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Abstract
Inverse problems are usually of extreme complexity and are an important research topic for the graphics com-
munity due to their wide applicability. Those problems are considered for which the input data is captured from
reality with a camera, so it is possible to extract information about the scene illumination, reflectance properties,
or geometry. Unfortunately, sometimes standard techniques fail due to practical issues: uncertainty in acquisi-
tion methods, dynamic behaviors, complexity of the scene and approximate geometrical or lighting model. This
course not only aims at the presentation of the fundamental principles behind inverse rendering problems, but also
presents some practical considerations that arise in some applications, explains the new problems introduced and
shows adequate solutions. In the introduction, a review is given of the course objectives, the context and some of
the prerequisites, e.g. a general definition of global illumination. The first part of the course gives a definition of
inverse rendering, and presents a selection of inverse rendering solutions present in the literature. The second part
of the course, describes practical methods that can be used in specific applications of inverse rendering. Retrieving
reflectance and illumination properties of an existing site is of interest in areas as post-production, architectural
and urban planning, and interior lighting design. Modeling geometric properties of an object based on illumina-
tion output can be used in the design of reflectors in the car industry or urban lighting design. The course is given
as a lecture and is supported by slides and videos. Material created by the course organizers and coming from
other sources is used to illustrate the ideas presented in the course. At the end of the course, attendees will have a
good understanding of inverse rendering problems, and be able to select a method from the literature to apply to
a specific application.

1. Outline

1. Introduction
2. Inverse Rendering Definition

2.a.Theoretical Background
2.b.Problem Classification
2.c.Characterization of existing techniques
2.d.General solutions/approaches

i. State of the art in Inverse Lighting
ii. State of the art in Inverse Reflectometry
iii. State of the art in Inverse Surface De-

sign

3. Applications to Inverse Lighting

3.a.General problems for complex scenes
3.b.Postproduction: capturing HDRIs for out-

door scenes

3.c.Urban planning: simulating common illu-
mination

3.d.Indoor Lighting Design

4. Applications to Inverse Geometry

4.a.Numerical Aspects of Inverse Surface De-
sign

4.b.General design of reflectors
4.c.User-guided design of reflectors

5. Conclusion and future work

2. Necessary background

The attendees of the course need to have a minimum level
of understanding in Mathematics (equations, integrals, and
derivatives) and a general knowledge of computer graph-
ics and some understanding of the global illumination meth-
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ods. In the introduction of the course, these prerequisites are
briefly reviewed.

3. Resume of the presenters

Celine Loscos

University College London, Virtual Environment and Com-
puter Graphics lab; contact: c.loscos@cs.ucl.ac.uk

Celine Loscos joined the Department of Computer Sci-
ence at UCL in 2000 as a post-doc, after completing her
PhD on interactive relighting for augmented reality (1999,
IMAG-INRIA, France). Since 2001, she has been a lecturer
in department and teaches computer graphics to undergrad-

uate and postgraduate students. She is part of Virtual Envi-
ronments and Computer Graphics (VECG) laboratory. Her
research focuses on real-time rendering, animation and inter-
action in complex environments for mixed reality on which
she has co-authored papers published in IEEE, ACM and EG
conferences/journals.

Katrien Jacobs

University College London, Virtual Environment and Com-
puter Graphics lab; contact: k.jacobs@cs.ucl.ac.uk

Katrien Jacobs graduated as a Electrical Engineer at the
Katholieke University of Leuven (ESAT-KUL), Belgium, in
2002 and started her PhD in Computer Science at University

c© The Eurographics Association 2006.



C. Loscos, K. Jacobs, G. Patow, X. Pueyo / Inverse Rendering: From Concept to Applications

College London (UCL) in 2003. Her work includes devel-
oping common illumination and relighting solutions for dif-
ficult to capture and model environments. Recent published
work includes a survey on illumination methods for mixed
reality in Computer Graphics Forum. She is supervised by
Dr. Celine Loscos.

Gustavo Patow

Universitat de Girona, Girona Graphics Group; contact: da-
gush@ima.udg.es

Gustavo Patow got a degree in physics from the Universi-
dad de La Plata, Argentina, and got his PhD at the Universi-
tat Politècnica de Catalunya at Barcelona, Spain, under the
supervision of Xavier Pueyo and Àlvar Vinacua. His thesis
topic was the inverse design of reflector surfaces for lumi-
naire design, and his current research continues in the in-
verse rendering set of problems. He currently holds an asso-
ciate professor position at the Universitat de Girona, Spain.

Xavier Pueyo

Universitat de Girona, Girona Graphics Group; contact:
Xavier.pueyo@ima.udg.es

Xavier Pueyo received a PhD in Engineering from Uni-
versitat Politecnica de Catalunya (UPC), Spain, in 1986 and
the degree of Docteur Ingenieur in Computer Sciences from
Universite de Rennes I, France, in 1984. He is a professor
of Computer Sciences at the Universitat de Girona (UdG),
Spain, since 1996 and he has been the dean of its School
of Technology. He taught Computer Sciences (Programming
and Computer Graphics) at UdG from 1993 to 1996 and at
UPC from 1988 to 1993 as an associate professor. His re-
search interest includes computer graphics, realistic com-
puter rendering and visualization. Pueyo has chaired the
Eurographics Rendering Working Group and the Spanish
Chapter of Eurographics.

c© The Eurographics Association 2006.



Bibliographic References 
 

[Agusanto03] Agusanto, K., Li, L., Chuangui, Z. and Sing, N.W, “Photorealistic rendering for 
augmented reality using environment illumination”, in proceedings of IEEE/ACM 
International Symposium on Augmented and Mixed Reality (ISMAR '03), pages 208-
216, 2003  

[Boivin01] Boivin, S. and Gagalowicz, A., “Image-based rendering of diffuse, specular and glossy 
surfaces from a single image”, in proceedings ACM Siggraph '01 (Computer 
Graphics), ACM Press, pages 107-116, 2001  

[Brickell78] Brickell F. and Westcott B. S., “Phase and Power Distribution on Plane Apertures of 
Reflector Antennas”, Journal of Physics A: Mathematical and General, vol 11, pages 
777-789, 1978 

[CaffarellliOliker99] Caffarelli L. A., Kochengin S. A. and Oliker V. I., “On the Numerical Solution of the 
Problem of Reflector Design with Given Far-Flield Scattering Data”, Contemporary 
Methematics, vol 226, 1999 

[Costa99] Cardoso Costa A., Augusto Sousa A. and Nunes Ferreira F., “Lighting Design: A Goal 
Based Approach Using Optimization”, Rendering Techniques '99 (Proceedings of the 
10th Eurographics Workshop on Rendering), Springer-Verlag, New York, NY, pages 
317-328, 1999 

[Doyle01] Doyle S., Corcoran D.and Connell J., “A Merit Function for Automated Mirror 
Design”, Journal of the Illuminating Engineering Society, vol 30 (2), pages 3-11, 2001 

[Doyle99] Doyle S., Corcoran D. and Connell J., “Automated mirror design using an evolution 
strategy”, Optical Engineering, vol 38 (2), pages 323-333, 1999 

[Debevec97] Debevec P.E. and Malik J., “Recovering high dynamic range radiance maps from 
photographs”, in proceedings of ACM Siggraph '97 (Computer Graphics), pages 369-
378, 1997  

[Debevec03] Debevec P, “Rendering synthetic objects into real scenes: Bridging traditional and 
image-based graphics with global illumination and high dynamic range photography”, 
in proceedings of ACM Siggraph '98 (Computer Graphics), pages 189-198, 1998 

[Drettakis97] Drettakis G., Robert L. and Bougnoux S., “Interactive Common Illumination for 
Computer Augmented Reality”, Rendering Techniques '97 (Proceedings of the Eighth 
Eurographics Workshop on Rendering), Springer Wien, New York, NY, pages 45-56, 
1997 

[Fournier93] Fournier A., Gunawan S.and Romanzin C., “Common Illumination Between Real and 
Computer Generated Scenes”, Proceedings of Graphics Interface '93, Morgan 
Kaufmann, San Francisco, CA, pages 254-262, 1993 

[França98] França F. H. R., Oguma M.and Howell J. R., “Inverse Radiative Heat Transfer with 
Nongray, Nonisothermal Participating Media”, ASME HTD, R.A. Nelson and T. 
Chopin and S.T. Thynell eds, vol 361-5, pages 145-151, 1998 

[Gibson01] Gibson, S., Howard, T. and Hubbold, R. “Flexible image-based photometric 
reconstruction using virtual light sources”, in proceedings of Eurographics 2001, 2001  

[Gibson03] Gibson S., Cook J., Howard T. and Hubbold, R., “Rapid shadow generation in real-
world lighting environments”, in proceedings of the 13th Eurographics workshop on 
Rendering (Rendering Techniques '03), Eurographics Association, pages 219-229, 
2003  

[Guillou00] Guillou E., “Simulation d'environnements complexes non lambertiens à partir 
d'images: Application à la réalité augmentée”, Mathématiques. Informatique, Signal et 
électronique et Télécomunications. IFSIC/IRISA, 2000 (in french) 

[Haller03] Haller M., Drab S and Hartmann W., “A real-time shadow approach for an augmented 
reality application using shadow volumes”, in proceedings of the ACM symposium on 
Virtual reality software and technology (VRST '03), 2003  

[Halstead96] Halstead M. A., “Efficient Techniques for Surface Design Using Constrained 



Optimization”, PhD thesis, University of California, Berkeley, 1996 
[Halstead95] Halstead M. A., Barsky B. A., Klein S. A., and Mandell R. B., “Geometric Modeling 

of the Cornea Using Videokeratography”, in Mathematical Methods for Curves and 
Surfaces, Daelhen, Morton and Lyche, Tom and Schumaker, Larry L. Eds, Vanderbilt 
University Press, Nashville, pages 213-223, 1995 

[Halstead96] Halstead M. A., Barsky B. A., Klein S. A. and Mandell R. B., “Reconstructing Curved 
Surfaces From Specular Reflection Patterns Using Spline Surface Fitting of Normals”, 
Computer Graphics, Annual Conference Series, vol 30, pages 335-342, 1996 

[Harutunian95] Harutunian V., Morales J. C. and Howell J. R., “Radiation Exchange within an 
Enclosure of Diffuse-Gray Surfaces: The Inverse Problem”, Inverse Problems in Heat 
Transfer, ASME/AIChE National Heat Transfer Conference, Portland, 1995 

[Jacobs04] Jacobs K., Angus C., Loscos C., Nahmias D., Reche A.and Steed A., “Automatic 
consistent shadow generation for augmented reality”, in proceedings of Graphics 
Interface 2005 

[Jacobs06] Jacobs K.and Loscos C., “A classification of illumination methods for Mixed Reality”, 
Computer Graphics Forum, 2006, vol 26[1] 

[Kochengin03] Kochengin S. A. and Oliker V. I., “Computational algorithms for Constructing 
Reflectors”, Computing and Visualization in Science, vol 6, pages 15-21, 2003 

[Kochengin98] Kochengin S. A. and Oliker V. I., “Determination of Reflector Surfaces from near-field 
Scattering Data II. Numerical Solution”, Numer. Math.vol 79 (4), pages 553-568, 1998 

[Kochengin98] Kochengin S. A., Oliker V. I. and von Tempski O., “On Design of Reflectors with 
Prespecified Distribution of Virtual Sources and Intensities”, Inverse Problems, vol 14 
(3), pages 661-678, 1998 

[Loos98] Loos J., Slusallek P. and Seidel H.-P., “Using Wavefront Tracing for the Visualization 
and Optimization of Progressive Lenses”, Computer Graphics Forum (Eurographics 
'98),  vol 17 (3), pages 255-266, 1998 

[Loscos00] Loscos C., Drettakis G. and Robert L., “Interactive virtual relighting of real scenes”, 
IEEE Transactions on Visualization and Computer Graphics, pages 289-305, 2000 

[Loscos99] Loscos C., Frasson M.-C., Drettakis G., Walter B., Grainer X. and Poulin P., 
“Interactive Virtual Relighting and Remodeling of Real Scenes”, Rendering 
Techniques '99 (Proceedings of the 10th Eurographics Workshop on Rendering), 
Springer Wien, New York, NY, pages 329-340, 1999 

[Marschner98]  Marschner S. R., " Inverse Rendering in Computer Graphics", PhD Thesis, Program of 
Computer Graphics, Cornell University, Ithaca, NY, 1998. 

[Marschner97] Marschner S. R. and Greenberg D. P., “Inverse Lighting for Photography”, 
Proceedings of the IS&T/SID Fifth Color Imaging Conference, Society for Imaging 
Science and Technology, Scottsdale, AZ, pages 262-265, 1997 

[Milgram91] Milgram P. and Kishino F., “Taxonomy of mixed reality visual displays”, IEICE 
Transactions on Information Systems, 1994, E77-D, 1321-132  

[Mitsunaga99] Mitsunaga T. and Nayar S.K., “Radiometric self calibration”, in proceedings of IEEE 
Conference on Computer Vision and Pattern Recognition, Fort Collins, 1999, 374-380  

[Morales97] Morales J. C., Matsumura M., Oguma M. and Howell J. R., “Computation of Inverse 
Radiative Heat Transfer Within Enclosures”, Proc. 1997 ASME National Heat 
Transfer Conference, Baltimore, 1997 

[Nakamae86] Nakamae E., Harada K., Ishizaki T. and Nishita T., “A montage method: the 
overlaying of the computer generated images onto a background photograph”, in 
proceedings of ACM Siggraph '86 (Computer Graphics), ACM Press, 1986, 207-214  

[Neubauer94] Neubauer A., “The Iterative Solution of a Nonlinear Inverse Problem from Industry: 
Design of Reflectors”, in Curves and Surfaces in Geometric Design, P. J. Laurent ; A. 
Le  Mèhautè and L. L. Schumaker eds, A. K. Peters, Boston, pàges 335-342, 1994 

[Neubauer97] Neubauer A., “Design of 3D-Reflectors for Near Field and Far Field Problems”, in 
Large Scale Optimization with Applications. Part I: Optimization in Inverse Problems 
and Design, IMA Volumes in Mathematics and its Applications, vol 92, Springer, NY, 
pages 101-118, 1997 

[Oguma95] Oguma M. and Howell J. R., “Solution of the Two-Dimensional Blackbody Inverse 



Radiation Problem by Inverse Monte Carlo Method”, ASME/JSME Thermal 
Engineering Conference, vol 3, pages 243-250, 1995 

[Oliker02] Oliker V. I., “On the geometry of convex reflectors”, Banach Center Publications, vol 
57, pages 155-169, 2002 

[Oliker03] Oliker V. I., “Mathematical aspects of design of beam shaping surfaces in geometrical 
optics”, Trends in Nonlinear Analysis, S. Kromker and R. Rannacher and F. Tomi eds, 
pages 193-224, Springer-Verlag, 2003 

[Oliker89] Oliker V. I., “On Reconstructiong a Reflecting Surface from the Scattering data in the 
Geometric Optics Approximation”, Inverse Problems, vol 5, pages 51-65, 1989 

[Patow06] Patow G., “Image-Based Inverse Rendering”, Research Report IIiA 06-09-RR, Institut 
d'Informàtica i Aplicacions, Universitat de Girona, 2006 

[Patow04] Patow G.; Pueyo X. and Vinacua A., "Reflector Design From Radiance Distributions", 
International Journal of Shape Modelling, vol 10 (2), pages 211-235, 2004 

[Patow05] Patow G., Pueyo X. and Vinacua A., "User-Guided Inverse Reflector Design”, 
Research Report TR-IIiA 04-07-RR, Institut d'Informàtica i Aplicacions, Universitat 
de Girona, 2004. 

[Poulin92] Poulin P. and Fournier A., “Lights from highlights and shadows”, Computer Graphics, 
vol 25(2), pages 31-38, 1992 

[Poulin97] Poulin P., Ratib K. and Jacques M., “Sketching Shadows and Highlights to Position 
Lights”, Proceedings of Computer Graphics International 97, IEEE Computer Society, 
pages 56-63, 1997. 

[Ramamoorthi02] Ramamoorthi R., "A Signal-Processing Framework for Forward and Inverse 
Rendering", PhD Thesis, Stanford University,2002. 

[Ramamoorthi01] Ramamoorthi R.and Hanrahan P., "A Signal-Processing Framework for Inverse 
Rendering", Computer Graphics Proceedings, Annual Conference Series (SIGGRAPH 
2001), pages 117-128, August 2001. 

[Sato99a] Sato I., Sato Y. and Ikeuchi K., “Acquiring a Radiance Distribution to Superimpose 
Virtual Objects onto a Real Scene”, IEEE Transactions on Visualization and Computer 
Graphics, vol 5 (1), pages 1-12, 99 

[Sato99b] Sato I., Sato Y. and Ikeuchi K., “Illumination distribution from brightness in shadows: 
adaptive Estimation of illumination distribution with unknown reflectance properties in 
shadow regions”, Proceedings of IEEE ICCV'99, pages 875-882, 1999 

[Schoeneman93] Schoeneman C., Dorsey J., Smits B., Arvo J. and Greenberg D., “Painting With Light”, 
Computer Graphics Proceedings, Annual Conference Series, 1993 (ACM SIGGRAPH 
'93 Proceedings)”, pages, 143-146, 1993 

[Shacked01] Shacked R. and Lischinski D., “Automatic lighting design using a perceptual quality 
metric”, Computer Graphics Forum (Eurographics 2001), vol 20 (3), pages 215 – 227, 
2001 

[Wang96] Wang X.-J., “On the Design of a Reflector Antenna”, Inverse Problems, vol 12, pages 
351-375, 1996 

[Ward04] Ward G. , “Fast, robust image registration for compositing high dynamic range 
photographs from handheld exposures”, Graphics Tools, 2004, 8, 17-30  

[Wescott83] Wescott B. S., “Shaped Reflector Antenna Design”, Letchworth: Research Studies 
Press, 1983 

[Wescott-Norris75] Westcott B. S. and Norris A. P., “Reflector Synthesis for Generalized far-fields”, 
Journal of Physics A: Mathematical and General, vol 8 (4), pages 521-532 

[Yu98] Yu Y. and Malik J., “Recovering photometric properties of architectural scenes from 
photographs”, in proceedings of ACM Siggraph '98 (Computer Graphics), ACM Press, 
1998, 207-217  

[Yu99] Yu Y., Debevec P., Malik J. and Hawkins T., “Inverse global illumination: recovering 
reflectance models of real scenes from photographs”, in proceedings of ACM Siggraph 
'99 (Computer Graphics), ACM Press/Addison-Wesley Publishing Co., 1999, 215-224  

 



1

Inverse Rendering: 
From Concept to Applications

Celine Loscos
Katrien Jacobs

Virtual environments and Computer 
Graphics Lab, UCL

Xavier Pueyo
Gustavo Patow

Grup de Gràfics de Girona

 

This course is presented by Celine Loscos and Katrien 
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Inverse Rendering: 
From Concept to Applications

Introduction
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Direct Rendering

CameraCamera

GeometryGeometry

Materials (BRDF)Materials (BRDF)

Light SourcesLight Sources

++

++

++

== ImageImage

 

When the camera position, the scene geometry, materials 
in the scene and the light source positions and intensities 
are given, an image can be create of that scene, under the 
current illumination properties and from the given camera 
viewpoint using the radiance equation. This is how 
rendering works.  
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Inverse Rendering
• Goes the other way round:

– from Image + some extra info, infer the other missing parameters

• Depending on the available information, we face 
different problems:
– one vs. many images of the scene 
– known vs. unknown real geometry
– known vs. unknown lighting
– known vs. unknown material properties
– exact or approximate information

 

Inverse rendering goes the other way around, based on an 
image and some extra information, the missing 
information in the radiance equation can be calculated. 
Depending on the amount/type of information available, 
different strategies apply to calculate the missing 
information.  
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Information availability
• Geometry information from:

– 3D Scanner
– Photogrammetric techniques
– Primitives

• BRDF information from:
– Known light probe → pure specular (when building the HDR image)
– Known materials for some surfaces

• Lighting information from:
– Known, calibrated light sources
– HDR image from a light probe (computed as a preprocessing step)

 

Various ways exist to calculate/retrieve geometric, BRDF 
and illumination information.  
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Inverse Rendering: Classification

• image + geometry → camera parameters
– (camera calibration: Well known problem)

• image → geometry 
– (photogrammetry)

• image + geometry + BRDF → lighting 
– (inverse lighting)

• image + geometry + lighting → BRDF/textures 
– (inverse reflectometry)

• image + geometry → BRDF + lighting
– (inverse combined problem)

• image + lighting + BRDF → geometry
– (inverse surface design)

 

As mentioned earlier, based on the type/amount of 
missing information in the radiance equation, a certain 
strategy applies to retrieve the missing information. On 
this slide some of these different strategies are listed. For 
instance when an image and the geometry of a scene are 
given, the camera properties can be calculated, this type 
of problem is labelled “Camera calibration”.  
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Example Application: Relighting
1. Insert new virtual elements
2. Remove some real elements
3. Change real/virtual object placement
4. Change lighting conditions
5. Change viewpoint
6. …

 

Inverse rendering can be used to perform relighting. 
 
Relighting a scene, means that virtually new elements can 
be added to an existing scene, it can also mean that some 
existing objects are virtually removed. For each of these 
cases, relighting will calculate the illumination changes 
due to the addition or removal of these objects in the 
scene. An extreme example of relighting is that the scene 
is virtually ‘relit’ using a completely different 
illumination distribution than the one present in the real 
scene.  
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Example Application: Reflector Design

• Design of reflector shapes from prescribed optical 
properties and geometrical constraints.

• Constraints on the shape imposed by industry needs 
must be taken into account.

 

Another application of Inverse rendering is reflector 
design. 
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Problems with Real Inverse 
Rendering

Unfortunately, sometimes standard techniques fail:

1. Uncertainty in acquisition methods
2. Dynamic behaviors
3. Approximate geometrical model

• not completely modeled
• coarsely modeled

4. Approximate lighting model
• light sources known only approximately

 

There are some well-known problems with performing 
inverse rendering. These problems are mainly a result of 
the failure to capture/model accurately the scene 
parameters, such as geometry, radiance distribution and 
light sources.  
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Solutions ?
• Dynamic Scenes:

– Automatic HDRI generation of dynamic Environments               
[Jacobs-Ward-Loscos-05]

• Approximate geometry and/or approximate light sources
– Automatic generation of consistent shadows

[Jacobs-et al.-05]

• Unknown or approximate geometry
– Reflector Design from Radiance Distributions

[Patow-Pueyo-Vinacua-04]
– User-guided Inverse Reflector Design

[Patow-Pueyo-Vinacua-TR05]

• …

 

Some solutions are given in the literature to overcome 
these problems. Some of these solutions are listed on this 
slide; they will be discussed throughout this course.  
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Outline

Inverse Rendering: 
From Concept to Applications

 

The following slides detail the outline of this talk.  
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Inverse Rendering: 
From Concept to Applications

1. Inverse Rendering Definition
1. General definition of inverse rendering & characterization of 

existing techniques
2. General solutions/approaches

 

First a definition is given of inverse rendering; this 
section consists of three subsections.  
 
First a general definition of inverse rendering is given  
Followed by a characterization of the existing techniques 
And finally some general solutions and approaches will 
be described 
 
After this section, the course attendee will have a good 
understanding of the concept ‘inverse rendering’ and 
know which solutions exist and can be applied based on 
the problem at hand.  
 
 
 



13

Inverse Rendering: 
From Concept to Applications

1. Inverse Rendering Definition
2. Applications to Inverse Lighting

1. General problems for outdoor scenes 
2. Postproduction: capturing HDRI for outdoor scenes 
3. Urban planning: simulating common illumination 
4. Indoor Lighting Design 

 

After the break, a first set of applications of inverse 
rendering are presented, more precisely those related to 
inverse lighting. This second session consists out of 4 
different subsections. Each will be presented and 
illustrated with demos in the form of videos.  
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Inverse Rendering: 
From Concept to Applications

1. Inverse Rendering Definition
2. Applications to Inverse Lighting
3. Applications to Inverse Geometry

1. General design of reflectors
2. User-guided design of reflectors

 

The third section discusses the applications related to 
inverse geometry. This section consists out of two 
subsections, and each will be presented in more detail, 
and illustrated with some demos/videos. 
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Inverse Rendering: 
From Concept to Applications

1. Inverse Rendering Definition
2. Applications to Inverse Lighting
3. Applications to Inverse Geometry
4. Conclusion and Future Work

 

Finally a conclusion and an overview of the future work 
is given.  
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General definition of 
Inverse Rendering Problems
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In this part of the tutorial we will introduce a general 
definition and a classification of Inverse Rendering 
Problems. 
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Context: Inverse problems

• In general, they are of an extreme 
complexity

• Unfortunately, they are important 
– e.g.: for lighting engineering, lighting design, 

animators and lighting for films
• Research in graphics has focused mainly 

on Direct/Forward Problems
– Compute the radiance distribution from a 

known environment

 

Inverse problems are usually of an extreme complexity 
and are emerging as an important research topic for the 
graphics community due to their interest in a wide range 
of fields including lighting engineering and lighting 
design. Even animators and lighting experts for the film 
industry would also highly benefit from them. 
Although progress in rendering to date has mainly 
focused on improving the accuracy of the physical 
simulation of light transport and developing algorithms 
with better performance, some attention has been paid to 
the problems related to inverse analysis, leading recently 
to very interesting results. Traditional forward problems 
in lighting involve the computation of the radiance 
distribution in an a priori, completely known environment 
(geometry and materials). 
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Inverse Rendering definition

• Inverse Rendering Problems refer to all 
the problems where 
– Some aspects of the scene are unknown
– We know in advance the desired illumination 

at some surfaces of the scene
• The algorithm has to work backwards to 

establish the missing parameters

 

Inverse Lighting Problems refer to all the problems 
where, as opposed to what happens with traditional direct 
lighting problems, some aspects of the scene are 
unknown. One common characteristic of this kind of 
problem is that, in general, we know in advance the 
desired illumination at some surfaces of the scene (their 
final appearance). Therefore, the algorithm has to work 
backwards to establish the missing parameters, which 
would produce the desired illumination. 
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Estimating BRDF and Lighting (I)

Photographs

Geometric model

ForwardForward
RenderingRendering
AlgorithmAlgorithm

Rendering

Lighting

BRDF

Courtesy of Ravi Courtesy of Ravi 
RamamoorthiRamamoorthi

 

To illustrate this, we can see a simple example. Given a 
known geometric model like this cat, with completely 
known material properties, (that is, with known BRDF), 
under controlled lighting conditions, it can be rendered to 
a picture like the one shown above (bottom-left side of 
the slide). Forward or direct rendering aims at making this 
photograph indistinguishable from the one above, taken 
with a real camera from a cat figurine. 
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Estimating BRDF and Lighting (II)

Photographs

Geometric model

InverseInverse
RenderingRendering
AlgorithmAlgorithm

Lighting

BRDF

Courtesy of Ravi Courtesy of Ravi 
RamamoorthiRamamoorthi

 

Instead, if we only know the geometric model and some 
photographs, we can work the other way round, and try to 
approximately infer the BRDF and/or the lighting 
conditions. This process is known as an inverse lighting, 
inverse reflectometry or a combined problem depending 
on what we want to find out. 
We can say that inverse problems infer parameters of a 
system from observed or desired data, which define their 
behavior, in contrast to direct problems which, given all 
the parameters, simulate the effects. 
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Estimating BRDF and Lighting (III)

Photographs

Geometric model

ForwardForward
RenderingRendering

(Relighting)(Relighting)

Rendering

Novel lighting

BRDF
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Now, with the resulting information from the inverse 
problem, we can generate new images of the cat with 
different lighting and viewing conditions. Often, this 
process is called relighting. 
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From now on

• We have introduced the problem
• Now, we will

– Explain the theoretical background
• Introducing our main classification
• Presenting the problems behind Inverse 

Rendering
– Explain alternative classifications to 

enrich our view of the problems
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Theoretical background

• Global Illumination
• Most fundamental magnitude: radiance L(r,ω)
• The boundary conditions of the integral form of 

the transport equation are expressed as

iiiS re dLfLL ωθωωωωω cos),'(),(),(),( rrrr →+= ∫

θ
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Here we are in the context of the global illumination 
framework, where the most fundamental magnitude to 
work with is the radiance L. 
The equation that describes the boundary conditions of 
the integral form of the transport equation are expressed 
as that equation in the slide. Here, what we are saying is 
that the radiance leaving any point in the scene is the sum 
of the emittance of that point plus all the light that arrives 
at that point from the other surfaces in the scene, 
modulated by the material properties of the surface that 
contains the point, called the Bidirectional Reflectance 
Distribution Function, or BRDF for short.  
This equation is called “the rendering equation”. 
Now, we are going to introduce a couple of operators to 
write it in a clearer and shorter way for our purposes. 
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• Let's define it as [Marschner98]

• With dμ(ωi)=cosθ dωi

• maps incident light distribution onto the 
corresponding exiting light distribution resulting from 
one local reflection

Local reflection operator K
)

)(),();(),)(( iiiS r dhfhK ωμωωωω rrr →≡ ∫
)

K
)

ω

rr

 

Firstly, let’s introduce the Local Reflection Operator K, 
which maps the incident light distribution onto the 
corresponding exiting light distribution resulting from one 
local reflection. As we can see, this operator takes the 
integral part of the Rendering Equation in the previous 
slide. [Marschner98]  
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Field radiance operator
• Let's define it as

• Where ν(r,ω) is the visible surface function
ν(r,ω) ≡ inf{x>0: r+xω ∈ Surfaces in the env.}

• And the ray casting function
p(r,ω) ≡ r + ν(r,ω) ω

G
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Now, let’s introduce the Field Radiance Operator G, 
which determines what is seen from a point in the scene 
in a given direction. Basically, it provides information on 
the nearest point in the scene, given a starting point and a 
desired direction. 
In order to do its job, it needs the definition of the Visible 
Surface Function, which, by the way, is not a continuous 
function. This Visible Surface Function, in turn, needs the 
definition of the ray casting function, which we see at the 
bottom of the slide  
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Final expression

• We can write the rendering equation as:

• Which leads us to our main classification
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So, we finally can write the rendering equation as this 
short expression. With this expression, and following 
Stephen Marschner’s work, we will be able to introduce 
our main classification. 
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Forward rendering

• Solve for L

Source

BRDF

Reflector

Illumination
Distribution
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Direct problems are those which, given known values for 
Le, K and G, solve for L.  
 
