~ª��Z¦�¤h�� ~ #¨�����¢T�G²=§�­�§G®h ~ ~¡q§G¤ �¯§G�T°���¢�§Gªq��¤h¶�¢T�h�«�h²T�G©5ªq�GÃ�§G¤h�gUö¡q �¢T�h�
���� ´¡�¢T¡£¨��+��¡�²T��®hªq§g²�¥�²T��Ó9®h��¤h��±-��¥Ï§«­ §G®h ~ ~¡q§G¤Q�¯§G�T°���¢"·Î���h�+�����%�5ª��L½9³J¨G§Gª�®h���Q¥Ä®h¤h�L¢T¡q��¤ ` �h�L³
¢T��²~�#¡q¤h�� m¢T�h�( ~�5§g�k�(��¥_¢T�h�(��¤�¨���ªq�G�k�(��¥o§+­ §G®h ~ ´¡�§G¤«�¯§G�T°���¢�Ã5§G¤h�«¢T�h�(�����%�5ª��L½9³J¨G§Gª�®h���=¥Ä®h¤h�L³
¢T¡���¤hd Õ�J)TQK [ K#L�TcK U0æ� ´������¡�©5�� R¢T�h�B§G���5ªq¡�¢~®h�h�Î��¥�§«­�§G®h ~ ~¡q§G¤-�¯§G�T°���¢"·jiR�L²T�"§G¥�¢T��²�Ã�¢T�h�.ªq¡��#¡�¢T 
��¥{¡q¤�¢T��¶G²S§g¢~¡q��¤�¦�¡�¢T�Ò²~�� ´������¢B¢T� J)T Ã L�T Ã J Ã L §G¤h�k[ §g²~�kYml §G¤h�onpl�Ã$§G¤h��¢T�h�#ªq¡��#¡�¢~ º��¥
¡q¤�¢T��¶G²T§g¢T¡q��¤Ô¦�¡£¢T�«²T�� ´�����L¢�¢T�qUe§g²T�ºä%§G¤h�hnpl�·

è ��¢{®h m�L½9�h²T�� ~ Ï¢T�h��§G�%�5ªq¡£¢T®h�h����¥¼§B­ §G®h ´ ~¡�§G¤��¯§G�T°���¢{¡q¤#¢~�h�R¥Ä�G²T� ��¥¼§G¤=¡q¤�¢T��¶G²T§GªV¢~²S§G¤h O³
¥Ä�G²T�  ~¡q�%¡qª�§g²m¢~��¢T�h��¥Ä�G²~¦{§g²T�&ãZ³Dï \SMZUhA�FTALK5HJ�DY�HçEgHOA HJF~EgKhYuN"M7F�I Ãd Õ�J
TfK [ K#L�TbK U0æcP U

ã�r�s Rõ� J �L½p�XW�Y�¡=Ut[ Õ�J Y J
T æ�Z,Rõ� L �L½9�XW ¡=U Õ�L Y L�T æ�Z_gu Õ�J)T Y JvK#L�T Y LwK#J)TbK [ K#L�TcK U0æxH Õ�JvK#L æ K Õ ã�æ
¦��h��²T� u �h��¤h�G¢~�� º§Ô�����%�5ª��L½9³J¨G§Gª�®h����§G¤5§Gª£±p¬�¡�¤h¶«¥Ä®h¤h�L¢T¡q��¤¸·B�{�h��¤¸Ã���Ó9®5§g¢T¡���¤ Õ ÛZæR��§G¤Q»��+�L½X³
�h²T�� ´ ~����§G  MH Õ�J N K#L N æfPyRõ� L Rõ�VUe�L½9�zW ¡=U Õ�L Y L N æ�Z�Rê� J R���[3�L½p�XW�Y�¡=Ut[ Õ�J Y J N æ�Z

_ U
ã�r�s H Õ^JvK#L æ|{ Õ�J)N Y JvK#L�N Y LwK [ K U0æ K Õ à�æ

¦��h��²T�{ Õ�J N Y JvK#L N Y LwK [ K U0æP R � L�T R � J
T ` Õ�J)N Y J)T|K#L�N Y L�TQK#J)TfK [ K#L3TfK U0æ u Õ�J)T Y J�K#L�T Y LwK#J)TQK [ K#L�TcK UÏæ } Õ å`æ~ ��¤h ~¡q�h��²~¡q¤h¶«¢~�h�+����¤`¨���ª�®p¢T¡q��¤ Õ å`æ�¡q¤h�h���k��¤h�h��¤�¢Î��¥][�Ã�¡�¤`¢~��¶G²S§g¢T¡���¤�¦�¡�¢~�-²T�� ´�����L¢ ¢T�z[�¡�¤ Õ à�æ
±p¡���ªq�h �§�ï(¡£²S§G� �h¡� ´¢~²T¡£»5®p¢T¡q��¤�� Õ�J N Y J æLÃMH Õ�JON
K#L�N æQPSRõ� L Rê�VU �L½p�XW ¡�U Õ^L Y L�N æ�Z,Rê� J � Õ�J)N Y J æ Ûr H Õ�JvK#L æt{ Õ^J)N Y J�K#L�N Y LwK ä K UÏæ K.Õ ð�æ
¦��h¡q�S�3�"§G¤µ»k� ¡�¤`¢~��¶G²S§g¢T���«¦�¡£¢T�«²T�� ´�����L¢�¢T� J ÃMH Õ^J)N.K#L�N æfPyRê� L Rõ�VUe�L½p�XW ¡�U Õ�L Y L�N æ�Z Ûr H Õ�JON.K#L æ�{ Õ ä K#L�N Y LwK ä K U0æ } Õ.� æ~ ��¤h ~¡q�h��²~¡q¤h¶X{ Õ ä K#L N Y LwK ä K U0æ,¡�¤h�h������¤h�h��¤`¢Ï��¥)U�ÃX¡�¤`¢T��¶G²S§g¢T¡q��¤+¦�¡£¢T��²~�� ´������¢Ï¢T�pU�¡q¤ Õ
� æ,±9¡q��ª��h 
§R�����%�5ª��L½9³J¨G§Gª�®h���+§G¤5§Gª�±9¢~¡q�0ï(¡£²S§G�m�h¡q ´¢´²T¡�»5®p¢T¡���¤q� Õ�L N Y L æ�Y ����������O��� ·,ò��G²T���Z¨���²�Ã`ª���¢,®h $����¤h ~¡��h��²²T�"§Gª ³i¨g§Gªq®h����{ Õ ä K#L N Y L�K ä K U0æLÃ`¦��h¡��S�3ªq�"§G�h �¢T�

ß���� MH Õ^J)N.K#L�N æ3��PSRõ� L � Õ�L�N Y L æIH Õ�J)N.K#L æe{ Õ ä K#L�N Y LwK ä K Uv��æ K Õ B�æ
ðGÝ



¦��h¡q�S�3�"§G¤µ»k� ¡�¤`¢~��¶G²S§g¢T���«¦�¡£¢T�«²T�� ´�����L¢�¢T� L Ã
ß�� � MH Õ�J N K#L N æ � PSH Õ�J N K#L N æe{ Õ ä K ä K ä K Uv��æ } Õ Ý�æ� �G² { Õ ä K ä K ä K U���æbP Û K Õ Ü�æ

¢T�h��¢~²S§G¤h ~¥Ä�G²T�#§g¢T¡q��¤=¦m��®hªq�Ô»�� �L½5§G��¢�Ã
ß��p� MH Õ�JvK#L æ3��PSH Õ�J�K#L æ } Õ Ûxä�æ

�{�h�º��¤�¨���ªq�G�k�º��¥s§+¢~²S§G���º��¥o§%­ §G®h ~ ´¡�§G¤µ�¯§G�T°���¢�§Gªq��¤h¶�¢~�h���h²T�G©5ª��º��§"±�»����L½9�h²T�� ~ ~����§G ` Õ^J)N Y J)TQK#L�N Y L�TbK#J
TfK [ K#L�TfK U0æfP��L½9���Ä¡=U Ûã Õ � N Y � T æ3� 1 Õ � N Y � T æA� K Õ Û�Ûxæ

¦��h��²T�

� N P � J NL N�� K Õ ÛZãGæ

� T P � J
TL�T � Õ Ûxà�æ
§G¤h�

1 P�� � Û ä
ä ä � n��z��� � [ s Yc[Yf[ Û � } Õ Û"å�æ

ì0ª��"§G ~�«¤h�G¢T�«¢T�5§g¢+�¯§g²S§G�#�L¢T��²T  � §G¤h�g�z���µ���G²´²T�� ´�k��¤h� ¢T�¡� � §G¤h�g� ���� Ã0²T�� ´�k����¢T¡£¨���ª�±�Ã0¡q¤
âí(î§hâ����° Õ ãGä�ä�ð9Ãh��ÓV· � ð�æL·

è ��¢�®h �¦�²~¡�¢T�R¢T�h�º§G¤5§Gª�±p¬�¡q¤h¶%¥Ä®h¤h�L¢T¡q��¤ u ¡q¤µ§G¤&§G¤5§Gªq��¶���®h �¥Ä�G²T�3Ãu Õ�JON Y J
TbK#L�N Y L�TQK#J)TbK [ K#L�TfK UÏæcP M ¢ �L½9� � ¡=U Ûã Õ � Y � T æ�� M1 Õ � Y � T æ � K Õ ÛZðGæ

¦��h��²T�

� P � J L � Õ Û � æ
§G¤h� M1 P M� � Û ä

ä ä � n M�z���£� M[ s Y M[Y M[ Û � } Õ Û,BGæ
�{�h�º�#�"§G¤h¡�¤h¶%§G¤h�µ���h��¡����º��¥_�¯§g²S§G�#��¢T�L²T  M ¢ Ã M[�Ã M��§G¤h� M�z����¡q ��h¡� ~��®h ~ ´���3»���ª��Z¦ ·¤ ��¶�ª�����¢T¡�¤h¶#¢T�h�Î�h���k��¤h�h��¤h���+��¥o�¯§g²S§G�#�L¢T��²T m�ÐÃO�z���GÃ M ¢ Ã M[�Ã M� §G¤h� M�z���Î��¤ J)T §G¤h� L�T Ã
¦m� ��§x±=��§Gªq��®hªq§g¢T��¢~�h� ����¤�¨���ªq®p¢~¡q��¤ Õ å`æLÃ{ Õ�J)N Y JvK#L�N Y LwK [ K U0æP M ¢ Rõ� L�T Rõ� J
T �L½9���v¡=U Ûã � Õ � N Y � T æ�� 1 Õ � N Y � T æ]n Õ � Y � T æ3� M1 Õ � Y � T æ3�O� K

Õ ÛxÝ�æ

ðGÜ



¦��h¡q�S�3ªq��§G�h �¢T�{ Õ�J)N Y JvK#L�N Y LwK [ K U0æP ã�r M ¢Uj¥ �h��¢,W�Y�¡ Õ 1 n M1 æ�Z �L½9� � ¡=U Ûã � Õ � N Y � æ3� Õ 1 ��¦ n M1 ��¦ æ ��¦ Õ � N Y � æ�� � } Õ ÛxÜ�æ

§ ¤`¨��L²T ~�º�#§g¢~²T¡q���� �¢~� Õ Û"å�æ{§G¤h� Õ Û,Bgæm²T��§G�
1 ��¦ P Û�z��� � ä ä

ä Û � n Û� � Û [[ [ s � Õ ãGä�æ

§G¤h� M1 �v¦ P ÛM�z��� � ä ä
ä Û � n ÛM� � Û M[M[ M[ s � } Õ ã9Ûxæ§ ¤��G²T�h�L²«¢T�Ð�h²T�X������� ¥�²~��� Õ à�æ%¢T� Õ ð�æ=§G¤h� Õ
� æLÃ�¦m�-²~��Ó9®h¡£²T�¨{ Õ�J N Y J�K#L N Y LwK [ K U0æ�¢T�Ñ»k�

¡q¤h�h�L����¤h�h��¤�¢���¥c[�·��{�h��²T��¥Ä�G²T�gÃ0¢T�h�= ~®h� 1 �v¦ n M1 �v¦ ��¥��#§g¢~²T¡q����  Õ ãGä�æ.§G¤h� Õ ã9ÛZæ.¡�¤ Õ ÛxÜ�æ
 ~�h��®hª��
»��Ô¡q¤h�h�L����¤h�h��¤�¢#��¥f[�·Ò�s���h²T�X�������
¥�²T��� Õ
� æ ¢T� Õ B�æLÃ,¦m�Ô¤h�����©{ Õ ä K#L N Y LwK ä K UÏæR¢T�
»��«¡q¤h�h���k��¤h�h��¤�¢=��¥ªU�·¿�{�h¡q ��#�"§G¤h B¢T�5§g¢%¢~�h�«²T¡�¶��`¢T�%�� ´¢+�h¡�§G¶���¤5§Gª{�����%�k��¤h��¤`¢���¥���§g¢´²T¡£½
Õ 1 ��¦ n M1 �v¦ æ ��¦ ¡�¤ Õ ÛxÜ�æÏ ~�h��®hª��3»��(�h²T�G���G²´¢T¡q��¤5§Gª¸¢T�«U �v¦ ·

�s�µ�#����¢ ¢T�h�� ~�%²~��Ó9®h¡£²T���#��¤�¢T �Ã_¦m�#�S�h�9�� ~��¢T�h�% ~®h� ��¥m��§g¢~²T¡�����  Õ ãGä�æ §G¤h� Õ ã9Ûxæ�¡�¤Ò¢T�h�
¥Ä�G²T� ��¥

1 �v¦ n M1 ��¦ P¬� s­�® ä
ä ¯°b® n ¯M°f® � K Õ ã�ãGæ

¦��h��²T�m�«�GÃ²±³��§G¤h� M±³��§g²~������¤h ´¢T§G¤`¢T �·�¹���¡q¤�¢~²T�9�h®h����¢ç¦m�Î¶���¤h��²T§Gªqª�±+�h¡�´���²T��¤`¢{����¤h Å¢S§G¤`¢~ �±³�
§G¤h� M±³�gÃ�»����"§G®h ~��¦Ï��¦m��®hª��%ªq¡£°���¢~�º�S�h�9�� ~�I�z���jPµ�z��� Õ ±³�"æ$§G¤h� M�z���mP M�z��� Õ M±³�xæL· § ¤h ~��²~¢~¡q¤h¶
�L½9�h²T�� ~ ~¡���¤h  Õ ãGä�æ{§G¤h� Õ ã9ÛZæ{¡�¤`¢T����Ó9®5§g¢~¡q��¤ Õ ã�ãGæLÃh¦m���G»h¢S§G¡q¤Ô¢T�p²T��� ����¤h�h¡�¢T¡���¤h �Ã

Û� n ÛM� P ã�«� K Õ ãGà�æ[� n M[ M� P ä Õ ãgå�æ
§G¤h� [ s� n Û�z��� n M[ sM� n ÛM�z��� P U±³� n UM±³� K Õ ã�ðGæ

