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Abstract 
 
The inverse scattering series inverts for medium 
properties from only the measured wavefield and 
information about a chosen reference medium. 
Motivated by the need to successfully image targets 
beneath complex overburdens, there is new research 
into the potential of this series to perform the specific 
inversion task of seismic depth migration without 
requiring a priori information about the Earth’s 
properties. A sub-series of the inverse scattering 
series has been identified that is responsible for 
locating seismic events in depth with reflection data. 
To evaluate the efficacy of this sub-series for 
imaging, it is systematically exposed to varying 
degrees of realism, under controlled conditions. This 
paper summarizes an initial analysis of the behavior 
of the imaging algorithm in 1-D when the contrast 
between actual and reference media is varied, and 
when truncating frequency and time apertures. As 
predicted analytically, it is found that the performance 
improves when the contrast is reduced and when the 
maximum frequency is lower. Finally, it is 
demonstrated that the algorithm remains effective 
even when missing zero frequency.  
 
Introduction 
 
Seismic imaging through complex media (e.g., salt, 
basalt and karsted sediments) is one of the most 
difficult problems facing exploration seismologists. 
This is because the accuracy of current methods for 
imaging seismic data is heavily dependent on the 
degree to which we can estimate Earth properties 
above the target. For example, with traditional 
migration algorithms, to focus an image at the correct 
depth, the algorithm must be supplied with the precise 
velocity. Consequently, a great deal of research has 
been conducted into methods that improve our ability 
to estimate seismic velocities. An alternative 
approach is to research new methods of imaging and 
inversion that are more flexible in their assumptions 
about the degree to which we already know the 
Earth’s properties. In this paper, we discuss one of 
these new candidate methods, and present some early 
results of tests that assess the method’s robustness 
under realistic data conditions. 
 
Following the successful development of inverse 
scattering algorithms to remove free-surface and 
internal multiples (Weglein et al. 1997), new research 

is aimed at examining the potential of this series to 
migrate seismic reflection data to the correct depth 
without knowing the velocity (Weglein et al., 2000). 
By separating inversion tasks, terms in the inverse 
scattering series have been identified that are 
responsible for locating reflectors in their correct 
spatial location (Weglein et al., 2001a). Collectively, 
these terms constitute an inverse-scattering sub-series 
for imaging. Assumptions of this algorithm are that 
the source wavelet is known, and that multiple 
reflections have been removed from the data. It can 
be generalized to 3-D, and with wave equations for 
Earth models of increasing complexity. 
  
1-D Inverse Scattering Sub-Series for Imaging 
 
For a wave traveling in a 1-D constant density 
acoustic medium, the pressure P(z,ω) is governed by 
 

( ) 0),()(12
0

2

2

2

=







−+ ωαω

zPz
cdz

d                     (1) 

 
where ω is the angular frequency, c0 is the 
homogenous reference velocity, V = k2α and  k = 
ω/co. In this context, the inverse problem is to 
determine α where 
 

�++= 21 ααα                     (2). 

 
The inverse series can be solved for α1, α2,… and for 
the 1-D normal incidence case, a subset of terms, 
αmigr, that focuses the input reflection data at the 
correct depth have been identified (Weglein et al., 
2001b) as 
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In this particular case, α1 consists of step functions 
with interfaces at depths that c0 would predict from 
the data’s travel times. When the actual velocity c(z) 
above a reflector is not equal to c0, then α1 will 
predict the incorrect depth. Successive terms in the 
imaging sub-series can be visualized in 1-D as a 
series for a corrective box-like function that, in effect, 
removes the interfaces at the incorrect depth and 
creates the interfaces at the correct depth.  
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Consider the simple case illustrated in Fig. 1, for a 
single layer with velocity c1. We assume that 
multiples have been removed and the wavelet is zero 
phase with unit amplitude. We choose the reference 
velocity to be c0. Then, for an incident plane wave, α1 
will be the difference of two step functions, i.e., a box 
starting at a and ending at the pseudo depth b′, as 
illustrated in Fig. 2. The task of imaging at the correct 
depth can be interpreted as the portions of α2 + α3 + 
…  that construct the dashed box starting at b′ and 
ending at b.  
 