But, if we only have some knowledge of L, and some of 
the other parameters, we can pose different kinds of 
inverse lighting problems. 
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Inverse lighting

• Solve for Le

Source

BRDF

Reflector

Illumination
Distribution
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If Le is unknown, and K, G and L or part of it, are known, 
we have a problem of inverse lighting: given a 
photograph or any other information that covers part of L, 
and a complete model of the scene (K and G), find the 
emittances (Le) of the luminaries illuminating the scene.  
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Inverse reflectometry
• Solve for K (BRDFs & textures)

Source

BRDF

Reflector

Illumination
Distribution
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If K is unknown, and G, Le and part of L are known, we 
must solve for information about K. This problem can, in 
general, be called inverse reflectometry, and a particular 
case is the one called image-based reflectometry in 
[Marschner98], where images are used as input of the 
information about L. As described there, since K includes 
information about the variance of the reflectance both 
spatially and directionally, this can be a very difficult 
problem since it can be a complex function. Depending 
on the constraints imposed on the problem, we can 
subdivide it into the inverse texture measurement 
(constraints on the directional variation), or the inverse 
BRDF measurement (spatial uniformity is assumed).  
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Combined problems

• Solve for Le and K

Source

BRDF

Reflector

Illumination
Distribution
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If we solve for both Le and K, we are talking about a 
combined problem, which are more difficult because of 
the relationships in the simulation process. 
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Inverse surfaces

Source
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Finally, if G is unknown, we have an inverse geometry 
problem, where we want to find a shape from the effect it 
produces in the scene illumination. Quite often, this 
surface is called a reflector. 
 

32

√??partialCombined 
Problems

Inverse Geometry

Inverse 
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In general, we can build the following table, which shows 
what we have to know and what we want to find out for 
each kind of problem. 
As we can see, in Inverse Lighting, Inverse Reflectometry 
and combined problems we can have only partial 
information about the scene lighting, but Inverse 
Geometry problems are of such complexity that, we need 
to know the full illumination information. 
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Inverse Problems: Difficulties 
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Now, let’s study the difficulties related to inverse 
rendering problems. As we can see from the slide, if we 
start with a highly specular surface and a point light 
source (bottom left figure), we see that we can perfectly 
identify the material and the shape of the source. The 
same happens when we increase the size of the source 
(bottom row, from left to right). On the other hand, if we 
start from the first situation, and we change the surface 
roughness, we get more and more blurred versions of the 
point light source. The problem is that, in general, we can 
not distinguish between the situations when the light 
source is larger with a specular BRDF, and the case when 
the BRDF is diffuse but the light is a point light. Even 
worse, as both the BRDF goes diffuse AND the light 
source gets bigger (softer lighting), we loose the 
capability of distinguishing which case we are facing. We 
see that the problem of recovering the information 
becomes more and more ambiguous, which in 
mathematical terms means that we have an ill-posed 
problem. 
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Inside the Rendering Equation (I)

• Let's peek at some details inside the 
equation

• Following [Ramamoorthi-Hanrahan01], we 
can absorb the cosθ into the BRDF, and if 
we assume the surfaces do not emit
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To have a more precise understanding on the problems 
we face in Inverse Rendering problems, let's peek into the 
rendering equation.  
Following Ramamoorthi and Hanrahan's work, we can 
include the cos θ term into the BRDF, and if we assume 
the surfaces do not emit (that is, Le is zero for the surfaces 
we are studying), we get to a slightly simplified 
expression, the one shown in the bottom of the slide.  
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• From now on, let's work on a given vertex
• And assume distant illumination
• Let's write the lighting as

with Ylm a
Spherical Harmonic

Inside the Rendering Equation (II)
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In order to continue our study, we can work on a vertex in 
isolation, so we don't need to worry about positional 
problems. Also, we will assume a distant illumination, 
which will make our formulation independent of the 
evaluation position on the surface. 
We always will be able to express all the quantities as an 
expansion in terms of basis functions. In this case, we will 
use spherical harmonics, which form an orthonormal 
basis in terms of which functions on the sphere can be 
expanded. The first few function of this basis is shown in 
the picture. 
We first expand the lighting in global coordinates, 
arriving at the expression in the slide. 
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• Do the same with the (isotropic) BRDF:

• And with the reflected light field

• With Λl = sqrt(4π / (2l + 1))
• And Rlmq(n) the rotation coefficients

about the surface normal n.

Inside the Rendering Equation (III)
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We now represent the transfer function f' = f  cosθi in 
terms of spherical harmonics. We note that f' is nonzero 
only over the upper hemisphere, i.e. when cos θ > 0 and 
cos θi > 0. We also use a complex conjugate for the first 
factor, to simplify the final results. 
If we assume we are dealing with isotropic BRDFs, which 
are those where rotating the local tangent frame makes no 
difference, we get the expression in the slide for f'. 
Proceeding similarly with the reflected light field, we 
arrive at the expression in the slide. We may observe that 
the Rlmq(n) are the rotation coefficients for the spherical 
harmonicas to accommodate the reference frame to local 
coordinates given by the local surface normal n. 
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• Putting it all together into the equation, we 
get

Blmpq= ΛlLlmf'lpq

• As we see, we have a "simple" system of 
algebraic equations

• (which, of course, is not "simple" at all)

Inside the Rendering Equation (IV)

 

Putting all together, comparing both expressions and 
equating coefficients, we arrive at this "simple" 
expression in the frequency-space domain, as the 
spherical harmonics we are using are the equivalent, for 
the sphere, to a Fourier analysis in 2D space. In 
frequency-space, the reflected light field is obtained 
simply by multiplying together coefficients of the lighting 
and BRDF, i.e. by convolving the incident illumination 
with the BRDF. 
Looking at this, we could think that this system of 
equations is easy to solve, but, as we hinted a few slides 
ago, it is not simple at all! 
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• Inverse BRDF:
f'lpq= Λl

-1Blmpq/Llm

– We can see that BRDF recovery is well-posed unless the 
denominator vanishes 

– But, if Llm vanishes, Blmpq has to vanish too to be physically 
accurate, and the RHS will be indeterminate

– It's ok, as long as, for all l, there is at least one value of m so 
that Llm  ≠ 0

• Thus, BRDF recovery is well-conditioned when lighting 
contains high frequencies
(e.g: directional sources)

• And is ill-conditioned for soft lighting

Inside the Rendering Equation (V)

 

Following [Ramamoorthi02] –  
Observing the expression resulting for f'lpq, we see that the 
BRDF estimation process will be well-posed (that is, 
unambiguous) as long as the denominator on the right-
hand side does not vanish. But we must take into account 
that, in order to be physically accurate, the numerator will 
also be 0 if the denominator vanishes, as there won't be 
any reflected light field for that order of the expansion. In 
this case, the right-hand side will become indeterminate. 
From the equation in the slide, we see that if, for all l, 
there exists at least one value of m so that Llm = 0, then the 
problem of BRDF estimation is well posed. In other 
words, all orders in the spherical harmonic expansion of 
the lighting should have at least one coefficient with 
nonzero amplitude. If any order of the expansion 
completely vanishes, then we will find we won't be able 
to estimate the corresponding BRDF coefficients. 
In signal processing terms, if lighting, which is the input 
signal, has no amplitude along certain modes of the 
BRDF (our filter), those modes cannot be estimated. We 
can say that, when the spherical harmonic expansion of 
the lighting does not decay rapidly with increasing 
frequency, the BRDF recovery problem is well 
conditioned. This is telling us that, when the lighting 
contains high frequencies like directional sources or sharp 
edges it is well-conditioned. On the other hand, it is ill-
conditioned for soft lighting.  
We can see that the equation in the slide gives a precise 



mathematical characterization of the BRDF estimation 
problem, telling us when it is well-posed and when not. 
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• Inverse Lighting:
Llm= Λl

-1Blmpq/f'lpq

• We can see lighting recovery is well-posed
unless the denominator vanishes for all p,q for 
some l

• Thus, lighting recovery is well-conditioned when 
the BRDF contains high frequencies
(e.g.: sharp specularities)

• And is ill-conditioned for diffuse surfaces

Inside the Rendering Equation (VI)

 

Continuing with the analysis presented in 
[Ramamoorthi02], now with respect to the Inverse 
Lighting problem. 
We can see that this problem will be well-posed when the 
denominator does not vanish for all p, q for some l. This 
means that the spherical harmonic expansion of the 
BRDF transfer function contains at least one non-zero 
value for all orders. 
If we resort again to the signal processing framework, we 
see that, when the BRDF filter truncates certain 
frequencies in the input lighting signal, we cannot 
determine those frequencies from the output signal (our 
reflected light field). This happens, for instance, if the 
BRDF acts as a low-pass filter. We can see that Inverse 
lighting is well-conditioned when the BRDF contains 
high-frequencies: when its frequency spectrum decays 
slowly. So, we conclude that inverse lighting is well-
conditioned when the BRDF contains sharp specularities, 
like a mirror surface in the ideal case. On the other hand, 
inverse lighting from diffuse surfaces is ill-conditioned. 
We can explain that noting that highly specular surfaces 
act as high-pass filters, so the resulting images have most 
of the high frequency content in the lighting. In that case, 
the lighting can be estimated. On the contrary, diffuse 
surfaces blur the illumination, making it difficult or 
impossible to recover the high frequencies. We can say 
that they act as low-pass filters.  
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• Combined Inverse Problems:
– The same way, we can see that, up to a global scale, 

the reflected light field can be factored into the lighting 
and the BRDF 

– (if the appropriate coefficients do not vanish)

• Inverse Surface Design:
– Extrapolating the analysis, we can infer that, as the 

BFDR goes more diffuse, surface recovery becomes 
harder, reducing convergence of any algorithm we 
could invent

Inside the Rendering Equation (VII)

 

Having analyzed estimation of the BRDF and lighting 
alone, we can extend the analysis to the problem of 
factorizing the light field, i.e., simultaneously recovering 
the lighting and BRDF when both are unknown. 
The main result is that the reflected light field can be 
factored into the lighting and the BRDF, provided the 
appropriate coefficients of the reflected light field do not 
vanish, i.e. the denominators above are nonzero. If the 
denominators do vanish, the inverse-lighting or inverse-
BRDF problems become ill-posed and consequently, the 
factorization becomes ill-posed. 
We can also extrapolate the reasoning to the Inverse 
Surface Design problem, and we can infer that, as the 
BRDF goes more and more diffuse, the recovering of a 
surface becomes more difficult, obviously reducing the 
convergence of any algorithm we could invent. 
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Up to now

• Now, we have presented our main 
classification based on the compact 
version of the Rendering Equation

• And we have seen the problems involved 
in Inverse Rendering
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Up to now we have presented our main classification 
based on a compact form of the rendering equation, and 
we have presented the main problems involved in Inverse 
Rendering problems. 
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Alternative classifications

• But the one presented is not the only 
possible classification we can use, but is 
the main one

• Alternative classifications can be 
introduced to enrich our view of the 
problems and their solutions

 

Now, we are going to present some alternative ways of 
classification of the problems, as the one presented is not 
the only one we can use. Of course, it will be our main 
one, but other possible classifications will help us to 
enrich our view of the problems we are facing and their 
solutions. 
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Alternative Classification:
Nature of the solving algorithm

• Direct-solving
– Avoid solving the forward problem at any time
– Mostly based on the construction of a linear system of 

equations, and solving it
– Others use a direct measuring approach
– A few use Monte Carlo methods

• Indirect-solving
– Based on an optimization procedure
– Require the solution of a forward problem at least 

once per iteration
• Mixed

– A combination of both

 

We can present an alternative classification based on the 
nature of the solving algorithm used. Some of the 
algorithms are called "direct solving" methods, because 
they avoid solving the forward rendering problem at all. 
Most of these approaches build a linear system of 
equations, trying to solve them, while others take direct 
measurements of the available information and, finally, 
there are a few that are based on Monte Carlo methods. 
Other algorithms are "Indirect-solving" approaches, 
which need to compute, at least once per iteration, a 
forward solution to the problem. Those approaches are 
generally based on an optimization procedure. 
Finally, we can mention the "mixed" approaches, which 
are a mixture of the other two, estimating some 
parameters by direct computation, while leaving others 
for an optimization process. 
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Alternative Classification:
Approximations to the equation

• Each approach needs to define how they treat the global 
illumination equation:

• General
– General solution independent of any light propagation algorithm

• Radiosity
– Diffuse surfaces, patches with constant radiance

• Monte Carlo
– Firing rays from “known surfaces” towards “unknown surfaces”, 

gathering information to integrate results
• Local Illumination

– Only taking into account paths
emitter → surface → registration system (eye)
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Another factor to take into account is whether the 
different papers treat the full rendering equation, or a 
simpler version based on a simplification of the 
illuminating equation.  
Basically, we can mention four main approaches: firstly, 
the general methods, which are independent of the 
lighting computation procedure chosen, being able to 
accommodate any rendering algorithm. 
The second group is the radiosity-based methods, which 
rely on the computation with diffuse surfaces, and 
considering patches with constant radiance. 
The third group is based on Monte Carlo algorithms, 
which in general are used to compute the unknown 
information by firing rays from the surfaces with known 
properties towards the surfaces with unknown properties, 



gathering the information finally used. In general, this 
"gathering" process involves some sort of weighted 
averaging. 
The last group is the one based on local-illumination, 
considering only point light sources and without 
considering inter-reflections. Thus, they only consider the 
paths from the emitter to surface and from this surface to 
the registration system. 
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Alternative Classification:
BRDF

• The Bidirectional Reflectance Distribution 
Function (BRDF) plays a key role

• General BRDF
– Uses the BRDF information in a generic way

• Specific Model
– Like the well known Phong, Torrance-Sparrow, …

• Diffuse
– Just use a real number!

• Pure Specular
– Provides the higher accuracy
– Probably needs more computations: taking into 

account many ray bounces
 

It is important to consider the sort of BRDF each 
approach uses, as the BRDF has a central role in the 
different inverse problems, as we mentioned before. For 
example, there are many approaches that try to use a 
general model for the BRDF, treating the information in a 
generic way. 
Others rely on a specific BRDF model, like a Phong or a 
Torrance-Sparrow BRDFs. Others, just use a lambertian 
BRDF, which is characterized just by a real number at 
each location! Finally, pure specular BRDFs are very 
commonly used, as are the ones who provide the 
maximum accuracy for inverse recovery problems, as we 
saw before. Unfortunately, as the BRDF is more specular, 
the computation of many light bounces becomes 
necessary, which could lead to larger computation times. 
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Alternative Classification:
Visibility

• Remember:
we need to compute the visible surface function
ν(r,ω) ≡ inf{x>0: r+xω ∈ Surfaces in the env.}

• That means detecting blockers
– between the sources and the surfaces
– between the surfaces and the registration system (eye)

• Not computing this is much faster, but much more 
inaccurate
– Could lead to solutions not applicable in real-life

 

It is also important to mention the treatment of visibility 
in the different approaches: when computing the radiance 
with the equations we explained before, the visibility 
problem consists of detecting if there are any blockers 
between the source and the surface being illuminated, so 
not adding their contribution in that case. The same is true 
for the paths from the surface to the eye or the region 
where the final radiance computations are needed. Most 
of the reviewed papers omit this treatment, arriving at 
solutions not applicable in real-life situations. 
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Alternative Classification:
Specific aspects

• Each problem also allows to add specific, 
unique classifications that surely will help 
us understanding them

• Let’s look at each case in particular

 

Finally, we can present a classification with respect to the 
specific aspects each problem and of their solutions. 
These are specific, unique classifications that surely will 
help us understanding them. Let’s look at each case in 
particular. 
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Inverse lighting

• Light Simulation 
– General 
– Radiosity
– Monte Carlo 
– Local Illumination

• Type
– Emittances
– Positioning

Source

BRDF

Reflector

Source

BRDF

Reflector

Illumination
Distribution

 

In the case of inverse lighting, we can find the four kinds 
of work: general approaches, radiosity-based, Monte 
Carlo-based and local illumination-based. 
But we also can classify them with respect to a specific 
classification that comes from the two possible sub-
problems to solve: inverse emittances, where we only aim 
at finding the emittances of known light sources, or the 
problem of where to place a given source, known as "light 
positioning" problem. 
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Inverse Reflectometry

• Light Simulation 
– General 
– Radiosity
– Local Illumination

• Points of view needed
– One 
– Several.

Source

Reflector

Illumination
Distribution

(BRDFs & textures)

Source

Reflector

Illumination
Distribution

BRDF

BRDF

 

Here we find only three kinds of works: to the best of our 
knowledge, and although is theoretically possible to do it, 
there are no works that deal with an inverse reflectometry 
problem, using a Monte Carlo-based approach to solve it. 
On the other hand, the different approaches could be 
classified according to the number of images of the scene 
needed to solve the problem. Normally, this can be wither 
just one image, or several images, that could come from 
an animation or several calibrated pictures. 
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Combined problems

• Light Simulation
– Radiosity
– Local Illumination

Source

BRDF

Reflector

Illumination
Distribution

 

For the combined problems we only find radiosity or 
local illumination-based approaches, although we could 
think of the possibility of generating solutions with a 
general approach or with a Monte Carlo method. 
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Inverse Surfaces
• Type

– Analytical
– Numerical

• Light Simulation
– “1-to-1”
– Local illumination
– Global illumination

• Shape Definition
– Rotational Symmetric
– Intersection of quadrics
– Splines
– Polygons

Illumination
Distribution

Illumination
Distribution

Source

BRDF

Source

BRDF

Illumination
Distribution

Source

BRDF

Source

BRDF

 

With respect to inverse surface problems, there are two 
main groups of works: those that are purely theoretical, 
showing and demonstrating some properties of the 
problem and their solutions, and those which try to get a 
numerical solution that could be implemented in a 
computer. 
So, each work treats the light propagation in different 
ways. Some of the proposed techniques introduce a new 
sort of lighting method, which we call "1-to-1", which a 
sever restriction on the local illumination setting. We are 
going to refer about a little bit later. 
Finally, it is important to mention that each work uses a 
different model for the surface, being the rotational 
symmetric surfaces and the intersection of volumes 
bounded by quadrics the most common in the theoretical 
works, while most of the numerical methods either use 
splines or polygons for the shape to be found. 
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1. Inverse Rendering Definition
1. General definition of inverse rendering & characterization of 

existing techniques
2. General solutions/approaches

1. State of the art in Inverse Lighting
2. State of the art in Inverse Surface Design 
3. State of the art in Reflectometry

2. Applications to Inverse Lighting
3. Applications to Inverse Geometry
4. Conclusion and Future Work

Inverse Rendering: 
From Concept to Applications

 

This first section gives an overview of the content of the 
following surveys and state of the art reports:  
 

• A survey of inverse rendering problems, Gustavo 
Patow and Xavier Pueyo, Computer Graphics 
Forum, vol 22, num 4, pp. 663-687. 2003.  

• A survey of inverse surface design from light 
transport behaviour specification, Patow, G. and 
Pueyo, X. Computer Graphics Forum. December 
2005  

• Classification of illumination methods for mixed 
reality, Katrien Jacobs and Celine Loscos, 
Computer Graphics Forum, vol 25, num 1, 2006.  

Instead of a sample of slides, these three papers are 
included in this document, to give the reader an 
understanding of what will be presented. The discussion 
of these three surveys is followed by a break.  
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State of the art in Inverse Lighting

Gustavo Patow
Xavier Pueyo

Grup de Gràfics de Girona
Universitat de Girona

 

Keywords: Inverse Problems, Inverse Rendering, Inverse 
Geometry, Reflector Design, CAD for luminaries, 
Optimization 
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Inverse lighting

• Solve for Le
• We can subdivide the work in 

this area into
– Inverse emittance: obtaining 

the emittance
– Inverse light positioning: find 

the location of the sources

• Different approaches
– General formulations
– Monte Carlo
– Radiosity
– Local illumination

Source

BRDF

Reflector

Illumination
Distribution
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General Formulations (I)

• Find the luminaries intensities, positions 
and/or orientations 

• Without depending on any particular 
rendering algorithm

 

 



56

General Formulations (II)

• If we consider n distant light sources
• Each of them 

– Characterized by a function Φi (its contr. to the env.) 
– Parameterized by some parameters uk

i

– In general, the uk
i will be

• its intensity u0
i

• its position ri of the light source 
• its orientation ωi.

• Then, the illumination in a scene would be

)...( 10 k
ii

n
i ii uuu∑ Φ=Φ
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General Formulations (III)

• If we measure some intensity values αj at 
some evaluation points, that can be
– On the surfaces 
– On the screen

• And, if we assume a linear relationship 
with the αj, we get

∑ Φℜ=Φℜ=
n

i

k
iiiij uuu ))...(()( 10α
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General Formulations (IV)
• It is very important to notice that

– As long as the rendering process  ℜ(Φ) conserves 
this linearity, we can use any rendering algorithm

– The solutions posed this way are rendering-
independent

– Just compare patch intensities or images
– We don't care how the energy got there!

• In general
– We are facing a non-linear problem
– Probably with many minima
– A global optimization procedure is needed
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General Formulations (V)
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[Patow06][Patow06]

Images courtesy of Àlex Méndez (GGG)
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General Formulations (VI)
• [Costa-Sousa-Cardoso99]

– Evaluated objectives defined on the surfaces
• Intensity over certain surfaces
• Avoid glares on operator’s faces (direct or by specular reflections)
• Other: the objectives are specified by scripting

– Based on Simulated Annealing
• [Shacked-Lischinski01]

– Perception-based image quality function as objective
– Tries to effectively communicate information about shapes, 

materials and spatial relationships
– Steepest descent with “wisely chosen initial values”

• [Patow06]
– Used images taken with a static camera
– Objectives defined in image-space
– Completely rendering-independent
– Used Simulated Annealing
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General Formulations (VII)
Inverse Emittance:

• And, if we assume a linear relationship with the αj, we 
get

– We can try to find the ui as a typical least squares problem
• [Schoeneman-Dorsey-Smits-Arvo-Greenberg93]

– “Painted” lighting requirements on the surfaces of the scene
– Used a modified Gauss-Seidel iteration plus a regularization 

process (remember: diffuse BRDF)
• [Marschner-Greenberg97, Marschner98]

– From a 3D model and a photograph
– Estimates the directional distribution of the incident light
– Actually, used a basis Φi for each direction j
– Least squares, but required regularization

∑ Φℜ=Φℜ=
n

i
iij u )()(α
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Monte Carlo-Based Formulations (I)

• An Inverse Monte Carlo method is 
proposed:
– Fire rays from the "known" surfaces towards 

the "unknown" surfaces
– Gather illumination information on some 

"calculation points" on the "unknowns"
– Average this info to get the final results

• Has never been used with light positioning 
problems…
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Monte Carlo-Based Formulations (II)

• [Oguma-Howell95]
"known" surface"known" surface

"Unknown" Surface"Unknown" Surface
Calculation pointsCalculation points

AverageAverage
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Radiosity-Based Formulations (I)

• The general problem is reduced to a radiosity one
– Diffuse BRDF for the surfaces (patches)
– Constant radiosity over each one

• To the best of our knowledge, never was applied to light 
positioning problems
– Diffuse surfaces with sharp lighting… 
– probably very ill-conditioned
– Unless stated at the full-patch level…

∑+=
j

jijiei BFLB
i

ρ
BBii the ithe i--thth patch patch radiosityradiosity
LLeiei its its emittanceemittance
ρρii its reflectivityits reflectivity
FFijij the form factor between elements the form factor between elements ii and and jj
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Radiosity-Based Formulations (II)
• [Harutunian-Morales-Howell95]

– Context: Radiative heat transfer 
– Modified Truncated Singular Value Decomposition

• [França-Oguma-Howell98]
[Morales-Matsumura-Oguma-Howell97]
– Same approach, but with participating media
– Uses a FE approximation for the PDE for the medium

• [Fournier-Gunawan-Romanzin93]
– Fitted emissions to observed values

• [Drettakis-Robert-Bougnoux97]
– Improved by using a hierarchical radiosity system

• [Loscos-Frasson-Drettakis-Walter-Granier-Poulin99]
– Photogrametry: Reconstructed scene geometry from photographs
– Indirect lighting computed through a hierarchical radiosity system
– Direct lighting computed separately with ray-casting

 

 

66

Local Illum.-Based Formulations (I)

• Basically, the consider only the direct 
illumination at a surface

• The rendering equation is actually never 
used

• Computations are much simpler and faster 
to do

• Depending on the application, results 
could be too unrealistic…
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Local Illum.-Based Formulations (II)
Inverse Emittance

• [Ramamoorthi-Hanrahan01]
– First option: Solve a linear least squares system (like in the 

general case)
– Second option

• Subtract the diffuse component 
• use the resulting mirror-like distribution to recover a high resolution 

angular space of the illumination
• Two step process: estimate diffuse from illum, then illum frequency 

parameters to get sharper results

• [Sato-Sato-Ikeuchi99a,b]
– Use radiance inside shadows to estimate illum as a collection of 

point sources 
• uniformly distributed in the scene
• On a sphere of directions

– Solved a linear system
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Local Illum.-Based Formulations (III)
Light Positioning Problems

• [Poulin-Fournier92]
– Use highlights and shadow for modeling directional 

and point light sources
• [Poulin-Ratib-Jacqes97]

– Used sketches of desired shadows
and highlights

• [Guillou00]
– Creates many directional light sources from purely 

diffuse regions in the scene
– Groups them to estimate a point from the intersections
– This point is used as starting point to an optimization 

(Levenberg-Marquardt) of the least squares error
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1. Inverse Rendering Definition
1. General definition of inverse rendering & characterization of 

existing techniques
2. General solutions/approaches

1. State of the art in Inverse Lighting 
2. State of the art in Inverse Surface Design 
3. State of the art in Reflectometry

2. Applications to Inverse Lighting
3. Applications to Inverse Geometry
4. Conclusion and Future Work

Inverse Rendering: 
From Concept to Applications
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State of the art in Inverse Surfaces

Gustavo Patow
Xavier Pueyo

Grup de Gràfics de Girona
Universitat de Girona

 

Keywords: Inverse Problems, Inverse Rendering, Inverse 
Geometry, Reflector Design, CAD for luminaries, 
Optimization 
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Inverse surfaces

Source

BRDF

Reflector

Illumination
Distribution

LGKLL e

))
+=

• Type:
– Analytical
– Numerical

• Light Simulation:
– “1-to-1”
– Local illumination
– Global illumination

• Shape Definition:
– Rotational Symmetric
– Intersection of quadrics
– Spline
– Polygons

 

Finally, if $\hat{G}$ is unknown, we have an 
\emph{inverse geometry} problem. For an in-depth 
survey on those problems, refer to \cite{PP00b}. 
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Far- vs. Near- vs. Near-Field
• Far-Field

– Purely directional distribution
– Ignores light origin
– Sources are treated as anisotropic point lights

• Near-Field
– Directional and spatial distributions
– Equivalent to a Light-field or a Lumigraph

• Near-Field-RD (for reflector designers)
– Often, in lighting engineering, they refer a Near-Field as 

the illumination (irradiance) on plane near the source
– This way, a Far-Field is a limiting case when the plane is 

moved infinitely far away
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Height

Reflector

Bulb

Target Optical Set

 

Firstly, we should define what an optical set is. 
The reflector shape to be found is just a piece of a set 
called in lighting engineering an optical set, which 
consists of a light bulb, the reflector and, possibly, the 
diffusor. The reflector has a border, contained in a plane, 
that limits its shape. In general, a reflector must fit inside 
a holding case, so its shape cannot be lower at any point 
than the plane defined by the border nor higher than a 
certain threshold defined by the case. We can say that the 
case defines a bounding box for the reflector. 
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Problem Statement
• Given

– The radiance distribution of the light bulb
– A reflector border
– A desired outgoing radiance distribution for the 

Optical Set

• Find a shape within a user-prescribed tolerance

 

We can state more precisely our problem as: 
Given the outgoing radiance distribution of a light bulb 
and a reflector border, and given a desired optical set-
outgoing radiance distribution, find the corresponding 
shape for the reflector. Do this up to a user-defined 
tolerance. 
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Theoretical Works (I)

• Many of the earlier works were based on 
the "1-to-1" approximation

“1-to-1”

• It is a very restrictive approximation…
• [Wescott-Norris75] [Wescott83]
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• [Brickell-Wescott78]
– Studied the Near-Field-RD problem
– Got an equation of Monge-Ampère type

• [Oliker89, 02, 03]
– Studied the Near-Field-RD problem
– Worked with rotationally symmetric reflectors
– Got a more general expression
– Proved existence and uniqueness for the radially symmetric 

case
• [Wang96]

– Existence, uniqueness and smoothness for a far-field problem
– Based on a differential geometry formulation
– Showed that the regularity of the solution failed even with 

simplest cases

Theoretical Works (II)
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Numerical Works
General Algorithm

ShapeShape00

ShapeShapeIteratorIterator

SimulationSimulation ErrorError OptimizatorOptimizator

Light Light DistrDistrii Light Light DistrDistrdesireddesired

bulbbulb
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Numerical Methods:
Local Illumination (I)

• [Kochengin-Oliker98, 03] [Caffarellli-Kochengin-Oliker99]
• [Kochengin-Oliker-vonTempski98] (mostly theoretical)

(refractions → intersecting hyperboloids)

NearNear--FieldField--RDRD FarFar--FieldField  
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• [Neubauer94, 97]
– Used a bicubic B-Spline for the surface
– Minimized the mean square error between 

• Obtained light distribution
• User prescribed desired irradiances

– Light propagation by Gaussian quadrature
• 4 x 4 nodes chosen on the reflector
• Incoming and outgoing direction calculated
• Outgoing energy distributed over neighbors in the registration region 

(far-field)
– Optimization

• Powell's method (projected conjugate gradients)
• Line search via quadratic interpolation
• Initialization must be quite accurate to avoid wrong minima !