¦��h��²T�\�«�GÃ�±³��§G¤h� M±³��§g²T�º¥�²T���º�����%�5ª��L½9³J¨G§Gª�®h���µ����¤h ´¢S§G¤�¢T �¢T�5§g¢��B®h ´¢�»��� ~��ªq����¢T���¸·§ ¤eãZ³iïBÃo¢T�h�«¡�¤h¡�¢T¡q§GªÏ ~�5§g�k�«��¥�§�­�§G®h ~ ~¡�§G¤
�¯§G�S°��L¢�¡� ��h�L©5¤h���¿»`±Ñ¢ç¦m�-�����%�5ª��L½9³J¨G§Gª�®h���
�¯§g²S§G�#�L¢T��²T p¶ � §G¤h�·±³�g·«�{�h��¡q��§G¶�¡�¤5§g²~±��¯§g²~¢.��¥e� �h��¢T��²~�#¡q¤h��  ¢T�h�Ô­ §G®h ~ ´¡�§G¤Ò�¯§G�T°���¢
¦�¡q�p¢T� §Gª���¤h¶
¢T�h�Q�h²T�G©5ªq��§G¤h��¢T�h��²T��§Gª(�¯§g²´¢3��¥X� �h��©5¤h�� 3¢T�h����®p²´¨G§g¢T®p²~�Ò��¥º¢T�h���5�5§G ´�L³
¥�²T��¤�¢"·Ï¹�� ���h�X�� ~�º�¯§g²S§G�%��¢T��²¸±³�GÃ¯¦��h¡q�S�3�h�� ~��²T¡£»��� �¢T�h�  ~�5§g���º��¥,§�­ §G®h ´ ~¡�§G¤3�¯§G�T°���¢(§Gª���¤h¶
¢T�h�&����¤`¢~²T§Gª�²S§"±�Ã{§G¤h� ¦��h¡q�S� ¡q �����¤h¤h����¢T��� ¦�¡�¢T� �¯§g²S§G�%��¢T��²¹�z���3»`±e��ÓX®5§g¢T¡q��¤ Õ ã�ðGæLÃm�5®p²T�
¡q�#§G¶�¡q¤5§g²~±=§G¤h�µ®h¤h¡q¥Ä�G²T� ¥Ä�G²�§Gª�ª�­ §G®h ~ ´¡�§G¤µ�¯§G�T°���¢T �·§ ¤Ð�G²T�h��².¢T�µ�#¡q¤h¡��#¡q¬��+¢T�h�# ´�h²~�"§G�h¡q¤h¶-��¥�­ §G®h ~ ´¡�§G¤��¯§G�T°���¢T �Ã,�¯§g²S§G�#�L¢T��²X�  ~�h��®hª��Ñ»k�
�h��¢T�L²T�#¡q¤h���%»X±B¢T�h���G�h¢T¡q�%¡q¬"§g¢T¡���¤���¥¯¢T�h�� ´�5§g������¥V���G²~²T�� Å����¤h�h¡q¤h¶+­�§G®h ~ ~¡q§G¤%»��"§G�%  Õ á�ªq¡��#�7â �Ã
ÛxÜ�Ý�Üg»¼Þ âí(î§pâ����°kÃ�ãGä�äpÛx§pÃ�ãGä�äpÛ�»VæL· ~ ��¤h ~��Ó9®h��¤`¢Tª£±�Ãm¦m�& ~�h��®hªq� ����¤h ´¡q�h��² MTCkHJ[vIB[Ä�xATj ­ §G®h ´ ~¡�§G¤
�¯§G�T°���¢T �Ã �ºPµ� Õ�J)TQK#L�TbK [kæ } Õ ã � æ� ä



§ ¤µ¢T�h¡� ��5ªq§G���GÃh¦m�º�B®h ´¢�����¡�¤`¢���®p¢�¢T�5§g¢�¢~�h��¢~²T§G¤h ~¥Ä�G²T��§g¢T¡���¤«¡� ��L½h§G��¢"ÃMH Õ�J�K#L æbPSH Õ^JvK#L æ K Õ ãCBGæ
��¤hª�±�¥Ä�G²«� ¡q¤h�h���k��¤h�h��¤�¢%��¥ J)T §G¤h� L�T Ã, ~������Ó9®5§g¢T¡���¤h  Õ ÛxÝ�æº§G¤h� Õ ÛxÜGæL· ¤ ��¨���²´¢T�h��ªq�� ~ �Ã$¥Ä�G²
§-²~�"§G ~��¤5§g»5ª�±
 ~�#�X�G¢T�Ñ�h¡q ´¢~²~¡�»5®p¢T¡���¤ ��¥ª� ¦�¡�¢T�Ñ²T�� ´�k����¢#¢~� J)T §G¤h� L3T Ã�¦m�«����®hªq� §G���h¡���¨��
 T§g¢T¡� ~¥v§G��¢T�G²´± ²~�� ~®hª�¢~ �· �{�h��²T��¥Ä�G²T�GÃR¦m���5§"¨����h�L¨���ªq�G�k��� §Ñ�h²~�9�����h®p²~�GÃR¦��h¡���� §Gªqªq�x¦� «®h =¢T�
 ~�#�X�G¢T�Ò¡£¢T��²S§g¢T¡£¨���ª�±�¢T�h���h¡� ´¢~²T¡£»5®p¢T¡q��¤���¥Ï�¯§g²T§G�#��¢T��²X� ��¤Ð§¨» EGIB[vbcHOM7K5[JEgK
U`WSC¯ALF�Y�aXFuN�E`\SA ¡q¤
¢T�h���5�5§G ~�L³D Å�¯§G��� Õ âí(î§pâ����°kÃVãGä�äpÛx§pÃ¯ãGä�äpÛ�»VæL·

ÙR ~¡�¤h¶%��ÓX®5§g¢T¡q��¤h  Õ ãGà�æ{§G¤h� Õ ãgå`æ�Ãp¦m�º��§"±�¦�²T¡�¢T�M�¼P �½�«�
ã��¾Y��«� Õ ãGÝ�æ

§G¤h� M[¹P¿Y M�� [ } Õ ãGÜ�æ
ì0ª��"§G ~��¤h�G¢T� ¢~�5§g¢��¯§g²S§G�%��¢T��²c[&¡� �²T��§Gª£³i¨g§Gªq®h���¸Ã5»5®p¢ M[&¡� �¶���¤h�L²S§Gªqª£±«�����%�5ªq�L½X³i¨g§Gªq®h���¸·À Ó9®5§g¢T¡���¤ Õ ã�ðGæ$��§"±.»���²~�"§g²~²S§G¤h¶����%¡q¤% ´��¨���²S§Gª5¦{§"±p �¢~�º�h��¢T�L²T�#¡q¤h�{�¯§g²S§G�#�L¢T��²T Q�z����§G¤h�M�z���G· � �G²�¡q¤h Å¢S§G¤h���GÃ5¦m�º��§G¤µ¶���¢�¢ç¦m�% ´±9�#�#��¢´²T¡q�"§Gªk�L½p�h²T�� ~¡q��¤h �ÃM�z���mP M� M±³�U M�ÁY M[ s M±³� Õ à�ä�æ

§G¤h� �z���ªP �½±³�Ub�ÁY�[ s ±³� } Õ àpÛxæ

�{�h��¤¸Ã¯�5®p²~�º¡q�#§G¶�¡q¤5§g²~±�����¤h ´¢S§G¤�¢T  M±³� §G¤h��±³� �B®h ´¢��G»��L±
§ � Õ M±³�"æ�Â § �ºÃ U M�M[)s�Ä Õ à�ãGæ

§G¤h� § � Õ ±³�"æeÂ § � � UQ�[)s � } Õ à�à�æÅ ¤h�G¢T�h��² §g�h�h²T��§G�S��¦Ï��®hªq�Q§Gªqªq�x¦Ú¢T�h�B®h ~�+��¥�¢~�h�+¥v§G Å¢ � ��®p²T¡q�L²�¢´²S§G¤h ~¥Ä�G²T� Õ �c� ��æ�¡q¤-¢T�h�B�h�L³
�����%�k�� ~¡�¢~¡q��¤ Õ »5®p¢�¤h�G¢�¡q¤«¢T�h��²~�L³D���������� ~¡£¢T¡q��¤¯æÏ��¥s¢T�h�(¦{§"¨�� ©5��ª��¸ÃM�z���mP M±³�U K Õ àGå�æ

�z���ªP¬� U±³� Y [ s� Y M[ sM� � �v¦ Õ à�ðGæ

§G¤h� § � Õ ±³�"æeÂ § �¾� U Õ ã��¾YG�«�xæ[ s � } Õ à � æÀ ÓX®5§g¢T¡q��¤ Õ Ü�æÏ²T��ÓX®h¡�²T��  M ¢ P U
ã�r ¥ �h��¢,W�Y�¡ Õ 1 n M1 æAZ K Õ à�BGæ� Û



¦��h��²T�+��§g¢~²T¡ ½ 1 ¡q (¶�¡�¨���¤�»`± Õ Û"å�æR§G¤h����§g¢´²T¡£½ M1 »`± Õ Û,BGæL· À ÓX®5§g¢T¡q��¤ Õ à�B�æ�¦�¡�¢T� Õ Û"å`æ�§G¤h�
Õ Û,BGæm�"§G¤µ»k�º����¤�¨���²~¢~���3®h ~¡�¤h¶#��Ó9®5§g¢~¡q��¤h  Õ ãGÜ�æ{§G¤h� Õ ã�ðGæm¡q¤�¢T�M ¢ P U

ã�r ¥ Y�¡ Õ �Æn M��æ Y�¡=�z��� M�z���X� U±³� n UM±³� � K Õ à�Ý�æ

¦��h��²T� ¢~�h�º ~ÓX®5§g²T��²~�9�G¢T � ~�h��®hªq�«»�� ¢T§g°���¤«¦�¡�¢T�Ô���� ~¡£¢T¡�¨��R²T��§Gª¼�¯§g²´¢T �·Ç E«Ê Â > 4Z6 ÉZÊ^È 2 ÉZÊ À ÈÅ �h²T�G�k��²{�S�h��¡q���R��¥¸¢T�h���h¡� ~��²T�L¢T¡q¬"§g¢~¡q��¤���¥¼¡q¤�¢T��¶G²S§Gª Õ ÛZæ�¡� m¤h�G¢m��¤hª�±���¥¸°���±#¡��%���G²´¢S§G¤h����¡�¤�¢T�h�
�h������������ ~¡£¢T¡q��¤&��¥o¢T�h�Î¦m§x¨��Î©5��ª���¡q¤�¢T�Ô­ §G®h ~ ´¡�§G¤&�¯§G�T°���¢T �Ãk»5®p¢(¡£¢(§Gªq ´�=§�´�����¢~ �¢T�h�B§G����®p²S§G�L±
§G¤h�3��é%��¡q��¤h��±µ��¥�¢T�h�.­�§G®h ~ ~¡q§G¤µ�¯§G�T°���¢��%¡q¶G²S§g¢T¡���¤¸·

è ��¢�®h �����¤h ~¡��h��²R§%ãZ³DïÚ¡�¤`¢T��¶G²S§GªR �VÉ ¦ R �VÉ s �L½9� Õ ¡ÊÉ&Ë�Ì�Ë ° É ° æ Õ à�Ü�æ

�h¡q ´��²T��¢T¡�¬�������¤-§%²T��¶�®hªq§g²�²T����¢T§G¤h¶�®hª�§g²R¶G²T¡��3¦�¡£¢T�&¡q¤�¢T��²´¨G§Gª� pÍ«É ¦ §G¤h�¨ÍzÉ s ·jÎ9®pé%��¡q��¤`¢(����¤h�h¡ ³¢T¡���¤h �¥Ä�G²�¢T�h� �h¡� ~��²T�L¢T¡q¬"§g¢~¡q��¤«¦Ï��²T�º�h�L²T¡�¨����«»X±«á ª�¡q�#�Zâ  Õ ÛxÜ�Ý � æLÃÍ«É ¦¸ÏµÐÒÑ YXW § � Õ E ��¦ æ�Z ¦�¦ Õ å�ä�æ
§G¤h� Í«É s Ï�Ð Ñ Y\W § � Õ E ��¦ æ�Z s�s } Õ åhÛxæ
ò-§g¢~²T¡ ½ E �B®h ´¢� T§g¢T¡� ~¥�±ÓÓ W § � Õ E ��¦ æ�Z ¦ s ÓÓ Ï Û

ã Ñ W § � Õ E �v¦ æ�Z ¦�¦ W § � Õ E �v¦ æAZ s�s } Õ å`ãGæ
�{�h����²~²T�G²B��¥m�h¡� ~��²T��¢~¡q¬"§g¢T¡���¤Ð�h������¤h�h B��¤�¢T�h�#�h²T�G�k��²~¢T¡��� .��¥Ï¢T�h�#¦{§"¨��#©5��ª��¸· � �G².§� ´¡q�%�5ª��
¦{§"¨��Ô©5��ªq�
¦�¡�¢~�
ª�¡q¤h�"§g²�§G�%�5ª�¡�¢T®h�h�� +§G¤h�ÑÓ9®5§G�p²S§g¢~¡q�Ô§g²~²T¡£¨G§GªÏ¢T¡��#�� �Ã,¢T�h�=²T��ªq§g¢T¡�¨����#§7½h¡q�B®h�
�h¡q ´��²T��¢T¡�¬"§g¢T¡���¤µ��²~²~�G²�¡q �§g»���®p¢ �8ÔxÕ)Ö¨P�å%�L½9� Õ Y¸r s Ð � s æ } Õ å�à�æ
�{�h��¤¸Ã`¢~�h����§7½p¡q�B®h� ²T��ª�§g¢T¡£¨����L²~²T�G²�¥Ä�G² Ð s P � s ¦m��®hª���»k��§g»k��®p¢ÏäV}6BØ×=·,ÙR¤h¥Ä�G²~¢T®h¤5§g¢T��ª£±�Ã�¢T�h���²~²~�G²{��§x±+²S§G¡� ~��²S§g�5¡q�hª£±#¥Ä�G²�§.�#�G²T�������%�5ªq��½#¦{§"¨���©5��ªq�¸· § ¤�¢T�h��¦m�G²T ´¢{��§G ~�GÃ9¢T�h�R�#§7½h¡q�B®h�
²T��ªq§g¢T¡�¨��B��²´²T�G²�����®hªq�-²T�"§G�S��®p�Q¢T�3ã9ÛÙ× ¥Ä�G² Ð s P � s Ã¼ ~���%�o§g»5ª��+àp·úà�¡q¤Qï §G®p»k���S�h¡q��  Õ ÛxÜ�Ü�ã�æL·¤ ��¨���²´¢T�h��ªq�� ~ �Ã5¦m��»k��ªq¡���¨��(¢T�5§g¢�§+²T�"§G ´��¤5§g»5ªq�(¨G§Gª�®h� ��¥ Ð ¥Ä�G²�§+²~�"§Gªq¡� ´¢T¡q�R¦{§"¨��(©5��ªq�Ô¦m��®hªq�µ»k���ª��� ~� ¢T� Ð s P � s ·�{�h�Î��²~²~�G²R��¥,�h¡q ~�L²T��¢T¡�¬"§g¢T¡q��¤µ��¥,¡q¤�¢T��¶G²S§Gª Õ ÛxÝ�æ{¦�¡�¢~�µ²T�� ´�k����¢R¢T� J
T §G¤h� L�T ¡� �����¤�¢~²T��ªqª����
»`±«�#§g¢~²T¡£½ E P Û

ã U Õ 1 n M1 æ } Õ å�å�æÅ �����G²~�h¡q¤h¶.¢T�.����¤h�h¡£¢T¡q��¤h  Õ å�ä�æ�§G¤h� Õ åhÛ"æLÃp��§7½p¡q�B®h�ö ´¢T���«¡q¤ J)T ¥Ä�G²m²T���5ªq§G�����#��¤`¢{��¥¼¡q¤�¢T��¶G²T§Gª
Õ ÛxÝ�æÏ»`±µ¡£¢T ��h¡� ~��²T�L¢T¡q¬����3����®h¤�¢T��²~�¯§g²~¢�¡q Í J
T P ÐÒÚ Y ãUÜÛ § �Ü� Õ 1 n M1 æ �v¦ ��Ý ¦�¦ K Õ å`ðGæ