Convergence and Rate of Convergence 

 
Consider the misplaced reflector in Fig. 2, where α1 is 
a box from a to b′ that needs to become a box from a 
to b. The box that moves b′ to the correct depth b 
(illustrated by the shaded region) is Fourier 
transformed and then the expression eik(b′-b) is 
expanded in its always-convergent Taylor Series 
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Then, to within a scalar multiplier, the shaded region 
can be written (Weglein et al. 2001b) 
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Hence the move from the incorrect depth b′ to the 
actual depth b consists of a sum of delta functions and 
derivatives of delta functions centered at b′ and 

weighted by functions of the distance (b′–b). This 
series converges for any finite k(b′ – b). Furthermore, 
for this 1-D, constant density, acoustic model, 
proximity of b to b′ and absence of very high 
frequencies will aid the rate of convergence. 
 
Approach to Analysis and Testing 
 
Once an algorithm has been derived and 
comprehended analytically, the next step is to 
investigate whether it will be robust and effective in a 
practical setting. We begin our numerical analysis by 
testing the algorithm with ideal input data, and by 
varying the Earth model parameters. The Earth model 
is a variable over which we have no control in the real 
world and therefore constitutes the critical first test. If 
the algorithm is not effective (by some reasonable 
measure, e.g., series convergence) having idealized 
the conditions that we are able to influence, then 
further testing is unwarranted, and we must seek a 
new algorithm. 
 
On the other hand, if the algorithm is found to be 
effective for a practical suite of Earth parameters, 
then we can investigate its performance with 
imperfect input data. Data are imperfect when they 
are aperture-limited (e.g., frequency band-limited) or 
when an assumption in the method is violated (e.g., 
added noise, residual multiple, or an unknown 
wavelet). It is expected that there will be some loss in 
effectiveness when the method assumptions are 
violated, but an understanding of the algorithm’s 
sensitivity under these conditions is essential to 
developing a practical algorithm for field data. 
 
In this paper, we consider the 1-D manifestation of 
the algorithm, and so we have only a single degree of 
freedom in our data. The sensitivities of the imaging 
sub-series to frequency bandwidth, time aperture, and 
contrast (between actual and reference media) are 
analyzed numerically. 
 
1-D Numerical Analysis 
 
To analyze the response of the imaging sub-series 
(Eq. 3) to different input data attributes, we have 
performed a suite of numerical tests for the model 
illustrated in Fig. 1. A summary of these tests is 
presented here.  

 
Figure 1:  Model of a single layer with velocity c1. 

 
Figure 2:  Interpreting the task of moving the reflector 
from pseudo depth b′ to actual depth b for the case where 
c1>c0 and c1>c2. 
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Figure 3 shows the individual components of αmigr, 
from the first three terms of the inverse series, for a 
chosen set of model parameters described in the 
caption. The black box is α1, and the components 
from α2 and α3 are colored red and blue. The sample 
rate is higher than the maximum frequency in the 
data, so the data are not aliased. The trace length is 
640 ms, which is long enough to mitigate a truncation 
of the time aperture. Studying Fig. 3, besides the α1 
box, the two highest amplitude components are a 
band-limited delta function (a sinc function) and a 
derivative of a sinc function, both centered at b′. 
When summed, these two terms act to extend the 
misplaced interface in α1 from b′ towards b. This is 

demonstrated in Fig. 4 where panel (ii) shows the 
sum of the imaging terms, αmigr, and panel (iii) shows 
the derivative of this result where the reflector at b′ 
has moved approximately 87% of the distance to b 
using, what is essentially, two terms beyond 
conventional imaging. With all other model and data 
parameters remaining constant, if we truncate the 
time aperture from 640 ms to 320 ms, and recalculate 
αmigr, with the same number of terms then the move 
from b′ to b loses some effectiveness, but still 
manages 75% of the total distance. 
 
Figure 5 (i-iv) shows the component imaging terms 
for a suite of four different permutations of c0, c1 and 
c2. Panel (i) is the same example as in Fig. 3. For each 
possible Earth model, when the terms are summed, 
the deeper reflector moves from incorrect depth, b′, to 
correct depth, b. 

 
Results for 0–70 Hz band-limited input data have 
been studied. As predicted analytically, the 
convergence properties of the imaging sub-series 
improve for lower maximum frequency. In this case, 
the move from b′ to b is achieved with the three 
terms. 
 
The effect of increasing the contrast between the 
actual medium and the reference medium has been 
examined. When the contrast is increased to 15% 
(from 10% in Fig. 4) then the deeper reflector moves 
63% of the distance from b′ to b as opposed to 87%, 

 
Figure 3:  Band-limited (0–125Hz) imaging sub-series 
components from the first three terms of the inverse series 
(α1–3). Model parameters are c0=2000m/s, c1=2200m/s, 
c2=2010m/s, a=120 m, b=164 m. 