Numerical Methods:
Local Illumination (II)
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• [Halstead-Barsky-Klein-Mandell95, 96]
• [Halstead96]

Numerical Methods:
Local Illumination (III)

Reprinted with permission of Brian A. Reprinted with permission of Brian A. BarskyBarsky, UC Berkeley, UC Berkeley

The The VideokeratographVideokeratograph
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Numerical Methods:
Local Illumination (IV)

• [Loos-Slusallek-Seidel98]
– Designed progressive Lenses for defects in human visual 

system
– Lens represented as front surface

• Back surface is toroidal or spherical
– Light Propagation 

• Finds point the eye should focus on by tracing a single ray from
center of pupil to center of pixel

• Then, wavefront tracing is used for re-focusing the eye
(get a sharp image)

• Distribution ray-tracing is used to get final pixel color
– Accurate error functional for

• Desired properties (effective astigmatism)
• Optical error across the lens

– Optimization
• Variant of Newton iteration
• Only two iterations needed !
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Numerical Methods:
Global Illumination

• [Doyle-Corcoran-Connell99, 01]
– Objective function

• Element-wise difference between desired and current light distribution
• Penalty for rays outside this region
• Difference between reflected and desired light power

– Light propagation: Flatland (2D)
• Recursive ray tracing
• Extended light sources defined as an array of lambertian-like points 

on regular intervals on a circle
– Surface

• Cubic Bézier curve 
– Optimization

• Evolution strategy (a variant of Genetic Algorithms)
• Control points from the Bézier curve are the genes of the 

chromosomes
• [Patow-Pueyo-Vinacua04]

– Detailed description later
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1. Inverse Rendering Definition
1. General definition of inverse rendering & characterization of 

existing techniques
2. General solutions/approaches

1. State of the art in Inverse Lighting 
2. State of the art in Inverse Surface Design 
3. State of the art in Reflectometry

2. Applications to Inverse Lighting
3. Applications to Inverse Geometry
4. Conclusion and Future Work

Inverse Rendering: 
From Concept to Applications
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State of the art in Reflectometry

Katrien Jacobs
Celine Loscos

University College London
Virtual Environments 
and Computer Graphics

 

This talk will be about illumination methods for mixed-
reality.  
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Mixed Reality – definition 

[Milgram91]

 

A definition of mixed-reality is given by Milgram et al. In 
their paper, it is stated that there exist 4 types of worlds.  
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Mixed Reality – definition 

Real 
Environment

(RE)

[Milgram91]

 

A first world consists of real elements only.  
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Mixed Reality – definition 

Augmented
Reality
(AR)

Real 
Environment

(RE)

© CREATE

[Milgram91]

 

In a second world some virtual objects are added to the 
real world, the resulting environment is called an 
augmented reality.  
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Mixed Reality – definition 

Augmented
Reality
(AR)

Augmented 
Virtuality

(AV)

Real 
Environment

(RE)

© PUREFORM

[Milgram91]

 

In the third world, real elements are added to an entirely 
virtual environment, the resulting environment is called 
an augmented virtuality.  
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Mixed Reality – definition 

Augmented
Reality
(AR)

Augmented 
Virtuality

(AV)

Real 
Environment

(RE)

Virtual 
Environment

(VE)

© 1994 by Martin Moeck, Siemens Lighting

[Milgram91]

 

Finally the last world consists of virtual elements only, 
resulting in a virtual environment.  
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Mixed Reality – definition 

Augmented
Reality
(AR)

Augmented 
Virtuality

(AV)

Real 
Environment

(RE)

Virtual 
Environment

(VE)

Mixed Reality

[Milgram91]

 

Mixed-reality is the combination of AR and AV.  
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Mixed Reality – display methods
see-through display methods

Siconet-AR, Zentrum fur Graphische
Datenverarbeitung

computer augmented-reality

The CREATE project at UCL, model made by 
INRIA/CSTB using REALVIZ tools

 

A mixed-reality can be displayed using see-through 
glasses (left) or projected on a screen (right).  
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Illumination methods
• Illumination consistency between virtual and real object
• 3 groups: 

Common 
Illumination

Relighting Inverse 
Illumination

[Jacobs04] [Loscos00] [Boivin01]

 

When an effort is made to match the illumination of the 
virtual elements and real elements, three types of 
illumination methods can be distinguished: common 
illumination, relighting and inverse illumination.  
 
Common illumination: the real illumination is unchanged; 
the illumination effects induced by the virtual object are 
simulated (left).  
Relighting: the illumination of the real elements is 
changed and the virtual and real elements are re-lighted 
using the same illumination (middle) 
Inverse illumination: the BRDF of the real elements is 
calculated in order to achieve a physically correct 
relighting (right)  
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Classification
• Based on input required

– Geometry

– Scene radiance: 
• One image
• Several images 
• Many images

 

In our state of the art report presented at EG04 and later 
published in CGF [Jacobs06], a classification is presented 
of existing illumination methods for MR. The 
classification is done based on the type of geometry and 
radiance information required by the method.  The 
geometry is usually reconstructed using reconstruction 
software or using scanners. The scene radiance is 
extracted from input images.  
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Classification
1. No geometry, one input image
2. Geometry, one input image
3. Geometry, several input images
4. Geometry, many input images

 

Based on this 4 different classes are identified:  
No geometry information is required, each scene point 
needs to be visible in one input image 
Geometry information is required, each scene point needs 
to be visible in one input image 
Geometry information is required, each scene point needs 
to be visible in several input images 
Geometry information is required, each scene point needs 
to be visible in many input images 
 
In what follows a short overview is given of these classes 
with only a SELECTION (not all) of the methods that 
exist in the literature that fall under this category.  
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1. No geometry, one input image
• Virtual object inserted inside real scene containing real objects
• Anti-aliasing and distance taken into account
• Shadow projection
• Illumination virtual and real objects consistent
• Fog generation

[Nakamae86]

 

A first method is from Nakamae et al. which uses a 
photograph and inserts virtual objects without knowing 
the scene geometry beforehand. They add shadows and 
fog.  
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1. No geometry, one input image

4 steps: 
1. Acquiring environment illumination (environment map)
2. Pre-filtering environment illumination 
3. Render using multiple passes (original texture preserved)
4. shadow generation

[Agusanto03]

 

A second method is from Agusanto et al., this method 
uses pre-filtered environment maps to simulate the 
illumination on virtual objects.  
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1. No geometry, one input image
4 Steps:

1. low-level geometry reconstruction using pair of omni-directional images
2. capturing illumination environment: environment map
3. mapping of environment map onto the geometry 
4. rendering VO using Ray Casting method

[Sato-Sato-
Ikeuchi99b]

scaling factor [E2/E1]  

Sato et al. present a common illumination method that 
makes use of environment maps to simulate virtual 
shadows. The shadow generation is non-real time.  
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Geometry, one input image

[Haller03]

Modified shadow volume algorithm for AR environment:
1. generating shadow volumes
2. rendering algorithm for shadow volumes

 

Haller et al. present a local common illumination method 
that generates hard shadows using shadow volumes. The 
shadows are generated in real time, but problems arise 
when a virtual shadow overlaps with a real shadow 
(right). Shadows are generated from the real scene onto 
the virtual object and from the virtual object onto other 
virtual objects and onto the real scene.  
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Geometry, one input image

[Debevec03]

1. decompose scene into local and distant part
2. calculate diffuse reflectance properties of real 

objects in the real scene
3. render scene using differential rendering 

mechanism

 

Debevec et al. calculates the diffuse BRDF of the scene 
materials for the local scene using differential rendering. 
The result is a global common illumination solution, non-
real-time.  
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Geometry, one input image
1. Capture scene
2. Split scene into two parts: source 

patches, receiver patches
3. Construct shaft hierarchy between 

source and receiver patches
4. Render, assuming diffuse only

[Gibson 03]
rendering reference  

Gibson et al present a non-real time global common 
illumination method.  
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Geometry, one input image
Common illumination between real and computer generated scenes
1. reconstruct the real scene: model the scene with few boxes: low-level geometry 

reconstruction 
2. divide scene in elements and estimate diffuse reflectance properties
3. progressive radiosity is used to calculate global common illumination  
4. render scene using ray casting

[Fournier-Gunawan-Romanzin93]

 

Fournier et al. present a non-real time common 
illumination solution. The diffuse material properties are 
estimated.  
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Geometry, one input image

Original photograph Without shadows Final rendering

[Loscos00]

B0Bi

display ratio 

. Texture

relighting allowed

Bi

B0

B0Bi

 

This method is discussed in a following section in more 
detail.  
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Geometry, one input image
Image-based rendering of diffuse, specular and glossy surface from one single image
1. Reconstruct scene geometry, light source position 
2. BRDF model according to Ward et al. : 3 or 5 parameters: diffuse, specular, roughness
3. Iterative approximation based on one single image: 
4. Use scene knowledge to fill in invisible parts of the scene

[Boivin01]

 

In this method from Boivin et al, the specular and diffuse 
material properties are estimated from one photograph. 
This method is discussed in more detail in a subsequent 
section.  
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Geometry, several input images

x

x

avg.

reflectance confidence

merged reflectance

direct lighting:  pixel per pixeldirect lighting:  pixel per pixel

indirect lighting: optimised radiosity solutionindirect lighting: optimised radiosity solution

[Loscos-Frasson-
Drettakis-Walter-
Granier-Poulin99]  

This method from Loscos et al. is explained in more 
detail in a subsequent section.  
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Geometry, several input images
Image based Photometric Reconstruction using Virtual Light Sources
1. reconstruct scene 
2. model direct illumination by a set of virtual light sources 

spherical illumination surface
set of virtual light sources must produce a similar illumination as real illumination 

3. estimate reflectance of objects in real scene
4. render using ray-tracing (not real-time)

original

augmented

[Gibson01]

synthetic light sources  

In this method from Gibson et al. the scene illumination is 
reconstructed on a virtual illumination surface. This is 
used to calculate the BRDF properties. The result is a 
non-real time global relighting method.  
 

106

Geometry, many input images

Inverse global illumination:
1. Reconstruct scene geometry and light source 

positions
2. Diffuse albedo estimated using inverse radiosity
3. Roughness and specular albedo estimated using 

non-linear optimisation
4. Rendering with RADIANCE

input

relighted
scene

[Yu99]

 

Yu et al.: calculate the diffuse and specular material 
properties using a non-linear optimisation. The result is a 
non-real time global illumination method.  
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Geometry, many input images
Recovering photometric properties from photographs
1. Separate scene into four parts
2. Radiance each point in the scene captured twice
3. Two diffuse pseudo BRDF are calculated, specular component estimated (LSE)
4. Rendering: 

sky texture extracted and mapped on hemisphere
sky controlled by three parameters: sunset/sunrise, intensity, sun position
local scene rendered using pseudo-BRDF’s and radiance values  

[Yu1998]  

In this method from Yu et al. diffuse and specular effects 
are estimated using LSE by separating the scene into four 
parts (local model, sky, sun and surrounding 
environment). The radiance of a point needs to be 
captured once in shadow and once in sunlight, making 
this method very tedious. Then two BRDFs are calculated 
(material in sun, material not in sun) and combined.  
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Discussions
1. Pre-processing 
2. Level of interactivity
3. Quality obtained
4. Applicability on indoor/outdoor scenes

 

The presented methods can be discussed and compared 
based on 4 different parameters:  
pre-processing time required 
Level of user interactivity 
The quality obtained of the simulated illumination 
The applicability of the method on indoor/outdoor 
environments 
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Pre-processing
Pre-processing steps are those steps …

– that are carried out only once
– before the actually rendering of the mixed-reality 
– e.g. geometry reconstruction / radiance capturing / reflectance calculation

1. Geometry reconstruction:
– some require no geometric model of the real scene
– most methods do require a geometric model
– time consuming, unreliable

2. Radiance capturing:
– from one / many viewpoint(s) 
– capturing HDR images: time-consuming, unreliable, subject to scene set-up, 

…
– methods requiring HDR images are error-prone

3. Reflectance calculation
– diffuse BRDF relatively easy to calculate
– specular BRDF estimation is error-prone and tedious but usually desired 

 

A pre-processing step is a task that is carried out only 
once, before the actual rendering takes place. For instance 
geometry reconstruction, radiance capturing and 
reflectance calculation.  
 
Geometry: the more precise the geometry model needs to 
be the more time consuming the method will and also the 
more unreliable as it is not always possible to acquire a 
decent geometry model  
Radiance capture: the more input images needed, the 
more time-consuming the method and the less reliable, 
especially in a scene with changing illumination for 
instance, where it is is difficult to capture a scene point 
from many directions under the same illumination  
Reflectance calculation: the more high level the 
reflectance calculation, the better the quality of the final 
rendering, but the more tedious the method.  
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Level of interactivity
Interactivity:

– the possibility of navigating objects or viewpoints in the scene
– the effort made to get an interactive rendering
– the possibility to modify scene reflectance properties of real objects in the scene 
– the possibility to modify the illumination sources in the real scene

1. Few methods allow navigation of objects and/or viewpoints:
– enough BRDF / geometry / illumination information available
– or, they use different approach to fill in missing information

2. Final rendering of some methods are RT, some are near RT, most of them 
are not RT

– some did not spend enough effort on this
– most methods can be altered such that navigation is made possible in RT
–

3. in principle if geometry is calculated correctly, a new BRDF can be assigned 
to objects in the real scene

 

The level of interactivity depends on the possibility to 
navigate through the scene, to change/move the objects or 
to change the illumination of the scene.  
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Quality
Quality assessment:

– Compare rendering with photographic reference image [But how to assess the 
error ?]

– Estimate BRDF values and compare with real BRDF values (measured)
– More complex BRDF model yields better quality of the MR (intuitively) 
– Subjective, using a test-audience 

 

The quality of a method is very subjective, but can also be 
measured using more objective measures. For instance it 
is expected that with a high level BRDF model, the 
resulting rendering will be better. The quality of a method 
can also be measured by measuring the resulting 
rendering against a photographic reference, but in turn 
this poses the question: what to compare?.  
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Applicability on indoor and outdoor scenes

• Outdoor scenes – more complicated than indoor scenes:  
– geometry more difficult to extract (too much detail, moving objects, less 

controllable than indoor scenes)
– radiance more difficult to capture (movement, intensity too high, less 

controllable than indoor scenes)

• Methods using environment maps are usable for outdoor scene 
– if environment map is correct!!! 

• Four methods explicitly tested their method on an outdoor scene 
– [Sato-Sato-Ikeuchi99a]
– [Debevec98]
– [Gibson03]
– [Yu98]

 

Most methods are restricted in their applicability on 
complex scenes, like for instance outdoor scenes, where 
geometry reconstruction is often difficult, and where 
radiance capture is often hampered by weather conditions. 
Several methods presented can be applied on outdoor 
scenes, though it is a bit questionable if these methods are 
robust against fast weather changes and uncontrollable 
object movement.   
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Conclusion
• Mixed-Reality: 

– Merging of real and virtual elements
– Illumination consistency: virtual and real elements illuminated in the 

same manner
– Three methods to obtain illumination consistency: 

• common illumination
• relighting 
• inverse illumination methods

• Illumination methods: 
– The more information available, the better the quality of the final mixed-

reality
– Therefore classification based on amount of input information available
– Existing methods are not ideal

 

We’ve discussed mixed-reality illumination methods. 
Three types of illumination methods exist. The existing 
methods can be classified based on their input 
information required into four different groups.  
 

114

Bibliography
• A survey of inverse rendering problems, Gustavo Patow 

and Xavier Pueyo, Computer Graphics Forum, vol 22, num 
4, pp. 663-687, 2003. 

• A survey of inverse surface design from light transport 
behavior specification, Gustavo Patow and Xavier 
Pueyo. Computer Graphics Forum. December 2005 

• Classification of illumination methods for mixed 
reality, Katrien Jacobs and Celine Loscos, Computer 
Graphics Forum, vol 25, num 1, January 2006. 

 

 

115

1. Inverse Rendering Definition
2. Applications to Inverse Lighting

1. General problems with complex & uncontrollable scenes 
2. Postproduction: capturing HDRI for outdoor scenes 
3. Urban planning: simulating common illumination 
4. Indoor Lighting Design 

3. Applications to Inverse Geometry
4. Conclusion and Future Work

Inverse Rendering: 
From Concept to Applications

 

Before actually discussing some applications of Inverse 
Rendering, some general problems with rendering 
methods are discussed first. The focus is on the efficiency 
of the existing methods in real-life situations. This is to 
highlight that most existing methods, though they often 
produce nice results, usually forget the practical 
applicability of the method.  
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General Problems with Complex, 
Uncontrollable scenes

Katrien Jacobs
Celine Loscos

University College London
Virtual Environments 
and Computer Graphics
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General Problems with Complex, 
Uncontrollable scenes

Geometry:
– Some (outdoor) scenes contain many (difficult to model) 

details (e.g. buildings, trees, fauna, people, cars, …)
– Some (outdoor) scenes are less easy to control: (e.g. people 

passing, cars driving, objects moving because of wind) 

 

Geometry extraction of outdoor scenes is complicated. 
The scene can contain lots of detail, which makes it 
difficult to model. 
The scene can be difficult to control, for instance the 
object might not be static, which makes it again difficult 
to model. 
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General Problems with Complex, 
Uncontrollable scenes

Illumination:
– Complex illumination:

• Direct: Sun 
• Indirect: Sky & Objects

– Difficult to control:
• Sun intensity too high to capture with camera
• Clouds drifting in sky have significant effect on stability outdoor 

illumination

 

And so is the extraction of the illumination.  
The illumination might not be static which makes the 
HDRI capturing error prone 
The intensity of the illumination can be too high to 
capture (e.g. Sun) 
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Geometry Loss due to …

1. Reconstruction errors
1. Shadows in texture show more detail than the reconstructed object 
2. Outdoor scenes contain more detail than indoor scenes

 

As we can see, the shadow of the statue contains 
“rounded” edges, this indicates that the representation of 
the statue by a set of triangles/polygons is incorrect.  
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Geometry Loss due to …

1. Reconstruction errors
2. HDR (high dynamic range) capturing of moving objects

1. Smeared out in final HDR image
2. Outdoor scenes are less controllable than indoor scenes 

 

Those persons that move during the HDRI capturing 
appear ‘blurred’ in the final HDRI. These ghost effects 
reduce the quality of the HDRI, and the radiance 
representation of the objects in the scene.  
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Incorrect Radiance information due to …

• Illumination changes during HDR capturing: set of LDR (low 
dynamic range) images with multiple exposures contain different 
illumination content, meaningless HDR image

• Illumination changes during radiance capturing entire scene: 
radiance images are required from different viewpoints.

• Sun intensity too high to capture using conventional ways

1/250 1/2000 HDRI

 

The radiance needs to be captured with HDRI images, 
these HDRI images are often generated from a set of 
multiple exposures. Problems arise when during the 
capturing of the multiple exposures, the scene objects 
move, or when the scene illumination changes. Also, 
when the intensity in the scene (sun) is too high to be 
captured with the fastest camera shutter speed.  
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• Using one environment map to illuminate the scene:   this 
assumes that the illumination of the sun and the sky is diffuse,
while it is not …

Incorrect Radiance information due to …

 

When one mirror ball is used to extract the entire 
illumination, it is implicitly assumed that the scene 
illumination is diffuse. However, this is not necessarily 
so.  
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Solutions

Geometry
– By using image processing techniques as shadow 

detection/object recognition  geometry loss can be compensated 
for

– Movements during HDRI capturing can be compensated for
– …

Illumination
– Detect illumination changes and compensate
– Use homogenous filter to reduce sun intensity 
– Capture light probe at different positions in the scene
– …
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1. Inverse Rendering Definition
2. Applications to Inverse Lighting

1. General Problems with Complex & Uncontrollable scenes
2. Postproduction: capturing HDRI for outdoor scenes 
3. Urban planning: simulating common illumination 
4. Indoor Lighting Design 

3. Applications to Inverse Geometry
4. Conclusion and Future Work

Inverse Rendering: 
From Concept to Applications

 

A first application of inverse lighting can be found in post 
production in which HDRI images of the sky/scene are 
used to perform inverse illumination. When objects move 
in the scene, HDRI construction using multiple exposures 
is error prone. The following talk discusses a solution to 
minimize the influence of object movement and camera 
movement on the HDRI generation process.  
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Postproduction: Capturing HDRI for 
outdoor scenes

Katrien Jacobs
Celine Loscos
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and Computer Graphics
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Postproduction: Capturing HDRI for 
outdoor scenes

1. Introduction
2. What is the problem?
3. Solutions: 

1. Camera Alignment
2. HCM removal
3. LCM removal 

4. Conclusion
5. Limitations & Future work
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• Images captured with ≠ shutter speed (called exposures or LDRIs)
• Camera curve saturation effects: too bright – too dark 
• What if dynamic range of the scene is too large?

HDRI: High Dynamic Range Image?

dt1 dt2 dt3> >

 

Most cameras allow the user to change the exposure of an 
image by either changing the shutter speed or the 
aperture. When the shutter speed is long, the CCD of the 
camera has enough time to integrate the incoming light 
and sometimes the CCD might even saturate, like is 
visible in the image on the left, where the sky is plain 
white. On the other hand, when the shutter speed is short, 
the CCD of the camera might not have enough time to 
integrate the incoming light, especially in dark areas, and 
as a result some parts in the image can be too dark and 
not represent the actual light distribution in that area, as is 
visible in the images on the right. 
For a scene with a too high dynamic range, meaning that 
the scene contains both dark and bright areas, no shutter 
speed will capture both dark and bright areas without 
showing some saturation.  
This is all due to the characteristics of the CCD 
integration curve or the camera curve, which relates 
irradiance in the scene to intensity in the final image in 
function of exposure. This curve converges to a certain 
value Imax, and is nearly flat around 0.  
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• HDRI from image sequence:
– Camera curve maps intensities to irradiance
– Final image is per-pixel weighted average of different exposures
– No saturation effects

+

w1

w2

w3

f(x)

f(x)

f(x)

HDRI: High Dynamic Range Image?

 

A High Dynamic Range Image, is a floating-point image 
that gives an accurate representation of the irradiance of 
the points in the scene, rather than the intensity of the 
pixels in an image.  
There are different ways of generating HDRIs, the 
method presented in this talk makes use of the multiple 
exposures. This kind of method is the cheapest way of 
generating HDRIs.  
It proceeds in the following manned:  
A sequence of exposures is captured of the same scene 
with different exposures  
The reconstructed camera curve is used to transform the 
intensities to irradiance.  
The final HDRI is a weighted average of these 
transformed exposures. The weights are defined per 
pixels and are based on the level of saturation a certain 
pixel has in a certain exposure. The task of the weights is 
basically to discard pixels that show saturation.  
The final HDRI will be free from saturation, and will 
actually represent the true irradiance distribution of the 
scene captured.   
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• What is it used for? 
– High quality images

Photosphere

HDRI: High Dynamic Range Image?

 

Now what are these HDRIs used for?  
First of all, as they give an accurate representation of the 
true irradiance distribution in a real scene, they are of 
more quality than conventional images. After all, using 
post-processing techniques, any HDRI can be 
transformed into a conventional image, with all necessary 
saturation if that has to be. Professional software like 
Photosphere, HDRshop and photoshop are available to 
transform exposures into HDRIs.  
HDRIs are often used in movie-production and as a result 
we see companies emerge that design and build HDR 
cameras, like SpheronVR. And companies that build 
HDRI displays so that the user can actually see the 
floating point content of an HDRI.  
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• What is it used for? 
– High quality images
– Illumination capturing/generation (environment/cube mapping)

© www.debevec.org

HDRI: High Dynamic Range Image?

 

Secondly, since HDRIs represent irradiance, HDRIs are 
used to capture the illumination in a scene. For instance 
by using a light probe as can be seen in the image below. 
This light probe image can then in turn be used to 
illuminate virtual objects in a real scene.  
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Dynamic Scenes ?