��§7½p¡q�B®h�õ ´¢T�L�&¡q¤ L3T ¡�  Í L3T P ÐÒÚ Y ãUÜÛ § �Þ� Õ 1 n M1 æ �v¦ �)Ý s�s K Õ å � æ
� ã



§G¤h�µ¦m�(²T��ÓX®h¡�²T�ÓÓÓ Û § � � Õ 1 n M1 æ ��¦ �OÝ ¦ s ÓÓÓ Ï Û
ã Ú Û § � � Õ 1 n M1 æ ��¦ �)Ý ¦�¦ Û § � � Õ 1 n M1 æ ��¦ �OÝ s�s } Õ å²BGæÀ ÓX®5§g¢T¡q��¤ Õ à�æm�"§G¤«»k�º®h¤h�h��²~ ´¢T�9�X�&§G �§+����¤�¨���ªq®p¢T¡���¤µ��¥s¥Ä®h¤h�L¢T¡q��¤h ß Õ�J�K#L�K [ K U0æ�P U
ã�r s { Õ^JvK#LwK [ K U0æ��L½9� Õ ¡=Ut[ J æm��½p� Õ Y�¡=U L æ Õ å�Ý�æ

§G¤h�zH Õ^JvK#L æ¯¦�¡�¢T�(²T�� Å������¢�¢T� J §G¤h� L ÃZ¡q¤�¢T��¶G²S§g¢~��� �x¨���²�[B§G¤h��U�· � ��®p²T¡q�L²�¢´²S§G¤h ~¥Ä�G²T� MH ÕAà N K U N æ���¥MH Õ�J N K#L N æo¡q ,¢T�h��¤+¢T�h���h²~�9�h®h��¢���¥ � ��®p²T¡���²�¢´²S§G¤h ~¥Ä�G²T�#  ß ÕAà N K U N K [ K U0æs§G¤h�áH ÕAà N K U N æLÃ�¡q¤�¢T��¶G²T§g¢T���
�x¨���²j[ §G¤h�·U�· § ¤h ´��²~¢T¡�¤h¶Q��ÓX®5§g¢T¡q��¤ Õ ÛxÜ�æº¡�¤`¢~� Õ å�Ý�æÎ§G¤h�
®h ~¡�¤h¶-¢~�h� � ��®p²T¡���²B¢~²S§G¤h ~¥Ä�G²~�3Ã,¦m�
�G»h¢S§G¡�¤ ß ÕAà N K U N K [ K U0æ�¡q¤�¢T�h�%¥Ä�G²T�  ´¡q�#¡�ª�§g²(¢T� Õ à�ÜGæ(¦�¡�¢T�¡É ¦ P à N §G¤h�GÉ s PâU N ·��{�h�#��²´²T�G²
��¥0�h¡� ~��²T�L¢T¡q¬"§g¢~¡q��¤-��¥�¢T�h�+¡q¤�¢T��¶G²S§Gª$��¥ ß ÕAà N K U N K [ K U0æ�¦�¡£¢T�Q²~�� ´������¢ ¢~� à P¿U][Ò§G¤h�¨U ¡q R¢T�h��¤
����¤�¢~²T��ª�ªq���Ô»X±«��§g¢~²T¡ ½ E PãY Ûã U �v¦ Õ 1 �v¦ n M1 ��¦ æ } Õ å�Ü�æÅ �����G²~�h¡q¤h¶%¢T�+����¤h�h¡£¢T¡q��¤h  Õ å�ä�æ{§G¤h� Õ åhÛxæLÃ5��§7½p¡q�B®h�õ ´¢~���&¡q¤«[&¡� Íj[³P Ð�Ú ãU Û § �Þ� Õ 1 �v¦ n M1 ��¦ æ ��¦ �)Ý ¦�¦ K Õ ðGä�æ

��§7½p¡q�B®h�õ ´¢T�L�&¡q¤�Ue¡q  Í«U�P Ð Ú ã5U Û § �Ü� Õ 1 �v¦ n M1 ��¦ æ ��¦ �)Ý s�s K Õ ð9Ûxæ

§G¤h�µ¦m�(²T��ÓX®h¡�²T�ÓÓÓ Û § �Ü� Õ 1 ��¦ n M1 ��¦ æ ��¦ �)Ý ¦ s ÓÓÓÏ Û
ã Ú Û § �Æ� Õ 1 ��¦ n M1 ��¦ æ ��¦ �OÝ ¦�¦ Û § �Ü� Õ 1 ��¦ n M1 ��¦ æ ��¦ �)Ý s�s } Õ ð�ãGæ

ÙR ~¡�¤h¶%����¤h�h¡£¢T¡q��¤h  Õ ãGà�æLÃ Õ ãgå�æ{§G¤h� Õ ã�ðgæLÃh¦m� ��§G¤3 ~¡q���5ªq¡q¥�±=��½p�h²T�� ´ ~¡q��¤h  Õ ðGä�æ�§G¤h� Õ ð9ÛZæm¡q¤�¢T�Íj[³P Ð Ú § � Õ �«�xæU Õ ðGà�æ

§G¤h� ÍzU·P Ð¼äååæ ã § �çÃ ±³� M±³�±³�|n M±³� Ä } Õ ðgå�æ

ì�²~�� ~��¤�¢T�����h¡q ~��²~��¢T¡q¬�§g¢T¡q��¤B����¤h�h¡£¢T¡q��¤h �§g²T�Ï¨g§Gªq¡��+¥Ä�G²�§R¶���¤h��²T§Gªh ~�#�9�G¢~�.�h¡q ´¢~²~¡�»5®p¢T¡���¤+��¥5�¯§g²S§G��³
��¢T�L²\� ��¤�§k» EgIB[ubcHçM7K¯[JEgK�U`WSC¯ALF�Y�a9FvN�E`\�A ¡q¤-¢T�h�.�5�5§G ~�L³i ´�¯§G���GÃo ´���+²~��ª�§g¢T¡���¤ Õ ã � æL·XiR�x¦m��¨���²�Ã
¢T�� ~¡q�%�5ª�¡q¥�±=¢T�h��¦��h��ª�� �#¡�¶G²S§g¢T¡���¤Ô�h²T�X�����h®p²T�gÃk¡�¢��#¡�¶��`¢{»�� ®h ~��¥Ä®hª�¢T�% ~�%�9�G¢T�Ô¢T�h�º�G�h¢T¡��#¡q¬����
�h¡q Å¢~²T¡�»5®p¢~¡q��¤µ��¥_�¯§g²S§G�#��¢T�L²ª� ¢~�#§�����¤h ´¢S§G¤�¢�¨g§Gªq®h�Î§G ��h�� ~�L²T¡�»k���3»X± âí(î§hâ����° Õ ãGä�äpÛx§pÃ¯ãGä�äpÛ�»VæL·~ ��¤h ~¡q�h��²~¡q¤h¶ aXK¯[ N"M7FLI ­ §G®h ~ ~¡q§G¤¿�¯§G�T°���¢T %¦�¡�¢~��� P M� Pº�«�gÃ�±³�kP M±³�gÃ M�z���µ¶�¡�¨���¤
»`±
²T��ªq§g¢T¡q��¤ Õ à�ä�æR§G¤h�G�z���B�h��¢~��²T�#¡�¤h���Q»`± Õ àpÛxæLÃ¼��§7½p¡q�B®h� �h¡q ´��²T��¢T¡�¬"§g¢T¡���¤Q ´¢~���5 Î§G�����G²T�h¡q¤h¶=¢T�
Õ å`ðGæ�Ã Õ å � æLÃ Õ ðGà�æ{§G¤h� Õ ðgå�æÏ²T�"§G�Í J)T P ÐU ¥ Y § �Áè Õ Ub�«�eY�[)s0±³�"æé� � s�Áê K Õ ð�ðGæ� à



Í L3T P Ð ¥ Y § � è Õ Ub�«�xY�[)s0±³�"æV� �v¦� ± ��¦� ê K Õ ð � æ
Ím[�P Ð Ú § � Õ �«�xæU Õ ðCBGæ

§G¤h� Í«U�P Ð�Ñ § � Õ ±³�"æ } Õ ðGÝ�æ¤ §g¢T®p²S§Gª�ª�±�Ã a9K5[ N"M7FLI ­�§G®h ~ ~¡�§G¤Ñ�¯§G�T°���¢T �»h²~¡q¤h¶�§g»k��®p¢%�#�G²~�=²T§g�5¡q�¿ Å�h²T�"§G�h¡q¤h¶hÃÏ¦��h¡q�S� ����®hªq�
ÍÅ���G�¯§g²T�h¡�¬��º¢T�h� §G����®p²T§G��±µ��¥�¢T�h�º�%¡q¶G²S§g¢T¡���¤¸·

ë ì �o� 6X4 Ê > 2¯806îí¼2 �GF 8v6pÂ
¹��+¢T�� ´¢T���Ò��®p²º�%��¢T�h�9�Q��¤Ò§Ô�����#�#��¤9³i ~�h�G¢�¶�§g¢T�h��²�»���ª���¤h¶�¡q¤h¶µ¢T�=¢T�h��òQ§g²~�#��®h ~¡$�5§g¢S§« ´��¢
Õuô ��²T ´¢~����¶ÔØõ­R²S§G®¸ÃoÛxÜ�ÜpÛZæLÃV ~��� � ¡q¶�®p²T�%Û�·�¹��.�h�������%�k�� ~���&¢T�h�.¶�§g¢T�h�L²ØH Õ�JvK#L æ{®h ~¡q¤h¶=��ÓX®5§7³
¢T¡���¤ Õ ã�æ�¡q¤�¢T�=¡q¤h�h¡£¨p¡q�h®5§Gªo­ §g»k�G²(¥Ä®h¤h��¢T¡q��¤h �Ã� ´��� � ¡q¶�®p²T�+ã9·(�{�h�B�����%�5ªq��½9³i¨g§Gªq®h���Q§G���5ªq¡�¢~®h�h�
��¥o§%­ §G®h ~ ´¡�§G¤µ�¯§G�T°���¢���Ó9®5§Gª� �¢T�h�º§G�%�5ªq¡£¢T®h�h�(��¥s¢T�h�����G²~²T�� ´����¤h�h¡�¤h¶Ô­ §g»��G²�¥Ä®h¤h��¢T¡���¤¸·§ ¤-�G²T�h��²�¢T�=�L½5§G�#¡�¤h�Î¢T�h�+§G����®p²S§G�L±Q��¥���®p²��#��¢T�h�X�¸Ã�¦m�B�����%�k�� ~����¢T�h�+§g�h�h²T�x½p¡q��§g¢~���
�����#�%��¤9³D ~�h�G¢º¶�§g¢T�h��²T  MH Õ�JvK#L æ�§G�����G²T�h¡�¤h¶3¢T�&��Ó9®5§g¢~¡q��¤ Õ ÛZæ�Ão ~��� � ¡�¶�®p²T��àp·«���h�#�h¡�´���²~��¤h���� 
»��L¢O¦Ï����¤Q¢~�h�+�G²~¡q¶�¡q¤5§Gª_¶�§g¢T�h��²�§G¤h��¢T�h�+§g�h�h²T�"½h¡q�#§g¢T����¶�§g¢T�h��²T (§g²~�+ ´�h�Z¦�¤Q¡�¤ � ¡�¶�®p²T�.åh·(¹��
�"§Gª���®hª�§g¢T���3§Gªqª¸¢T�h��¤`®h�#��²T¡��"§Gª¼�L½5§G�%�5ª��� {¦�¡£¢T� Ð s P � s ·§ ¤Î¢T�h��¢T�h�0©h²T ´¢o�L½5§G�%�5ª��GÃ7¦Ï���h²T�� ´��¤`¢,¢~�h�Ï�h�������%�k�� ~¡�¢~¡q��¤º��¥p¢~�h��¦{§"¨��0©5��ª��.¡q¤�¢T� a9K5[ N"M7FLI
­ §G®h ´ ~¡�§G¤µ�¯§G�T°���¢~ �¦�¡�¢T�«ß�� Õ �«�xæfPãY�äV}cã�ð _ Ûxä �)ï  ~� � s §G¤h� § � Õ �«�"æbP äV}cã�ð _ Ûxä �)ï  ´� � s ·Î9��� � ¡q¶�®p²T��à�§
¥Ä�G²µ¢~�h�Q���G²´²T�� ´�k��¤h�h¡q¤h¶ §g�h�h²T�"½h¡���§g¢T��� �����#�#��¤9³i ~�h�G¢Ô¶�§g¢T�h��²"· � ¡q¶�®p²T�-å�§
¡q¤h�h¡��"§g¢T�� �¢T�5§g¢�¢T�h��¢´²S§G¤h ~¥Ä�G²T��§g¢~¡q��¤Ô¡q �§Gªq�#�� ´¢��L½h§G��¢"·

�{�h�B¤h�L½p¢��L½h§G�%�5ªq�.�h���%�� ´¢~²S§g¢T�� �¢T�h�B�h�������%�k�� ~¡�¢T¡���¤���¥�¢T�h�.¦{§"¨��.©5��ªq�-¡q¤�¢T�«­ §G®h ´ ~¡�§G¤
�¯§G�T°���¢T %¦�¡�¢~� ¨G§g²~±9¡q¤h¶-�¯§g²S§G�#��¢T�L²á�Ð· § ¤ ¢~�h¡q #�"§G ´�GÃmß�� Õ �Qæ¹P Y�äV}cã�ð _ Ûxä �)ï  ~� � s §G¤h�§ � Õ �Qæ�²T§G¤h¶��� R¥�²T��� äV}qÛZã�ð _ Ûxä �
ï  ~� � s ¢T�=äV}úð _ Ûxä �
ï  ´� � s ·(���h�B§g�h�h²T�"½h¡���§g¢T���&¶�§g¢~�h��²
¡q  ¡q¤ � ¡�¶�®p²T�#àg»¼· Å �����G²T�h¡�¤h¶µ¢T� � ¡�¶�®p²T�%åG»¼Ã�¢T�h�%�h¡�´���²~��¤h���� Î»k��¢ç¦m����¤Ò¢T�h�%�G²T¡q¶�¡�¤5§Gª$§G¤h�Ò¢T�h�
§g�h�h²T�"½h¡���§g¢T���Ò¦{§"¨��#©5��ª��
�"§G¤�»k�� ´���G¢~¢~���Ð¤h�G¢B��¤hª�±�§g¢.¢~�h�����h¶��� B��¥m¢T�h��¶�§g¢T�h��²"·��{�h¡q .¡� 
�"§G®h ~���3»X±=¢T�h� �h������¤h�h��¤h��±3��¥��¯§g²S§G�#��¢T�L²ª� ��¤ J
T §G¤h� L�T ·