 
Figure 4: Imaging sub-series for 0–125Hz band-limited 
input data. The model is described in Fig. 3. (i) d/dz[α1(z)] 
equivalent to migration with the reference velocity. The 
second reflector is misplaced at b′. (ii) Sum of the imaging 
sub-series using three terms in the inverse scattering series. 
(iii) Depth derivative of result in (ii) shows the location of 
the lower reflector has moved from b′ towards b. 

Figure 5: A suite of different Earth model parameters c1 and 
c2. Input data are band-limited (0–125Hz) and imaging sub-
series components from the first three terms of the inverse 
series (α1–3) are displayed. Parameters are c0=2000m/s, 
a=120 m, b=164 m and (i) c1=2200m/s, c2=2010m/s; (ii) 
c1=1800m/s, c2=1990m/s; (iii) c1=2100m/s, c2=2200m/s; 
(iv) c1=1900m/s, c2=1800m/s. 
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using three terms in both cases. If this contrast is 
reduced from 10% to 5% then we find that, using 
three terms, the reflector at b′ is relocated to a depth 
even closer to b, about 8% of (b′ – b) beyond b. 
 
We have removed the zero frequency component of 
the input data, and recalculated the same sub-series 
terms as before. When these terms are summed, we 
get the results displayed in Fig. 7(iii) that shows the 
misplaced reflector at b′ moves approximately 85% of 
the distance to b. If the same data are also truncated in 
time from 640 ms to 320 ms then we get the result 
shown in Fig. 8, where the move is approximately 
50% of (b′ – b). This time, the reflector at a has 
moved shallower. 

Conclusions and Future Work 
 
Under a controlled suite of numerical tests 
summarized here, we have found the convergence of 
the inverse scattering sub-series for imaging in 1-D is 
effective for all the tested Earth model parameters 
with idealized input data. As anticipated, optimal 
results are achieved when our input data contain low 
frequencies, when the maximum frequency is lower, 
and when the contrast between the reference medium 
and actual medium is reduced. It remains effective 
even when missing zero frequency. 
 
We plan to investigate recasting the algorithm with a 
view to better separating the tasks of imaging and 
inversion. As presented, the imaging series starts with 
a box-like function, α1, whose amplitude is related to 
an inversion for the medium parameters – a different 
task. If we can re-express the algorithm in terms of a 
spike-like function, there is a precedent for being able 
to further improve the robustness of an algorithm that 
performs just a single task on our recorded data. 
 
References 
 
Weglein, A.B., Gasparotto, F.A., Carvalho, P.M., and Stolt, 

R.H. (1997) “An inverse scattering series method for 
attenuating multiples in seismic reflection data” : 
Geophysics, 62, pp. 1975–1989. 

 
Weglein, A.B., Matson, K.H., Foster, D.J., Carvalho, P.M., 

Corrigan, D., Shaw, S.A. (2000) “ Imaging and 
inversion at depth without a velocity model”  70th 
Annual Meeting, SEG, Calgary, Canada. 

 
Weglein, A.B., Foster, D.J., Matson, K.H., Shaw, S.A., 

Carvalho, P.M., Corrigan, D (2001a) “An inverse 
scattering sub-series for predicting the spatial location 
of reflectors without the precise reference medium and 
wave velocity ”  submitted to 71st Annual Meeting, 
SEG, San Antonio, Texas. 

 
Weglein, A.B., Foster, D.J., Matson, K.H., Shaw, S.A., 

Carvalho, P.M., Corrigan, D (2001b) “An inverse 
scattering sub-series for predicting the spatial location 
of reflectors without knowing or determining the 
propagating medium” submitted to 7th International 
Congress, SBGf, Salvador, Brazil. 

 
Acknowledgments 
 
Art Weglein is thanked for technical contributions 
and support. Ken Matson is also thanked for useful 
discussions. Doug Foster, Paulo Carvalho, Dennis 
Corrigan, Craig Cooper and BP Management are 
gratefully acknowledged. 

Figure 7: Missing zero frequency: band-limited (1–125Hz) 
imaging sub-series for the model described in Figure 3. 
Panels (i–iii) are described in Fig. 4.  