• Camera movement:
– Manual capturing without tripod
– Translation and Rotation effects

• Object movements:
– Controllable: people, cars, … 
– Uncontrollable: wind 

 

The HDRI generation method presented here, allows the 
exposures to be captured in a dynamic environment, 
meaning:  
Firstly, that during the exposure capturing process, the 
camera does not need to be fixed on a tripod, but can be 
held manually. As a result, the camera position of the 
different exposures can be slightly different.  
Secondly, that the objects in the scene can move. Some 
objects in a scene move in a more or less controllable 
manner, like cars and people walking by. Other objects 
move due to uncontrollable powers: like for instance 
leaves or branches of tree in the wind. [Only visible in the 
slide when the slide is shown in presentation mode] 
Since the different exposures need to be captured 
sequentially, these movements will have an undesired 
effect on the HDRI generation.  
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+

w1

w2

w3

f(x)

f(x)
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What is the problem?
• Conventional HDRI generation:

– Weighted average 
– 1-1 mapping between pixels in different exposure
– Requirement: static scene

+

+

+

+

 

So, what is exactly the problem? 
Due to the weighted averaging of the pixels to generate 
the final HDRI the same pixel in the different exposure 
must correspond exactly to the same physical point in the 
scene. 
Or in other words, the scene has to be static, in order to 
calculate a correct representation of the irradiance in the 
scene. 
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What is the problem?
• Dynamic Scene:

– Camera misalignment 
– Object movement

• Consequences:
– Ghost effects
– Blurring

 

When you allow camera misalignments, or object 
movement, the same pixels in the different exposures will 
not correspond to the same physical point in the scene. 
As a result, the final HDRI looks blurred or washed out; a 
ghost effect becomes visible. 
This can be seen in the example below, where the 
walking people appear multiple times in the final HDRI. 
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Postproduction: capturing HDRI for 
outdoor scenes

1. Introduction
2. What is the problem?
3. Solutions:

1. Camera Alignment
2. HCM removal
3. LCM removal 

4. Conclusion
5. Limitations & Future work
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Solution! 
• Camera misalignment:

– Camera alignment

• Object movement:
– High contrast movement removal  (HCM)
– Low contrast movement removal (LCM)

 

Basically there are two sources of error: the camera 
misalignment and the object movement. 
As a solution for the camera misalignments a camera 
alignment algorithm is proposed. 
The object movement is compensated for by two different 
algorithms:  
Low Contrast Movement (LCM) removal 
And High Contrast Movement (HCM) removal  
The choice of the algorithm depends on the type of 
movement the objects in the scene make. 
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Camera Alignment
• Different exposures → different image features

2 ≠
exposures

≠ features

 

Most camera alignment methods are feature-based: they 
align the images based on distinct features in an image, 
for instance the edges.  
Unfortunately, feature-based methods are unsuitable 
when aligning images captured with different exposure.  
An example is given here:  
The top two images are images captured at the same time, 
from approx. the same position, but with a different 
exposure time.  
When these images are processed with an edge detector, 
the two images at the bottom are generated.  
Different edges are detected and an alignment algorithm 
based on aligning the edges in the image would most 
likely fail or at least it will be very unreliable.  
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Camera Alignment
• However: 

– Between histograms: monotonic transformation
– Same pixels smaller than median intensity value (approx.) 

→ Median Threshold Bitmap Transformation

dt1 dt2

T1 T2

 

However, when the histograms of the two images are 
plot, the two histograms are related by a monotonic 
transformation. Or, the same group of pixels will have 
intensity values lower than the median intensity value in 
both exposures.  
This median intensity value can now be used as a 
threshold for a Median Threshold Bitmap 
Transformation.  
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Camera Alignment
• Median Threshold Bitmap (MTB) Transformation: 

2 ≠
exposures

comparable 
features

 

As an example:  
For the same two images of the same scene captured with 
a different exposure speed the median intensity value is 
calculated and used as a threshold. The result is the two 
binary images at the bottom.   
This time, these binary images share the same features, 
and can therefore effectively be used in an alignment 
algorithm.  
 



139

Camera Alignment
• Results: 

– Use MTB to find Translational and Rotational transformation matrix
– Iterative procedure

Unaligned sequence

 

The final alignment algorithm works in the following 
manner:  

• Take the different exposures 
• Calculate the median intensity value for each of 

these exposures 
• Use this value as a threshold to generate the 

binary images like the once shown in the previous 
slide 

These are then used to calculate the rotational and 
translational misalignments between the images 
The rotation and translation is calculated in an iterative 
process.  
An example of an unaligned sequence of images is shown 
here, it is (should be) clear that there is a clear rotational 
and translational misalignment between the images. [Only 
visible when the slide is shown in presentation mode] 
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Camera Alignment

Aligned sequence

• Results: 
– Use MTB to find Translational and Rotational transformation matrix
– Iterative procedure

 

This sequence shows the same exposures as in the 
previous slide but this time a rotational and translational 
transformation is applied to align the sequence. [Only 
visible when the slide is shown in presentation mode] 
This method is similar to the method used in Photosphere, 
but the alignment method is extended to deal with 
rotational misalignments as well.  
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• HCM: High Contrast Movement:
– High contrast between moving object and background

– Can be identified by examining variance of pixel over the different 
exposures 

HCM removal

HDRILDRI

 

As mentioned earlier, the movement present in the scene 
is compensated for by two different algorithms. Which 
algorithm should be used depends on the type of 
movement present in the scene.  
A first type of movement is called High Contrast 
Movement (HCM) and is displayed here: this type of 
movement occurs when moving object (walking people) 
and background are of high contrast.  
This type of movement can be identified by calculating 
the variance of a pixel across the different exposures.  
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HCM removal
• Detection: creation of Variance Image (VI)

– Camera curve maps intensities to irradiance
– VI is weighted variance image

Σwi(x – μ)2

w1

w2

w3

f(x)

f(x)

f(x) VI

 

The detection is done by constructing a Variance Image 
(VI) in the following manner:  
 
First the intensity values in the exposures are mapped to 
irradiance values using the camera curve. This is 
necessary in order to being able to actually compare the 
pixels.  
Then VI is constructed by calculating the weighted 
variance of one pixel across the different exposures.  
The weights used here are the same weights used for the 
HDRI generation: their task is to discard saturated pixels.  
 



143

HCM removal
• Removal: 

– Threshold, dilation, erosion & segmentation
– Substitute highlighted regions in original HDRI
– Use best exposure available (not containing 

saturation)
• Result: 

 

The removal of the movement is carried out by the 
following steps:  
First a threshold is applied to VI, the resulting binary 
image is dilated and eroded resulting in the second image 
on the right: the cluster of white pixels indicates HCM 
and needs to be removed.  
The actual removal consists of substituting those 
identified regions by pixel values by irradiance values 
coming from one exposure.  
That exposure is chosen, that shows the least saturation in 
the identified area.  
A result is given on the left hand side: the walking people 
are “de-blurred” and “de-ghosted” 
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LCM removal
• LCM: Low Contrast Movement

– Low contrast between background and moving object

– Movement can be detected with entropic measurements

HDRILDRI

 

The second type of movement is called Low Contrast 
Movement. It occurs when moving object and 
background are similar or show low contrast.  
An example is shown on the right, the leaves and 
branches move due to the wind. The contrast between 
moving object and background is low, as they are 
essentially the same kind of objects. [Only visible when 
the slide is shown in presentation mode] 
The resulting HDRI is unclear and fails to represent the 
moving branches and leafs correctly.  
This type of movement is identified using entropy.  
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LCM removal
• Detection: creation of Uncertaintly Image (UI)

– UI is weighted average of uncertainty measure: 

ΣwiUI

w1

w2

w3

 

The detection of LCM proceeds in a similar fashion as the 
HCM detection. The detection is done through an 
Uncertainty Image (UI) and the following slide explains 
how UI is generated.  
 

146

• Uncertainty measure:
– Generate HDRI & split into cells 1’, 2’, …, I’, …, n’
– Create empty uncertainty image UI
– Split each exposure in cells 1, 2, …, I, …, n
– For each cell in exposure calculate entropy H i
– For corresponding cells calculate conditional entropy H i | i’
– Add H i + H i | i’ to value stored in cell I in UI

LCM removal

HDRI

1’

i’

n’

Exposure 1

1

i

n

…

Exposure N

1

i

n

UI

1

i

n

 

First an HDRI is generated and split in a set of cells.  
Then an empty UI image is created, split into the same set 
of cells.  
Then for each exposure the following algorithm is 
applied:  

• They are split into the cells 
• For each cell the entropy is calculated  
• Then the conditional entropy is calculated 

between the cell in the exposure and in the HDRI  
• Finally the sum of the entropy and the conditional 

entropy is added to the value stored in UI 
• This is repeated for all exposures 
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LCM removal
• Removal: 

– Threshold, dilation & erosion & segmentation 
– Substitute highlighted regions in original HDRI
– Use best exposure available (not containing 

saturation)
• Result: 

 

The removal of LCM proceeds in a similar fashion as the 
removal of the HCM:  
A threshold is applied to UI, the generated binary image 
is dilated and eroded. The resulting bright cluster of 
pixels is identified as pixels affected by LCM 
After HDRI generation this LCM region is substituted by 
pixel values from 1 exposure.  
An example is shown in the image on the right: all the 
leaves are clearly visible, all movement has been de-
blurred.  
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Conclusion 

• Automatic HDRI generation  for Dynamic Scenes
• Statistical decision process 
• Low cost HDRI generation using multiple exposures 
• Camera & object movement removal:

– Camera alignment
– HCM & LCM removal 

• Without user input 

 

In this talk a method is presented that generates HDRIs in 
a low-cost manner, with low-cost equipment using 
multiple exposures.  
Limited camera and object movement is allowed. These 
movements are compensated for using a HCM & LCM 
removal and camera alignment procedures.  
All operations are executed automatically, without used 
input, the decisions made are based on statistical 
quantities.  
 

149

Limitations & Future work
• What if … 

– too many/large objects would move
– there is no suitable exposure for the substitution  
– the illumination changes during image capturing (cloud 

movement)

 

Oblivious there are still limitations to the presented 
method and there is still some important future work:  
What if …   
Too many or large objects would move? Well, most likely 
the image alignment algorithm will fail. And if that fails, 
the image calibration, and HDRI generation will be 
incorrect as well.  
There is no suitable exposure, for instance, some light 
sources (for instance the sun) will always show 
saturation, and no matter what exposure speed is used? In 
that case, the HDRI will still show the saturation.  
The clouds change that fast, that during the capturing, the 
illumination has significantly changed as well? Well, in 
that case no correct HDRI image can be generated. It is 
essential that the different exposures are captured under 
the same illumination.  
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1. Inverse Rendering Definition
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1. General Problems with Complex & Uncontrollable scenes
2. Postproduction: capturing HDRI for outdoor scenes 
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4. Indoor Lighting Design 

3. Applications to Inverse Geometry
4. Conclusion and Future Work

Inverse Rendering: 
From Concept to Applications

 

The next application is that of urban planning. It discusses 
a method to generate shadows (common illumination 
solution) in real-time for virtual objects in a scene. This 
method does not require an accurate scene geometry and 
allows shadows in the texture model of the scene. Only an 
approximate light source position needs to be known. The 
generated virtual shadows are calculated in real-time and 
are consistent with the shadows already present in the 
scene.  
 
This method was developed as part of the CREATE 
project (a European project), and was used to generate 
consistent shadows for virtual objects inside a model of 
an existing city.  
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Introduction 
Context: illumination for augmented reality:

– Augmented reality: real environments augmented by virtual 
objects/avatars

– Illumination: induced by virtual object

real scene geometry extraction texture mapping
&

augmentation

© The CREATE project at VECG, UCL

 

The context of the presented algorithm is illumination for 
augmented reality.  AR stands for the reality created when 
you insert virtual objects in a real scene. Illumination 
stands for the illumination effects that the virtual objects 
can create. An example is given in the images below. On 
the left hand side we see a picture of a real scene. Now, in 
order to insert virtual objects and to generate the 
illumination effects, the geometry of the scene needs to be 
reconstructed, the light source positions need to be 
estimated and the texture of the real scene needs to be 
extracted as well. A possible illumination effect that a 
user would like to create is for instance the shadows cast 
by the avatar on the ground floor as we can see in the 
example on the right hand side. Now, geometry 
reconstruction and light source position estimation is 
error prone and the light source estimation becomes even 
more complicated when the texture of different parts of 
the real scene are captured at different times of the day, 
since then the light sources might actually be different for 
different parts of the scene.   
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Introduction 
Context: illumination for augmented reality:

– Augmented reality: real environments augmented by virtual 
objects/avatars

– Illumination: induced by virtual object

Illumination effects:
– virtual object →  real scene
– real scene →  virtual object
– virtual objects → virtual objects

[Haller03]

 

Now what kind of illumination effects can exist? First of 
all the virtual object can cast shadows on the real scene, 
secondly the real scene will illuminate the virtual objects 
and finally the virtual objects can interfere with each 
other.  An example is given in the image on the right: the 
torus and the sphere are virtual objects and they generate 
shadows in the real scene and on top of each other.  
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Introduction
Common illumination: 

– Virtual shadows consistent with shadows present in real scene
– Illumination in the real scene is unaltered
– No physical understanding of the scene necessary

Relighting/inverse illumination: 
– Virtual shadows consistent with shadows present in real scene
– Appearance of real objects can be altered, to reflect illumination 

changes
– Often physical understanding of the scene calculated (BRDF)

• see STAR Jacobs et al. at EG2004: classification of illumination 
methods for mixed-reality.

 

There are many different illumination solutions provided 
in the literature and we can classify them into different 
classes.  
 
The first class of methods provide common illumination: 
the virtual object is illuminated conform to the 
illumination present in the real scene and the virtual 
shadows cast by the virtual object are generated as well. 
However, the illumination already present in the real 
scene can not be changed. Also, usually there is no 
physical understanding of the scene.  
 
A second class of methods provide relighting. In this 
case, the virtual object is again illuminated with similar 
illumination as is present in the real scene and its shadows 
are generated. This time, a novel illumination can be 
applied to both the real scene and the virtual object. 
Usually some form of physical understanding of the scene 
is at hand, for instance, often the BRDF or reflectance of 
the materials in the scene are known or at least calculated. 
 
For a complete classification of illumination methods I 
would like to refer to the following state of the art report 
presented at Eurographics 2004. Now, the method 
presented in this talk can be classified under the first 
group of illumination solutions: it offers common 
illumination.  
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-- green box is virtualgreen box is virtual

Introduction
Shadow volumes/maps?

– Calculation of position of virtual shadow 
– Scale pixels underneath (make darker)

 

The contribution of the presented method is the 
generation of consistent shadows for virtual objects in an 
AR environment using shadow volumes or shadow maps. 
Shadow maps or shadow volumes generate shadows in 
real time as the calculation can be done using the graphics 
hardware. Usually these shadows are hard shadows, but 
soft shadow generation is possible as well.  
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- green box is virtual

Introduction
Shadow volumes/maps?

– Calculation of position of virtual shadow 
– Scale pixels underneath (make darker)

 

In short, what shadow volumes and shadow maps does is 
that it calculates the position of the virtual shadow ……. 
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- green box is virtual

Introduction
Shadow volumes/maps?

– Calculation of position of virtual shadow 
– Scale pixels underneath (make darker)

 

….. and then it scales the pixel intensities of those pixels 
that fall inside this shadow region as is illustrated here.  
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- orange box is real

Introduction
Shadow volumes/maps?
Consistent?

– Consistent with shadows already present in the scene 
– Prevent pixels inside shadow in texture from being scaled 
– Texture contains semi-hard shadow

 

As said earlier, the method provides consistent shadows. 
Consistent means in this context that the shadows are in 
the same direction as the shadows already present in the 
real scene, and with a similar appearance, or colour, 
which means that we need to find a good scaling factor. 
In this example we see a real object, the orange box, 
which casts a clear shadow on the ground.  
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- orange box is real
- green box is virtual

Introduction
Shadow volumes/maps?
Consistent?

– Consistent with shadows already present in the scene 
– Prevent pixels inside shadow in texture from being scaled 
– Texture contains semi-hard shadow

 

….. when a virtual object is inserted, the position of its 
shadow is shadow is calculated using an approximate 
light source estimation. …….  
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- orange box is real
- green box is virtual

Introduction
Shadow volumes/maps?
Consistent?

– Consistent with shadows already present in the scene 
– Prevent pixels inside shadow in texture from being scaled 
– Texture contains semi-hard shadow

 

… and then the pixels inside this shadow position are 
scaled. And as we can see, when virtual and real shadows 
overlap, using shadow volumes or shadow maps, will 
generate inconsistent shadows in the overlapping pars. 
For instance in this example, we see that the colour of the 
overlapping regions is darker than the rest of the shadow 
…..  
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-- orange box is realorange box is real
-- green box is virtualgreen box is virtual

Introduction
Shadow volumes/maps?
Consistent?

– Consistent with shadows already present in the scene 
– Prevent pixels inside shadow in texture from being scaled 
– Texture contains semi-hard shadow

 

… the presented method will detect the position of the 
real shadow present in the scene and will not allow 
scaling pixels in those areas, the result is depicted in the 
example. The result is that the shadow in the overlapping 
area is appropriate according to the shadows already 
present in the scene.  
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Related work

• Common illumination
• Illumination generated using environment maps
• Not real-time  
• Inconsistent shadows when real texture contains shadows

Sato et al.: Sato et al.: Acquiring a radiance distribution to superimpose virtual objectsAcquiring a radiance distribution to superimpose virtual objects onto a real scene.onto a real scene.

[Sato[Sato--SatoSato--Ikeuchi99aIkeuchi99a]]  

In this example from Sato et al. we see a real scene on the 
left hand side and the real scene augmented with a virtual 
sphere on the right hand side. The illumination on the 
sphere is generated using environment maps, the shadow 
of the virtual object is generated using ray tracing. The 
method is not real-time. If the virtual shadow would have 
overlapped with real shadows in the scene, the shadow 
would have been inconsistent.  
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Related work
Yu et al.: Yu et al.: Inverse global illumination: recovering reflectance models of reInverse global illumination: recovering reflectance models of real scenes from al scenes from 
photographsphotographs. . 

• Relighting illumination using inverse illumination 
• Reflectance calculation
• Not real-time

[Yu99]  

This example form Yu et al. illustrates relighting. The top 
image gives the real scene, the bottom image illustrates 
the same scene but this time virtually illuminated with a 
novel illumination pattern. The method does not operate 
in real time and uses the geometry of the real scene and 
BRDF information for the materials in the scene to 
calculate the illumination effects. 
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Related work
AgusantoAgusanto et al.:et al.: Photorealistic rendering for augmented reality using environmentPhotorealistic rendering for augmented reality using environment
illumination.illumination.

• Common illumination
• Illumination using environment maps
• Real-time  using ARToolkit

[Agusanto03]

 

Agusanto et al. provide common illumination using 
environment maps. A glossy and specular environment 
map are given on the left hand side. This method operates 
in real time, the illumination on the virtual objects is 
generated, no effort is done to include shadows.  
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Related work
Haller et al.:Haller et al.: A realA real--time shadow approach for an augmented reality application using time shadow approach for an augmented reality application using shadow shadow 
volumesvolumes. . 

• Common illumination
• Real-time using shadow volumes
• Inconsistent shadows when real texture contains 

shadows

[Haller03]

 

Finally, an example from Haller et al. which uses shadow 
volumes to generate the virtual shadows. This method 
requires a detailed model of the real scene and the light 
source position. But when we have a look at the image on 
the right hand side, we see that when virtual and real 
shadow overlap, the method generates an inconsistent 
shadow pattern.  
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Urban planning: simulating common 
illumination

1. Introduction 
2. Related work 
3. Methodology
4. Results
5. Conclusion

 

Next we will discuss the methodology of the shadow 
generation algorithm presented in this talk. The 
methodology consists out of 4 different steps.  
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Methodology
geometry

light source position

texture

virtual element

 

The first steps is the input generation. At least four 
different inputs need to be generated. The first is the 
geometry of the real scene. Geometry reconstruction, 
which can be done with methods like image modeler, is 
very tedious and error prone.  
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- orange box is real

Methodology
geometry

light source position

texture

virtual element

1. shadow detection

• shadow estimation
• shadow calculation
• scaling factor

 

Then the shadow detection process proceeds. The 
following slides give an overview of how this was 
implemented in the presented method.  
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Methodology
geometry

light source position

texture

virtual element

1. shadow detection

• shadow estimation
• shadow calculation
• scaling factor

- orange box is real
- yellow box is 
construction

 

The orange box is a real object, the yellow box is its 
reconstruction (misaligned with the original object as we 
can see here, due to numerous errors).  
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Methodology
geometry

light source position

texture

virtual element

1. shadow detection

• shadow estimation
• shadow calculation
• scaling factor

- orange box is real
- yellow box is 
construction
- yellow region is 
estimated shadow 
position

 

The shadow estimated from the light source estimate and 
the reconstructed geometry is given in yellow.  
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Methodology
geometry

light source position

texture

virtual element

1. shadow detection

• shadow estimation
• shadow calculation
• scaling factor

- orange box is real
- yellow box is 
construction
- yellow region is 
estimated shadow 
position
- green box is bounding 
box

 

From this estimate a bounding box can be created that is 
larger than the estimate and will contain the real shadow.  
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Methodology
geometry

light source position

texture

virtual element

1. shadow detection

• shadow estimation
• shadow calculation
• scaling factor

- orange box is real
- yellow box is 
construction
- yellow region is 
estimated shadow 
position
- green box is bounding 
box
- red contour is shadow 
contour

 

A canny edge detector is used to calculate the position of 
the shadow contour. This implies that only hard shadows 
can be detected.  
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Methodology
geometry

light source position

texture

virtual element

1. shadow detection

• shadow estimation
• shadow calculation
• scaling factor

- orange box is real
- yellow box is 
construction
- yellow region is 
estimated shadow 
position
- green box is bounding 
box
- red region is 
calculated shadow 
region

 

A region filling algorithm is used to find the shadow 
pixels based on the shadow contours.  
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- orange box is real
- yellow box is 
reconstruction

- scaling factor = A/B    
- one scaling factor 
per material            

Methodology
geometry

light source position

texture

virtual element

1. shadow detection

• shadow estimation
• shadow calculation
• scaling factor

 

A scaling factor is calculated. This scaling factor relates 
the intensities of the pixels in shadow with those not in 
shadow. It is this scaling factor that will be used by the 
shadow volumes method to generate the virtual shadows. 
This scaling factor actually varies per material and per 
pixel, but in the presented method only one scaling factor 
was used PER MATERIAL. The results, though being an 
approximation, were satisfying.  
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- orange box is real

Methodology
geometry

light source position

texture

virtual element

2. shadow protection

• shadow mask 
generation

1. shadow detection

• shadow estimation
• shadow calculation
• scaling factor

 

Now, the third step of the algorithm deals with the 
protection of these real shadow pixels from being scaled 
during the shadow generation with the shadow volume 
method.  
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Methodology
geometry

light source position

texture

virtual element

2. shadow protection

• shadow mask 
generation

1. shadow detection

• shadow estimation
• shadow calculation
• scaling factor

 

.. this protection is performed by generating a shadow 
mask. An example of a binary mask is given here. White 
indicates that the pixels is inside a real shadow, and hence 
no scaling is allowed, black indicates that scaling is 
allowed.  
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white = no scaling
black =  scaling allowed
grey =  partial scaling

Methodology
geometry

light source position

texture

virtual element

3. shadow generation

• using shadow mask 
• using scaling factor 
generated in steps 1 & 
2 

2. shadow protection1. shadow detection

• shadow mask 
generation

• shadow estimation
• shadow calculation
• scaling factor

 

Sometimes the real shadow is not a true hard shadow. To 
reflect the difference in shadow intensity in penumbra and 
umbra regions, the shadow mask is in grey scale and a 
gradient from white to black is introduced along the 
border of the real shadow. Now, in this shadow mask, 
white indicates that the pixels cannot be scaled; black 
indicates the pixels can be scaled and grey indicates they 
can be scaled, but with a smaller scaling factor than that 
used for pixels in the black region.  
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Methodology
geometry

light source position

texture

virtual element

3. shadow generation2. shadow protection

• shadow mask 
generation

1. shadow detection

• shadow estimation
• shadow calculation
• scaling factor

Intensity Intensity 
= = 

scalingfactorscalingfactor
x x 

shadow maskshadow mask
xx

texturetexture

- orange box is real
- green box is virtual

• using shadow mask 
• using scaling factor 
generated in steps 1 & 
2 

 

The fourth and final step in the methodology generates 
the virtual shadows. Now the intensity of a pixel inside 
the virtual shadow is calculated as the original pixel 
intensity multiplied by the scaling factor and multiplied 
by the value in the shadow mask. As we can see, with this 
method only pixels outside of a real shadow will be 
scaled.  
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Urban planning: simulating common 
illumination

1. Introduction 
2. Related work 
3. Methodology
4. Results

1. Demo 1
2. Demo 2

5. Conclusion
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• Characteristics: 
– light source static
– real scene static
– everything recorded offline
– RT shadow generation and scene navigation

• Task flow:
– 0. input generation
– 1. shadow detection
– 2. shadow protection
– 3. shadow generation 

Results 

repeat every frame

 

In the first demo, the light source and the real scene are 
static and the texture is captured offline. The shadow 
generation and scene navigation is calculated online and 
in RT. Basically this means that the first three steps of the 
methodology are calculated once, and the final step is 
repeated every frame. This type of applications performs 
the shadow detection offline and therefore the necessity 
of calculating the real shadow positions in real time is less 
important.  
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• Characteristics: 
– light source semi-static
– scene static
– everything recorded online
– camera calibration online using ARToolkit

• Task flow:
– 0. input generation
– 1. shadow detection
– 2. shadow protection
– 3. shadow generation 

Results 

repeat every frame

 

In the second demo, the light source is semi-static and is 
allowed to move in a close range around the real light 
source position. The real scene is static, but the texture is 
captured at run time. The camera calibration was 
executed using ARToolkit. In short this means that the 
input generation can be done offline and only once, but 
the shadow detection, protection and generation is 
repeated every frame.  
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Conclusion and future work 

• Conclusion:
– A real-time shadow detection and generation is presented 
– Common illumination for augmented reality

• Future work:
– Improved shadow detection system (soft shadows) 
– Light source tracking  
– Improved per-pixel scaling factor calculations 

 

A real-time shadow detection and generation method is 
presented, which provided common illumination for 
augmented reality. 
 
There are a few things that can be improved in the current 
implementation of the method. For instance, we have only 
considered semi-hard shadows, but the application field 
of the method could be broader if a soft shadow detection 
would have been used in the shadow detection step. 
Secondly, a light source tracking could be included. And 
finally the scaling factor calculation could be done per 
pixel instead of per material, as this would better reflect 
that pixels inside a shadow cast on one object can have a 
slightly different appearance due to the orientation of the 
object towards the light source, or the indirect light the 
points receive from their neighbouring objects.  
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Indoor Lighting Design

Celine Loscos
Katrien Jacobs

University College London
Virtual Environments 
and Computer Graphics
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Indoor Lighting Design

Geometric modificationsLighting modifications

Can this be done virtually?

 

 
When designing interior one would try to imagine 
different scene set up and lighting set up.  
It is tedious and often impossible to do it in real life.  
We could build a virtual model of the room and use 
traditional computer graphics lighting simulators. But 
many details and the overall  impression would be lost.  
Could this be done virtually, based on the existing room? 
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Different approaches

• Common goal:
– Realistic output
– Use of global illumination

 

Different approaches exist. 
All have a common goal to produce a realistic output – 
meaning that the output can be comparable to what would 
a photograph of the redesigned room would look like.  
Global illumination is preferable has it models light 
transport more realistically. 
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Different approaches

• Approach 1: [Loscos00]
– Input:

• Partial geometry known
• One lighting condition known
• Few input photographs

– Output:
• Approximate solution
• Fixed viewpoint
• Interactive control

 

We will present 4 different approaches to the problem. 
The first one was published by Loscos et al. in 2000.  
Its advantages are that the input can be restrictive. But as 
a consequence the solution is approximate. 
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Different approaches

• Approach 2: [Loscos99]
– Input:

• Partial geometry known
• Several lighting conditions known
• Few input photographs

– Output:
• Approximate solution
• Fixed viewpoint
• Interactive control

 

A second approach was published by Loscos et al. in 
1999.  
The input is more restrictive as several lighting conditions 
need to be known.  
The results are therefore more reliable than those of the 
previous approach. 
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Different approaches

• Approach 3: [Yu99]
– Input:

• Full geometry known
• One lighting condition known
• Many input photographs

– Output:
• Accurate solution
• Pre-computed results
• Possible of changing viewpoint before computation

 

A third approach is of Yu et al. published in 1999. 
The input needs to be very complete, but the provided 
solution is very accurate. 
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Different approaches

• Approach 4: [Boivin01]
– Input:

• Full geometry known
• One lighting condition known
• One input photographs

– Output:
• Nearly accurate solution
• Pre-computed results
• Possible of changing viewpoint before computation

 

The last approach presented is of Boivin et al. in 2001.  
The output is similar to the one of Yu et al., but the input 
needs to be less complete. 
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Approach 1: Loscos et al. 00

• Input:
• Partial geometry known
• One lighting condition known
• Few input photographs

• Output:
• Approximate solution
• Fixed viewpoint
• Interactive control
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Original photograph Relighting

Relighting using a single known 
lighting

 

For an original photograph on the left hand side, this 
method allows to reach results as in the picture shown in 
the right hand side, where all original light sources were 
virtually turned off and a new virtual light was inserted. 
In addition a virtual object was inserted in the scene.  
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Relighting using a single known 
lighting

• Input data
– 3D-model with textures
– single known viewpoint
– single photograph 
– single known lighting

 

A scene is reconstructed from photographs, on which 
textures taken from one view are mapped. 
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Global illumination estimation

• Initialisation of lighting parameters
[Fournier-Gunawan-Romanzin93] [Drettakis-Robert-Bougnoux97]

– reflectance estimate
• from pixels of the textures

– estimation of the light sources exitance

• Initialisation of the lighting system
– hierarchical radiosity system

 

The technique builds on Fournier et al, and Drettakis et al. 
to initialise the parameters (initial reflectance, light source 
exitance). The method also uses a hierarchical radiosity 
system. 
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Global illumination estimation
• Initial radiosity solution (without textures)

– radiosity for each mesh element

 

From the initial parameters a radiosity solution is 
computed. 
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Adding virtual objects
• Shadow of the virtual object on the table
• Modulate the texture with a display ratio

[Drettakis et al. 97]

Modified radiosity

Initial radiosity

 

To make light changes perceptible after virtual 
modifications, textures are modulated by a factor of the 
modified radiosity over the initial radiosity.  
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Limitations
• Problem [Drettakis-Robert-Bougnoux97] : shadow already 

included in the textures

Left real light source 
virtually switched off

 

But this doesn’t allow relighting. 
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Creation of new textures 
without shadows

• For each element in a shadow region
– add light previously blocked by a real object
– correction from a reference element chosen automatically

reference
element

element
in shadow

 

In order to allow relighting new textures are created on 
which shadow effects are removed. 
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Texture correction

Original textures Textures without shadows
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New radiosity solution

Radiosity Bi Radiosity B0 « without shadows »

 

We can update now a new radiosity Bo corresponding to 
the textures without shadows. 
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New lighting

Display ratio

. Texture

Relighting allowed

Bi

B0

B0Bi

 

The original lighting or any new lighting can then be 
reproduced by applying a factor to the textures without 
shadows. The factor is based on the new calculated 
radiosity over the radiosity without shadows. 
 