�{�h�=ª�§G ´¢B�L½h§G�%�5ªq��¡� Î¢T�h�=�h�������%�k�� ~¡�¢~¡q��¤Ð��¥�¢~�h�=¦m§x¨��#©5��ª��
¦�¡�¢T�Ðß�� Õ �QæzPðY�äV}cã�ð _
Ûxä �)ï  ~� � s §G¤h� § � Õ �Qæ�¨g§g²~±p¡�¤h¶3¥�²T����äV}6B�ð _ Ûxä �tñ  ~� � s ¢~��äV}qÛ _ Ûxä �tò  ~� � s ·3�{�h�=§g�p³
�h²T�"½h¡���§g¢T���3¶�§g¢~�h��²(¡q ��h¡� ´�5ª�§"±�����¡q¤ � ¡�¶�®p²T�.àg»¼· Å ª£¢T�h��®h¶��3¦m�.�"§G¤�¤h�G¢T�. ~�L¨���²S§Gªs�h¡�´���²~��¤h���� 
»��L¢O¦Ï����¤&¢T�h�º�G²~¡q¶�¡q¤5§Gª�§G¤h�3¢T�h�Î§g�h�h²T�x½p¡q��§g¢~���µ¶�§g¢T�h�L²�¡q¤ � ¡�¶�®p²T�ºå��gÃ¯¢T�h� ²T�� ~®hª£¢� ~�����# �¢T�%»k�
 T§g¢T¡� ~¥v§G��¢T�G²´±�·

�{�h�%��¤hª£±� ~��²T¡���®h  �h²T�G»5ª���� ��¥���®p²º�%��¢T�h�9�-����¤h ~¡� ´¢T  ¡q¤Q¢~�h�%�����%�5®p¢T§g¢T¡q��¤5§Gªo���� ´¢"·+ÙR¤9³
¥Ä�G²~¢T®h¤5§g¢~��ª�±�Ãh¦m�Î��§G¤h¤h�G¢�®h ~�BãZ³iï �c� ��·V�{�h�Î��§g¢T�h���#§g¢T¡q�"§Gªk¥Ä�G²T�B®hª�§g¢T¡���¤µ��¥o��®p²�¢S§G ´°µ§Gªqªq�x¦� 
��¤hª�±Q§µ ´��²T¡q�� Î��¥�Û�³Dï �c� �{ º¡�¤�¢T�h���h�������%�k�� ~¡�¢T¡���¤¸Ã�»5®p¢Î¤h�G¢º¡�¤�¢T�h�%²T��³D�����%�k�� ~¡�¢~¡q��¤���¥�¢T�h�
¦{§"¨��º©5��ª��¸· § ¤&�G²~�h��²�¢T�%��§g°���¢~�h�Î�h�������%�k�� ~¡�¢~¡q��¤µ��¥o¢~�h� ¦{§"¨��º©5��ª��&�#�G²T����é#��¡���¤�¢"ÃV¦m�Î§g²T�
����¤h ´¢T§G¤`¢Tª£±=¢~²~±p¡�¤h¶+¢~��²T��©5¤h� ¢T�h�º§Gª�¶��G²T¡�¢~�h��§G¤h�3 ´�������&®p�3¢T�h�������%�5®p¢S§g¢~¡q��¤h �·
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�{�h���h²T�� ~��¤�¢T�����h²T�9�����h®p²T����¥¯¢T�h���h�������%�k�� ~¡�¢T¡���¤%��¥¯¢T�h��¦m§x¨��{©5��ªq�%¡q¤�¢T�.­�§G®h ~ ~¡�§G¤+�¯§G�T°���¢T 0¡� 
¥Ä®hªqª£±3¥Ä®h¤h��¢~¡q��¤5§GªJ· § ¢R�#¡�¶��`¢�»��Î ~®h¡£¢S§g»5ªq�º¤h�G¢R��¤hª�±µ¥Ä�G²�­ §G®h ~ ´¡�§G¤&�¯§G�T°���¢R�#¡�¶G²S§g¢T¡q��¤¸Ãh»5®p¢(§Gª� ~�
¥Ä�G²���§G¤`±Ô�h¡�´���²T��¤`¢�§g�h�5ªq¡q��§g¢T¡q��¤h ���¥_¢T�h�Î­ §G®h ~ ´¡�§G¤µ�¯§G�T°���¢��#��¢T�h�X�¸·

�{�h�(���h��¡����R��¥¸¢T�h�R�h¡q ´��²T��¢T¡�¬"§g¢T¡���¤Ô��¥¸¢T�h�R¡�¤`¢~��¶G²S§Gªk¢~²T§G¤h ~¥Ä�G²T� �5ªq§x±9 {§Î��²T®h��¡q§Gªk²T��ªq�R¡�¤�¢T�h�
�h������������ ~¡£¢T¡q��¤=��¥¸¢T�h�R¦{§"¨��(©5��ªq�¸· § ¢�§�´k����¢T {¤h�G¢{��¤hª£±#¢T�h�(§G����®p²T§G��±�Ãp»5®p¢�§Gªq ~�.¢T�h�R��é%��¡q��¤h��±
��¥k¢T�h���#��¢T�h�X�¸·o¹��R§g²T��§g»5ªq��¢~�Î����¤�¢~²T��ª5¢T�h���h¡q ´��²T��¢T¡�¬"§g¢T¡���¤#��²~²T�G²Ï��¥k¢T�h���h�������%���� ~¡£¢T¡q��¤�¡q¤�¢T�
a9K5[ N"M7FLI ­�§G®h ~ ~¡q§G¤µ�¯§G�T°���¢T �·

ï(������������ ~¡£¢T¡q��¤���¥m¢T�h�#¦{§"¨��#©5��ª��
¡�¤`¢T�-­�§G®h ~ ~¡q§G¤Ñ�¯§G�T°���¢T �Ã$¦��h�� ~�� ~�5§g�k�=�h������¤h�h +��¤
¢T�h�{���X�G²T�h¡q¤5§g¢T�{��¥5¢T�h�{¡q¤�¢T��²T ´����¢T¡���¤%��¥5¢T�h�{����¤�¢~²S§Gªp²S§"±B��¥k§ ­ §G®h ´ ~¡�§G¤B�¯§G�T°���¢�¦�¡�¢~�B¢~�h���h²T�G©5ª��
§G¤h�B��¤B¡�¢T $§g²~²~¡�¨g§GªX¢T¡��#�GÃg¡� , ´¢~²T¡���¢Tª£±Î��§g¢T�h����§g¢T¡q��§Gªqª�±( Å���"§g°9¡q¤h¶(¡q¤h���G²´²T����¢"· § ¤B�G²T�h��²,¢~�(§G���h¡���¨��
 T§g¢T¡� ~¥v§G��¢T�G²´±�²T�� ´®hª�¢T B��¨���¤Ð¡�¤Ñ ´®h���
§3�"§G ~�gÃ$¦Ï�� ~�#�9�G¢~�Ò¢T�h���h¡q ´¢´²T¡�»5®p¢T¡���¤Ð��¥{¢~�h�#�¯§g²S§G�#��¢T�L²
�h��¢T�L²T�#¡q¤h¡�¤h¶�¢T�h�� ~�5§g�k�º��¥,§B�¯§G�S°��L¢�¡q¤Ô¢T�h�(�5ª�§G¤h� �k��²~�k��¤h�h¡q��®hªq§g²�¢T�+¡�¢T �����¤�¢~²S§Gª¼²S§"± Õ âí(î§hâ����°�Ã
ãGä�äpÛx§pÃ¯ãGä�äpÛ�»VæL·

�{�h� �#§G¡q¤=�h¡q T§G�p¨g§G¤�¢S§G¶�� ��¥���®p²�§g�h�h²T��§G�S�µ ~�����# {¢T�.»��(¢T�h�(�����%�5®p¢S§g¢T¡���¤5§Gª����� ´¢���¥�¢T�h�
�h������������ ~¡£¢T¡q��¤¸· ¤ ��¨���²´¢T�h��ªq�� ~ �Ã,��¤h���#¦m�%�G»h¢S§G¡q¤Ò¢T�h�#§G�%�5ªq¡£¢T®h�h�� Î��¥�­�§G®h ~ ~¡�§G¤��¯§G�T°���¢T �Ão¦m�
�"§G¤3��§Gªq��®hªq§g¢T� �#§G¤`±=�#¡�¶G²S§g¢T���Ô ~���L¢T¡q��¤h �¥Ä�G²�¨g§g²T¡q��®h �²T�"§G ~��¤5§g»5ª£±Ô ~¡q�#¡�ª�§g²m¨���ª��9��¡£¢ç±=�#�9�h��ª� �·

B > ? È Àp¾%8u69ÁDC¯6 � 6 È�É Â
�{�h��§G®p¢~�h�G² ¡� R¶G²T�"§g¢Tª£±&¡q¤h�h�L»h¢T����¢T� è ®h�¸â��°�á�ªq¡��#�7â R¥Ä�G²�¶�®h¡q�5§G¤h���.¢T�p²~��®h¶��h��®p¢�¢~�h�B¦Ï�G²~°&��¤
¢T�h¡� �¢T�G�5¡��G·

�{�h�m²T�� ~�"§g²~�����5§G ,»�����¤� ~®p�h���G²´¢T���B»X±.¢T�h��­R²S§G¤`¢ Å ¶���¤h��±B��¥h¢T�h� ~ ¬�������ß����5®p»5ª�¡q��®h¤h�h��²~ ��¤`¢~²T§G��¢(ãGä�ðFEGäGå(E9Û�ÛxäGåhÃ9»`±Ô¢T�h�.­R²S§G¤`¢ Å ¶���¤h��±Ô��¥s¢T�h� ~ �5§g²~ªq�� �ÙR¤h¡�¨���²T ´¡�¢ç±Ô®h¤h�h��² ~ ��¤`¢~²T§G��¢
à�B�ðFE�ãGä�äGå(EG×0³O­ À Ë Egò �c� Ã{§G¤h� »X± ¢T�h�Q�#���.»���²~ Ô��¥ ¢T�h������¤h ´�G²~¢T¡q®h� G�Î9��¡� ~�#¡��-¹Ð§"¨��� «¡q¤~ ���%�5ªq�L½«à7³iï ÎX¢~²T®h�L¢T®p²T�� IH Õ  ~���JG´�`¢~¢´�¼ëKEFEg ´¦�àG�¸· �Ù´s· ��®h¤h¡d· ��¬	H`æL·
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��6��D6X476 È > 6pÂ
×{§g»5¡q�S�¸Ã ô ·"òÐ·xØ ÙRªq¡q¤¸Ã ô · ô · Õ ÛxÜ�ÝpÛZæLë ~ ���%�5ª��L½( ´�¯§G����¢T¡q�%�o²S§x±(�%��¢T�h�9� §G¤h�V� Ó9®5§G ~¡£�5�h�G¢T��¤h S�q·

í §g�¼· ¤ §G®h�S�h¤¸·¸Î9���3· è ��¤h¡q¤h¶G²�· Ë ¢T�¸·mò-§g¢T�¸· § ¤h ´¢"·�Ã ÆVÆ"� Ã�ð��VÛZã Õ ¡�¤ ß�®h ~ ~¡q§G¤¯æLÞ À ¤h¶�ªq¡� ~�
¢~²T§G¤h ~ªJ·�ë��h·6Î9�Z¨k·hòQ§g¢~�¸·qÃ DVë Ãkã � Ü#�pãCBGàpÃ�ÛxÜ�ÝGåh·

ï�§G®p»����S�h¡��� �Ã § · Õ ÛxÜ�Ü�ã�æLëÔ�s��¤µª�����¢T®p²~�� ���¤Ô¦{§"¨���ªq��¢~ �· ~ ×mò¨Î`³ ¤ Î � ²T��¶�¡���¤5§Gª¸����¤h¥Ä��²T��¤h���Î ~��²T¡��� 
¡�¤3§g�h�5ªq¡����3��§g¢~�h����§g¢T¡��� �Ã,� Æ Ã)Î § Å òÐÃ¯ì��h¡qªq§G�h��ª��5�h¡q§p·

á�ªq¡q�%�7â �Ã è · Õ ÛxÜ�Ý � æLë-ï�¡� ~��²T�L¢T¡q¬"§g¢~¡q��¤&��²~²~�G²R¥Ä�G²R¢T�h�Î ~®p�k��²~�k�� ~¡�¢T¡���¤���¥�­ §G®h ~ ~¡q§G¤&»��"§G�# �·¸­����g³
�5��±p �·��h·5ßº·¯§G ´¢~²"·OÎ9�X�G·qÃ����¼ÃVðGàpÛ!�pð�ð9Û�·

á�ªq¡q�%�7â �Ã è · Õ ÛxÜ�Ý�Ü�§�æ�ëm­ §G®h ´ ~¡�§G¤º�¯§G�T°���¢~ s¡q¤�¢T�h�0�����%�5®p¢S§g¢T¡���¤ ��¥p ´��¡q ~�%¡q�$¦{§x¨��L©5��ªq�h �·g­����G�5�`±9 �·
�h· § ¤`¢"·�Ã����¸ÃVå`ã9Û!�Xå�à�àp·

á�ªq¡q�%�7â �Ã è · Õ ÛxÜ�Ý�Üg»Væ�ë Ë �h¢~¡q�#¡�¬"§g¢T¡q��¤���¥{¢T�h�� ~�5§g�k�=��¥�­�§G®h ~ ~¡q§G¤Ñ»k�"§G�# .��¥�§3©p½h���Ñªq��¤h¶G¢~�¸·ÎX¢T®h�¸·¯¶����G�5��±p �·¯¶����X�¸·qÃ Ç�Ç Ã�Û"å � �VÛ � àp·
á�ªq¡q�%�7â �Ã è · Õ ãGä�äGå`æLë
­ §G®h ~ ´¡�§G¤Q�¯§G�T°���¢~  ¡�¤� ~�#�X�G¢T��¡q ~�G¢´²T�G�5¡q�B�#���h¡q§p· § ¤¸ëÒÎ9��¡q ´�#¡q�.¹Ð§"¨��� �¡q¤~ ���%�5ªq��½«à7³Dï ÎX¢~²~®h��¢T®p²T�� �Ãkß��L���G²~¢ Û"åhÃ ~ �5§g²Tª��� �ÙR¤h¡�¨���²T ´¡�¢ç±�Ãhì�²S§G¶�®h�gÃ¯å�à#�pðgåh·
ß�§Gª� ´¢T��¤¸Ã��5· Õ ÛxÜ�Ý�à�æLë�­ §G®h ´ ~¡�§G¤�»���§G�# Ï§G¤h��¢T�h���h²~�G�¯§G¶�§g¢T¡q��¤���¥¸ ~¡�¤h¶�®hª�§g²T¡£¢T¡q�� �·Xò ÅjÅ ÎX¢T®h�h¡��� 

¡�¤µò-§g¢T�h����§g¢~¡q���G·�Ã D�Ç ÃkãGä � �pãgå�Ýp·
ô ��²T ´¢T����¶hÃ�ß ·��h·�Ø ­R²S§G®¸Ã0­+· Õ ���h �·úæ Õ ÛxÜ�ÜpÛZæLëÚ���h�3ò-§g²T�%��®h ~¡���½p���L²T¡q��¤h���G·0ì�²T�9�G· À Å ­ À