 
Figure 8: Truncated input data in time and missing zero 
frequency: band-limited (1–125Hz) imaging sub-series for 
the model described in Figure 3. Panels (i–iii) are described 
in Fig. 4.  
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Summary
Amplitude scattering, caused by the

occurrence of thin gaps between layers, is a fractal
phenomenon that may generate visible events on
seismic sections, correlated from trace to trace but
different from usual reflections, although of
equivalent energy. The occurrence of these events,
wrongly assumed as reflections, may lead to
erroneous interpretation of real data, in particular
when locating reflectors and inverting the amplitudes
of reflected events. We argue that the near-field wave
propagation in the vicinity of the geological contacts,
and specially interface wave propagation and
diffracted waves, is widely involved in the
occurrence of the amplitude scattering phenomenon.
Theoretical and phenomenological studies,
performed at the present time, appear consistent with
our assumptions.

Introduction
Interface scattering is a kind of scattering

associated with a spatial distribution of irregular
geological contacts at interfaces between layers. It
has been previously shown that interface scattering is
generally weak [1]. Only a few percent of incident
energy are scattered and the scattered energy-to-
transmitted energy ratio is about few percent. On the
other hand, backscattered energy has the same order
of magnitude as reflected energy that is composed of
a few percent of incident energy. Consequently, it
seems natural that in seismic-reflection, scattering
phenomenon may occur on stacked sections and that
neglecting this phenomenon may lead to significant
errors. Interface scattering may affect the phase
(phase scattering caused by interface roughnesses)
and/or amplitude (amplitude scattering) of the
incident wavefront. The effect of a phase scatterer,
for example the weathered zone in land seismics, on
reflected and transmitted signals has been
investigated in a previous paper [1]. We discuss here
about the amplitude scattering phenomenon,
generally caused by the changes in the contact quality
at interfaces between layers of the stratified
earthground, resulting from erosion and/or tectonics
processes.

The amplitude scattering phenomenon
In some particular cases of geological

contacts (thin gaps between layers) and under certain
conditions, amplitude scattering, that generally
appears as a source noise, may generate on seismic
sections some peculiar events, correlated from trace
to trace, but different from usual reflections, although
of equivalent energy. These events have low
frequency spectra and their amplitude, different from
the counterpart of usual reflections, depends greatly
on the gap filling. Amplitudes greater than the
reflection ones testify to the occurrence of gas in gaps
[2], while weaker amplitudes, associated with P-S
wave conversions, indicate the occurrence of gaps
filled up with fluid (Fig.1). At the moment we do not
have a full explanation for this observation.

In a previous paper [2], we have shown that
finite-difference elastic (or poroviscoelastic)
modeling of real events, using information as sonic
and density logs recorded in wells, does not correctly
simulate the real data amplitude in such particular
geological contexts. Considering implicitly that the
layers of stratified medium are in welded contact for
simulating seismic events leads to neglect some
additionnal phenomena which may take place in the
vicinity of interfaces. We argue that dense
distribution of gaps at interfaces, whose fractality has
been clearly observed in situ [3], may affect some
near-field wave phenomena, such as elastic wave
reflection and interface wave propagation, that are
generally assumed to be ineffective on the far-field
wave propagation, detected by receivers in seismic-
reflection. However, energy carried away by
particular propagative diffracted waves or evanescent
waves, such as interface waves or some diffracted
waves, is, of course, not distributed to the other
waves and specially to the reflected waves. As a
consequence, neglecting such phenomena, that are no
longer second-order phenomena in the problem of
interest here, may lead to an incorrect energy
balance, leading to an inaccurate local estimation of
the amplitudes of seismic reflections. The main
objective of our work is then to attempt to describe
the physical mechanism and energy balance of the
wave propagation in a complex layered medium with   
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lateral inhomogeneities at interfaces, so as to identify
seismic events associated to reflection and amplitude
scattering. What is important to know is therefore
what happens in the vicinity of interfaces.

Are interface and diffracted waves guilty?
Some of the key problems encountered in the

modeling of the amplitude scattering effects are the
difficulty in considering the distribution of thin gaps
in numerical schemes, and also the difficulty in
describing its effect on the wave propagation in the
vicinity of the interface between layers.

Considering the size of microcavities between
layers and the characteristics of the seismic waves, it
is not expected the diffraction effects to play an
important part in the phenomenon of interest here. It
is then considered that an effective theory based on
homogeneization would be surely efficient enough
for modeling wave propagation. However, results
thus obtained are not satisfactory [1], as the fractality
of the amplitude scattering phenomenon is assumed,
and as interface wave propagation and diffraction
effects of waves in the vicinity of gaps are no more
second-order phenomena.