206

Comparison with reality

Original photograph Simulated original lighting
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Comparison with reality

Photograph with new lighting Simulated relighting
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HDRIs against RGB format

Original photograph

Textures without shadows
RGB

radiance

 

Using HDRIs helps producing more accurate results. 
 

209

Interactive relighting

• Light source exitance modification
– fast solution

• Add/Move virtual objects and light source
– incremental algorithm [Drettakis et Sillion 97]
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Approach 2: Loscos et al. 99

• Input:
• Partial geometry known
• Several lighting conditions known
• Few input photographs

• Output:
• Approximate solution (diffuse reflectance only)
• Fixed viewpoint
• Interactive control
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Input data
• Radiance images from a single viewpoint

– a single light source per image

Different
lighting

conditions

 

In a second approach, we will use the fact that we can 
retrieve reflectance parameters easier when several 
lighting conditions are known.  
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Reflectance estimate pixel per pixel
• For each radiance image

• Indirect approximated by an ambient term
– Leads to errors

reflectancereflectance == radiosityradiosity // (direct(direct lightlight ++ indirect lightindirect light ))

Original Original photographphotograph EstimatedEstimated reflectancereflectance

 

The reflectance estimate is done pixel per pixel using an 
approximation of the calculation of the direct lighting and 
indirect lighting.  Because of the approximations the 
reflectance values are very inaccurate. 
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Use of Weighted Average to Merge the 
Reflectance Values

x

x

avg.

reflectance confidence

merged
reflectance

 

We use the combination of images to reduce the errors. 
We assign to each image a confidence value that remove 
areas in shadows (more prone to errors because of the 
approximation on the indirect lighting), and for highlights 
since only diffuse reflectances are treated. 
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Lighting simulation

• Direct lighting:  Ray casting
• Indirect lighting: optimised radiosity solution

pixel

Reflectance

Direct
light 

Indirect
light 

 

After the reflectance values are calculated, the 
illumination is calculated per pixel for the direct lighting. 
The indirect lighting is however calculated using radiosity 
as it is faster than ray tracing.   
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Iterative algorithm for 
reflectance estimate

• For each pixel:

convergence of reflectance values

Initial Initial reflectancereflectance

Indirect Indirect lightinglighting

New New reflectancereflectance

iterationiteration

(indirect = (indirect = ambientambient))

 

An iterative approach is set to update the reflectance 
values with the indirect lighting calculation improving 
through the iterations. 
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Calibration results (with HDRI 
input)

RGB Initial radiance After iterations

Reflectance

 

The calculated reflectance is shown on those images. 
HDRIs images help producing results with less visible 
errors. 
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Reflectance for a scanline (after iterations)

Calibration results

 

The reflectance values are shown in RGB for a scan line. 
For a same material, values are consistent.  
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Lighting simulation

Photograph SimulationSimulation
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Approach 3: Yu et al. 99
• Input:

• Full geometry known
• One lighting condition known
• Many input photographs

• Output:
• Accurate solution
• Pre-computed results
• Possible of changing viewpoint before computation
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Input
• Reconstruct scene geometry and light source positions

 

In another approach, it is possible to deal with more 
complex BRDFs and lighting conditions. 
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BRDF estimation
• Diffuse albedo estimated using inverse radiosity

• Roughness and specular albedo estimated using non-
linear optimisation:

– based on a large set of images from different viewpoints and 
specular highlights identified in these images

 

In this method, the diffuse reflectance is computed using 
a radiosity method. 
Whereas the other BRDF parameters are estimated using 
a non-linear optimisation 
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Results
• Rendering using RADIANCE

 

A great advantage of this method is that the computed 
BRDFs are accurate. The scene can therefore be 
relighting with very good results. 
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Approach 4: Boivin et al. 01
• Input:

• Full geometry known
• One lighting condition known
• One input photograph

• Output:
• Nearly accurate solution
• Pre-computed results
• Possible of changing 

viewpoint before computation
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Method Overview
• Reconstruct scene 

geometry, light source 
position

• BRDF model according 
to Ward et al. : 3 or 5 
parameters: diffuse, 
specular, roughness

31

 

The method of Boivin et al. is similar to the one of Yu et 
al.  
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Method Overview
31

• Iterative approximation based on one single image: 

1. start from initial BRDF estimate
2. render scene using BRDF, light sources and geometry
3. calculate difference with input image
4. if difference too large: 

1. make new BRDF estimate, or 
2. refine BRDF model 
3. go to step 2

5. else stop! 

 

It uses an iterative algorithm but it is based on a single 
image (rather than a set as in Yu et al.) 
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Results
• Output reflectance at each iteration step

 

After each iteration, the errors in computation decrease. 
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Results

original re-rendered

32

• Use scene knowledge to fill in invisible parts of the scene

 

With this method it is possible to modify the view point 
by completing the unknown regions with the calculated 
materials.  
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Conclusions
• Relighting methods can be used for lighting design of 

existing rooms
• Solutions range from accuracy to interactivity
• Usually it needs a good understanding of the geometry 

and the original lighting

 

We have presented four different approaches to calculate 
indoor relighting. The different solutions range from 
accuracy to interactivity and practicability. All require a 
fair understanding of the geometry of the scene. 
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Future Work
• Solutions are now limited to controlled rooms
• Future methods:

– Should work on any type of surfaces and objects
• including for e.g., plants, set of small objects, table cloths, 

untidy rooms
– Should work for any type of lighting

• combining natural light from windows with different types of 
light sources

– Should provide a system usable by a designer with a library of 
furniture and lightings, and an interface

 

Relighting methods are still at their early stage since for 
each presented method, the rooms were chosen carefully 
with controlled geometry and lighting conditions (no 
windows for example).  
It is expected that a new range of methods should come 
up to allow more complex scenes and conditions to be 
treated. 
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1. Inverse Rendering Definition
2. Applications to Inverse Lighting
3. Applications to Inverse Geometry

1. General design of reflectors
2. User-guided design of reflectors

4. Conclusion and Future Work

Inverse Rendering: 
From Concept to Applications

 

In this Section, applications are given of inverse 
geometry.  
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Applications to Inverse Geometry: 
Surface Design

Gustavo Patow
Xavier Pueyo

Grup de Gràfics de Girona
Universitat de Girona

 

Keywords: Inverse Problems, Inverse Rendering, Inverse 
Geometry, Reflector Design, CAD for luminaries, 
Optimization 
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Applications to Inverse 
Geometry: Surface Design

• Introduction
• Previous Work
• Problem Statement
• Foundations
• Numerical Aspects of Inverse Surface Design 
• General design of reflectors
• User-guided design of reflectors
• Conclusions
• Future Work
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Height

Reflector

Bulb

Target Optical Set

 

Firstly, we should define what an optical set is. 
The reflector shape to be found is just a piece of a set 
called in lighting engineering an optical set, which 
consists of a light bulb, the reflector and, possibly, the 
diffusor. The reflector has a border, contained in a plane, 
that limits its shape. In general, a reflector must fit inside 
a holding case, so its shape cannot be lower at any point 
than the plane defined by the border nor higher than a 
certain threshold defined by the case. We can say that the 
case defines a bounding box for the reflector. 
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Objective

• Design of reflector shapes from prescribed 
optical properties and geometrical constraints.

 

We will focus our efforts on the following problem: 
Given a desired optical set-outgoing radiance distribution, 
find the corresponding shape for the reflector that 
provides a light distribution similar to the given one up to 
a user-defined threshold. 
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Restrictions (I)

• Surface must be “build-able”:
z = f(x,y)

Metallic 
sheet

z

x/y

 

The following constraints are imposed on the surface 
shape to be built: 
The shape must satisfy certain constructive constraints 
that amount to requiring that the shape of the reflector be 
the graph of a function with respect to the plane of the 
reflector's border. 
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Restrictions (II)

• Shape must fit exactly into the border

 

The resulting shape must exactly fit the given border 
because the case holds the reflector at that curve. 
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Restrictions (III)

• Shape can’t be lower than border plane 
(should leave space for light bulb)

• Shape can’t be higher than holding case

Border Plane
Light bulb

Holding Case

 

The shape cannot be lower than the border plane (z=0), or 
higher than a certain maximum height (it must fit inside 
the case). 
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Previous Work: Inverse 
Surfaces

Source

BRDF

Reflector

Illumination
Distribution

 

This problem is clearly within the Inverse Geometry 
problems we mentioned before 
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Previous Work: Our case

• To the best of our knowledge, there are no 
other works dealing with: 
– Inter-reflections inside the reflector
– General BRDFs
– Polygon-based surfaces
– A global strategy for the optimization

 

To the best of our knowledge, there are no other works 
dealing simultaneously with the treatment of inter-
reflections inside the reflector geometry, using general 
BRDFs for the reflector surface material, a polygonal-
based representation of the surface, and finally, a global 
strategy for the optimization. 
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Problem Statement
• Given

– The radiance distribution of the light bulb
– A reflector border
– A desired outgoing radiance distribution for the 

Optical Set

• Find a shape within a user-prescribed tolerance

 

We can state more precisely our problem as: 
Given the outgoing radiance distribution of a light bulb 
and a reflector border, and given a desired optical set-
outgoing radiance distribution, find the corresponding 
shape for the reflector. Do this up to a user-defined 
tolerance. 
 

241

Surface Representation
Regular Grid:

+ Avoids optical estriations
+ Easy to manufacture
+ Allows studying the procedure
+ Border fitting almost trivial
− Polygonal approximation
− C0 Continuity 
− Not very flexible
− Industry requires a fine subdivision.

 

We choose to implement the regular grid 
representation/scheme because: 
Allows to avoid undesirable striations since images (in 
the optical sense) are formed behind the reflector[CM97]. 
An accurate template or tool to build a physical reflector 
from the resulting data can easily be made [CM97]. The 
overall convergence and stability of the algorithm can be 
easily tested. 
The routines for border matching are very simple: Only 
the grid points inside the border are available for 
optimization (the ones marked with dots in The Figure 
above). When assembling the surface, the polygons that 
join the grid points that define the surface in the interior 
of the border with the border itself are created, making a 
polygonal approximation to the originally given border, 
see Figure. In order to do this, the border is intersected 
with the grid lines and the intersection points (marked 
with circles in the lower image) are used to build the 
polygons. Those polygons are created following a pattern 
like the one shown in the Figure. 
On the other hand, regular grid representations present the 
following disadvantages C0 continuity at all the triangle 
lines in the Figure, that are all over the surface. To be 
flexible to adapt to the illumination requirements imposed 
by the OutRaddesired radiance distribution, the surface built 
this way needs many vertices, which increases computing 
times.\item A fine grid is needed to achieve the 
smoothness needed to achieve the manufacturing 
standards of the industry. 
 
[CM97] J. R. Coaton and A.M. Marsden, “Lamps and 
Lighting” ,Ed. Arnold, London, 1997 
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Outgoing Radiance
Distributions specification

 

We choose to use the C-γ coordinate system [CM97] as 
our discrete representation for the outgoing radiance 
distributions, because it represents a standard in the 
lighting engineering industry. This coordinate system is 
depicted in the Figure. It is worth mentioning that the C-γ 
representation is equivalent to any other spherical 
coordinate system (see [Cohen93-RRIS] Section 10.1.4, 
General Luminaries). 
As we can see, the C-γ representation is an angular 
representation given by two angles, c and γ (c ∈ [0,2π], γ 
∈ [0, π]). 
 
[Cohen93-RRIS]  Michael F. Cohen and John R. Wallace, 
“Radiosity and Realistic Image Synthesis”, Academic 
Press Professional, Boston MA, 1993, ISBN 0-12-
178270-0 
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Monte Carlo Light Tracing

 

This step has as a main objective the computation of the 
outgoing C-γ radiance distribution from a given reflector 
shape. 
 
Light rays are sampled at the light source according to its 
energy distribution per solid angle, shooting more rays in 
the direction where more light is emitted. Then, ray paths 
are followed until they leave the optical set and then their 
intensities are recorded in the corresponding entry of the 
C-γ distribution. 
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Monte Carlo Light Tracing
• Advantages

• Accurate
• No Lost Rays
• General BRDFs
• Interreflection
• All kind of optical phenomena

• Drawbacks
• Slow

• Best among ray-based options

 

For this, several possibilities were studied, arriving to the 
conclusion that Monte Carlo Light Tracing is the best 
option:  
This algorithm is, by far, the most efficient and 
straightforward to code, as it propagates the radiance 
from the light sources to the rest of the optical set 
[Lafortune96-MMMCA]. In this method, each fired ray 
contributes to the final result and there are no lost rays. 
Thus, we get an optimal usage of the computational effort 
of tracing rays, since each ray propagates from the light 
source and each of them contributes significantly to the 
final result. 
On the other hand, is important to notice that this 
algorithm can easily accommodate general BRDFs (as 
long as then can be sampled), interreflections and other 
kind of optical phenomena. For example, if we would like 
to add the glass diffusor, it would be very easy to include 
refractions in our current model. Unfortunately, if we 
want a small variance, we must use many rays for the 
computations, making this algorithm a slow choice. 
It is important to take into account that the Light Tracing 
algorithm was developed with extended, non-isotropic 
light sources in mind, uniformly sampling locations over 
the light bulb surface. Thus, although all our experiments 
were done with point light sources, our algorithms should 
perform equally well on photometric lamp data provided 



by near-field goniophotometers (see [RadiantImaging]). 
 
[Lafortune96-MMMCA] Eric Lafortune, “Mathematical 
Models and Monte Carlo Algorithms for Physically Based 
Rendering”, Ph.D. thesis, Department of Computer 
Science, Katholieke Universiteit Leuven, Leuven, 
Belgium, February, 1996. 
[RadiantImaging] Radiant Imaging Photometric, URL: 
http://www.radimg.com/ 
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Error Definition

• Tested several options:
– Drettakis (% of pixels above threshold)
– ln (l2, l1, l∞)

• We are going to use the l2 metric + 
penalization terms

∑ −=
ji

ij
desired

ij OutROutRError
,

2

2 )(η

Parameters that define a reflector shape

 

The error definition is, by far, one of the most delicate 
parts of an optimization algorithm. This error is what 
drives the optimization and is being evaluated every time 
we need to assess the behavior of any reflector, and so, its 
definition is crucial for the right behavior of the 
algorithm. We decided to try several options, among 
which are those listed in the slide, but with poor success. 
We finally resorted to the well known l2 error measure to 
drive our optimization process. 
This error is just computed as the square root of the 
element-wise difference between a light distribution 
generated with the current reflector (whose shape is given 
by the parameter vector η ) and the desired one, provided 
by the user. 
To take into account the restrictions imposed by the 
bounding box, we added penalizing terms to this error, 
thus changing the problem into an unconstrained one. 
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Algorithm Foundations (I)

• Let Δi be a vertex influence region:
Δi = OutR(Refl) | OutR(Refli)

Our Operator:

||)|( 2121
ijijij cccc γγγγ −=

C

γ

 

In order to be able to explain the behavior of the function 
and of our algorithm in simple terms, it is convenient to 
introduce some further definitions. 
One of the most important ones is the differential vertex 
influence region, Δi . This Δi is computed for the i-th 
vertex with our specifically defined operator “|”, which is 
the light distribution that arises as the element-wise 
absolute value of the difference of two light distributions. 
Thus, Δi is defined as the (positive) difference between 
the light distribution computed for the current reflector, 
and the light distribution computed for the same reflector, 
but with one of its vertices (the i-th one) displaced a little 
bit. 
An schematic example of this can be found in the figure 
at the left. 
On the lower right hand side we can find an actual result 
of a difference between two light distributions, were dark 
blue means small values (close to zero), brown 
intermediate values, yellow higher ones and light blue the 
highest ones. 
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Reference

Curr

Curr | Reference

Curr 5mm
A

Curr 5mm
ACurr |

(Curr | Reference) Curr )5mm
A(Curr |*

Algorithm Foundations (II)

summing this
gives statusi

Δa

 

Here we can see how the different operators work 
together. 
Starting from the upper right image, which is the desired 
light distribution provided by the user, we can compute its 
difference (with the “|” operator) with the light 
distribution generated by the current reflector (called 
“Curr”), getting the light distribution un the upper row of 
the middle column (Curr | Reference). This distribution 
shows us the error between the current reflector and the 
ideal one we are looking for. 
We can compute Δa by making the same operation 
between Box  and the light distribution generated by 
the same reflector as Curr , but one of its vertices 
shifted a little bit (Curr | CurrA

5mm). This time this was 5 
millimeters upwards. This computation shows us the 
contribution of this particular vertex to the current light 
distribution. 
Now, if we perform an element-wise multiplication of the 
just computed light distributions (Δa and 
Curr | Reference), we get the light distribution on the last 
column, which shows us the area of contribution of this 
particular vertex to the overall error. 
If we add the values in this light distribution, we get a 
quantity we called the statusi . 
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Algorithm Foundations (III)

• Observations:
– Statusi ≥ 0
– Statusi is relative, not absolute!

 

The statusi provides us valuable information, so it is 
interesting to look at it a little bit more. 
The first thing to notice, is that the statusi is a positive 
defined quantity, that is, is always bigger than zero. 
The second one is that it is a relative measure, because it 
measures local shape, not absolute position deviations. 
That is, given the reflector shown in the middle, statusi 
would present the vertices of the reflector on the left hand 
image as much better than the vertices at the right hand 
one, as the shape is much closer on the left than on the 
right, although the absolute positions of the vertices are 
the other way round. 
Thus, statusi is not a measure we can use to drive our 
optimization. We only can get hints on where to put more 
effort, but the global optimization must be still computed 
by the l2 error we presented a few slides ago. 
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Analysis: Vertex Couplings

Superposition = Δa * Δb

Δa

Δb

 

We can perform a similar computation with two Δa and Δb 
vertex influence regions (left column), and by element-
wise multiplication we can get the product Δa * Δb , which 
shows the superposition between both light distributions. 
As we can see, there are brown areas in the image, which 
means a non-zero overlapping area. We can sum those 
values, and perform that for every pair of vertices. In the 
lower right image we can see a graph for one particular 
vertex, and we can observe that we have no zero values, 
meaning that every pair of vertices have overlapping 
areas. That means that every vertex influences the same 
regions as every other vertex, thus showing us that we can 



not treat a vertex in isolation, as the other vertices would 
give us a wrong picture during the optimization. We can 
conclude that our degrees of freedom, our vertices, are 
strongly coupled. This is a very bad situation for 
optimization algorithms which try to optimize each 
degree of freedom separately, hoping to converge at the 
end. 
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Analysis: Function analysis

Full shape, Perfect Specular One Vertex, Phong BRDF

Changing the shape

 

Before working on any optimization algorithm, we should 
make ourselves an idea of the shape of the function we 
are trying to optimize. In the left picture we have the case 
when we move the full surface upwards and downwards, 
with a prefect specular BRDF. In the right picture we 
move just one vertex, but with a classic Phong BRDF this 
time. What is important of those pictures is that they both 
have a clear global minimum, but surrounded by many 
local minima, which is a very unfortunate situation for 
local optimization algorithms, as they tend to get trapped 
by those local minima instead of reaching the deeper 
global one. 
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Analysis: Function analysis.
Monte Carlo Evaluation

1e5 rays 1e7 rays

 

Another point to take into account is the fact that we are 
using a Monte Carlo (MC) based algorithm for the light 
propagation evaluation. As is well known, every MC 
evaluation has an inherent variance associated with it, 
giving us values that are around the real one but within 
the associated variance. Of course, the more rays, the 
more accurate our simulation would be. 
For example, if we draw a part of the complete function 
with 1e5 rays (left), we would get a picture which shows 
a clear MC noise all over its shape. But, if we draw the 
same function, this time with 100 times more rays, we 
will get the picture on the right, showing much more 
clearly the real shape of the function. 
So, lets suppose, to start, that we want to perform our 
optimization only with 1e5 rays to fasten calculations. 
But, we can see from the picture that, if we do 
movements of about 1 or 2 millimeters (the horizontal 
axis is millimeters), we won’t get any meaningful 
information, as we are optimizing within MC noise, 
which hides the real shape. From the left picture we could 
say that movements of about 5 millimeters are needed to 
get meaningful information. But we need a well founded 
way to assess the distances we should move for the small 
variations in our algorithm… 
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Analysis: Sensitivity
The Semivariogram:

A statistic measure of the 
decrease in similarity of 
two random variables 
with distance

From this, a = 5 mm
a

 

In order to do so, we can compute a semivariogram, 
which is a statistical measure of the way two random 
variables decrease in similarity as they get apart. The 
typical shape of a semivariogram is shown in the lower 
left, where we can define a value called range (“a” in the 
figure), which is the distance after which we can not get 
meaningful information about the underlying shape of the 
function. So, if we want to take a measure about the 
underlying function, like our differential vertex influence 
region, we should use values smaller than this range. 
Performing the measurements for our case, we observe 
that 5 millimeters is the value of the range. But, as we 
want to take meaningful measures taking into account the 
MC noise, we decided to use exactly 5 millimeters for our 
differential measurements. That is why we used that value 
in the previous slides. 
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Classic optimization behaviour

• We have tested several alternatives:
– Conjugate gradients
– Powell’s method
– Simplex method
– Stimulated annealing

• Vertex coupling + the variance of the MC 
evaluation made them fail !

 

When starting with the optimization stage, we tested 
several possibilities, those on the slide among others. 
Unfortunately, the combination of the strong vertex 
coupling plus the fact that we are performing MC-based 
computations (every evaluation has a variance associated 
which creates a noisy landscape) made all of them fail. 
Thus, we needed to find a different, custom optimization 
method for our problem. 
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Summary of problems encountered

• High non-linearity:
– Many local minimum
– Local methods tend to fail

• Strong vertex coupling
– Can’t optimize one by one
– Can’t optimize subsets of vertices

• Noisy Light simulation
– Values not exact (variance)

 

So summarize the problems we found, we can mention 
A strong non-linearity, with many local minima 
surrounding a clear global one. As a consequence, unless 
the starting point is chosen extremely wisely (which is 
very difficult), local methods tend to fail. 
Strong vertex coupling that precludes the optimization of 
vertices one by one, or even in small subsets! 
We are using a noisy light simulation, measurements have 
an associated variance: the values we measure are not 
exact, the real value could lie anywhere within the value 
plus/minus its variance. Although the probability 
distribution is a typical Gaussian, we can’t rely only on 
the central value. 
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Algorithm - Global Optimization

 

So, the core of our optimization algorithm works as 
follows: 
Sorts the available vertices by their respective status. 
Then takes the N with highest values. 
Assigns to each chosen vertex a span of possible positions 
(based on their respective status). 
Then, we compute tests/evaluations of the performance of 
each member of a family of reflectors obtained by 
iteratively combining the addition of an increment to each 
one of the vertices. 
Then, we kept the best one: the one with smallest error. 
Unfortunately, just keeping the one with lower central 



value is not right, as each value has an associated 
variance bar. So, we must keep the best one as well as all 
the other reflectors that gave an error whose variance bar 
overlaps with the one of the best one. 
What we can do is to consider those values as being 
measurements of an ideal reflector we don’t know, so we 
can average them to get the final reflector for this 
iteration. 
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Reflector := create a low-res reflector
while (not converged) and (not userDefinedStop)

FreeVertexList := all vertices in Reflector
WrappedRefl := wrap (Reflector, FreeVertexList)
while (not converged) and (FreeVertexList is not empty)

addVertices (WrappedRefl, FreeVertexList)
optimize (WrappedRefl)

if (not converged)
increaseResolution (Reflector)

Algorithm

 

Unfortunately, this algorithm has an exponential behavior 
each time we increase the resolution of the reflector: we 
increase resolution by doubling the number of vertices in 
each direction. This is done whenever we finish an 
iteration and do not reach the user defined threshold and 
the number of iterations do not exceed a certain defined 
number. So, each time we have 4 times more vertices, 
thus getting an exponential behavior. 
In order to avoid such behavior, a strategy called 
wrapping is introduced. The basic idea is to expose the 
optimization stage only a carefully chosen subset of the 
available vertices, interpolating the others. 
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Algorithm - Wrapping

• Avoids an exponential behavior
• Consists of two parts

– Wrapper
– New vertex addition strategy

• Surface Wrapper:
– Initialized w/ vertices at previous resolution
– Interpolates wrapped vertices from the non-

wrapped ones (Akima)

 

Thus, the wrapping strategy consists of two parts: the 
wrapper itself and the strategy for the addition of new 
vertices every time more flexibility is needed. 
The surface wrapper is initialized at each iteration with 
the vertices at the previous resolution/iteration. 
The non-exposed vertices are interpolated by a 
polynomial scheme. 
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• Addition of new vertices:
– Only when more flexibility is needed
– Sort unwrapped vertices by Statusi

– Choose worst N
– For each, select wrapped neighbors
– Add m with maximum free-area-coverage.
– Remove from Free-Vertex-List

Algorithm - Wrapping

 

With respect to the addition (exposure) of new vertices, 
the basic idea is to add new vertices only when more 
flexibility is need. The vertices are added by sorting the 
current ones by their status and by choosing the N with 
worst values, and the areas surrounding them are refined 
(remember that status is a local measure of the wrongness 
in shape of a vertex neighborhood). Thus, we add some of 
those vertices, in a way controlled by the user. 
In our case, we decided to add a fixed number of vertices 
each iteration, having a linear behavior in the number of 
vertices to optimize. 
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Accuracy: #Rays and BRDF
Diffuse to specular ratio

 

Before showing the results for this algorithm, let’s study 
its accuracy. We can see that, as expected, the variance 
diminishes as the number of rays increases, a classical 
behavior for MC algorithms. What is interesting is that 
the variance also increases as the BRDF goes more 
diffuse. This result can be explained as diffuse BRDFs 
tend to “blur” the information, mixing the rays because of 
the high number of interreflections. 
It is important to mention that this variance also 



represents a bound for the performance of our algorithm. 
For example, if we are using the Phong BRDF defined by 
the diffuse to specular ratio 0.05, and we decide to use 
10000 rays, we have a variance of about 0.14. This means 
that we will not be able to get closer to zero than 0.14, 
because if we get closer we won’t be able to distinguish 
the real function of the MC noise. Thus, the variance 
gives us a bound on the convergence of our algorithm. 
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Results – General

Desired
Reflector 1

Obtained 
Reflector 1

Initial 
Reflector

Desired
Reflector 2

Obtained 
Reflector 2

Cγ1

Cγ2

 

Here we can see a couple of examples: starting from an 
initial reflector with a corresponding outgoing light 
distribution (left of the slide), and given a desired light 
distribution like the one in the middle-lower part of the 
slide, we get a reflector like the one on the lower right 
part of the slide, with a distribution that is very similar to 
the desired one. If we compare the obtained reflector with 
the one we used to generate the desired light distribution 
(the reflector shown in the middle-lower image), we can 
see that they are quite similar. The same can be seen in 
the upper part of the image for a different situation. 
Unfortunately, this algorithm is slow: it took about 10 
days to get from the left part of the slide to the right one! 
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User-guided optimization

 

So, a logical possibility is to incorporate knowledge 
provided by the user to the algorithm: 
We expect the natural user of this system to be a lighting 
engineer, who generally has, by experience, a reasonable 
idea of what the resulting reflector should look like. So, 
we request him to provide a starting reflector plus two 
confidence values that tell us his own confidence on his 
own guess. 
We are going to use this information to define bounds on 
the optimization region for the possible reflectors during 
the optimization stage. 
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User-guided: Accomodation

 

In order to take maximum advantage of that information 
the user provided, we added an extra step before the 
global optimization described a few slides ago. Basically, 
what we intend to do is to modify the user-provided 
surface without changing its overall shape, just trying to 
adjust it to be as close as possible to the desired one 
before starting the global optimization. 
 