¦m�G²´°p ~�h�G�%��¤�ì�²S§G��¢T¡��"§Gª Å  ´�k����¢T ���¥tÎ9��¡� ~�#¡��mï §g¢T§ § ¤�¨���²T ~¡���¤ Õ ~ �G����¤h�5§G¶���¤¸ÃhÛxÜ�Ü�ä�æLÃ À ®p²�·Å  ~ ´�9�G· À ½9�5ªq�G²"·¯­(���G�5��±p ~¡���¡q ´¢~ �Ã í ��¡� ´¢"·
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ØEÙ < Ü
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����¯�±
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«Þ�^�	�I� Ê �^���^�:�I���u��¦^�^�¿��¢�ªÁ¢5�#�]�°�I�¿§­´Æ=��]�°�I�g���	� ¿ �:�^� A �#�Ç¾?ª­���^�	�I�A�I�?�g�^�	�Á¨��I���î�I�^���¿�
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«Þ�^�	�I� ê æ·�g�Þ�I�^�5�:� �(�g�¿�I¦^�^�!�	�:�t�I���°�a���^�^�g�^�0�I�?�t�H�Ç¸����©�I�g� �>�1æ�´ ¶ �0�Ç¸����g���°�g�^��¦^���]�t�|�I�|�����:�^��I�C�t�g� �(�|�g¨�¾#�I�^���Ç�:�|��¦^���]�I�|���µ½^«c�!�]�^�(�¿¾³�]�^�^�I�n§f�g�#�]�t�g���Ý] ^ Ø
k�Ü Ý]TØ
k�Ü~ë Ý ã ^ Ø
k�Ü Ý ã Ø
k�Ü è æ Ý ê ^æ Ø
k�Ü Ý ê æ�Ø
k�Ü L Ø>ò:Û�Ü

¶ �^�¼ª±�:�H²U£_�^�I�:�±�:���]�t���5�t�Ç�]�t�I�A�I���º«q�Ç¸��	 (���|�C�#�Ç¾�ª­�c�����C�­���t������¨^�|�^�^�|¸,�g�^¦(�:�^¯��:¦^�t�t�g�:�5�±�:�I²U£
�	�I��Û~ì�½ ÝÛCØ
k�ÜÆMéè ì ÝÛ~ì¼Ødk¼Ü L Ø>ò,ÙOÜ

¶ �^���µ½±�t�^���|�#�:���g�^��¨À¦^�^�	�I�|���(�:�©�I�]²����Þ�I�^��¨À�:�I� ��¨� Ø&]íJ(Û�ÜÃM è ì �îØ&]ÚJ(Û~ì�Ü J Ø>ò�¢�Ü

«Þ�^�	�I��îØ&]ÚJ(Û~ìTÜ~ë Ü �Zk �A§f�TØY�	åÆä¥{Ñ�6k~c,ä:ÜCî æ Ý ê ^æ Ødk¼Üf�A§,��Ø*{}�6kY�1æ�Ü ÝÛ~ì�Ø
k�Üî æ Ý ê ^æ Ø
k�Ü Ý ê æ�Ø
k�Ü à Ü �Zk Ýß#Ødk¼Ü á § p L0Ø>ò:ç�Ü
ÝE�Á�I�^���I�g� ���^���?�:�g�µ½^��ÐM¦(�]�I�g���ÑØ_ò:ç�Ü��I�Ç�:�^�� Ø&]ÚJ(Û~ì�Ü®ë î æ �<§f��ØY��åÆä*Ü ê ^æ ÛÆì�Ødc�ä�o��1æ�Üß?Ø>Û�Ü î æ ê ^æ ê æ L Ø>ò]éUÜ

ÕG�|�t�^��¦^���¹¯��:¦^�t�t�g�:�#�±�:�H²��A�I�q�]�I���?�n¸f�|�^�º¨��I���Ö�I�^���H�]�I���	�¼í����^���I�n«q�]�I�^���I�^�G�	�:�t�I���°�a���^�^�g�^�
�I���	���|¸��	��½(«¼���<§f�­�	�	�q�I�(�]�q�I�^���������t�H�:�­�H�Ç¾f�q��¨©�I�^���±�:�I²��	�t�u�]�I���Ç�:�|��¦^���]�t���³¨��t��� �I�^�G�I�������¿¸��	�
�I�n«q�]�I�^�}�I�^���I�]�I���	�Þí����^�:´

¶ �I�n¸����^�I�|�?�Ôï¥¨��I��� �I�^�q�I�������¿¸��	���g���I�^���?¦^�t�	�#�:���t�^�Þ�±�]�H�:�?�A�I�	���:�g���^���I�^�u�	���U�°�H�:�^�H�n¾�½
«Þ�^�	�I�Ç�:��a�vtØ
ï�Ü��:�^�ða�}�Ø
ï�Ü\M²c*ì�{�ï �]�I�?�¡�±�]�I���:�����,�:�t�^�g�(�]�I���º�:�^�Ñ�I�^� �t�H�Ç¸������I�g�?�����:�t�t�A£
�°�a���^�^�g�^���t���t�^�}�	���U�°�I�u��¨(�I�^�Þ¯��:¦^�t�°���:�C�±�:�I²��	���?�n¸f�|�^���I�n«q�]�I�^���I�^�c�I�������¿¸��	�Ç½��I���°�a���	�I�¿¸����|¾�´

àc���Ç�:¦^�°����¨µ�I�^�G�:�^�a���t�|�t�u�^�I�:�±�:���]�I�|���µ½,�I�^���t�|�O«Þ�^���t�c¸����A�I�:�q��¨µ�I�^���±�:�I²��	��l�ve�g���?�g�U¦^�
�I�^���t�g�n«u�^�	�t�Þ¸����A�I�:�Vñwv���¨T�I�^���H�Ç¾0�����?�|�^� ¨��I���î�I�^���I�����	�|¸��	�Ç½l�víM�{IñÃv L Ø>ò�ò�Ü
�����<�^�M���t� l�}VM�{�Ù L Ø>ò < Ü
Ò��]�H�*§f���:�¼�]�^�^�t�n§f�g�#�]�I�|���·��¨u��¯��:¦^�t�°���:�i�±�:�I²��	�5�^�I�:�±�:���]�t�g�^���I�O«c�]�I�^���I�^�³�	�:�t�I���°�a���^�^�g�^�
�I���	���|¸��	�Þ�I�C�t�Ç�:�H�&�|�Þ�]�}�I�g�?�­xz}¥M�c*ì�½±�	���U�°�I�����]�}�­���g���IaNb�ØdïGÜA½^�|�ÛÆì ½ Ø
xz}OÜ~M�Ö�ì ½ �A§f� i �6kuØ&lmb�n�b�o²pr lmb�s�n�b�nts±Ü u J Ø>òN¢�Ü
«Þ�^�	�I� n1víMyxzv_{|a�vIØdïGÜ Ø>ò:ä�Ü
�:�^� n1}VMyx!}E{|a�}�ØdïGÜ~Myxz}I{ Ø
c*ìj{òï�Ü L Ø>ò:Ú�Ü=��]�t�I�É§�lmb�s����:�t�I�	�°�­���^�^���I�&�³¯��:¦^�t�°���:�\�±�:�I²��	�!�?�O¸,�g�^�#�I�n«q�]�I�^�!�0�I�	�����|¸��A�Ç½e�:�¿�I�^��¦^���\�¿�
�g�	½a�g�¿²����I�^���t�H�Ç¸������t�g�?��a�}��:�^���t�|�O«Þ�^���t��¸����A�I�:�­lmb©½a�A§,�^�I���t�t�	���|�&�I�	�I� �u��¨e�I�^�ºÐM¦(�:�U�t�|�I�|���
�Ç�:�|��¦^���]�I�	�&�:�g���^���I�^���I�n¾¹���#�:�(�]�t���³¨��t��� �I�^���I�����	�|¸��	�Ç´¢]é



Ò��]�H�*§f���:�^�]�^�^�t�n§f�g�#�]�I�|���³Ø_òN¢�Ü��g���:����¦f�H�]�t�Þ�|���I�^�q¸f�|���g�^�¿�ë¾���¨K�a���g���WaNb�Ø
ï�ÜA½�ª(¦f��ª­������� ���
�g�(�:�	��¦f�H�]�I�¹�]���g�]�I���#�°�±�:���A£>�I�g� �#�^�g�°�H�:�^�	���5¨��I���³aNb�Ø
ï�ÜA´�ÕG�t�t¦^�?�|�^���^�g�t�	�t�	�I�#�­���|�U�I��a�vIØ
ï�Ü
«Þ�|�I� �¡�I�	�Óómï �:�|���^�»�I�^�Ñ���	�U�t�I�:���H�Ç¾�½�«c�\�I�U¦^�&�|�g�?�¿�³���:�<� �±�]�I�*§^���:���]�^�^�I�Ç§^�|�#�]�I�|��� ªU¾
«c���|���U�t�g�^� ¨À¦^�^�A�I�g��� ô ½ M£õ ö�÷ § p �<§f�ji�{­÷ r Ø
l�v�n1v7Ü r ómï § r u J Ø < Û�Ü
«Þ�^�	�I�º�±�]�H�:�?�A�I�	�>÷&�����U�°�I���g�u�t�^���t�(�]�­����¨��I�^�5¯��:¦^�t�t�g�:��¨À¦^�^�A�I�g�����:�^�µ½­�����^�t�	Ð,¦^�����I�|¾�½K�I�^�
�	�t�t�:�0��¨��I�^��«c�	�g�����I�g�^�^´ È ¦^� ��¨��I�^���t��«c���|���U�t�g�^�·¨À¦^�^�	�I�|���^�³�|�0�]�^�^�I�n§f�g�#�]�t���|¾ Ù��g�¥�I�^�
¸f�|���g�^�¿�ë¾0��¨T�I�^���������t�H�:�©�H�n¾¹�:�^�³�I�M¦^�ÛÆì¼Ø
c,äÇo��1æ�ÜYM�è ½

ô ½ ÛÆì ½ Ø
c,ä�o��1æ�Ü L Ø < ÙOÜ
ÕG�����:�t�^�g�^� �I����ÐM¦(�]�I�g���^�!Ø_ò]éUÜq�:�^��Ø < ÙOÜA½f�t�^�!�g�?�:������¨��C�t�|�^���g�º¯��:¦^�t�t�g�:�Á�±�:�I²��	�}�I�Ç�:�^�� Ø&]íJ(ÛÆì�Ü~M è ½ �îØ
]íJ ô ½ ÛÆì ½ Ü J Ø < ¢�Ü
«Þ�^�	�I���t�^�!�g�?�:���G��¨��C�t�|�^���g���±�]�H�*§^�g�:�©�]�^�^�I�Ç§^�g�?�]�I�g���¹�g�� Ø&]íJ ô ½ Û~ì ½ ÜYM õ ö î æ ê ^æ Ö ì ½ �<§f�jiX�	åÆäZo���kuØ&lmb�n�bÃo�pr lmb�sZn�bCnts(Ü�{�÷ r Ø&l�v�n1v_Ü r ómï § r uß?Ø>Û�ÜI÷ î æ ê ^æ ê æ J

Ø < ç�Ü
«Þ�|�I� n1}VM�c,äEo��1æ�Ødx!v_Ü_o¤ïø{�c*ì L Ø < éUÜ
ÝE�^�t�	�t�t�g�^�?��ÐM¦(�]�I�g���ÑØ < ¢�Ü¼�g���I��Ø>ò�¢�ÜA½f�I�^���g�#�:���|�^�C¨À¦^�^�	�t�g���(�:�µ�H�]²����}�I�^��¨À�:�t� ��¨�îØ
]íJ(Û�ÜÆM�è ì è ½ � Ø&]íJ ô ½ ÛÆì ½ Ü L Ø < ò�Ü
ù g¹+
Ù±Ã±' ÎÀÍ$ú �
ê��|²��5�:�I�^�	���ë¾,�­�	����¨�«q�Ç¸����±�:�I²��	�I�	½e¯��:¦^�t�t���:���±�:�I²��	�I���°�^�I�Ç�:�\�:���I�^�A¾��^�I�:�±�:���]�I�5�I�f�I��¦^���
�I�^�#�°�°�I¦^�	�I¦f�I�]´�Ýë�5�g���^�	�����t�I�]�°¾��I��²����	�È¯��:¦^�t�t�g�:�Æ�±�:�I²��	�t���(�]�°�I�O« �g���I���g�]�I�g�����I�&�t�^�0¸��<£
�g�M���|�ë¾��H�(�:�^�������g���I�^�5�?�M�^���>½­ªa���Ç�:¦^�t� ¯��:¦^�t�°���:���±�:�I²��	�t��ªa�������?���|�(�:����¦f�H�]�I���t���|¦f�I�g���^����¨
�I�^�������:�¡�I�,�f¾,�(�:�?�g����ÐM¦(�]�I�g���¹�g¨��t�^��¸����|�,���¿�ë¾# (���g�³�<�(�:�^���	�������^�t�|�^�	�H�]ª(�|¾0«Þ�|�I�^�|�³�I�^���±�:�I²��	�
«Þ�g�f�I�µ´ ¶ �^�g�C�°�^�I�Ç�:�^�|�^���^�	�­�	�^�^�#���»�I�^�&�����C�(�g�A§f�|�ë¾·��¨u�I�^�¹¸����g�M���|�ë¾Æ�?�,�^�	�Þ�:�^�Z���i�I�^�
�g�^�¿�I���:���t�(�]�­�0��¨u¯��:¦^�t�°���:�·�±�:�H²��A�I��´ ¶ �^�	�I�	¨À�:�I�:½�ªa��¨À�:�I�#�^�I�M�������^�|�^���I���I�^�#�?�|�:�H�]�I�|���µ½e«c�
�^�������I�³�^�I�	�±�]�I�#�³�t¦^�|�H�]ª(�|� ¸����|�,���¿�E¾��?�M�^�����:�^���H�^�,���t� �t�^�#�]�^�^�I�:�^�I�g�]�I�?�g�^�¿�I���:���t�(�]�a�?��¨
¯��:¦^�°�t���:�Á�±�:�I²��	�t��´È �|�^���\�I�^�\¯��:¦^�t�°���:� �±�:�I²��	�Á�^�t���°�H�:�I² �^�	�^�I� �?�|�:�H�]�I�|��� �:�a�	�H�]�I���¹�g� �I�^��«q�Ç¸��� (���g�
�^���#�:�|�µ½e�I�^�0�g�^�|�t���:�¼�:�C�(�g�|�t¦^�^������¨�¯��:¦^�t�t�g�:�Æ�±�:�I²��	�I���]�I�0�:ª^�H�:�|�^���·ªM¾��^�	����� �­���°�g�^���I�^�
�����?� ���,£7�t�^�:�}���]�I�^�	�t�Þ�|�U�I�?¯��]ªa�:��¨À¦^�^�	�I�|���^��´

ÝE�Z�I�^�&�^�I�M�����t�0��¨��g�#�:���|�^�^½�«c�������C�±�]�I�Á�I�^���|�^���g�^�����0«q�Ç¸��& (���g�G] �:�^�Z�I�^�&ª±�:�I²U£
�^�I�:�±�:���]�I�	�!�t�Ç�]�°�I�	�I����«q�Ç¸��� (���|��Û5´ ¶ �^��ª±�:�I²M£_�^�t�:�±�:���]�I����«c�n¸��� (���g�������^�t�|�°�I����¨M�g�^�^�¿¸f�g�^¦(�:�
¯��:¦^�°�t���:�»�±�:�I²��	�t��´Æ�Ñ�³�H�^�,���°�³�I�^�¹�g�#�:���|�^��¨À¦^�^�	�I�g���(�:�}�g�Æ�I�^�¹¨À�:�I� ��¨u�A§,�^�I���t�t�|��� ØYé < ÜA½
�:�|�t�^��¦^���Á�:�I�^�	�Þ¸:�]�t�g�	�I�|���}��¨��g�?�:���g�^�5¨À¦^�^�	�I�|���(�:�g�u�	��¦^�g�Áªa�º�:�^�?�|�t�t�|ª(�|���:�Þ«c���|�>´