Fractality contains periodicity for all scales,
and then for the measurement scale. By analogy with
studies in Non Destructive Testing area or in
Acoustics, the distribution of welded contact zones
and gaps between layers of the stratified earthground
can then act as a comb transducer [4]. The comb
transducer is commonly used for excitation and
detection of surface waves (Fig. 2). An incident P-
wave, generated by an ultrasonic transducer, strikes
the interface between the solid comb and the solid
material, and is transformed into a surface wave
(SW) at the end of the comb. The SW excitation is
efficient since the incident wavelength is more or less
equal to the spatial counterpart of the gap
distribution. The SW, that propagates at the free solid
surface, is then coherently recombined by the comb
into a P-wave, that can be detected by another
ultrasonic transducer. The incident wavelength then
determines the size of the active gap distribution and
this property is fractal. Moreover, due to the
occurrence of the gap distribution between layers, the
interface wave would probably radiate during its
propagation due to diffraction effects at the gap tips. 

Consider now the reflection and refraction of
waves at an interface of two materials. Three
important cases are to be under consideration. If
Λ>>λinc (Λ being the spatial wavelength of gap
distribution and λinc the incident wavelength),
diffracted waves in both media can be propagative or

evanescent. If Λ =1/2 λinc, Bragg phenomena are
involved. Λ<<λinc is the usual assumption of most of
theories. Diffracted waves in both media are usually
evanescent, and consequently they are neglected in
models. However, for a specific set of medium
properties and under certain conditions, the reflection
of a P-wave can produce propagative diffracted
waves whose direction is quite similar to that of
incident wave (Fig. 3).

By analogy with the results presented above,
we believe that scattering at interfaces is thus created
if there are constructive interactions between the size
of the fractal gap distribution and the characteristics
of the exciting P-wave. Anyway, S-wave propagation
can be stopped by gap zones whose thickness has the
same order of magnitude as the particle displacement
amplitude. Energy balance, and then local estimation
of the amplitudes of seismic reflections, may be
incorrect if interface wave and diffracted wave
propagation is not taken into account in modeling in
those particular geological contexts.

Conclusion
In some particular geological contexts (thin

gaps between layers), and under certain conditions,
may occur on seismic sections some peculiar events
with amplitudes stronger or weaker than expected,
associated to amplitude scattering, but wrongly
assumed as reflections. By analogy with studies in
Non Destructive Testing area or in Acoustics, we
argued that the near-field wave propagation in the
vicinity of the geological contacts, and specially
interface wave propagation and diffracted waves, is
widely involved in the occurrence of the amplitude
scattering phenomenon. Consequently, interpretation
of real data and local estimation of the amplitudes of
seismic reflections may be inaccurate, if these wave
phenomena, usually neglected but that are no longer
second-order phenomena in the problem of interest
here, are not taken into account.

At the present time, we analyze the near-field
wave propagation by using the BIS method [5]. This
method is efficient for the description of interface
wave generation and propagation and wave
scattering. Results thus obtained are very promising
and appear consistent with our assumptions. In
support of theory, experimental studies are also being
carried out in laboratory conditions.
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Fig.1. Wave arrivals observed on a walkaway imaging at polarization angles of 0 to 60 degrees with respect to
vertical well. Only P-wave energy is represented. P-S wave conversions, noted here essentially in two zones (in
red), are associated with very weak amplitudes of reflected waves. These anormalous amplitudes are to be compared
with those of P-waves transmitted through the peculiar zones (water-saturated zones) with traveltimes around 3.00
and 3.50 seconds. From [3].
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Fig.2. Generation and detection of surface waves by comb transducer in NDT area and in Acoustics.