So, this new step consists of two parts: 
Firstly, we move and stretch the surface upwards and 
downwards. 
Then, we shift the vertex positions horizontally, in the 
plane of the reflector border, trying to get the maximum 
flexibility of the vertices we have. Observe that we 
continue having a regular grid, we just 
compressed/expanded and shifted the vertices as a whole. 
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User-guided: Vertex Selection

• Problem:
– We don’t have a “previous” surface to choose 

vertices from.
– We can’t use the full user-provided surface.

• Solution: 
– an heuristic that iteratively chooses vertices

• With maximum coverage area
• As far as possible to the already placed ones

 

Now, before we can start with the global optimization, we 
must face another small problem: In the previous version 
of the algorithm, we initialized the wrapper with the 
vertices used at the previous iteration. But now, we don’t 
have a previous iteration to start with. So, we must find a 
way to choose the initial vertices for the first iteration. 
We decided to use a simple heuristic that iteratively 
chooses vertices with maximum free area (without other 
vertices) around them, being at the same time as far as 
possible to the already placed ones. Distances between 
vertices are measured with the standard 2D distance. 
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User-guided: bounded optimization

 

The new algorithm works as follows: 
We start from a user-provided initial surface, plus two 
confidence values. 
We perform firstly a vertical accommodation step and 
then a horizontal accommodation one. 
Finally, we start a global optimization as before, but 
taking into account the original bounds we were provided, 
not generating any vertex outside this allowed region. 
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User-guided : Test Cases

A

A1

A2

A3

B

B1

B2

C

C1

 

As test reflectors, we built for each desired one (see upper 
row), a set of user-provided starting reflectors with 
different geometric properties (other rows). 
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General vs. User-guided

Diffuse to
specular
ratio

 

As we can see from this table, times were reduced from 
the order of 10 days to the order of only one. 
Also, by observing the fourth column, we can see the 
error is much smaller than the previous version of the 
algorithm (called “old”). 
But this affirmation is not completely fair, as we were 
forced to use many more rays for the new optimization as 
the user provided a surface close to the desired one, with 
an associated error that quickly collided with the variance 
for that number of rays. So, we must use more rays to be 
able to do any meaningful optimization. 
So, the advantages are twofold: on the one side, we 
reduced the computing time from 10 days to about one. 
On the other hand, we even were able to increase the 
accuracy of our algorithm! 
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General vs. User-guided
Desired General User-guided

 

To visually compare both algorithms, we can provide the 
algorithms with the desired light distribution resulting 
from a reflector we know (but the algorithm doesn’t), 
shown in the right column. The general algorithm started 
from the one shown in the middle column, upper 
reflector, and got to the lower one. Instead, the second 
algorithm started from the reflector in the right column, 
upper row, and got to the lower one, which is much more 
similar to the desired one than the one we got from a 
generic starting point. 
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General vs. User-guided
Desired General User-guided

Initial Initial

Final Final

 

If we want to observe the outgoing light distributions and 
their respective errors, we can compare the respective 
light distributions shown below each reflector (left side 
when there are two distributions). By visual comparison, 
we can see that the resulting light distribution from the 
final reflector in the user-guided algorithm is much closer 
to the desired light distribution than the final distribution 
from the general algorithm. The respective error graphs 
are shown on the right of these distributions, and we can 
see that the resulting distributions from the user-guided 
case present a much smaller error than their general 
counterpart (remember: light blue mean high values, so 
the errors for the user-guided case are much smaller than 
the general ones as they do not present colors for higher 
values in their distribution). 
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Conclusions

• A good solution for design of reflectors 
with:
– Interreflections
– General BRDFs
– A polygonal surface
– A global strategy for the optimization

• Robust solutions:
– From a generic start
– With a user-guided setting

 

We have presented a new solution for design of reflectors 
taking into account multiple interreflections, a general 
BRDF model, a polygonal surface and a global strategy 
for the optimization. Also, we have presented robust 
solutions, both starting from a generic starting point and 
in a user-guided setting. 
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Future Work
• Different reflector shape definitions:

– Non-regular distribution of vertices
+ triangularization

– Splines
• Other error metrics (entropy)
• Recent theoretical developments for optimization in 

restricted cases
• Generalization to the near-field (in the lighting 

engineering sense) problem
• Parallelism

– Distribution of the optimization work among several CPUs
– Change the Light Propagation Stage to a GPU-based solution
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Inverse Rendering: 
From Concept to Applications

Conclusions
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Conclusions (I)

• A definition of Inverse Rendering: Goes the 
opposite way of classical rendering 
– Based on an image (or a lighting description) and 

some extra information, the missing information in the 
radiance equation can be calculated. 

– Depending on the amount/type of information 
available, different strategies apply to calculate the 
missing information.
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Conclusions (II)

• Classification of existing problems
– Inverse lighting problems
– Inverse reflectometry problems
– Combined lighting-reflectometry problems
– Inverse surface design problems

• Classification of existing solution methods
– For general applications
– For mixed reality
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Conclusions (III)

• From theory to practice is not straightforward 
due to:
– Capturing failure
– Uncontrollability of scene
– Complexity of the scene
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Conclusions (IV)

• Some solutions to overcome these problems 
were presented

– Capturing illumination in complex (e.g.: outdoor) scenes
– HDRI construction with moving objects
– Common illumination with inaccurate geometry and lighting
– Indoor lighting design (accuracy vs. interactivity)
– Inverse reflector design

• But further research is required!
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c{S�jÒU_^�` U�g\eZe�ìZe�g\Þ�cf^�Þ@U�REU�^ cfìZä«X_g�SVU_^kS<g\e�R�e�U�g\âVí S\X�ä�cfâ��X�gQS\í e,Þ�gVU_ä í�cfâ�RQâhX�ìZìEP ^�c{S�j�`�P�e	S\XZS\í�e�c{g�cf^dS\e�g\e�RTS	cf^@U
]�cÅ` e�gVU_^ Þ�eQX����·e�ðÅ` R�cf^�â�ðfP·`�cf^�Þ�ðfcÅÞ_íkS\cÅ^ Þ�e�^�Þ_cÅ^ e�ehg\cf^�ÞIU_^�`
ðfcfÞ�íkS\cf^�Þ�` e�R�cfÞ�^ è ü�ð{S\í�X_P�Þ_í,ä�g\X�Þ�g\e�R�R²cf^<g\e�^·`�ehg\cf^�Þ�S\X�` U�S\e
í·U�RQìÍU�cÅ^ ð{j���XkâhP�R�e�`ÑX�^@cfìZä g\X�Wdcf^�ÞES\í e,U_â�â�P�gVU_âhj0X��iS\í�e
ä�íkj�R�cfâ�U_ð[R�cfìIP�ðÅU�S\cfX�^@X��nðfcfÞ�íkS	S�gVU�^�R�ä«X_g�S<U_^·`@`�e�Wre�ðfX�ä cf^�Þ
U_ðfÞ_X_g\c{S\í�ìZRZ]�c{S\í à«ehS�S\ehgÍä«ehg��¬X_g\ìÍU�^�â�e��nR�X�ìZeÑU�S�S\e�^kS\cfX�^
í·U�R�à«e�e�^Zä�U_cÅ`ZS\X�S\í e�ä�g\X�à ðÅehìZR�g\e�ðÅU�S\e�`ZS\X,cf^dWrehg\R�e�U_^·U�ð{ô
j�R�cfR���ðfe�U_` cf^�Þ;g\e�âhe�^kS\ðfjÍS\X;cf^kS\ehg\e�RTS\cf^ ÞEg\e�R�P�ð{S\R è
ç ^ â�X_ìZä�P S\e�gbÞ�gVU_ä�í cfâ�R�S\í cÅR�R�X_g�SbX��Iä g\X�à ðfe�ì cfR�^�X_S

â�X_ìZä�ðfehS\e�ð{j,^�eh] æ S\í e�ä g\X_à�ðfe�ì*X��«cf^�W�ehg\R�e��dcf^�e�ìÍU�S\cÅâhR[í·U_R
à«e�e�^@]�cÅ` e�ð{jÚU_ä ä�ðfcfe�`��¬X_gIU_^ cfìÍU�S\cfX�^���������� U�^·`ÙU_^Òe��ô
â�e�ðfðfe�^kS�R�P g\WrehjIX�^EcÅ^dWre�g\R�e�ä�ðÅU_â�ehìZe�^kS�X���â�U_ìZe�gVU_R��kâ�P�g\Wre�R
U_^�`bX�àdáTehâhS\R��¬X_g<U�^�cfìÍU�S\cfX_^Ñâ�U_^0à«e �¬X�P�^�`0cf^"!$#�% ��� ]�c{S\í
g\e��¬ehg\e�^�âhe�R7S\í ehg\e�cf^ è& e�â�U_^ÑR\U�j0S\í�U�S�cf^�W�ehg\R�e�ä g\X�à ðfe�ìZR�cÅ^'��ehgQä·U�gVU_ìZehS\ehg\R
X��·U�RTj�RTS\e�ì(�¬g\X�ìCX_à�R�ehg\W�e�`,X�gÕ` ehR�cfg\e�`E`�U�SVU7]�í cÅâVíI` e���^�e
S\í�ehcfg�à«ehí·U�WdcÅX�g	�×cf^Úâ�X�^kS�gVU_RTS�S\Xb` c{g\e�âhS�ä�g\X�à�ðfe�ìZR	]�í cfâ�í��
Þ�cfWreh^ U_ðfðÕS\í�eZä·U�gVU_ìZehS\e�g\R��×R�cfìEP ðÅU�S\eES\í eZe�)�e�âhS\R è ñ gVU�`�c{ô

S\cfX_^·U_ðÕ`�c{g\e�âhS<ä�g\X�à�ðfe�ìZR�cf^ÚðfcfÞ�íkS\cf^�Þ�cÅ^dWrX_ðfWre,S\í eIâhX�ìZä�P�ô
SVU�S\cfX�^ZX���S\í e�gVU_` cÅU_^ â�e�` cfRTS�g\cfà�P S\cfX_^ZcÅ^ÍU�^ÍU<ä g\cfX_g\c*�kâ�X_ì;ô
ä ðfehS\e�ð{j+�d^�X�]�^Íe�^dWdc{g\X�^�ìZeh^dS-,£Þ_e�X�ìZe�S�g�jZU_^�`ZìÍU�S\ehg\cÅU_ðfR/. è
ñ�í e�R�enä�g\X�à ðÅehìZR²â�U_^,à«enä�g\X�Wre�^<S\X�à«ei]�e�ðfð{ôpä«X�R�e�`10$2�0 ��3 è
ñ�í encf^dWrehg\R�eig\e�^·`�ehg\cf^�ÞQä�g\X�à ðÅehìZR²ðÅU_â/��U�SÕðfe�U_RTSÕX_^�e�X���S\í e4 U�` U_ìÍU�gV`506#�7�8 � â�g\cfS\e�g\c�U9��X�g[à«e�cf^�Þ�]ne�ðfð{ôvä«X_R�e�` æ S\í e�R�X_ðfP ô
S\cfX_^�`�Xke�R�^ X_S�`�e�ä«e�^·`Zâ�X_^kS\cÅ^dP X�P�R�ð{jZX_^ZS\í�e	` U�SVU:�k]�í�cfâ�í
ìZe�U_^�R	S\í�U�S,R�ìÍU_ðfð�ehg�g\X_g\R,cf^ ìZe�U_R�P�g\e�ìZe�^kS\R	ìÍU�jÙâ�U_P R�e
ðÅU�g\Þ�e<ehg�g\X�g\R�cf^�S\í e<R�X�ðfP S\cfX_^;,£R�e�e<0$2�0 ��3 . è
ç ^�W�ehg\R�e = cfÞ_ídS\cf^ Þ;Y[g\X�à�ðfe�ìZR�g\e��¬ehg�S\X;U�ðÅð�S\í�eQä g\X�à ðfe�ìZR

]�í ehg\e��²U_R,X�ä�ä«X_R�e�`ÒS\X0]�í·U�SEí�U_ä ä«e�^�R�]�c{S\í S�gVU�` c{S\cfX�^�U_ð
`�c{g\e�âhS�ðfcfÞ�íkS\cf^�Þbä�g\X�à ðÅehìZR�� R�ehWrehgVU_ð�U_R�ä«ehâhS\R�X���S\í eER�â�e�^ e
U�g\eQP ^>�d^�X�]�^ è@? ^ e�âhX�ìZìZX�^ÍâVí·U�gVU_âhS\ehg\cfRTS\cfâ	X��×S\í�cfR9�dcf^·`
X���ä g\X_à�ðfe�ì5cfR°S\í�U�S	�ncÅ^9Þ�e�^ ehgVU_ð*��]ne��d^ X�] cf^ U_` W_U_^�âhe
S\í e<` ehR�cfg\e�`�cfðfðÅP ìZcf^·U�S\cfX_^ÑU�S7R�X�ìZeQR�P g��£U�â�e�R7X��²S\í e	R�â�e�^ e,�S\í e�c{g��·^�U_ð�U�ä�ä«e�U�gVU_^�âheA. è ñ�í�ehg\e��¬X_g\e���S\í�eQU_ðfÞ�X�g\c{S\í�ì í�U_R
S\X0]nX_g�� à�U_â/�k]�U�gV`�RIS\XÑe�RTSVU�à�ðfcfR�í3S\í eÍìZcÅR�R�cf^ ÞÙä�U�gVU�ìZehô
S\e�g\R è ß�P â�í0UZS\XkX_ð²cfR�X��ie�dS�g\e�ìZe<cfìZä«X_g�SVU_^ â�e�cf^ÑðÅcfÞ_ídS\cf^ Þ
eh^�Þ�cf^ e�ehg\cf^�Þ'��U_^�`.U_^ cÅìÍU�S\X_g\RbU_^·`KðÅcfÞ_ídS\cf^ Þ3e� ä«e�g�S\RB�¬X_g
S\í eC�·ðfì cf^�` P�RTS�g�jÍ]nX�P�ðÅ`0U�ðfR�XZà«e�^�e�� S�í�cfÞ�í ð{jB��g\X�ì c{S è
ç ^�W�ehg\R�encfðfðfP�ìZcf^·U�S\cÅX_^Eä�g\X�à�ðfe�ìZR²U�g\e�cf^kS\cfìÍU�S\e�ð{j<g\e�ðÅU�S\e�`
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w ��xUyOzA{h�5|}z	y£�	~�z	�:� �hz	{��¬�V�r|Õ�r�/���h�+�U�L{�����xT�-�Õ�/�:�����������5|Õ�p���V� ���Cx
S\X<S\í�e�â�X_ìZä�P S\e�g�WdcfR�cfX�^��·ehð�` è ñ�í e�R�ä«e�âhc���â�ä�g\X�à ðÅehìZR�cf^ ô
Wre�RTS\cfÞ�U�S\e�`°cÅ^ â�ðfP·`�eQR�í·U�ä«eC�¬g\X_ì R�í·U_` cf^�Þ+0$W'd � � `�cfg\ehâhS\cfX�^
X���S\í e�ðfP�ìZcf^�U�g�j��¬g\X�ì cfìÍU_Þ�ehR;U_^�` cÅ` e�^kS\c��¬j�cf^�Þ@R�P g���U_â�e
âVí·U�gVU�âhS\ehg\cfRTS\cfâ�Rs��g\X�ì U_^ZcfìÍU_Þ_e�X_gnU	R�e�òkP�e�^ â�e�X���cfìÍU_Þ_e�R è
ú X�g�S\P�^·U�S\e�ð{jL��cÅ^bUEâ�X_ìZä�P S\e�g�Þ_gVU�ä�í�cfâ�R7RTj�RTS\e�ì S\í e	WdcÅe�]�ô
cf^�Þ@ä·U�gVU_ìZehS\e�g\REU�^·` S\í�eÍe� U_â�SER�â�eh^�e°Þ�e�X_ìZehS�g�j�,£X�gZU�S
ðfe�U_RTS	ä·U�g�SQX���c{S�.�U�g\e<�d^�X�]�^ÙU_^�`ÑS\í ehg\e��¬X_g\eEìÍU�^kjbä�g\X�à ô
ðfe�ìZR�à«e�âhX�ìZeQe�U_R�cfehg�S\XIR�X_ðfWre è>? P g�R�c{S\P�U�S\cfX�^bU_ðfR�XZ` c�)�ehg\R�¬g\X_ì S\í eIX_^�e,cÅ^@â�X_ìZä�P�S\ehgQWdcfR�cfX�^@cf^ÑS\í·U�S�]�e,]�U_^kS�S\í�e
P�R�e�g�S\XIâhX�^kS�g\X�ð·S\í e�cfðfðfP�ìZcf^·U�S\cÅX_^�X_^bU�R�P g���U_â�e è ü7RnR�P â�í��
]�ebe��ä«e�âhSES\í ebP R�ehgZS\XÚä�g\X�W�cÅ`�ebX�ä�S\cfX�^�R;U_^·`���ehe�` à�U_â/�
cf^kS\X,S\í eQRTj�RTS\e�ì U�^·`ZS\ídP�R�R�X_ðÅW�e<U_ìIà�cfÞ�P cfS\cfe�R�]�í�e�^ÍS\í�ehj
U�g\cfR�e è ñ�ídP�R��!S\í�eEU_cfì X���S\í cfR<ä·U_ä«e�g�cÅR�ðfe�U�^�cf^�Þ°S\X�]�U�gV`�R
S\í�enÝnX�ìZä P S\ehg[O�gVU_ä í�cfâ�Rv��e�ðÅ`���à�P�S S\í e�cf^kS\ehg\e�RTS\e�`�g\e�U_` ehg
cfR	g\e���e�g�g\e�`Òe�ðfR�eh]�í ehg\eA0$W:d � �¬X_g<g\e�ðÅU�S\e�`Ò`�e�Wre�ðfX�ä ìZe�^kS\RQcf^
S\í�e<ÝnX�ìZä�P�S\ehg�øQcfR�cfX�^��·e�ðÅ` è
ñ�í�e,ä·U_ä«e�g	cfR	X_g\Þ�U_^ cÅùhe�`ÒU�R���X_ðfðÅX�]�R æ cf^ ßde�âhS\cfX�^��;S\í�e

S\í�ehX_g\ehS\cfâ�U�ðIà�U_â/��Þ�g\X�P ^·`8cÅR@Þ_cÅW�e�^ U�^·`(UKâ�ðÅU_R�R�c���â�U�S\cfX�^
à·U�R�e�`ÛX�^ÛS\í�e�g\eh^·` e�g\cÅ^ ÞÚe�òdP�U�S\cfX�^3cfRZä g\e�R�eh^dS\e�` è}� e��S	�
cf^@ß�ehâhS\cfX�^ é S\í�e�U�ä�ä�g\XrU_âVí�ehRQ`�e�Wre�ðfX�ä«e�`���X�gQe�U�â�íÑä«X_R�R�c{ô
à�ðfe;ä�g\X�à ðÅehì��×U�â�â�X�gV` cf^�ÞbS\X�S\í�e;ä�g\e�WdcÅX_P�R<â�ðÅU�R�R�c���â�U�S\cfX_^��
U�g\e�e��ä ð�U�cf^�e�`��·âVí·U�gVU�âhS\ehg\cfù�e�`ÑU�^·`0U�^·U�ðfj�ù�e�` è·ç ^@ß�ehâhS\cfX�^
ê S\í e;â�X_^�â�ðfP�R�cfX_^�R,U_^�`ÚX�ä«eh^Òðfcf^�e�R�X��ng\e�R�e�U�g\âVí U�g\eZä g\ehô
R�e�^kS\e�` è

�!þq�<��� �·´ � ³	��¶_µ6�-�Iµ�¶����·´A��� � �
OQðfX�à�U_ð«cfðfðÅP ìZcf^·U�S\cfX_^�cfR�g\ehð�U�S\e�`ZS\X�S�gVU�^�R�ä«X�g�S�S\í�e�X�g�jÍU_^�`
â�U�^Òà«eEWdcfeh]ne�`ÚU�R�U�R�ä«e�âhc�U�ð�â�U_R�e;X���c{S<e �<� ^�� t [ � m è ñ�í�e
à«e�í�U�WdcfX_g,X��7S�gVU�^�R�ä«X�g�S\e�`ÒðfcfÞ�íkSEcfR,â�í�U�gVU�âhS\ehg\cfù�e�` àkjÙS\í�e
ä g\X_ä«ehg�S\cfe�R<X���S\í�eIä·U�g�S\cfâ�ðfe�Rq,£ä í�X_S\X_^�R/.7]�í e�^@S�gVU�W�ehg\R�cf^�Þ
S\í�eÙe�^dWdc{g\X�^�ìZeh^dS è OQðfX�à·U�ð�cÅðfðfP�ìZcf^�U�S\cfX�^�� RbìZX�RTS��¬P�^�`�U�ô
ìZe�^kSVU_ð ìÍU_Þ_^�c{S\P·`�e7cfRigVU�` cÅU�^�â�eC�h�* L¡U¢�£[]�í cfâ�íÍcfR�`�e��·^ e�`
U_RIS\í�ebä«X�]nehg;gVU�`�cÅU�S\e�`KU�SÍU@Þ�cfWre�^Ûä«X_cÅ^kS� Ñcf^KUÙÞ_cfWre�^
` c{g\e�â�S\cÅX_^;¢*ä«ehgIP�^ c{SEX���ä�g\X�á�e�âhS\e�`ÛU�g\e�UÑä«ehg\ä«e�^·`�cfâ�P�ðÅU�g
S\X�S\í�U�S�`�c{g\e�âhS\cfX�^ ä«e�g<P�^ cfS	R�X�ðfcÅ` U_^ Þ�ðfe+��X�g,U�Þ�cfWreh^��¬g\e�ô
òkP�e�^ âhj",b¤¦¥L§u§©¨�ª�«�¬�'ª�®/. è
ñ�í�e�à«X�P ^·`�U�g�jEâhX�^·`�c{S\cÅX_^�R�X��«S\í�e�cf^kS\e�Þ_gVU�ð>��X�g\ì X���S\í�e

S�gVU_^ R�ä«X_g�S7e�òkP·U�S\cfX�^0U�g\e�e��ä g\e�R�R�e�`�U_R�-�* L¡u¢�£}¯°�²±��* L¡u¢�£�³µ´L¶©·>¸�¹©�* L¡U¢h¡]¢�ºu£U�-�* L¡u¢}ºb£'»�¼�½$¾�¿�¢}º, ÷ .��X�g ä«X_cÅ^kS\R" 9cf^CR�P�g��£U_âhe�R��<à«e�cf^�Þ(¸ ¹ S\í�e à�cÅ`�cfg\ehâhS\cfX�^·U�ð
g\e�À�e�âhS\cfX�^�,U�^·`6Á�X_g�S�gVU_^�R�ìZcfR�R�cfX�^6.7`�cfRTS�g\cÅà P S\cfX�^��¬P�^ âhS\cfX�^,fÂnõ7ã ú .��'¾,S\í e<U_^ Þ�ðfe	à«ehSv]�e�eh^�S\í�e�R�P g���U_â�e<^ X_g\ìÍU_ð!U�S- 
U_^�`q¢h�:Ã º S\í�eQí�e�ìZcfR�ä�í ehg\eQX��[cf^�â�X_ìZcf^�ÞZ`�cfg\ehâhS\cfX�^�R�]�c{S\í
g\e�R�ä«e�â�S7S\X1 EU�^·`q¢�º�U�^0cf^�â�X_ìZcf^�Þ;`�c{g\e�âhS\cfX�^ è
ñ�í�cfREâ�ðÅU�R�R�cÅâ�U_ð�Þ�X�Wrehg\^ cf^�Þ@e�òkP·U�S\cÅX_^Ûâ�U_^Ûà«eÍâ�X�^ â�cfR�e�ð{j

e��ä g\ehR�R�e�`0U_R7UEðfcf^�e�U�g�X�ä«ehgVU�S\X_g�e�òkP·U�S\cfX_^ÄS M
Å ��3 #	��S MÆÅ ��3 \ è
ú c{g\RTS	�«`�e��·^ e�S\í�e ÄfÂ�Ì\È�Ä�¼\»OÇ�»�ÌhÊ£¿Â�¹ Â�Á »�¼TÈ_ÊpÂ_¼GÈÉ àkj� ÈÉ"Ê £��* L¡u¢�£}Ë(´ ¶©·>Ì �* LÍu¢rÎ$ÏÐ¢9£ Ê �* :¡]¢sÎÆ£u¿©Ñ²�
¢rÎO£
]�í�cfâVí U_âhâ�X�P ^dS\R5�¬X_g,S\í�e;R�â�U�S�S\ehg\cf^�ÞÑX���cf^�â�cÅ`�e�^kS<gVU�` cÅU�^dS

eh^�ehg\Þ�j è 4 ehg\e Ê cÅRÕU-�·e�ðÅ`�gVU�` cÅU�^�â�es�¬P�^ âhS\cfX�^��_â�X�g�g\e�R�ä«X�^�`�ô
cf^ Þ7S\X�U_ðfðdcf^�â�cÅ` eh^dS×ðfcÅÞ_íkS è ñ�í e ÈÉ X_ä«ehgVU�S\X�gÕìÍU_ä R S\í�e�cf^�â�c{ô
`�e�^kS�ðfcfÞ�íkS�` cfRTS�g\cfà�P S\cfX_^bX�^kS\X,S\í�e	â�X�g�g\e�R�ä«X�^�` cf^�ÞZe� c{S\cf^�Þ
ðfcfÞ�íkSÕ`�cfRTS�g\cÅà P S\cfX�^�S\í·U�S×g\e�R�P ð{S\RÒ�¬g\X�ì Â_¹�»�ÄfÂ�Ì\È�Ä g\e�À·e�â�S\cÅX_^ è� e�dS	�!]neZâ�U_^ ` e���^�eES\í e Ó »hÄf¾0¼�È�¾_¿È_¹·Ì�»°Â�Á »�¼�È�ÊpÂ_¼ ÈÔ��
S\í�U�S	S�gVU�^�RU�¬X_g\ìZR<U�^Úe��c{S\cf^�Þ�ðÅcfÞ_ídS,`�cfRTS�g\cÅà P S\cfX�^Ùcf^kS\X°S\í e
cf^ â�cÅ` e�^kS;ðfcfÞ�íkSÍ`�cfRTS�g\cÅà P S\cfX�^ÛS\í·U�S;g\e�R�P ðfS\R+��g\X�ì R�P g��£U�â�e�R
cfðfðfP�ìZcf^·U�S\cf^�ÞEX_^�e�U�^�X_S\í ehg æ� ÈÔ Ê £��* L¡u¢�£}ËÖÕ Ê �*×��* LÍ�Ø�¢�£�¡u¢�£ ]�í�eh^�Ù��* L¡u¢�£sÚÜÛÝ X_S\í ehg�]�cfR�e
]�í ehg\e�Ù��* :¡]¢9£°cÅRÑS\í e º�¿�½\¿Ã�ÄÅ»Ú½\Çd¼�Ø�È�Ì�»ÍØ�Çd¹«ÌhÊ£¿£Â_¹ U_^�`(cfR
`�e��·^ e�`ÜS MÆÅ ��3 \ U_R�Ù��* L¡U¢�£�ËßÞfà�¸�áAâGã Ý¦ä  �³¦â@¢æå
ßdP g���U_â�e�R�cf^�S\í e<e�^dWdcfg\X_^�ìZe�^kS�ç è
ã	e��·^�cf^ ÞÍS\í e�R�e,X�ä«ehgVU�S\X_g\R	]�e,â�U�^���U_âhS\X�g<X�P�SQS\í�e,cfì;ô