¢�ò



ùÚûYÊ ¼
)f+lÃ 1 ÎlÍ � � Ã©Ä�)f+

ÕZ¸����g�M���|�ë¾!�?�,�^���,�t�^��¦^�g�5�^�I�	¸�������¯��:¦^�t�°���:�5�±�:�H²��A�I��¨��t���ã�A§^�	���t�t�¿¸��}�¡�^�I�Ç�:�^�g�^�!�:�^� �]�^�^�t�n§M£
�g�?�]�I���|¾³�^�I���t�A�t¸��C�:�t�g���g�(�:�T�t�H�Ç¸����e�I�g� ����´ ¶ �^��Ð,¦^���¡�I�g������¨��t�^���°�?�,�:�I�^�^�	�t����¨��I�^��¸����|�,���¿�E¾
�?�M�^�����|���	�g���t���¿¾&�I���g�]�I�����I�#�I�^���^�I�:ª(�g�	� ��¨� (�^�^�|�^�¹�I�^�5�|�g�?�¿�I�u��¨��]�^�(�g�|�Ç�]ª(�g�|�|�ë¾���¨��I�^���H�Ç¾
�I�^���:�°¾�½f«u�^�|�<�³�I���#�:�|�^�Þ¦^�^�t���¿¸������:�^�&�:�a���&¨À�:�Þ¨À¦f�t�I�^�	�u�I���t�Ç�]�t�<�µ´

ÝE�i���	��� �(�g�A§Ñ�?�,�^�	�>½e�I�^�0�������?�A�t�I�g���:���°�^�I���:�^�g�^���:�^�i�U¦^��ª­�	����¨}�]�t�I�¿¸:�:�|���A§f�a���^���,£
�I�g�:�g�|¾³�g�^�A�I�Ç�:�t��«Þ�|�I���g�^�A�I�Ç�:�t�|�^�¹�t�I�n¸����T�I�g�?�]´ ¶ �^�5�A§,�­���^�����I�g�:�e�g�^�	�t���?�������g�G�������t�I���|�g����ªU¾
�I�^�&ê©¾U�]�(¦^�^�n¸È�A§,�­���^������ØY�:´ß�^´g½¼Ó��g�|�?�*è��½}¢:Û�Û�¢�ÜA´ � ���^�t��ÐM¦^�����I�|¾�½¼�I�^�Áê�¾U�]�(¦^�^�n¸È�A§,�­���^�����
�^�	�I�A�I�?�g�^�	���t�^���^�:�t�gí����µ½µ«Þ�^�	�I�5�I�^���H�n¾�ªa���(�Ç¸f�g�:�Gªa�������?�	���H�(�:�:�I�|�:´ È �|�^���5�I�^�5ê�¾U�]�(¦^�^�n¸
�A§,�­���^�������^�	�­�	�^�^�����&�I�^���°�������^���°�±�]�I���:�T�^�	�I�¿¸:�]�I�¿¸�������¨�¸����|�,���¿�E¾Á�:�G�t�|�O«Þ�^���t��½­�t�^���t�������^�
�^�	�I�¿¸:�]�t�|¸����?�°�^��¦^�g�Zª­�&� �g�^�g� �gí����µ´ ¶ �^�	�I��¨À�:�t�:½}«¼���t�?�,�:�t�È�t�g�n«Þ�^���t�?ªU¾È�?�|�^�g�?�|í��g�^���I�^�
�I���|�	¸]�:�U� È �:ª­���g�A¸0�^�:�I� �	��� �­���t�	�Á��¨��I�^���t���	���^���^�	�I�|¸]�]�I�¿¸����Þ��¨T�t�g�n«Þ�^���t�5Ø èð�ñ�fè���A²­½±¢:Û�Û�¢�ÜA´ùÚûd@ ü�F�ÍOÎ � Îdý % ÍOÎ Ã Ì Ã�þ Í$ú )�Å ú % F )�Ã�þ\D¹% � ÅÇÅ Î % ÌøF % 1 2K) Í Å
¶ �^�#�]�^�(�g�|�Ç�]ª(�g�|�|�ë¾��:�^�·�:����¦f�H�:�A¾\��¨��t�^�0¯��:¦^�t�°���:�Ñ�±�:�I²��	�º� �	�I�^�,���^�	�­�	�^�Æ�����I�^�C�^�I�:�a�	�
�H�^���g���5��¨��I�^�5�g�^�¿�I���:���t�(�]�a����¨��±�:�I²��	�I�	´�âG�^¨À�:�°�I¦^�(�]�I���¿¾�½­�(�]�t�I�n« ¯��:¦^�t�t���:���±�:�I²��	�I��Ð,¦^�|�I²f�|¾
�g�^�A�I�Ç�:�t���g�0«Þ�g�f�I�¹�:�c�I�^�	¾?�^�t�:�±�:���]�I�:´ ¶ �U¦^��½^«c���Ç�:�0¦^�t���^���|�t�^�	�q�I�,���(�]�t�t�O« �^�:�c�t�,��«u�|�^�
�±�:�I²��	�I���:���t�^�¼�g�^�¿�I���:�U�H�^���g���¼��¨^�I�^���t�(�]�­�c��¨±¯��:¦^�t�t���:�º�±�:�I²��	�t��´ÆÕK¦f�°�I�^�	�I�?�:�t�:½:�g�5���	��� �(�g�A§
�°�t�t¦^�	�I¦f�I�:½f«¼�G�Ç�:�^�^�:�Ã`¡¦^�^�����°���g���¿¾?¨��I��� �t�^�� (�(�:�a«u�|�f�I�0��¨µ�I�^���±�:�I²��	�q«u�^�	�t�^�	�c�I�^���±�:�I²��	�
�g���:���g���^�:���#�I�Ç�:�t���(�]ª(�¿¾��:����¦f�H�]�I�5�t���|¦f�I�g������¨��I�^�5�����:�°�t�,�f¾f�(�:� �g����ÐM¦(�]�I�g���µ´ ¶ �^���±�:�I²��	�
�5¦^�°�}ª­���t¦fì?���|�����I�|¾³�(�]�t�I�n«��:�g���^�5�I�^��«Þ�^���g���H�Ç¾¹�±�]�t�µ´

¶ �^���|�^�|�I�g�:�µ�t�(�]�­����¨�¯��:¦^�t�t�g�:�³�±�:�I²��	�I�}�g�}�^�	�I�	�t�?�g�^���¹ªM¾#�t�^�������C�(�g�A§M£_¸]�:�g¦^���³�t�������^�
�°�±�:���<£_�I�|�?�c�^�	�I�¿¸:�]�I�¿¸�������¨±�t�^�q�(�(�:�°�}¨À¦^�^�A�I�g����l Äb�s ½U�°���q��Ð,¦(�]�I�|���&ØEÙOÜA´ ¶ �G�^�I�	¸��	�U��¯��:¦^�°�t���:�
�±�:�I²��	�I��¨��I��� �A§^���	�t�t�|¸��#�¡�^�I�Ç�:�^�g�^�^½�«c�#�:�^�t�g�?�|í��C�I�^�	�|�5�g�^�¿�I���:���t�(�]�a�?ªM¾�� �g�^�g� �gí��|�^�³�I�^���¿�
«Þ�g�f�I���:�|���^�Á�I�^� «Þ�^���g���H�Ç¾��±�]�I�µ´ È �|�^���?«c��«u�|�t�Ñ�I�&�������t�I�����I�^�C�°�^�I�Ç�:�^�|�^���|�\�I�^� �(�g�:�^�
�­�A�t�­���^�^�|��¦^���]�³�I�i�t�^�����	�U�t�I�:���H�Ç¾ ��¨��I�^���±�:�I²��	�Ç½G�t�	�\��ÐM¦(�]�I�g���ãØ_¢N¢�ÜA½��¿�³�|�³�°¦fì?���|���U�³�I�
�:�^�I�|�?�gí��&�t�^���|�^�|�I�g�:���t�(�]�­����¨!�	�:�t�I���°�a���^�^�g�^�¥¯��:¦^�t�t�g�:� ª­���:�?��ØYÓ��|�g�?�Oè��½!ÙnÚ�ä�Ú]ª©å èð�ñ�^è���	²a½
¢:Û�ÛfÙn�f½T¢:Û�ÛfÙ�ªKÜA´5��� �Ç�:���I���°�t�t�g�	����¦f�º�]�°�I�����I�g�����I��¯��:¦^�t�t���:��ª­�Ç�:�?�	½�ªa���Ç�:¦^�t� �t�^� æu�|�Ç�]�t�I�
��ÐM¦(�]�I�g��� ¨À�:�&�Z¯��:¦^�t�t�g�:�¬�±�:�I²��	��ØEÙ < Ü0�#�Ç¾Zª­���^������¦f�(�|��� �g���I�»�t�f�I������Ð,¦(�]�I�|���^��½�«Þ�^�	�I�
��ÐM¦(�]�I�g����Ø¡ÙnÚ�Ü��|�¼�I�^�Gæu�|�Ç�]�t�I�a��Ð,¦(�]�I�|���#¨À�:�Þ�5¯��:¦^�t�t�g�:�¹ªa�Ç�:�&½^�:�^�0��ÐM¦(�]�I�g���^��Ø>¢:Û�Ü��:�^�ÑØ>¢,ÙOÜ
�A§,�I���^�Á�I�^�!¯��:¦^�°�t���:�Áªa�Ç�:� �t���g¦f�I�|���³�I�C�?¯��:¦^�t�t�g�:�Á�±�:�I²��	���t���|¦f�I�g���µ´

¶ �^�u�t�(�]�a�u��¨a�!¯��:¦^�t�t���:�Cª­�Ç�:� �g���H�(�]�H�:�	�I�A�I�gí��	�?ªM¾C��¢Eª�¢������ �(�|�A§,£>¸:�:�|¦^���C�?�]�t�I�¿§��g�
ç*£7¤Ö�:�^�&ªU¾�� �°�g�^���g�!����� �(�g�<§Á�U¦^��ª­�	���g��¢O£7¤5´±êT�A�G¦^���^���^�:�I�ºªU¾ÿl Ä �t�^�º�g�^�¿�I���:�©����� �(�|�A§,£
¸]�:�g¦^���È�±�]�H�:� �	�I�	� �g�¥¢O£_¤�½�«Þ�^�g�H�Z«q�:� �^�	 (�^�	�¬�:���±�]�H�:�?�	�I�A��l ªU¾ èð�ñ�^è���	² Ø_¢:Û�Û�ò�ÜA´ ¶ �^�
�g�?�:���g�(�]�t¾Ñ�±�]�°�C��¨Il Ä �^�	�I�A�I�?�g�^�	���I�^�Á¯��:¦^�°�t���:�»ªa�Ç�:� «u�|�f�I�È�:�^�Æ�I�^�0�I�Ç�:�c�±�]�t����¨Vl Ä
�^�	 (�^���Þ�I�^�!��¦f�°¸:�]�I¦f�t�!��¨T�t�^���(�(�:�t�A£_¨��I�����Ç´

Ò��]�H�:� �	�I�	�Çl Ä ½M«u�^�|�<�0�^���°�	�I�|ªa���q�I�^���t�(�]�a����¨��º���:�°�I���°�a���^�^�g�^� ¯��:¦^�t�t�g�:�#ª­�Ç�:�î�:�|���^�
�I�^�º�|�^�|�I�g�:�©�t¦f�I¨l�:���:½µ�?�n¾¹�^�	�a���^�����&�t�^�º���,�:�t�^�g�(�]�I����¨e�I�^���g���I�	�I�°���	�I�|������¨e�I�^�º�������t�H�:���H�Ç¾
��¨�� ¯��:¦^�t�t�g�:�Á�±�:�I²��	�u«Þ�|�t�³�I�^���^�I�: (�g�\x�ì�½(���&�|�I�Þ�]�t�I�¿¸:�:�­�t�g�?�­c*ì�½±�:�^�&���¹�I�^�!�����C�­���^�����
��¨K�t�^�Þ�t�|�O«Þ�^���t��¸����	�I�:���:�g���^���I�^�q�^�I�: (�g����´�Ý¡�C�:�I�^�	��«c�:�I�^��½��±�]�H�:�?�A�I�	�®l Ä �g���t�¿�I¦(�]�I���C���?��º8]=5PlWX;EB*@(P_8]@?JULH6±4A9HNAVM9kD�8UQH4��g���I�^�¼�(�(�:�t�A£_�°�±�:���ºØ èð�ñ�^è���	²­½�¢:Û�ÛfÙn�f½�¢:Û�ÛfÙ�ªKÜA´�ÝE���G����� �(�g�<§��°�t�t¦^�A£
�I¦f�I�]½��t�^�#�:�^�I�g�5¦^� �|�^�|�I�g�:���±�]�I�:�?�	�I�	�t��l Ä Ø
x�ìYJ�c*ìYJ��aÜ��?�n¾�¸:�]�°¾��g���:�I�^�A�I�5��¨}�?�:���^�|�I¦^�^�:´
¶ �^�g�q«c��¦^�g�&���:¦^�t�!�:�I���]�}�^�t�:ª(�g���?�}�g�¹�I�^���^������� �a���t�|�I�|���Á��¨��I�^��«c�n¸��� (���g�Á�g���I� �:�^�I�|�?�gí	���
¯��:¦^�°�t���:�5�±�:�I²��	�I��´ ¶ �^�	�I��¨À�:�t�:½�«c�q�(�n¸��c�^�	¸��	�g�:�­�	� ���^�I�M�����^¦f�I�:½�«Þ�^�g�H�C�:�g�g�n«Þ�e¦^���I�G�t�?�M�:�I�
�|�t�	�H�]�I�¿¸����|¾&�t�^� �^�g�¡�t�I�|ª(¦f�t�g���\��¨��±�]�H�:�?�	�I�A��l Ä �����I�^�C×��:�?�g�¿�I���^���:����¾,�­�A�I�t¦f�I¨l�:����Ø èð�ñ�^è���	²­½
¢:Û�ÛfÙn�f½±¢:Û�ÛfÙ�ªKÜA´ ¢ <
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ÝE�Á�:�I�^�A�Þ�I���^�	�I�A�I�?�g�^���I�^���g�^�¿�I���:�µ�:�C�(�g�|�t¦^�^���q��¨�¯��:¦^�°�t���:�¹�±�:�H²��A�I�VÖ Ä ½(�t�	����ÐM¦(�]�I�g���\ØYéUò�ÜA½
«c�q�^�����5�I�G�^���	��� �­���t�c�I�^�c�	���?�?���,£7�°�^�:�����]�I�^�	���|�U�I���:�^�I�|�?�gí	����¯��:¦^�t�°���:�5�±�:�H²��A�I�ÞØ èð�ñ�^è���	²­½
¢:Û�Û�çf½a¢:Û�Û�ò�ÜA´Ç[¼�:�H��¯��:¦^�t�°���:�&�±�:�I²��	���]�t�t�|¸f�|�^�#�]�u�t�^�!�I�����	�|¸��	�I�G�|�u�I�	�^�t���t�����I����ªM¾&�#¯��]ªa�:�
¨À¦^�^�	�I�|���µ½:«u�^���°�c�t�(�]�­�c�^�	�a���^�^�����º�I�^�c�t�(�]�a�c��¨f�I�^�q¯��:¦^�°�t���:���±�:�I²��	�Ç´�âG�t�|�^���I�^�!QHBOJ^4	9I4A@(;>z
N<;ë8];E4Á;>9t8]@^NkDÇB*9<=5½c«c���^�	����� �­���°�Á�I�^�������?� ���,£7�t�^�:� ���]�I�^�	�#�|�U�I���I�^�	�t��¯��]ªa�:�#¨À¦^�^�	�I�|���^��´
¶ �^�G����� �(�g�<§?¸]�:�g¦^���³�:� �(�g�¿�I¦^�^����¨µ�I�^��ª±�:�I²M£>�^�I�:�±�:���]�I���Á¯��:¦^�°�t���:�0�±�:�I²��	��Ö Ä �I�^���¹��Ð,¦(�:�|�
�I�^�Á�:� �(�g�¿�I¦^�^�³��¨Þ�I�^�&���:�t�t���°�­���^�^�|�^�Æ¯��]ªa�:� ¨À¦^�^�	�t�g���µ´ ¶ �^���:� �(�g�¿�I¦^�^�����^�	�­�	�^� ���i�I�^�
���M�:�I�^�g�(�]�I�C��¨��I�^�C�g���I�	�I�°���	�I�|������¨��I�^� �	���U�°�H�:���I�n¾���¨c��¯��:¦^�t�t�g�:�\�±�:�I²��	�!«Þ�|�I���I�^� �^�I�: (�|�x!ì�½��|�I�!�]�t�I�|¸]�:�e�I�|�?��c*ì�½T�I�^�C����� �a���^���U�!��¨��I�^�C�t�g�n«Þ�^���t�!¸����A�I�:���:�|���^�³�I�^���^�I�: (�g�	��½��:�^�
�I�^��¨��I��ÐM¦^���^�	¾�k}´�êT�	�}¦^�c�­���|�U�}��¦f�c�I�(�]�c�t�^���|�U�t�	�I�t���A�I�g���³��¨��I�^�����	�U�t�I�:�­�H�n¾?��¨���¯��:¦^�°�t���:�
�±�:�I²��	�u«Þ�|�t�³�I�^���^�I�: (�g�\x�ì��^�M���u�^�:�Þ�����^�	�H�:�|�|¾0�����|�^���g�^��«u�¿�I�&�:��¾0�I�����	�|¸��	�Ç´