Fig.3. Slowness diagram illustrating wave diffraction (of order 0 and –1) at the Plexiglass/Duralumin interface for
the case K=3 kinc, K being the spatial wavenumber of the gap distribution and kinc the incident P-wavenumber. q is
the slowness vector defined by 1/c, c being the wave velocity in media. Only propagative waves are represented.
The characteristics of media are assumed to be: cP=2670m/s and cS=1120m/s (Plexiglass), cP=6440m/s and
cS=3170m/s (Duralumin). qSdiff

-1 is the slowness vector associated to a S-diffracted (order –1) wave.
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u y1kKx*q1r
l$q*��k�s_z�wCu � oC�Cu mIl�x1q1y�l$u ~ rCq1�Zz4y1�*l$y�w�9lKo4�$q1r
k��*lK�CkK��kKnZw,q1r
l$q�u x�|�kKu m ~ w�z$�*m��*l$y�w,{Kz4m�q1u m�v�k$w�����v�yl$m
l$n oCx1u x�l$t�t
n u kKx�k$�Cv
l$n n o,q1z�l$n nCs_u ~ y�l$q1u z4mcs�kKq1r
z�wCx�|�l$x1k$w�z4mz4m�kK}a�9lKo_�9lK�4kK�
kKn w_kK��q1y�l$t
z4nZl$q1z4y1xK��$���$h����*e��C�C�a�����mCq1u n4y1kK{KkKm�q1n oC�$�,u y1{�r�r
z4�cs_u ~ y�l$q1u z4mcr
l$x�|
kKkKmcv
x1k$w��Zz4y�s�z4x1q� }a��t�y1kKx1q�l${��cs_u ~ y�l$q1u z4m�xK��t�y1u s_l$y1u n oc|�kK{$l$v�x1k9z4��u q1x��CkKy1x�l$q1u n }u q�o?l$m�wIkK��{Ku kKm�{KoC�_��r
k_wCkKs0l$m
w�x�z4�*u s_l ~ u m ~ u m�{Ky1k$l$x1u m ~ n o{Kz4s�t
n kK� ~ kKz4n z ~ u {$l$n,x1q1y1v
{Kq1v�y1kKxK�9r
z$��kK�CkKyK�9r
lK�CkIx1t�v
y1y1k$w;lwCkKs0l$m
w��Zz4y_u m
{Ky1k$l$x1k$w�u s_l ~ u m ~ ��wCkKn u q�oC����r
u x_r�l$x�n k$w�q1zq1r�k ~ y1z$�*u m ~ t
z4t
v�nZl$y1u q�o?z4�9u s0l ~ u m ~ s_kKq1r�z�w�x,q1r�l$q,r�l$m
w�n ks�z4y1k�q1r
l$m_q1r�k�x1u m ~ n k,l$y1y1u �4l$n��Zk4� ~ � ��s_l$��u s�v�s_}akKm�kKy ~ o
��q1r
l$q�,u y1{�r
r�z4��s_u ~ y�l$q1u z4m�u xc{$l$t�l$|�n k�z4�9r
l$m�wCn u m ~ {Kz4mC�CkKm�u kKmCq1n o4�  v
{�r?s�kKq1r
z�wCx,u m
{Kn v�wCk�s�v�n q1u }�l$y1y1u �4l$n��,u y1{�r�r
z4��s_u ~ y�l$q1u z4m���*r
u {�r�l$n n z$�9xc�Zz4ycx1kK�4kKy�l$n*l$y1y1u �4l$n x�l$q,k$l${�r�u s_l ~ k_n zC{$l$q1u z4m��l$m
w,�
m�u q1kK}�wCu �
kKy1kKm
{Kk�s_u ~ y�l$q1u z4m��4�9r�u {�r�l$n n z$�9x��Zz4y�l$mcv