ä ðfcÅâhcfS}�¬P�^�â�S\cÅX_^1 :�* L¡U¢�£��¬g\X�ì*S\í e�cf^kS\e�Þ_gVU�ð�e�òkP·U�S\cfX�^ ÷ U_^·`
]ne<ìÍU�jZ]�g\cfS\e æ �;¯è�²±r³ ÈÉéÈÔ5� ,b��.
ú X_ðfðÅX�]�cf^�Þ S\í�e X_P S\ðfcf^�e�R cf^ ßdS\e�ä í�e�^ ï U�g\R�â�í ^�ehg	� R

YÕí è ã è S\í�ehR�cÅRÍcf^kS�g\Xd` P âhS\cfX�^ 2s# M � d ��]neÙâ�U_^.â�ðÅU�R�R�c���j9S\í e
`�c�)�ehg\e�^kS�ä·U�ä«ehg\R�X�^ cf^dWrehg\R�eZðfcfÞ�íkS\cf^�Þ0ä�g\X�à ðÅehìZRIU�â�â�X�gV`�ô
cf^ Þ�S\X<]�í cÅâVí°X��!S\í�e7òkP·U_^kS\c{S\cfe�RnX�� S\í eQU�à«X�Wre�e�òdP�U�S\cfX�^ÍcfR
P ^>�d^�X�]�^ æ
ã	c{g\e�â�S<ä g\X_à�ðfe�ìZR�U�g\eIS\í X�R�e,]�í�cfâ�í��«Þ�cfWreh^��d^ X�]�^@W_U_ð{ô

P e�R}��X_gs� ± � ÈÉ U_^·` ÈÔ��kR�X�ðfWre9��X�g9� è ÂnP�S	�kc��«]�e7í·U�Wre�R�X_ìZe�d^ X�]�ðfe�`�Þ�e�X����9�d]�e�â�U_^°ä«X�R�e<`�c�)�ehg\e�^kS9�dcf^·` R�X��×cÅ^dWre�g\R�e
ðfcfÞ�íkS\cf^�ÞEä g\X�à ðfe�ìZR è
ç �Ò�²±7cfR�P ^>�d^�X�]�^��dU_^�` ÈÉ � ÈÔ U_^·`B� X_g�ä·U�g�S�X�� cfS	��U�g\e�d^ X�]�^��k]�e�í·U�Wre	U�ä g\X_à�ðfe�ì X�� ¿�¹ º_»�¼�½h»<Ä ¿ÅÀ�ÏdÊ£¿�¹kÀ æ Þ_cfWre�^�U

ä í�X�S\X�Þ_gVU�ä�í°X_g7U�^djÍX�S\í�ehg�cÅ^'��X�g\ìÍU�S\cfX�^°S\í·U�S�â�X�Wrehg\R�ä·U�g�S
X����9�!U_^�`ÚUÍâ�X_ìZä�ðfehS\e,ìZXd` e�ð²X��nS\í eIR�â�eh^�e�, ÈÉ U_^·` ÈÔ�.����^·`	S\í�e�e�ìZc{S�SVU_^ â�e�R�,f�²±�. X���S\í enðfP�ìZcf^·U�g\cfe�R[cfðÅðfP ìZcÅ^�U�S\cf^�Þ
S\í e	R�â�e�^ e è
ç � ÈÉ cfR P ^>�d^�X�]�^���U_^�` ÈÔ��A� ± U�^·`	ä·U�g�S×X��@�ÑU�g\e²��^ X�]�^��

]ne0ìEP RTSZR�X�ðfWre��¬X_g°cf^@�¬X_g\ìÍU�S\cfX_^.U_à«X_P S ÈÉ è ñ�í�cfRZä g\X_à ô
ðfe�ì5â�U_^���cf^.Þ�eh^�ehgVU�ðf�nà«eÑâ�U_ðfðfe�` ¿¬¹�º_»�¼V½�»Ñ¼\»OÇ�»�ÌhÊpÂ_ÆZ»�Ê£¼�É �
U�^·`ÍU�ä·U�g�S\cfâ�P ðÅU�g�â�U�R�eQcfRnS\í e�X_^�eQâ�U_ðfðfe�` ¿¬ÆZÈ�Àk»hÐvÃ\È_½h»\¾Z¼\»hÐÇ�»�ÌhÊpÂ_ÆZ»�Ê£¼�É cf^ 2s# M � d ��]�í�ehg\eEcÅìÍU�Þ�e�R�U�g\eEP R�e�`ÒU�R<cÅ^ ä�P�S
S\X,S\í�e	cf^'��X_g\ìÍU�S\cfX�^ÑU�à«X�P S�� è ü7R�` e�R�â�g\cÅà«e�`�S\í�ehg\e�� R�cf^ â�eÈÉ cf^�â�ðfP·`�e�R	cf^@�¬X_g\ìÍU�S\cÅX_^ÒU�à«X�P�S	S\í�e,W�U�g\cÅU_^�âheEX���S\í�e�g\ehôÀ�e�âhSVU�^�â�e�à«X_S\íÑR�ä�U�S\cÅU_ðfð{j@U�^·`Ñ` c{g\e�â�S\cÅX_^·U�ðÅð{jL�·S\í cfR�â�U�^@à«e
UÑWre�g�j ` c�êZâhP�ð{S;ä�g\X�à�ðfe�ì R�cf^�â�e°c{SZâ�U_^Ûà«e�UÑWrehg�j â�X_ì;ô
ä ðfe���¬P�^�â�S\cÅX_^ è ã	ehä«e�^·`�cÅ^ ÞÍX�^ÑS\í�e,â�X�^ RTS�gVU_cf^kS\R	cfìZä«X�R�e�`
X_^ÙS\í eEä�g\X�à�ðfe�ì��«]ne;â�U�^ÚR�P à�` cfWdc�`�eEc{S<cf^kS\X�S\í e ¿�¹ º_»�¼�½h»
Êv»�Ë_Ê£Çd¼�»ÚÆÍ»�È_½\Çd¼\»�ÆÍ»�¹ Ê ,£â�X�^ RTS�gVU_cf^kS\RbX�^.S\í eÙ` c{g\e�âhS\cfX�^�U_ð
W_U�g\cÅU�S\cÅX_^$.��ÕX�gZS\í�e ¿¬¹�º_»�¼V½�»Bë�ì-íhî ÆÍ»�È_½\Çd¼\»�ÆÍ»�¹ Ê ,£R�ä�U�ô
S\cÅU�ð«P�^�c��¬X_g\ìZc{S�jZcfR�U�R�R�P�ìZe�`>. èkç ^�ñ²U_à ðfe ÷ ]�e	ä�g\e�R�e�^kSnS\í e
`�c�)�ehg\e�^kS×ä�U_ä«ehg\R×R�P g\Wrehjre�`	cf^IX_P g×]nX_g��<â�ðÅU�R�R�c���e�`EU�â�â�X�gV`�ô
cf^ ÞIS\XES\í cÅR�R�âVí�e�ìZe è
ú cf^·U�ðfðfjL��c�� ÈÔ*cÅR�P ^>�d^�X�]�^��d]ne<í·U�Wre<U�^ ¿�¹�º_»�¼V½h»	Àk»�Â_Æ;Ð

»�Ê£¼VÉ ä�g\X�à�ðfe�ì è!ú X_g�U�^Òcf^ ôv` ehä S\í@R�P g\Wre�jÑX�^ÙS\í�X�R�eIä g\X_à ô
ðfe�ìZR��dg\e��¬ehg7S\X�[:[L8�8 èDEèF>H�IÒJLK�MON�P�M #�Q H�R D %$S$%O% N D R #UT R N�V # V 7-W'X # D*Y/Z I X XL[ K�\ X R % H�I]M % � 8�8�^�_
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 òkP·U�S\cfX�^ ÷ â�U_^ à«eEg\e�Þ�U�gV`�e�` cf^ UbR�cfÞ�^�U_ð�ä�g\Xkâ�e�R�R�cf^�Þ�¬gVU�ìZeh]�X�g�� g 068�c \ P�^�` ehgÍS\í�e0g\ehRTS�g\cÅâ�S\cÅX_^�R�X��I` cfRTSVU_^kS°cfð{ô
ðfP�ìZcf^·U�S\cfX�^���^�XZcf^kS\ehg�ôg\e�À·ehâhS\cfX�^�R���cfR�X_S�g\X�ä cfâ1Ânõ7ã ú R�U_^�`�d^�X�]�^ÒÞ_e�X�ìZe�S�g�jÙU_^·`Ùâ�U_ìZe�gVUbä·U�gVU_ìZehS\ehg\R è ßdX@�!S\í�eEg\ehôÀ·ehâhS\e�`@ðÅcfÞ_ídSC�·e�ðÅ`@cÅ^kS\e�Þ�gVU_ðÕcfR	g\e�ÞrU�gV` e�`ÙU_R	S\í eEâ�X_^dWrX�ðfP ô
S\cfX�^ÑX��iSv]�XZR�cfÞ�^�U_ðfR æ S\í�e�à c�`�c{g\e�âhS\cfX�^�U_ð×g\e�À�e�âhSVU�^�â�e ��P ^�âhô
S\cfX�^�U_^�`ZS\í e�cf^ â�cÅ` e�^kS�ðfcfÞ�íkS\cf^�Þ��dc è e è àkj��·ð{S\ehg\cf^�Þ�S\í�e7cfðÅðfP�ô
ìZcf^·U�S\cÅX_^ÍP�R�cf^�Þ�S\í�e�Ânõ7ã únèkç ^dWre�g\R�e7g\e�^�` ehg\cf^ Þ,â�U_^°R�cÅì;ô
ä�ð{jÚà«eZWdcÅe�]�e�` U�REU0`�e�â�X_^�W�X�ðfP S\cfX�^ÒX���S\í�e;Sv]�X0R�cfÞ�^�U_ðfR è
ñ�í�cfR���gVU_ìZeh]nX_g�� g 068�c \ ðfehSbS\í eÒU�P S\í�X�g\Rbâ�X_^�â�ðfP�` eÚS\í�U�SÂnõ7ã ú g\ehâ�X�Wrehg�j�cfR×]�ehðÅð{ôpâ�X_^·` c{S\cfX�^ e�`q,£cÅ^IU�ìÍU�S\í�ehìÍU�S\cfâ�U_ð
R�e�^ R�eA.I]�í�e�^KðfcÅÞ_íkS\cÅ^ ÞÒâ�X_^kSVU_cf^�RÍí�cfÞ_íµ�¬g\e�òdP e�^�âhcÅehRÄ,£e è Þ è �
` c{g\e�â�S\cÅX_^·U�ðkR�X�P g\âhe�R/.×U_^�`	cfR²cfðÅð{ôpâ�X_^·` c{S\cfX�^ e�` ��X_g×R�X���S[ðfcÅÞ_íkS�ô
cf^�Þ è ü�ð{S\ehg\^�U�S\cfWre�ð{jL�·cf^dWrehg\R�e�ðfcfÞ�íkS\cf^�ÞÍcfR�]ne�ðfðfôpâ�X_^·`�cfS\cfX_^�e�`��X�g9Ânõ7ã ú Ri]�c{S\íZí�cfÞ�í�ôb��g\e�òkP�e�^ âhj;âhX�ìZä«X�^ e�^kS\R�,£R�ä«ehâ�P�ðÅU�g
ä«e�U���R/.�U�^·`�cfðfð{ôpâ�X�^�` c{S\cfX�^�e�`���X�g	`�c�)�P R�e	R�P g���U_â�ehR è
ü�^�X�S\í�ehgh�£U�âhS\X_gQS\XÍSVU��re,cÅ^kS\X°U_âhâ�X�P ^dS�cfRQ]�í�e�S\í�ehg�S\í�e

` c�)�ehg\eh^dS×ä·U�ä«ehg\R×S�g\e�U�S²S\í�e}��P ðÅðdÞ_ðÅX_à·U�ð�cfðfðfP�ìZcf^·U�S\cfX�^,e�òkP·U�ô
S\cfX�^��  òkP·U�S\cÅX_^��L�×X�g,U�R�cfìZä�ðfehg�ðfXkâ�U�ðfôpcfðfðfP�ìZcf^·U�S\cÅX_^ Wrehg�ô
R�cfX�^,à·U�R�e�`,X_^EU�R�cfìZä�ðfc��·â�U�S\cfX�^,X���S\í e�cfðfðfP�ìZcf^·U�S\cf^�Þ7e�òkP·U�ô
S\cfX�^�� âhX�^�R�cÅ`�ehg\cf^�ÞEX_^�ð{j°ä«X�cf^kS�ðfcfÞ�íkS�R�X�P�g\â�e�R�U_^�`Í]�c{S\í X�P S
â�X_^�R�cÅ` ehg\cf^ Þ9cf^kS\ehg�ôg\e�À·e�â�S\cÅX_^�R è�ç SÑcfR@U_ðfR�X9cfìZä«X_g�SVU�^kSbS\X
ìZe�^kS\cfX�^ES\í e7S�g\e�U�S\ìZe�^kSiX��!WdcfR�cÅà cfðÅc{SvjZcf^ÍS\í e7` c�)�ehg\e�^kSnU_ä ô
ä g\X�U_âVí�e�RÕg\e�Wdcfeh]�e�` æ ]�í�e�^;âhX�ìZä�P�S\cf^�Þ�S\í e�gVU�`�c�U�^�â�e�]�c{S\í
S\í�eQU_à«X�Wre�e�òkP·U�S\cfX_^�R��kS\í�e�WdcÅR�cfà cÅðfc{S�jÍä�g\X�à ðÅehì â�X_^�R�cfRTS\R�X��
` e�S\e�âhS\cf^�Þ,c��×S\í�e�g\e	U�g\eQU_^kjÍà�ðfXkâ/�rehg\R�à«e�S�]�ehe�^°S\í eQR�X_P g\â�e
U_^�`(S\í�eÒR�P g��£U�â�eÛà«e�cf^�Þ cfðfðfP�ìZcf^·U�S\e�`��QU_^�`(^�X�SÚU�`�`�cf^�Þ
S\í�ehcfg â�X_^dS�g\cfà P S\cfX�^�cf^	S\í·U�S×â�U�R�e è ñ�í�eiR\U_ìZeÕcfR S�g\P e���X_g×S\í�e
ä·U�S\í�R���g\X�ì S\í�e	R�P�g��£U�â�e<S\XES\í�e	e�jke	X_g�S\í eQg\e�Þ�cfX_^0]�í�ehg\e
S\í�e+��^·U�ð�gVU�`�cÅU_^�âhe�â�X_ìZä�P�SVU�S\cfX�^ RIU�g\eÍ^�e�e�`�e�` è[ï X�RTSIX��
S\í�eIg\e�WdcÅe�]�e�`Òä�U_ä«ehg\R,X�ìZc{S<S\í cÅR<S�g\e�U�S\ìZe�^kS	� U�g�g\cfWdcÅ^ ÞÑU�S
R�X�ðfP�S\cÅX_^�R7^�X�S7U_ä�ä ðfcÅâ�U_à�ðfe�cf^�g\e�U�ð{ôvðfc���e,R�c{S\P·U�S\cÅX_^�R è? S\í�ehg²�dcf^·` RÕX���ìZehS\í�Xd`�R�U�g\e�à·U_R�e�`;X�^ZUQS�g\e�U�S\ìZe�^kSÕX��
S\í�e,ä g\X_à�ðfe�ì cf^Úc{S\RQÞ_ðfX�à·U�ð���X_g\ì���âhX�^�R�cÅ`�ehg\cf^�ÞÍS\í�e,cÅ^kS\ehg�ô
g\e�À�e�âhS\cfX�^ R	X���ðfcÅÞ_íkS	X�^@S\í�e<]�í X�ðfe;R�â�e�^ e��·S\í�U�S	cfR���cf^@S\í�e
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âhX�^kS\e�dS×X���Þ_ðfX�à·U�ðkcfðÅðfP ìZcÅ^�U�S\cfX�^ è_ï X�RTS[X�� S\í e�ì ]�X�g��	]�cfS\í
R�X_ìZe �dcÅ^�`�X���ä�g\X�á�e�âhS\cfX�^ÑR�ä�U_â�e<]�í ehg\e<S\í�ehj�ä g\X�áTe�â�S�S\í e
R�X_ðfP S\cfX�^��_S�gVU�^�RU��X�g\ìZcf^�ÞQS\í e�cf^dS\ehÞ_g\X_ôv`�c�)�e�g\e�^kS\c�U�ð ä�g\X�à ðÅehì
X��[â�X_ìZä�P S\cf^ ÞIS\í�eQcÅðfðfP�ìZcf^�U�S\cfX�^0cf^kS\X;UIìÍU�S�g\cfâ�cÅU_ð X�^�e è

��þZÿ����$� ´�± ��� �
� � ³	� � ���	´��·¯Ò� �! ±#" ÿ$� �&%
ñ�í e cf^dWrehg\R�e ðfcÅÞ_íkS\cÅ^ Þ ä�g\X�à�ðfe�ìZR.U�g\e(S\í X�R�e(ä g\X�à ðfe�ìZR
]�í ehg\e�S\í e�P ^>�d^�X�]�^ cfR;S\í�e°ðfcfÞ�íkS\cf^�ÞÙX��QS\í e�R�âhe�^�e�,£R�e�e��Þ�P�g\e ÷ ]�í ehg\e@UÒWrehg�jÛR�cfìZä ðÅebR�â�e�^�eÑcfR°` ehä�cfâhS\e�`Û]�cfS\í
U�^ZP�^@��^ X�]�^ZðÅcfÞ_ídSnR�X�P�g\â�eA. è ñ�í e�R�eQä�g\X�à�ðfe�ìZRiâ�U�^Zà«eh�¬P g�ô
S\í ehgiâ�ðÅU_R�R�c��·e�`°cf^kS\X<ä g\X_à�ðfe�ìZRÕX��!cf^dWrehg\R�e�e�ìZc{S�SVU_^ â�e�R�U_^·`
cf^dWrehg\R�e<ðfcfÞ�íkS�ä«X�R�c{S\cfX�^ cÅ^ Þ è«ç ^bS\í�e5�¬X_g\ìZehg7S\í�e<P ^>�d^�X�]�^ R
U�g\eQS\í�e�e�ìZc{S�SVU_^ â�e�R�X��ÕUIÞ_cÅW�e�^bR�P à�R�ehS�X��[R�P g���U_â�ehR7X��×S\í e
R�âhe�^�e è ç ^@S\í�eER�e�â�X�^�`ÚS\í�eEä g\X�à ðfe�ì cfR<S\X��·^�`@S\í e;ðfXkâ�U�ô
S\cfX_^�R,X���S\í�eÍðfcfÞ�íkSER�X_P g\â�ehR�,£X_gIðfP�ìZcf^·U�g\cÅehR/.�cf^ X_gV`�ehgES\X
U�â�í cfe�Wre,UÍ` e�R�c{g\e�`0cfðfðfP�ìZcf^·U�S\cÅX_^ è ü7^�X�S\í�ehg�ä«X�R�R�cfà�ðfe,â�ðÅU_RTô
R�c���â�U�S\cfX�^@X�� ç =×Y.ä g\X_à�ðfe�ìZR�^·U�S\P�gVU_ðfð{j@U�g\cfR�e�R�]�í�e�^@â�X_^ ô
R�cÅ`�ehg\cf^�Þ�S\í eIS�g\e�U�S\ìZe�^kS	e�U�â�íÚX�^ e;Þ�cfWre�R	S\X  òkP�U�S\cfX�^ ÷ �
]�í ehg\eÕS\í�e�` c�)�ehg\e�^kS×U_ä�ä�g\XrU�â�í e�R²â�X_P�ðÅ`<à«e�ä«X_R�e�`<cÅ^,U�]�U�j
R�P â�í S\í�U�SZU�^kj ðfcÅÞ_íkS\cÅ^ ÞÒU�ðfÞ�X_g\c{S\í ì ]�X_P�ðÅ`;��S;c{S è ñ�í e�R�e
U�g\e°S\í eÍâ�ðÅU_R�R�cfâ�U_ð únè  è gVU_` cfX�R�c{Svj R�ehS�S\cf^�Þ ,�]�c{S\í Ânõ�ã ú R
U�^·`9gVU_` cÅU_^ â�eÒâ�X_^�RTSVU�^dS0U_ðfð�X�Wrehg0e�U_âVí ä�U�S\âVí8R�P g��£U�â�eA.��
U�^Ñcf^�W�ehg\R�e ï X�^kS\e;Ý�U�g\ðfXB��gVU_ìZeh]nX_g��0X�g	e�Wreh^0àkj0ä«X�R�cf^ Þ
S\í e�ì U�R�ðfXkâ�U_ð!cfðÅðfP ìZcÅ^�U�S\cfX�^�ä g\X_à�ðfe�ìZR è ñ²U_à ðfe��,ä�g\e�R�e�^kS\R
U âhð�U�R�R�c��·â�U�S\cÅX_^(X�� ç ^dWrehg\R�e"=!cfÞ�íkS\cf^�Þ3YÕg\X_à�ðfe�ìZR°ä·U�ä«ehg\R
U�â�â�X�gV` cf^�ÞES\XIS\í�e�R�e	Sv]�X;âhg\c{S\ehg\cÅU è

��þ£ý·þ('� �¬³�³�µ � ¶ � �	´A�«¯Ò� �! " ' �&%
ü7R<RTSVU�S\e�`ÚU_à«X�Wre���S\í e�R�e;ä g\X_à�ðfe�ìZR�`�e�U_ðÕ]�c{S\íÒX�à�SVU_cf^�cf^ Þ
S\í eÚehìZcfS�SVU�^�â�eÙX��;UKR�P à�R�ehSbX��ES\í eÒä�U�S\âVí�e�R���S\í eÚðfcfÞ�íkS
R�X_P g\â�ehR è ñ�í�e�`�c�)�ehg\e�^kS�]�X_g��dR7` e�U_ðfcf^�Þ;]�c{S\í0S\í�cfR�S�j�ä«e	X��
ä�g\X�à ðÅehì â�U_^0à«e�Þ_g\X_P�ä«e�`ÑU�â�â�X�gV` cf^�ÞZS\X;S\í�e	g\ehRTS�g\cÅâ�S\cÅX_^�R
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S\í�e�jZcf^dS�g\Xd`�P�â�e7S\XER�X_ðÅW�eQS\X  òkP·U�S\cÅX_^ ÷ cf^°S\í e���X_ðfðÅX�]�cf^�Þ
â�ðÅU_R�R�ehR æ
M�N �@��� ´�µ>�PO]�·´  �v�¬µ ³	�
� � ± è & eKâ�X�^ R�c�`�ehg à ` cfRTS\cf^�âhS
ðÅcfÞ_ídS�R�X_P g\â�ehR7cfðfðfP�ìZcf^·U�S\cf^�ÞZU,R�â�e�^�e���e�U�â�í�X��²S\í e�ì à«ehô
cÅ^ Þ	âVí·U�gVU�âhS\ehg\cfù�e�`IàdjIU��¬P�^ âhS\cfX�^RQ�º���]�í�cfâ�íIg\e�ä g\e�R�eh^dS\R
S\í�eÙcÅR�X_ðÅU�S\e�`8â�X�^kS�g\cfà�P�S\cfX�^8X��,S\í�e"Þ£ôS\í ðfcfÞ�íkSbR�X�P g\âhe��
]�cfS\í P ^�c{SIcÅ^kS\e�^ R�c{S�jL� X�^ S\í�eÍe�^dWdc{g\X�^ ìZe�^kS è ñ�ídP R��²]�e
â�X�P ð�`Ñ`�e�R�âhg\cfà«e�S\í�e�cfðÅðfP ìZcÅ^�U�S\cfX�^@cf^@UZR�â�e�^ e,àkj0U;ðÅcf^�ô
e�U�g�â�X_ìEà cÅ^�U�S\cfX�^ÙX��nS\í�e��¬X_g\ì æ Q ¯TSVUºXW ºYQ�º���]�í�ehg\e
W º cfRZS\í�eb^�X�^�ôp^�e�Þ�U�S\cfWreb]ne�cfÞ�íkS°X��	S\í e�Þ£ôpS\í3ðfcfÞ�íkS°X�^
S\í�eQeh^�Wdc{g\X�^ ìZe�^kS è Â�j�U_R�R�P ìZcÅ^ Þ;U,ðÅcf^ e�U�g�g\e�ðÅU�S\cfX_^�R�í�cfäZ ]�c{S\í.R�X_ìZe0ìZe�U�R�P g\e�`3cÅ^kS\e�^ R�c{S�j3W�U�ðfP�e�RR[9\@cÅ^KS\í�e
R�â�e�^�eZX�g,cÅ^ UbR�âhg\e�e�^��×]neÍU�g�g\cfWreÍU�SIU�^ e��ä g\e�R�R�cfX_^ X��
S\í�eC�¬X_g\ì

[9\5¯ Z �]Q9£²¯ U^ º W º Z �]Q�ºu£ , é .
]�í�cfâ�í8â�U�^8à«eÙg\e�Þ�U�gV`�e�`(U�R0U S�j�ä�cfâ�U�ð	ðfe�U_RTS0R\òdP�U�g\e�R
ä g\X�à ðfe�ì è ü7R ]�e�â�U_^�R�e�e���S\í�eiä g\X�à ðfe�ì(�¬X_g\ìIP�ðÅU�S\e�`	S\í cÅR
]�U�j,cÅR[g\e�^�` ehg\cf^ Þ_ôpcf^·` ehä«e�^·`�e�^kS	��R�cf^�â�e�U�^dj,U�ä�ä�g\XA�cfìÍU�ô
S\cÅX_^ ��X�g  òkP·U�S\cÅX_^ ÷ â�U�^ à«eZP�R�e�`Ú]�c{S\í�X�P�S,â�í�U_^�Þ_cf^�Þ
S\í�eC�¬X_g\ìEP ðÅU�S\cfX�^ è

M�_ µ>�Ò�
�«±	��³$`9a\¯×µ�± � �bO]��´  �v�¬µ ³	�
� � ± è 4 ehg\e7S\í eQÞ_e�^�ehgVU�ðä g\X�à ðfe�ì cfRig\e�` P â�e�`ES\X,U	gVU�` cfX_R�cfSvjZR�ehS�S\cf^�Þ�àkj;ìÍU��dcÅ^ Þ
S\í�es�¬X�ðfðfX�]�cf^ Þ�U_ä�ä�g\X	 cfìÍU�S\cÅX_^IS\X  òkP·U�S\cfX�^ ÷_æ U�ä�P g\ehðfj
` c�)�P�R�esÂnõ�ã ú ��X�g[S\í�enR�P�g��£U�â�e�R-,£ä·U�S\â�í e�R/.���S\í·U�SÕcÅR[âhX�^ ô
RTSVU_^kS�U_ðfðiX�Wrehg<e�U�â�íÚX�^ e è!ç ^@S\í�cfR	â�U�R�e��  òkP·U�S\cÅX_^ ÷ cÅR
g\e�` P â�e�`°S\XIS\í�eC�¬X_g\ì æ

c ºÒ¯è�d�Aº>³Pe'º ^ \gf º \ c \ , ö .
]�í�ehg\e c º7cÅR,S\í�eqÞ£ôS\í ä·U�S\âVí gVU�`�cfX�R�c{S�jL�}���AºQc{S\RIehìZcfS�ô
SVU_^�âhe��9e º c{S\R	g\e�À�e�âhS\cfWdc{S�j ,` c�)�P R�e+Ânõ7ã ú .	U_^�` f º \ cÅRS\í�e���X_g\ì �£U_â�S\X_g �¬g\X_ì e�ðfe�ìZe�^kSCÞ�S\X�e�ðfe�ìZeh^dSFh è ú g\X�ì
S\í�ehg\e���g\ehô]�g\c{S\cf^�Þ<c{Sncf^ES\í e���X�g\ì X��  òkP�U�S\cfX�^ é cfRÕS�g\cfWdô

cÅU_ð*�ÕU�RIR�í X�]�^ cÅ^ ß�e�âhS\cfX_^ é�èf÷�è � èÕç ^ÒÞ_e�^�e�gVU_ð*�[cf^ÒS\í�X_R�e
ä�g\X�à�ðfe�ìZR�S\í�e,ä·U�S\âVí�ehR	â�U_^Úà«eIÞ�g\X�P ä«e�`ÚU�â�â�X�gV` cf^�ÞbS\X
]�í ehS\í�ehgÕS\í e�c{g[gVU�` cfX_R�cfS\cfe�R c º!U_^�`,S\í�ehcfgie�ìZc{S�SVU�^�â�e�R	ihº
U�g\eh�d^ X�]�^EX_g�^�X_S	�_g\e�R�P�ð{S\cf^�Þ<cf^ÍU	RTj�RTS\e�ìCX�� e�òdP�U�S\cfX�^ R
]�c{S\í0R�X_ìZeji º U_^�`�R�X_ìZe c º U_R�P�^@��^ X�]�^�R è