ÝE�0¢O£_¤�½��I�^�}�g�^�¿�I���:�^�°�(�]�­�u��¨a�º¯��:¦^�t�t���:�C�±�:�H²��A�¼�g���^�	 (�^���?ªU¾5�ë«c�!¨��I�	�u����� �(�|�A§,£>¸:�:�|¦^���
�±�]�H�:�?�A�I�	�I��® l Ä �:�^��
 Ä ´CÒ��]�H�:�?�	�I�A�>l Ä �°�^��¦^�g�\ªa� �^�	�I�A�I�?�g�^�	�\ªM¾��I�^�C�:�^�I�g�?�|íÇ�]�I�|���
��¨��I�^� �t�(�]�­�C��¨c���:�t�I���¡�­���^�^�g�^��¯��:¦^�t�t�g�:�\ª­�Ç�:� ��´ ���C�<�^�M���t� �±�]�H�:� �	�I�	��
 Ä ½�«u�^�|�H�Ñ«q�:�
�g���t�I�M�^¦^�����¹�:���±�]�H�:� �	�I�	�

 Ä ªM¾ èð�ñ�^è���	²&Ø_¢:Û�Û�ò�ÜA½M�:�^�?«u�^�|�<�0�^���°�	�I�|ªa���¼�I�^���°�(�]�­�G��¨©��¯��:¦^�¡£�t�g�:�0�±�:�I²��	�Þ�:�|���^�5�t�^���	���U�°�H�:�a�H�Ç¾�½,�(¦f�I���g�?�:���g�(�]�t¾?�:�^�¹¦^�^�|¨À�:�I�î¨À�:�Þ�:�g�­¯��:¦^�t�t�g�:�³�±�:�I²��	�I�	´
Ò��|�Ç�:�t�C�^�:�I� �I�(�]���±�]�H�:�?�	�I�A��
 Ä �g��¦^�t�����|�Ñ�I�^� �H�^���g�	�?��¨Çl�} }:½��°��� èð�ñ�^è���	²ÈØ_¢:Û�Û�ò,½T�	Ða´�¢�ò�Ü
�:�^�&��ÐM¦(�]�I�g���ÑØ <N< Ü�ª­���|�O«�´

ê��	��¦^���?�����I�g���&�ë«c�#�^�I�:ª(�|���?�G���|���t���|¾&�����^�^���	�I�	��«Þ�|�I���:�^�I�|�?�gí��	�\¯��:¦^�t�t�g�:���±�:�I²��	�I�	´
¶ �^���^������� �a���t�|�I�|�����g���<§(�:�	�G���^�¿¾&¨À�:��l Ä �g�^�^�A�­���^�^��������� x!ì»�:�^�¾c*ì�´Þ×G�O«¼�	¸��	�Ç½a«¼���#�n¾
�:�H�^�g�	¸��0�I�]�t�g�t¨l�:�	�t�:�t¾��I���t¦^�¿�I�5¨À�:�C���I���:�t���(�]ª(�|¾��°�?�,�:�I�·�^�|�°�t�I�¿ª(¦f�I�g���Æ��¨c�±�]�H�:�?�	�I�A��l Ä ���
�I�^��×��:�?�g�¿�I���^���:�#��¾,�a�	�I�t¦f�I¨l�:�	�¹Ø èð�ñ�^è���	²­½±¢:Û�Û�çf½±¢:Û�Û�ò�Ü<´

âG�^¨À�:�t�t¦^�(�]�I���|¾�½n�I�^���^���,£7¦^�^�|¨À�:�I� �t�(�]�­���T��¨f¯��:¦^�t�t�g�:���±�:�I²��	�I�T�:�g�t�Þ�]Ô­�	�	�T�t�^���:� ��¦^�U����¨
�(�]�H�c«c���(�n¸����I�c«c�:�t²G«Þ�|�I�µ½nª­�	�Ç�:¦^�t���t�^���?�*§^�g�5¦^� �°�I�	�(�T�g��x�ì#�:�^���º�^�	�a���^�º�����±�]�H�:�?�	�I�A�l Ä ´TÝE��¢O£_¤5½Ç¨À�:�T�I�^���g�?�:���g�(�]�t¾Þ�±�]�t����¨¡l Ä ¸]�]�t¾f�|�^�q¨��I��� Ì ÝE��Ø&l Ä ÜRÍ������ �I� Ì ÝE�&Ø&l Ä Ü�Í�������½O�I�^�
�U¦^�5ªa�	����¨��:�t�g���­���g���I�G�|����¦f��é]£7�^�|�?���^�t�|���(�:���(�(�:�t�A£_�°�±�:���C�g���]�^�^�I�Ç§^�|�#�]�I���¿¾Á�^�I�:�a�:�t�I�g���(�:�
�I��� Ì ÝE�&Ø&l Ä Ü�Í�������� Ì ÝE�&Ø
l Ä ÜRÍ������ � p"! r ´ ¶ �^�g������¦^�|�C�°�	�I�g��¦^�°�|¾V`¡���:�±�]�I�^�|í��q�I�^�q�	ì?���|���^�	¾5��¨±��¦f�
�?�	�t�^�,�µ´

�����n¸��	�I�����?�º�t�^���t���^�|ì?�	¦^�|�I�|���GªM¾��t� �,�:�I�^�|�^�0�t�^���^�|�°�t�I�¿ª(¦f�I�g������¨��±�]�H�:�?�	�I�A��l Ä ���
�I�^�&×��:� �g�|�t���^���:�»��¾,�a�	�I�t¦f�t¨l�:���:´ ¶ �\�t�g� �(�|�g¨�¾Æ�I�^�&�Ç�:�|��¦^���]�t�g���µ½¼«c�&���:� �°�?�,�:�I�¤l Ä �I���
�����^�°�I�:�U��¸]�:�g¦^�5�:�^���:ª^�H�:�g��¦^�^�|¨À�:�I� ¯��:¦^�°�t���:���±�:�I²��	�I��´	#��]�I¦f�H�:�|�|¾�½±�I�^���t�?�M�:�I�^�g�^� ª^�t�g�^���
�]ª­��¦f�Þ�?�:�I�G�H�]�(�|�&�°�^�I���:�^�g�^�?��¨e¯��:¦^�t�t�g�:�Á�±�:�I²��	�I��´ùÚû6ù ¶ Î Ù±'*% ÍOÎ Ã Ì
����ª­�	���g���I�^�C�?�:�g�&�^�I�M�����t����¨�� �g�:�H�]�I�|���&ªM¾��^�A�I�	�I�?�|�^�g�^�0�I�^�5�g�^���|�^������«q�Ç¸��� (���g�Ñ]Ñ�:�^�
�I�^��ª±�:�H²U£_�^�I�:�±�:���]�t���Ñ�t�Ç�]�°�I�	�I���Ñ«c�n¸��� (���g�¤Û�´ ¶ �^���µ½T«c�C�����^�°�t�t¦^�	�º�I�^���?�g�:�I�]�I���\�|�#�:���:½
«Þ�^�g�H�&�g�}���|¸��	�³ªU¾Á�A§,�^�I���t�°�g���^��Ø < ç�Üq�:�^��Ø < ò�ÜA´

¶ �^�?�g�^�	�g�^������«q�Ç¸��  (���g�|]Æ�#�Ç¾�ª­�?�Ç�:�|��¦^���]�t���Ñ�g�Ñ¸]�]�I�|��¦^�!«q�Ç¾f��´#��� ªa���^�	 ^��¨��t��� �
�?�	�t�^�,����¨q�g���I�	�t�a�����]�I�|���Ñ«u�¿�I�^�g�Ñ�I�n¾\�����g�|�º�^�I�:�­���°����ªM¾·àc¦^�g�:�U�5á Ó��|�g�?�Oè�0Ø¡ÙnÚ�Ú�Ú�ÜA½�«Þ�^�g�H�
�I��ÐM¦^�|�I�	�����^�|¾����t¦fì ���g�	�U�I�¿¾��^���^�t�0�t�A�5��¨q�I�n¾,�º¨��I��� �I�^�#�°�^�:�5�g�,���]�I�g���Ñ�I�&ªa�?�t�H�:���	�µ´�àc¾
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�:�^��ómk|M çZL�¢:Û�� § p ´e���u�^������� �a���t��� �I�^�u�:�I�g���|�(�:��=��]�I� ��¦^�t�(�(�]�H�º�:�^�#�^�g� �^�:�c�]�^�(�|¾ �:��¾
�^�I�A£>�^�I�,�	���t�t�|�^�^´

¶ �^���¡�H�:�I²����Á�?�|�:�H�]�I���0�t�	�	�I�g���^�q��¨��I�^��=��]�t�?��¦^�t�µ�(�]�H�5�t�	�Þ�]�I���^�g�¡�(���Ç¾����Á�|�ÿÕ��|��¦f�I�P¢,´
¶ �^�	¾¹���:�t�I���¡�­���^�³�t���I�f�t���!�^�¿Ô­�	�I�	�U�Þ�t�?�M�:�I�0�?�,�^���|��½^�t���\Õ��g��¦f�t�º¢,½(�:�^�¹�I�	�^�I���°���U�Þ�I�^���H�n«
��¦f�t�(¦f����¨���¦f���?�	�I�^�M�µ´�ÝE���:�t�^�	�G�I�0�°�­�	�����t�^�����:�g��¦^�g�]�I�g����¦f�©½­«c�5¦^�t�	�\�#�°�±�]�I�°�	���:�I�g����¨
�����|�g�}��¨�¢:Û~ª�¢:Û5�?�	�t�t����´

ÕG�¿�I�^��¦^���?«c���Ç�:�C�I���������^�|í��G�t�	¸��	�I�:�K¨À�Ç�]�t¦f�I���c��¨­�I�^�¥=��]�I� ��¦^�t�(�?�,�^���Y½U«¼��¨l�:�g�|���#�g� �t�A£
�����^�°�°�I¦^�	�I�|�^�5�t�^�uª­�:�t�t���Ö�±�]�t�¼��¨­�I�^�G�?�,�^�	�>´e���uªa���g�|�	¸��u�I�f�t���G�#�:�g� �Ç�:¦^�t���c��¨µ�t¦^�H�0�I���t¦^�¿�
�����^�t�|�°�¼�|� �I�^�Þ¦^�t����¨�Ø>��ÜqV,@(P DÇB*9A= ¯��:¦^�t�t�g�:�?�±�:�H²��A�I��½µØlªKÜ��:�?�n¸��	�I�°�g� �(�|�| (���?�¡�H�:�I²f�g�^���^�I�,�	�A£
�^¦f�I�:½M�:�^�ÁØY�nÜ������^�t�|�^�	�H�]ª(�¿¾C�°�?�,�:�I�^�	�5¸��	�g�,�	�|�ë¾º�?�M�^���g�	½��t����?��	�t�°�I����� Ø¡ÙnÚ�Ú�ç�ÜA´/#G�	¸��	�t�t�^���g���°��½
«c�u�]�I�u�°�t�g�g�^�|�U�t���^�t�|¸��	�|¾��I���°�I�|�^�º��¦f���?�	�I�^�M�µ½,�:�^� �t�^�	�I��¨À�:�I�Þ�I�^�u�U¦^�?�	�I�|�Ç�:�(�A§(�:�C�(�g�����t�^�n«u�
�g�ÿÕ��g��¦f�I�P¢��t�^��¦^�|�Áª­�������^�t�|�^�	�I�����:�q¸��	�t¾0�^�I�	�g�g� �g�(�]�t¾�´

ÝE���t�^�C¨À¦f�I¦f�t�:½T«c�5«c��¦^�|�\�g�¿²����I�¹�t�	 (�^�C�I�^���?�	�t�^�,����¨��°�H�:�I²,�g�^�¹�g�\�:�t�^�	���t�³�|� �^�I�n¸��
�I�^��Ð,¦(�:�g�¿�ë¾0��¨e�°�H�:�I²������?�|�:�H�]�I���¹�t���A�I�g���^��´Ç=��:�I�	�O¸��	��½±«c���t�^��¦^�g���	���^�t�g�^�	�Þ�I�^�º�]�^�(�|�g�Ç�]�t�g���
��¨�¯��:¦^�°�t���:�#�±�:�I²��	�I�¼«Þ�|�I�?¸]�]�t¾,�g�^�!�±�]�H�:� �	�I�	�Wl Ä ´ ¶ �^�g��«¼��¦^�g�#�#�]²��}�I�^��¯��:¦^�t�°���:�?�±�:�I²��	�
�^�I���¡�H�:�I²��^�A�^�I�\�?�|�:�H�]�I�|�����?�:�I���A§,�­���^�t�¿¸��:½µª(¦f�º�:�|�t�0�?�:�I�5�t¦^�¿�H�]ª(�g�5¨À�:������� �(�|�A§�¸����|�,���¿�E¾
�?�M�^���g��´

Ñ É Ã Ì 1 + � Å Î Ã Ì Å
¶ �^�G¯��:¦^�°�t���:�?�±�:�I²��	���^�I���°�H�:�I²C�^�	�^�I�#�?�|�:�H�]�I�|���5�t�	�^�I���t�	�U�I�q���^�	« �:�^� �^�I���?�|�t�g�^���g�#�:���|�^�
�?�	�t�^�,�#�:�­�A�H�]�I�g�^�5�|�0�t�^�G�����?�?���,£_�t�^�:�¼�^���#�:�|�µ´�ÝE�¼�Ç�:�³�(�:�^�^�|�G�5¦^�|�I�É£_¸]�:�g¦^���#�t�H�Ç¸����±�I�g�?�	�
�:�^���:�|�g�n«u�}���I�]�I���	�°£_�:�I�g�����I���&�]�^�^�I���:�H�µ´