m�n u s_}u q1k$wcm�v�s�|
kKy�z4��l$y1y1u �Cl$n x*l$q�k$l${�r�u s_l ~ k9n zC{$l$q1u z4m���¡�mcq1r
u x�t
l$}t
kKyK���*k�{Kz4m�{KkKm�q1y�l$q1k�z4m?z4m
kK}a�*lKo?�*lK�CkK��kKnZwIkK��q1y�l$t
z4nZl$q1u z4m��t
lKo�u m ~ t
l$y1q1u {Kv�nZl$y0l$q1q1kKm�q1u z4m�q1z�u q1x0l$s_t�n u q1v�wCk?l$m
w;t�r�l$x1k|
kKr�lK�Cu z4yK���r
k?x1q�l$m�w�l$y�w�� z4y1s�v�nZl$q1u z4m!z4�c�
m�u q1kK}�wCu �
kKy1kKm
{Kk?s�u ~ y�l$q1u z4m�a¢�nZl$kKy1|
z4v
qK��£$¤4¥4¦4��{Kz4m�x1u x1q1x_z4��q���z?t�l$y1q1xK����r
k0��y1x1q_t
l$y1qu x,q1r�k�w�z$�*m��*l$y�wI{Kz4m�q1u m�v
l$q1u z4m?z4��q1r�k��*lK�CkK��kKnZwCx��Zy1z4s.q1r�kx1z4v�y1{Kk*l$m�w�y1kK{KkKu �CkKy�n zC{$l$q1u z4m�x�v
x1u m ~ l�§��*lK�Ck�k$�4v�l$q1u z4m
¨9q1r
l$qx1t�n u q1x�q1r�k_�9lK�4kK�
kKn w�xcu m�q1z?w�z$�*m ~ z4u m ~ l$m�w?v
t ~ z4u m ~ t
l$y1q1xK���r
k�x1kK{Kz4m
w?t�l$y1q,u xcq1r�k_l$t
t�n u {$l$q1u z4m�z4�9l$m?u s_l ~ u m ~ {Kz4m
w�u }q1u z4m���m
l$s_kKn oIq1r�k�w�u ��u x1u z4m?z4��q1r�k�w�z$�*m��*l$y�wI{Kz4mCq1u mCv
k$w0y1kK}{KkKu �CkKy*�*lK�CkK��kKnZw�|Co�q1r
k�w�z$�*m��*l$y�w_{Kz4mCq1u mCv
k$w�x1z4v�y1{Kk��9lK�4kK}��kKnZw�l$q0k$l${�r�u s0l ~ k?t
z4u mCqK����m
� z4y1q1v
m
l$q1kKn o4��q1r�k?z4m�kK}a�9lKo§��*lK�Ck�k$�Cv
l$q1u z4m�x1¨�v�x1k$w_u m0q1r
k,wCz$�9mC�9l$y�w�{Kz4m�q1u m�v
l$q1u z4mIl$y1km�z4q�k$�4v
u �Cl$n kKm�q�q1z9q1r
k�l${Kz4v
x1q1u {��9lK�4k�k$�Cv
l$q1u z4m,�*r
z4x1k�|
kKr�lK�C}u z4y,q1r�kKoIl$y1k�w�kKx1u ~ m
k$wIq1z_s�u s�u {4���*r�u x�nZl${��0z4��k$�Cv�u �4l$n kKm�{Kkn k$l4w�x_q1z�l?s_u ~ y�l$q1k$w��9lK�4kK�
kKn w;q1r
l$q_n l${���x_{Kz4y1y1kK{Kq0l$s_t�n u }q1v
w�k,l$m�w_t�r�l$x1k�|�kKr
lK��u z4yK�
kK�4kKm0q1r
z4v ~ r0u q9u x9�Cu m�kKs0l$q1u {$l$n n o{Kz4y1y1kK{KqK�'��o;kK��t�y1kKx1x1u m ~ q1r
k�wCz$�9mC�9l$y�w;{Kz4m�q1u m�v�k$w;�9lK�4kK}��kKnZwCx�l$x1o�s�t
q1z4q1u {$l$n n oC���*kcl$y1k�l$|�n k,q1z�{Kz4s_t
l$y1k,q1r
k,u s0l ~ k$w�9lK�4kK��kKnZw_�*u q1r0q1r�k�y1kK©
kK{Kq1u z4mI{KzCkK��{Ku kKm�q*z4��q1y1v�k,l$s_t�n u q1v�wCk�,u y1{�r
r�z4�_s_u ~ y�l$q1u z4m��*��r
k*nZl$q1q1kKy�u x�z4v�y�|
kKm
{�r�s0l$y1�,�Zz4y*l$s�}

t�n u q1v�wCk_l$m
w?t�r�l$x1k4�_�*r�k��Zz4y1s�kKycu x,q1r
k_wCz$�9mC�9l$y�wI{Kz4m�q1u m
}v�k$w,y1kK{KkKu �CkKy��9lK�4kK�
kKn wcw�u ��u w�k$w,|Co,q1r�k*w�z$�*m��*l$y�wc{Kz4mCq1u mCv
k$wx1z4v�y1{Kk0�9lK�4kK�
kKn w��;�*r�u x�{Kz4s_t
l$y1u x1z4m�n k$l4wCx_q1z�lI{Kz4y1y1kK{Kq1k$wk$�4v�l$q1u z4mc� z4y�q1r�k�v
t ~ z4u m ~ l$m
wcwCz$�9m ~ z4u m ~ �9lK�4kK�
kKn w�x��9r�u {�r��u m0q1v�y1m��Cn k$l4wCx9q1z�lc{Kz4y1y1kK{Kq1k$w_kK�Ct
y1kKx1x1u z4m0�Zz4y9q1r�k��9lK�4kK�
kKn w�x|
kKu m ~ wCz$�9mC�9l$y�w?{Kz4m�q1u m�v�k$w��_j�r�kKm�q1r
kKx1k�{Kz4y1y1kK{Kq1u z4m�x�l$y1kl$t�t
n u k$w
�4q1r
k*s�u ~ y�l$q1u z4m�t�y1z�w�v�{KkKx�u s_l ~ kKx��*r
z4x1k9l$s_t�n u q1v�wCkKxl$m
w�t
r
l$x1kKx0l ~ y1kKkI�9u q1r�q1y1v�kK}�l$s_t�n u q1v�wCk0�,u y1{�r�r
z4��s�u ~ y�l$}q1u z4m��,�*r�kKx1k�{Kz4y1y1kK{Kq1u z4m
xcl$y1kckKx1x1kKmCq1uZl$n n oI�9u q1r
z4v�q�{Kz4x1qK��l$m
wq1r�kKo_w�zcm
z4q*{Kz4s�t
y1z4s�u x1k�q1r�k,s�u ~ y�l$q1u z4m�ª x9x1q1y1v�{Kq1v
y�l$n�u s0l ~ }u m ~ �
w�kKn u q�o4��x1v�{�r?l$x9��m
u q1kK}�w�u ��kKy1kKm�{Kk,s�u ~ y�l$q1u z4m��«_¬� ��hCij?k?|
k ~ u m!�*u q1r!l�n lKoCkKy1k$w;�CkKn zC{Ku q�o��Z���a�C�1�_k$l$y1q1r!l$m�w � �{Kz4s�s_z4m�}ax1r
z4q�s�u ~ y�l$q1u z4m��0®�u �CkKm�l$m�l${Kz4v
x1q1u {_�9lK�4kK}a�
kKn w_¯�*u q1r0x1z4v�y1{KkckK�C{Ku q�l$q1u z4m?l$q�°±�²*³ � ±�²$´1µC²K´�¶ �9l$m�w_· ³!¶ �¸ £��¹0º ¹º ·1¹�»(º ¹º �4¹�»�¼_½ ¯�� ±�´�µ�´ �C¾1·1� ³;¿ �K°± » °±�² � ¿ �Z·1� ´ ��£$�
�Z�*r
kKy1k ¼ ³ º ¹º ± ¹cÀ º ¹º µ ¹ ���
��k,y1kK{Kz4y�w0q1r�k,x1v�y1�al${Kkcw
l$q�l�ÁcÂ¯�� ±�Ã$´1µCÃ$´ � ³!¶ ¾1·1� ³ Á�� ±�Ã$´1µCÃ ¾�·1��Ä �aÅ4�Æ {K{Kz4y�wCu m ~ q1zI��n kKu x1q1kKu m�kKqcl$nZ� ª x0�aÅ ¶4¶ £$�,��z4y1�?z4m�u m��4kKy1x1u z4m��q1r�k,q1y1v�kK}�l$s_t�n u q1v�wCk�{Kz4s_s�z4m0x1r�z4q9�,u y1{�r�r
z4�Iu m��4kKy1x1u z4m0�Zz4y1}scv
n l,u xc�aÇ�r
l$m ~ kKq�l$na� ��Å ¶4¶4¶ �

È�� ±�´�µ�´ �4��ÉËÊ
Ê�Ê_ÌaÍ�Î {Kz4x
Ï ²1Ð {Kz4x
Ï Ã�Ð� Ð Ñ Ò ²�Ó�²Ò ÃKÓ�ÃÔ$Õ Ö�× Ø�Ù�Ú�Ø1Û�Ü�ÝÁ_� ±�Ã$´1µCÃ ¾1Í*��Þ ±�Ã Þ µCÃ ÞCÍ ´ � � �
�*r
kKy1k Ò l$m
w Ó l$y1k,u m�}at
n l$m
k,l$m�w_z4v
q1}az4� }at
n l$m
k ~ kKz4s�kKq1y1u {$l$nx1t�y1k$l4w�u m ~ q1kKy1s_x_l$m�w�Ï ²�Ð l$m�w�Ï Ã�Ð l$y1k0x1v
y1�Zl${Kk?l$m ~ n kKxIl$q

ß�à á4â
ãKä�å�æ1çcèCæKéaêCë�à ì�æ�íCîZï$ð�ñ,ò�ó4à ôCñ�â
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