ÕG�¿�I�^��¦^��� �I�^���	���?�?���,£7�°�^�:�c¯��:¦^�t�t���:�?�±�:�I²��	���?�g�:�I�]�I�g���C�Ç�:�^�^�:�¼�#�]�t�<�C�I�^�u�	ì ���g�	�^�	¾
��¨µ�I�^�G�����?� ���,£7�:Ô­�°�	�}¯��:¦^�°�t���:�#ª­���:� �?�g�:�I�]�I�g���#�:�|���:�I�|�t�^�Ö�^�I�:�a���t���0ªM¾?×G�g�g��Ø_¢:Û�ÛfÙOÜA½M�|�c�|�
�?�:�I�������^�A�H�:���:�^�Á�^�I�n¸f�g�^�	�u�����^�A£_�I�]£_���^���I�	���]�I�|���¹ªa�	�ë«c�����Á�t�^�º¯��]ª­�:�Þ¨À¦^�^�	�I�g���^�Þ¨��I��� �I�^�
�����?� ���,£7�t�^�:�u���]�I�^�	���:�^���I�^���¿���g�,���:�g�gí	�����g�#�:���	�u¨��I��� �t�^���^�	�^�I���t���	�I�|���µ´u�����^�:�a�º�I�(�]�
�I�^�|�º¦^�^�gÐM¦^�#¨À�Ç�]�I¦f�I�0����¦^�|�Æ�^�	�|�Æ¦^���g��¦^�^�^�	�t�°�H�:�^�^�g�^���I�^�?�t�t¦^�#�?�Ç�:�^�g�^����¨¼�t�^�#�?�g�:�H�]�t���
�t���A�I�g���µ´

âG�¿�I�g�#�]�t���|¾�½^«c�º«c��¦^�|���g�|²����I�0�g�^�°�(�¿�I�5�:�^�����^����¦f�H�:���5�:�I�^�	�G�t���t�Ç�]�I�H�^�	�t�!�:�^���­���°�t�|ª(�¿¾
�]�t�t�I�:�	�G�I�^���¿�!�]�°�I�����I�g�����I�0�I�^�C¯��:¦^�t�t�g�:���±�:�I²��	���^���#�:�g�µ´�����ª­�	�g�g�A¸����I�(�]���¿������¦^�g���t�^�n«
�	¸����Á�:�I�Ç�]�I�	�}�­�:�t���U�t���:�µ�I�(�:�³�t�^��«c���|�¿£>²f�^�n«u�&¯��:¦^�t�t�g�:�Áª­���:� �^���#�:�|�µ´g 1 2 Ì ÃfÂ +k),ÄwÙ±) � ) Ì­Í Å
¶ �^�C�:¦f�t�^�:���|�G�:�I�Ç�]�I�¿¾��g�^�^�Aª^�I�����I�³ê�¦^�µè�	²�Ó��g�|�?�*è�G¨À�:����¦^�g�(�:�^�����I�f�t��¦^���^��¦f���t�^�5«¼�:�t²����
�I�^�|�}�I�:�(�|�:´

¶ �^�c�I���t�Ç�]�t�<�C�(�:��ª­�����C�t¦f�^�­�:�°�I���5ªM¾��I�^�Þ¯G�H�:�U��ÕG���	�^�	¾5��¨^�I�^� � í��	�<�Cæu�	�(¦fª(�|�g�}¦^�^�^�	�� ���U�t�I�:�	��¢:Û�ò6Ò:Û:éCÒ,Ù�ÙnÛ:é^½,ªU¾¹�I�^��¯G�H�:�U�uÕG�����^�	¾¹��¨��I�^� � �(�]�t�g���ÞâG�^�|¸��	�I�°�|�ë¾¹¦^�^�^�	� � ���U�t�I�:�	�
ç�¢�ò6Ò�¢:Û�Û:éCÒ:à�£E¯�[ Ï Ò�=�ÕÆÕc½q�:�^� ªM¾¥�I�^���?����ª­�	�t�¹��¨��I�^�\�����^�°�:�t�I�g¦^� Ó È ���|�t�?�|���·�Ç¸����³�g�� ��� �(�g�A§³ç*£_¤ È �t�I¦^�A�I¦f�I���uÔ�Øk�t���>Ó°�U�t�°�©ïÕÒ6Ò]�°«uç:�µ´ � Ô�´ ��¦^�^�Y´ ��í;ÔUÜA´

ä�¢



Ö#)Tþ7)M'*) Ì 1 )fÅ
àq�]ª(�g�H�µ½1?5´1=·´náÈâG�g�g�µ½t?5´t?5´UØEÙnÚ�äfÙOÜAï � ��� �(�|�A§��°�±�:�����I�g� �e�H�n¾�� �	�I�^�,���:�^�4× Ð,¦(�:�t�¿�(�^�:�I���^�MØg´

ðµ�]�©´�#��:¦^�H�^�µ´ È ���&´¼ê����^�g�^�:��´ Ï �I�µ´Ç=��]�I�µ´cÝE�^�°�Ç´|½ ÊKÊ Ñ ½uòsÙKÙO¢¥ØY�|� æÞ¦^�t�t�g�:�±ÜAå�[��^���g�|�t�
�t�I�:�^�t�>´|ï�Ú^´ È �O¸a´�=��]�t�µ´g½ @Zù ½a¢ < Ú,Ùf¢N¢:çf½­ÙnÚ�ä:é^´

àc¦^���:���Ç½:Ò�´]á¬Ó��|�g�?�Oè��½]ê�´(Ø¡ÙnÚ�Ú�Ú�ÜAïÞÝ¡���I�	�°�­�����]�t�g������¨(�H�n¾U£_�I�^�	�:�t¾º�t�H�Ç¸����U�I�g�?�	��«u�¿�I�^�g���H�Ç¾����	�g�g�	´
¯����:�(�U¾,��´�Ú(´^ÝE���Ç´g½ ÊTØ�Û ½­¢N¢:ç,Ùf¢:ä�¢,´

è� �	�t¸����Þñ¾a½C?5´TØ_¢:Û�ÛfÙOÜ<ï È ���|�t�?�g��æu�n¾ ¶ �^�	�:�t¾�´ � �:��ª^�I�|�^����âG�^�¿¸­´^Ò��I���t��½ � �:�5ª^�t�g�^���:´
×G�g�|�>½Ì#�´^æ�´�ØEÙnÚ�Ú�Û�ÜAï�¯��:¦^�t�t���:�³ª­�Ç�:� �?�g�:�I�]�I�g���µ´(¯����:�(��¾f�t�|����½ J�J ½©ÙÇé^Ù < ÙKÙÇéU¢:äf´
×G�g�|�>½�#�´eæ!´cØ_¢:Û�ÛfÙOÜAï¬Ò��I���°�I�:�H²·¯��:¦^�t�t�g�:�,£_ªa�Ç�:� �^�	�^�I�Æ�?�g�:�I�]�I�g���µ´�¯����:�(��¾f�°�g����½ NwN ½¼ÙO¢]é�Û,Ù

ÙO¢�ò:Ûf´
Ó��g�g� �*è��½Çê�´fØ¡ÙnÚ�ä�Ú���Ü<ïc¯��:¦^�°�t���:�!�±�:�I²��	�t���g���I�^���	��� �(¦f�H�]�I�|������¨f�°���g�t� �g��«q�n¸��A (���g�^��´]¯��	�:�(�U¾,��´Ú^´^ÝE�U�Ç´|½ Û�Û ½KéU¢,ÙkÙMé�ç�çf´
Ó��g�g� �*è��½�ê�´qØ¡ÙnÚ�ä�Ú]ªKÜ<ï Ï �^�t�g�?�|íÇ�]�I�g������¨q�I�^�#�t�(�]�a�0��¨u¯��:¦^�t�t�g�:�Æªa�Ç�:�?����¨}�& f§^���Æ�g���^�:�t�µ´È �I¦^�µ´±�����:�(��¾f��´±�����M�µ´g½ Ø�Ø ½�ÙÇé < ÙKÙ < çf´
Ó��g�g� �*è��½�ê�´qØ_¢:Û�Û�¢�Ü<ï¬ê©¾U�]�(¦^�^�O¸·�A§,�­���^�����I�5¨À�:�C¢O£7¤ �H�Ç¾Ñ�t�H�:�	�g�^��«u�¿�I�^��¦f���|�U�I�A�I¨l�:������´�Ò�¦f�I�

�:�^�&Õ��^�(�Y´K¯����:�(��¾f��´|½ ÊÌJÌÛ ½©ÙÇé < òsÙKÙÇé�ä�ò,´
Ó��g�g� �*è��½­ê�´�Ø_¢:Û�Û:éUÜAïi¯��:¦^�t�°���:���±�:�I²��	�t���|�\�t�?�M�:�I���g�t�:�°�I�:�(�g�5�?���^�g�f´aÝE�µï È ���g�°�?�g���·�Ç¸������g�� ��� �(�g�<§³ç*£7¤ È �t�t¦^�	�I¦f�I���	½aæu�A�­�:�t��ÙÇé^½ � �(�]�I�|���}âG�^�|¸��	�I�°�|�ë¾�½^Ò��H�:��¦^�]½±é�ç,Ùfò]é^´
æ��:�|�°�I���µ½\Ú(´­Ø¡ÙnÚ�ä�ç�ÜAïC¯��:¦^�°�t���:�#ª­���:�?�¼�:�^�#�I�^�u�^�t�:�±�:���]�I�g���#��¨µ�t�|�^��¦^���]�I�¿�I�g�	��´Ð=�ÕGÕ È �I¦^�^�|���

�|�Ò=��]�I�^���#�]�t�g���:´|½ @CØ ½a¢:Û < Ùf¢]é�äf´?��	�I�°�I�	���^½cæ!´�Ú^´qá ¯��H�:¦µ½}¯5´!Øk���^��´XÜ�Ø¡ÙnÚ�ÚfÙOÜ<ï ¶ �^�Ñ=��]�I� ��¦^�t�G�A§f�a�	�I�|���^���:´qÒ��t�,�:´Ç[�Õ�¯�[
«c�:�°²f�t�^�:� ���CÒ��H�:�	�I�|�Ç�:�fÕG�°�a���	�I����¨ È ���|�t�?�|�c¤��]�I��ÝE��¸��	�I�t�|����Ø � �:�­���^�(�:���	�µ½^ÙnÚ�Ú�Û�ÜA½�[�¦f��´
ÕG�t�°�,�:´C[�§,�(�g�:�Ç´±¯����:�(��¾f�t�|���g�°�t��½­ð­���|�°�Ç´?��	�I�°�I�	���^½µæ!´VÚ^´�Ø¡ÙnÚ�Ú�ç�ÜAï È �	�^�t�|�I�¿¸f�¿�E¾���¨��^�I���¡�H�:�I²��^�	�^�I�Ñ�?�|�:�H�]�I�|���&�I�#�I�^��¸��	�g�,�	�|�ë¾&�?�M�^���>´
¯����:�(�U¾,�t�g�	��½ JÌÜ ½aä�¢:ç,Ù,ä�ä�¢,´

èð�ñ�^è���	²a½fÓC´�Ø>¢:Û�ÛfÙn��ÜAï Ï �^�I�g�?�|íÇ�]�I�|���#��¨��I�^���t�(�]�a����¨e¯��:¦^�t�t���:�¹ª­�Ç�:� ��´�¢,ÙÇ�°�}ÕG�^�µ´,ÝE���Ç´�=��I�^´g½È �M�:´C[�§f�(�Y´K¯����:�(��¾f��´|½C[�§f�±�:�^�^�	�&Õ�ª(�°�t�H�:�A�I��½K¢,ÙO¢:ä,Ùf¢,ÙnçfÙ�´
èð�ñ�^è���	²a½MÓ�´©Ø_¢:Û�ÛfÙ�ªKÜAï Ï �^�I�g� �gíÇ�]�I�|���?��¨­�I�^���°�(�]�­�G��¨�¯��:¦^�°�t���:�#ª­���:�?��´�Ý¡�µï È ���g�°�?�g�u���n¸������g�� ��� �(�g�<§³ç*£7¤ È �t�t¦^�	�I¦f�I���	½aæu�A�­�:�t��Ù�Ù�½ � �(�]�I�|���}âG�^�|¸��	�I�°�|�ë¾�½^Ò��H�:��¦^�]½�ÙnäfÙkÙf¢:ÛfÙ�´
èð�ñ�^è���	²a½�Ó�´uØ_¢:Û�Û�¢�ÜAï È �?�M�:�I�^�g�^���I�^�ÿ=��]�t�?��¦^�t�q�?�,�^�	�>´�Ò�¦f�I�Á�:�^�ÈÕ��^�(�>´�¯����:�(�U¾,��´g½ ÊÌJzÛ ½

ÙOò:Û�¢sÙKÙOò�¢ < ´
èð�ñ�^è���	²a½eÓC´}Ø>¢:Û�Û�ç�ÜAï ¤�������� �a���t�|�t�g���·��¨}�t�^�0«c�n¸��# (���|�i�|�U�I���:�^�I�|�?�gí	���i¯��:¦^�t�t�g�:�i�±�:�I²��	�I�	´¢:ç:�°�ÞÕG�^�µ´^ÝE�U�Ç´�=��I�^´g½ È �M�:´C[�§,�(�>´±¯��	�:�(�U¾,��´g½�[�§,�±�:�^�^���&Õ�ª(�°�t�I�:�	�I��½©Ùnä < Ú,ÙKÙnä�¢�¢,´
èð�ñ�^è���	²a½MÓ�´fá Ó��|�g�?�*è�	½Mê�´µØ_¢:Û�Û�ç�Ü<ï È �	�^�t�|�I�¿¸f�¿�E¾C��¨µ�t���|�t�?�|�Þ«q�Ç¸����¼�I�!�t�^���°�t�I¦^�A�I¦f�I�:´C¢:ç]�t�#ÕG�^�µ´

ÝE���Ç´C=��t�^´g½ È �,�:´C[�§f�(�>´±¯����:�(��¾f��´|½z[�§f�±�:�^�^���&Õ�ª(�¡�t�H�:�	�I�	½�Ùnä�òN¢sÙKÙnä < Ûf´
èð�ñ�^è���	²a½:ÓC´±Ø>¢:Û�Û:éUÜAï�¯��:¦^�t�°���:�C�±�:�I²��	���^�I�<£7�°�H�:�I²��^�	�^�I�C�?�g�:�I�]�I�g���µ´�¢]é:�I�5ÕG�^�µ´:ÝE�U�Ç´N=��I�^´|½ È �,�]´[�§f�(�>´K¯����:�(�U¾,��´g½C[�§f�±�:�^�^���&Õ�ª(�¡�t�H�:�	�I�	½KÚ�òN¢sÙ,Ú < Ûf´
èð�ñ�^è���	²a½MÓ�´­Ø>¢:Û�Û�ò�ÜAï�¤�������� �a���t�|�I�|��� ��¨­�I�^�}«q�Ç¸��u (���g�#�|�U�t�º�:�^�I�g� �gí����?¯��:¦^�t�°���:�?�±�:�I²��	�I��´UÝE�µïÈ ���|�t�?�|�����n¸����}�g� � ��� �(�g�A§0ç*£7¤ È �t�t¦^�	�I¦f�I���	½±æÞ�	�­�:�°�!ÙOò,½ � �(�]�I�|���ÞâG�^�¿¸��	�I�t�¿�ë¾�½fÒ��H�:��¦^�]½

Ù$¢sÙf¢N¢,´

ä�ä