MPk � � ³ �Tl µ�´��
�mOb�·´  ���¬µ�³	�Æ� � ± è ü�^ ç ^�W�ehg\R�e ï X_^kS\e
Ý�U�g\ðÅX°ìZehS\í Xd`0cÅR�ä g\X_ä«X�R�e�`ÑU�^·`0ä g\Xkâhe�e�` R�àkj���g\cf^ ÞÍU
R�ehS�X��×gVU�j�R��¬g\X_ì S\í�e�R�P g��£U�â�e�R�]�c{S\í��d^ X�]�^°ä g\X_ä«ehg�S\cfe�R
S\X�]�U�gV` RÍä«X�cf^kS\RZX�^3R�P g���U_â�ehR°]�c{S\í9P ^>�d^�X�]�^Ûä g\X_ä«ehg�ô
S\cfe�R��7U�^·`.ÞrU�S\í�ehg\cf^ ÞKcfðfðfP�ìZcf^·U�S\cÅX_^8cÅ^'��X�g\ìÍU�S\cfX�^è�¬g\X_ì
R�P�g��£U_âhe�R	X��ÕS\í e�� g\RTS�Svj�ä«e�S\XZS\í e,R�P�g��£U�â�e�RQX���S\í e�R�e�âhô
X_^·`�Svj ä«e è

M � � ¶_µ6� ÿ �O�*�  � � µ�³	�Æ� � O]��´  �v�¬µ ³	�
� � ± è ü3R�cÅìZä ðfenðfXkâ�U_ð
cfðfðfP�ìZcf^·U�S\cÅX_^ÚìZXd`�e�ð[cfR	P�R�e�`Ùcf^�RTS\e�U�`@X���UÍÞ�ðfX_à·U_ðÕX_^�e è
ßdX@�  òkP·U�S\cfX�^ ÷ cfR7U_â�S\P·U_ðfð{j�^�X_S7P R�e�` è
ï U�g\R�â�í ^�ehg°U�^·`KO�g\e�e�^dà«ehg\Þ 2�õ ��ö ��2s# M � d RTS\P·` cfe�` S\í e

cfðfð{ôpâ�X�^�` c{S\cfX�^�cf^ Þ,X��«S\í�e ç ^dWre�g\R�e-= cfÞ�íkS\cf^�Þ�Y[g\X�à ðÅehì cf^;S\í e
â�U_R�e°X��Q` c�)�P�R�eÍR�P g���U_â�ehR��nU�^·` ðÅU�S\e�g;õ�U_ìÍU_ìZXkX�g�S\í�cnU_^·`4 U_^�gVU_í·U�^ g 068�c \ ä g\e�R�eh^dS\e�`KUÒR�cfÞ_^·U_ð{ôpä g\Xkâhe�R�R�cf^�Þ;�¬gVU�ìZehô
]nX_g��1�¬X_gncÅ^dWre�g\R�e7g\e�^�` ehg\cf^ Þ@�kR�í X�]�cf^ Þ,S\í�U�S�cÅ^dWre�g\R�e�ðfcfÞ�íkS�ô
cf^ Þ	cfRi]ne�ðfðfôpâ�X_^·`�cfS\cfX_^�e�`;X_^�ð{jI]�í e�^ES\í e-Â ú ã	õ9í�U_RÕí�cfÞ_í ô��g\e�òkP�e�^ âhjIâ�X�ìZä«X_^�e�^kS\R-,£R�í·U�g\ä;R�ä«e�â�P ð�U�g\c{S\cÅehR/.���U_^·`;cfRicfðÅð{ô
âhX�^·`�c{S\cÅX_^�e�`���X_g;` c�)�P�R�eZR�P�g��£U�â�e�R è ñ�í�e�jÒR�í X�] S\í·U�S	�v�¬X_g
S\í e�R�ä«ehâ�cÅU_ð�â�U_R�e�X��×U,ìZc{g�g\X�g-Ânõ7ã ú �rS\í�e7ðfcfÞ�íkS\cf^�Þ,â�Xke�ê;ô
âhcÅeh^dS\R7X���UÍßdä�í�e�g\cÅâ�U_ð 4 U�g\ìZX�^ cfâ�RQ`�e�â�X_ìZä«X�R�c{S\cfX�^ÑX��ÕS\í e=!cfÞ�íkS\cf^�ÞÒâhX_g�g\e�R�ä«X_^·`Kcf^9UÒWrehg�j3`�cfg\ehâhSZ]�U�jÛS\XÚS\í ebg\ehôÀ�e�âhS\e�`	ðfcfÞ�íkSÒ��e�ðÅ`���S\ídP R à«e�cf^ ÞQU�]�ehðÅð{ôpâ�X_^·` c{S\cfX�^ e�`�cÅ^dWre�g\R�e
ä�g\X�à ðÅehì è ç ^�RTS\e�U_`��:��X�g�=×U_ìIà«ehg�S\cÅU_^�X�àdáTe�âhS\R�S\í�eQðÅcfÞ_ídS\cf^ Þ
g\ehâ�X�Wrehg�j.cfR0cfðfð{ôpâ�X�^�` c{S\cfX�^�e�`°�¬X_g���g\e�òkP�e�^ â�cfe�R0U�à«X�W�eÙS\í e
R�ehâ�X�^�`�X_gV`�ehg�cf^0UEß�ä�í ehg\cfâ�U_ð 4 U�g\ìZX�^ cfâ�R�` ehâ�X�ìZä«X_R�cfS\cfX_^,£ðfX�]���g\e�òkP�e�^ â�cfe�R/. è�ú X_g�Yií X�^�Þ�Ânõ7ã ú R��dc{S�cfR�R�í X�]�^ÍS\í·U�S
cf^dWrehg\R�eQðÅcfÞ_ídS\cf^ ÞZâ�U_ðfâ�P ð�U�S\cfX�^�R�U�g\e	]ne�ðfð{ôvâhX�^·`�c{S\cÅX_^�e�`0X_^�ð{j
P ä0S\XÍX_gV` e�g<X��ÕS\í�e,R\òkP·U�g\e,g\XkX�S<X��iS\í�e,R�í�cf^�cf^ e�R�R��«]�í�cfðfe�¬X_g�S\í e7ñ×X_g�gVU�^�â�ehô�ßdä·U�g�g\X�] ìZcfâhg\X�ôf�£U_âhehS�ìZXd` ehð·c{S�cfRn]�ehðÅð{ô
âhX�^·`�c{S\cÅX_^�e�` X_^�ð{j���X�g��¬g\e�òdP e�^�âhcÅehR0P�ä.S\X3X_gV`�ehg0X��IS\í e
cf^dWrehg\R�eQX��²S\í e	g\X�P�Þ_í�^ e�R�R è
��þ£ý·þ£ý·þ N �>��� ´�µ>� ' �? ^ e@X��,S\í�eÄ��g\RTS0U_ä�ä�g\XrU�â�í e�R�S\XÛS\í�e@e�ìZc{S�SVU_^ â�e@ä g\X_à ô
ðfe�ì ]�U�RÑàdj8Ýní g\cfR@ß�âVí�Xkeh^�e�ìÍU�^ e�S@U_ð t�ó�t�ô � ^���]�í ehg\e
S\í e�P�R�ehgQ` e���^�e�R�S\í�e�ðfcfÞ�íkSC�¬e�U�S\P�g\e�RQàkjRnvR�ä gVU�j�cÅ^ Þ6o�â�X_ðfX_g
X_^kS\X�R�P�g��£U_âhe�R è = U�S\ehg	� ßkS\e�ä�í e�^ ï U�g\R�âVí�^ ehg,U_^�`Ùã	X_^·U�ð�`
O�g\ehe�^dà«ehg\Þq2�õ ��ö ��2s# M � d<ä g\e�R�eh^dS\e�`�S\í�e�c{g ¼\»hÐpÄ ¿ÅÀ�ÏdÊ£¿¬¹dÀÍ½\É�½VÐ
Êv»�Æ ��]�í�cfâVí�����g\X�ì U�ä í�X�S\X�Þ_gVU�ä�í,U_^�`<U é ãÛR�P g��£U�â�enìZXd`�e�ð
X�� S\í enX_à�á�e�âhS[ä cÅâ�S\P g\e�`q,U_^�`,U�ìZXd` ehðkX���S\í e�â�U_ìZehgVU�P�R�e�`
S\X�SVU��re;S\í e;ä�cfâhS\P�g\eA.��×ehRTS\cÅìÍU�S\e�R�S\í�eZ`�cfg\ehâhS\cfX�^·U�ð�` cfRTS�g\c{ô
à P S\cfX�^@X��nS\í�e,cf^�â�cÅ`�e�^kS<ðfcÅÞ_íkS è�ç ^ÑS\í�e<��g\RTS<â�U�R�e�� U°ìZXd`dô
c���e�`ÑO	U_P R�RTô�ß�e�cÅ` ehð²c{S\ehgVU�S\cfX�^Ñ]�U_RQcfìZä ðÅehìZe�^kS\e�`ÍS\XZR�X_ðfWre
 òkP·U�S\cÅX_^ é ��cf^ÑUI]�U�jbR�P â�í°S\í·U�S	��U�S�e�U_âVí0c{S\ehgVU�S\cfX�^���S\í e
^ e�ÞrU�S\cfWreZW�U�ðfP�e�R ��X�gIS\í eE]�ehcÅÞ_íkS\R�,£ðfcfÞ�íkSIcÅ^kS\e�^ R�c{S\cÅehR/.�U�g\e
âhðÅcfä ä«e�`ÚS\XÑù�ehg\X è²ç ^ÒS\í�cfR�S\e�â�í ^�cÅòkP�e��!S\í�epnvR�ä�gVU�jre�`�oIâ�X�ð{ô
X�g\R7U�g\e<S\í�eq[�º è ü�R7ìZe�^kS\cÅX_^�e�`�U_à«X�Wre���S\í�e<RTj�RTS\e�ì cfR7cfðÅð{ô
âhX�^·`�c{S\cÅX_^�e�`Ûc��	S\í�e�Ânõ7ã ú P�R�e�`KcfR;S\XkX `�c�)�P R�e��iR�XÚS\í e
U�P S\í X_g\R�` e�â�cÅ`�e�`�S\XÍU�` `ÑU1��g\RTS7X_gV`�ehg�ðÅcf^ e�U�g ¼\»À_Ç�ÄfÈ_¼�¿fÜ�È_Ð
Ê£¿£Â_¹ �·U_^·`°S\XZP�R�e�U;Þ�eh^�ehgVU�ðÅcfù�e�`Úßdcf^�Þ�P ðÅU�g�ønU�ðÅP e<ã	e�â�X_ì;ô

DEèF>H�IÒJLK�MON�P�M #�Q H�R D %$S$%O% N D R #UT R N�V # V 7-W'X # D*Y/Z I X XL[ K�\ X R % H�I]M % � 8�8�^�_



w ��xUy*z	{��5|²z	y£�	~;z	�:� �-z	{������r|Õ�������-���U�L{��V��x��-�[���:�����������5|[�v���\� ����x
ä«X�R�c{S\cfX�^�,pßdøQã�.�S\XÍU�ðfðÅX�] S\í�e	g\e�Þ_P�ðÅU�g\cfù�U�S\cfX�^Ùä·U�gVU�ìZehS\ehg
S\X°à«eEU_`�áTP RTS\e�`@cÅ^kS\ehgVU�âhS\cfWre�ð{j è 4 e�g\e��«S\í�e&[ º U�g\e,S\í�eIX�à ô
R�ehg\Wre�`�ä�c��e�ð!W�U�ðfP�e�R�X_^bS\í�e	ä í�X�S\X�Þ_gVU�ä�í R è
ç ^ÑS\í�e,â�U_R�eEX���ß�âVí�Xke�^ e�ìÍU_^ÑehS<U_ð è � cf^kS\ehgVU�âhS\cfW�c{Svj0]�U�R

U_âVí�cfe�W�e�`°àkj°U�â�â�X�P ^kS\cÅ^ ÞEX_^�ð{j���X�gQ`�c{g\e�âhS�cfðfðÅP ìZcf^·U�S\cfX_^�cf^
S\í�ehcfgv�·^·U�ðkcfìZä�ðfe�ìZe�^kSVU�S\cfX_^���à P S S\í�eiìZehS\í�Xd`<cfR²cf^·`�e�ä«e�^ ô
` eh^dS�X��,S\í�e@cfðfðfP�ìZcf^·U�S\cÅX_^ U_ðfÞ�X�g\cfS\í ì P R�e�` è7ï U�g\R�â�í ^�ehg
U_^�` O�g\e�e�^dà«ehg\Þ'� R�U�ä�ä�g\XrU_âVí.í�U_RÍS\í�eÑU_` W_U_^kSVU_Þ_eÑX���P�RTô
cf^�ÞÑU°ä�í X_S\X�Þ�gVU_ä í U_R�X�àdáTehâhS\cfWre��!gVU�S\í�e�g<S\í·U_^ÚìÍU_^dP·U�ðfðfj
P�R�e�g�ô�`�e��·^ e�`�X_à�á�e�âhS\cfWre�R��·U_^�`bX��ÕP R�cÅ^ ÞÍUEÞ�eh^�ehg\cfâ���R�â�e�^�e�ô
cf^·`�e�ä«e�^·`�e�^kS7R�ehS	X���à�U_R�cfR	ðfcfÞ�íkS	R�X_P g\â�ehR è9r ^@�¬X_g�S\P ^·U�S\ehðfjL�
S\í�cfRZðfe�U_` R;S\X UÙRTj�RTS\e�ì ]�í�cfâVíKcfRZìZX�g\e0cfðÅð{ôpâ�X_^·` c{S\cfX�^ e�`
S\í·U�^ES\í�e�RTj�RTS\e�ì*S\í�U�Siâ�X_ìZe�R��¬g\X�ì U	R�ehS�X��$�¬Xkâ�P�R�e�`;ðÅcfÞ_ídS
R�X�P�g\â�e�R�� S\í�P R�g\e�òkP�c{g\cf^�ÞEUIg\e�Þ�P ðÅU�g\cfù�U�S\cfX_^Ùä�g\Xkâ�e�`�P g\e è

�!þ£ý·þÆ��þ _ µ6�Ò�Æ�«±	�¬³0`?a\¯ µ·± � � ' �
ñ�í�e°��X�g\ìEP ð�U�S\cfX�^�RKä g\e�R�eh^dS\e�` cf^ S\í�cfRKR�P�à�R�ehâhS\cfX�^ U�g\e
â�ðfX�R�ehðfj à·U�R�e�` X_^ S\í�e õQU_` cfX�R�c{S�j U�ä�ä g\X	�cfìÍU�S\cfX�^ R X��
 òdP�U�S\cfX�^ ÷�æ U_R�R�P ìZcf^�Þ�U�ä�P�g\e�ð{jÙ` c�)�P�R�e1Ânõ7ã ú ��X�g�S\í�e
R�P g���U_â�ehRh,£ä�U�S\âVí�e�R/.���U_^�`IU�R�R�P�ìZcf^�Þ�c{S�cfR[â�X_^�RTSVU�^dSiU�ðfð X�Wrehg
S\í�ehì è ç ^�S\í cÅR�â�U_R�e��  òkP·U�S\cfX�^ ÷ g\e�` P�âhe�R�S\XES\í�eC��^ X�]�^ æ

c º ¯°��� º ³se º ^ \gf º \ c \
]�í�e�g\e c º cfR�S\í�e5Þ£ôS\í�ä�U�S\âVí�gVU_` cfX�R�c{S�jL�!i º cfS\R�ehìZcfS�SVU�^�â�e��
e'ºnc{S\RQg\e�À�e�âhS\cfWdc{S�j;,`�c�)�P�R�e�Ânõ�ã ú .7U�^·` f º \ZcfRQS\í e ��X_g\ì�£U�âhS\X_g��¬g\X_ì e�ðfe�ìZeh^dSBÞES\X ehðÅehìZe�^kSth è õ�ehô]�g\c{S\cf^�Þ S\í cÅR
e�òkP·U�S\cfX�^Ñcf^ÑS\í�e ��X�g\ì X��  òkP·U�S\cÅX_^ é â�U_^@à«e,` X_^�e<S�g\cfWdô
cÅU_ðfð{j.àkjK` e���^�cf^�ÞÒU ìÍU�S�g\c�Hu º \µ¯wv	º \+Øxe'º f º \Ù]�í cÅâVí
U_ðfðfX�]�RQP R�S\XE]�g\c{S\e c ºÒ¯VS \ �d�0\yu ª�®º \ è
ü9g\e�ìÍU�g��_U_à ðÅe�]nX_g��E]�c{S\í;S\í e�R�e�R�X�g�S\RnX�� cf^dWrehg\R�e�ä�g\X�à ô

ðfe�ìZRn]�U_R�`�e�Wre�ðfX�ä«e�`°àkj 4 U�g\P S\P ^�cÅU_^ÍehS�U_ð è 0$2�0 ��3 ��` X_^�e
cf^bS\í�e<âhX�^kS\e�dS�X��[gVU_` cÅU�S\cfWre�í�e�U�S�S�gVU_^ RU��ehg è ñ�í e�U_P�S\í�X_g\R
X�à R�ehg\Wre�`ES\í�U�SiS\í�e�g\e�R�P ðfS\cf^ ÞIR�ehS�X�� e�òkP·U�S\cfX�^�R}��X�g�S\í�e�cf^ ô
Wrehg\R�e<ä�g\X�à ðÅehì cÅR�cfðfð{ôvâhX�^·`�c{S\cÅX_^�e�`��«U�^·`�S\ídP�R�S\í e<^�e�e�`°S\X
g\e�R�X�g�S²S\X�S\í�e ï Xd` c��·e�`Iñ g\P ^�â�U�S\e�`�ß�ø�ã�0 t�t ��� , ï ñ�ßdøQã�.
ìÍU�S�g\c� cf^dWrehg\R�cfX�^*ìZe�S\í�Xd` S\X.â�X�ìZä P S\e����Aº è & X_g��dcf^�Þ
]�c{S\í S\í�e R\U�ìZe U_ä ä g\X�U_âVíG,£ðfcÅ^ e�U�g\cfù�cf^ Þ8S\í e RTj�RTS\e�ìHS\X
R�X�ðfWre,c{S<U�^·` ï ñ�ß�ø�ã X�g<ñ�ßdøQãBS\X°cf^dWrehg�S�c{S<`�P�e<S\XÍcfS\R
cfðfðfôpâ�X_^·`�cfS\cfX_^�cf^�Þ©.�� ú gVU_^!z�U ehSbU_ð è o�i�0 � dÒU�^·` ï X�gVU_ðfe�R0ehS
U_ð è 2�2�i�0 ��ö R�X_ðfWre�`�S\í e,cf^dWrehg\R�e<ä�g\X�à ðÅehì X��iR�X�P g\âhe,ehìZcÅRTô
R�cfWdcfS\cfe�R���S\í�cfR�S\cfìZeQcf^�S\í e	ä g\ehR�e�^�â�eQX��[ä�U�g�S\cfâ�cfä·U�S\cÅ^ Þ;ìZehô
` cÅU è�ç ^0S\í�e�ðÅU�S�S\e�g	S�]nX°â�U_R�e�R���S\í�e�ä�g\X�à�ðfe�ì g\e�òkP�c{g\e�R7S\í�e
cf^kS�g\Xd` P�â�S\cÅX_^ X���U0RTj�RTS\e�ì X��7e�òkP·U�S\cfX�^�R�g\e�R�P ðfS\cf^ Þ��¬g\X�ì
S\í�e�` cfR�âhg\ehS\cfù�U�S\cÅX_^ZX��·S\í e�ìZe�` cfP ì cf^kS\XQWrX_ðÅP ìZe�e�ðfe�ìZe�^kS\R
cf^�X�gV` ehgnS\XER�X�ðfWre7S\í�e�â�X_g�g\e�R�ä«X_^·`�cÅ^ ÞEä�U�g�S\cÅU_ð!` c�)�ehg\eh^dS\cÅU�ð
e�òkP·U�S\cfX�^�R�,YÕã  . è
ÝnX�ìZä�P�S\ehg�ü7P�Þ�ìZeh^dS\e�`Íõ7e�U�ðÅc{Svj�eh^·U_à ðfe�R�P�R�ehg\R�S\XIìZc�

g\e�U�ð�U�^·`IWdc{g�S\P·U�ðk]�X_g\ðÅ`�R è ü7R[R�P�âVí���c{S[g\e�òkP�c{g\e�R²S\í�enä g\e�â�cfR�e
âVí·U�gVU�âhS\ehg\cfù�U�S\cÅX_^ X���S\í eÛÞ�e�X_ìZehS�g�jL�	R�X_P g\â�ehôpe�ìZc{S�SVU�^�â�e�R
U_^�`KR�P�g��£U_âhe0g\e�À·e�â�SVU_^�âhe�RÍX��	S\í ebg\e�U_ð7R�â�e�^ ebS\í g\X_P�Þ_í.U
Þ�cfWreh^ R�ehS X��0ä í�X�S\X�Þ_gVU�ä�í R è ñ×X â�X_ìZä�P�S\eÛS\í e�R�e9ehìZcfS�ô
SVU_^ â�e�R�� ú X�P�g\^�cfehg	��OQP ^·U�]�U�^ÑU_^�`0õ�X_ìÍU_^ ù�cf^Äo�õ g � ^,U_ðfR�X
à·U�R�enS\í�ehcfgv��X_g\ìIP�ðÅU�S\cfX_^IX_^IS\í�eigVU�`�cÅX_R�c{S�jIU_ä ä g\X	�cÅìÍU�S\cfX�^��

`�c{g\e�âhS\ð{j�� S�S\cÅ^ Þ;S\í�e�e�ðfe�ìZe�^kS7e�ìZcfR�R�cfX�^ R�S\XZS\í�e�X�à R�ehg\Wre�`
W_U_ðfP e�R�,{[ º . è ãQg\ehS�SVU���cfR��iõ7X�à«ehg�SÍU�^·` ÂnX�P Þ�^ X�P@ ó�g W ��ö
cfìZä�g\X�W�e�`bS\í�e,]�X_g��@X�� ú X_P g\^�cfehg�e�S�U_ð è àkj@R�ehS�S\cf^�ÞbP äÙU
í cfehgVU�g\âVí�cfâ�U�ð·gVU�` cfX_R�cfSvjZRTj�RTS\e�ì è =!X�R�â�X_R�ehS�U�ð è ÷ o ó�ô ��� U�ä ô
ä�g\X	 cfìÍU�S\e�ð{j g\e�â�X�^ RTS�g\P�âhS\e�`3g\e�U�ð�R�â�eh^�eÑÞ�ehX�ìZehS�g�j �¬g\X_ì
ä í�X�S\X�Þ_gVU�ä�í R�SVU��re�^ ��g\X�ì R�e�WrehgVU�ð�`�c�)�e�g\e�^kSIWdcfeh]�ä«X_cÅ^kS\R è
ñ�í ehg\e��«cf^�` c{g\e�âhS�cfðÅðfP ìZcÅ^�U�S\cfX�^@cfRQâhX�ìZä�P�S\e�`�]�c{S\íÙUZí�cfehg�ô
U�g\â�í cfâ�U_ð�gVU�`�cÅX_R�c{S�jKRTj RTS\ehì5U_RÍà«e��¬X_g\e���]�í�cfðfe0S\í�eÑ`�cfg\ehâhS
âhX�ìZä«X�^ e�^kS<cfRIâ�U_ðfâ�P�ðÅU�S\e�` R�e�ä·U�gVU�S\e�ð{jÒP�R�cf^�ÞbgVU�jdôpâ�U_RTS\cf^ Þ
X_^0UEä«e�g�ä c� ehð!à�U_R�cfR è
��þ£ý·þ<�!þZÿ��9�$� ´�± � k � � ³ �|l µ�´��
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ü7R�cfRi]�e�ðfð$�d^�X�]�^��_gVU�`�c�U�S\cfWre�í e�U�S�S�gVU_^ RU��ehgnä g\X�à ðfe�ìZRnU�g\e
e�òdP cfW�U�ðÅeh^dS,S\XÙðÅcfÞ_ídS\cf^ ÞÚä�g\X�à�ðfe�ìZR è & e°R�P�ìZìÍU�g\cfù�e°í�e�g\e
U�^�cf^kS\ehg\e�RTS\cf^ Þ,]nX_g��ZX�^°cf^dWrehg\R�e�gVU_` cÅU�S\cfWreQí�e�U�S�S�gVU_^ RU��ehg	���^·`�cÅ^ ÞIS\í eQS\e�ìZä«ehgVU�S\P g\e�R�X��Õe�ìZc{S�S\cÅ^ Þ;R�P g���U_â�ehR��·â�U�g�g\cÅe�`
X_P SQàdj ï U_R\U�í�c{S\X ? Þ�P ìÍUZU_^�`~}_X�í�^ 4 X�]ne�ðfð²i�0 ��3 è ñ�í e
U�P S\í X_g\Ri` e�W�e�ðfX�ä«e�`ZU�^ ç ^dWrehg\R�e ï X_^kS\eQÝ�U�g\ðfXIìZehS\í Xd` è�ç ^
S\í cfR	ä·U�ä«ehg	��R�P g���U_â�e�R�U�g\e;ä«ehg��¬e�âhS<ðÅU_ìIà«ehg�S\cÅU_^@g\e�À·ehâhS\X_g\R��
U�ð{S\í�X�P Þ�í3S\í�ebÞ_e�^�e�gVU_ðfcfù�U�S\cfX�^ S\XÚìZX_g\ebÞ_e�^�e�gVU_ð�Ânõ�ã ú R
R�ehe�ìZR�RTS�gVU_cfÞ�íkS���X�g�]�U�gV` è ñ�í�eÍìZehS\í Xd`ÒRTSVU�g�S\R,àkjÒðfehS�S\cf^ Þ
P R�ehg\R°â�í XkX�R�e U R�ehS�X��Iä«X�cf^kS\R�,£â�U_ðfâ�P ð�U�S\cfX�^ ä«X�cf^kS\R/.°X�^
S\í e;R�P g���U_â�ehRI]�í�e�g\e;S\í�ehjÒU�g\eZcf^kS\ehg\e�RTS\e�` cf^ ��^·`�cÅ^ Þ�S\í e
S\ehìZä«ehgVU�S\P�g\e ,£ðfcfÞ�íkS�.°` cfRTS�g\cfà�P S\cfX_^ è ñ�í e�^���c{SbgVU�^·`�X�ìZð{j
âVí�XkX_R�e�R�U	R�e�SnX�� ä«X_cf^dS\R�U�SiS\í�e�R�P�g��£U_âhe�R�]�c{S\íZâ�X_ìZä�ðfehS\e�ð{j�d^ X�]�^Íä�g\X�ä«ehg�S\cfe�R���U�^·`���X_g�e�U_âVí�X�� S\í X�R�e�ä«X�cf^kS\R�â�U_RTS\R�U
Þ_cfWre�^ ^dP�ìIà«ehgj�j�;X���gVU�j�R è ü7ð{S\í�X�P Þ�í ^ e�Wrehg,RTSVU�S\e�` e�dô
ä ðfcÅâhcfS\ð{jZcf^ZS\í�e�ä�U_ä«ehg	�rS\í e�ä«X_cf^dS\R�R�e�e�ìBS\X�à«e�âVí�X_R�e�^���X�ð{ô
ðfX�]�cf^�Þ�U�P�^�c��¬X_g\ì*`�cfRTS�g\cÅà P S\cfX�^���U_^�`	S\í�eÕgVU�j�R×U�g\e}��g\e�`<àkj
R�P à�` cfWdcÅ` cf^�Þ0S\í e°í e�ìZcfR�ä�í ehg\eÍX���` c{g\e�âhS\cfX_^�RZU�à«X�W�e�e�U�â�í
R�P�g��£U�â�eÛä«X�cf^kSÒcf^��j� e�òkP·U�ðEcf^kS\ehg\W_U_ðfR��<U�^·`¦� g\cÅ^ Þ X�^ e
gVU�j"��X�gEe�U_âVí cf^dS\e�g\W�U�ð è ñ�í�ehR�eÍgVU�j�R À�j@S\X0ä«X_cÅ^kS\R,U�S�S\í e
R�P�g��£U�â�e�R	]�c{S\íÚP ^>�d^�X�]�^0S\e�ìZä«e�gVU�S\P g\eB,£e�ìZc{S�SVU_^ â�eA. è!ú X�g
e�U_âVíÛgVU�jL� S\í�e�U_ðfÞ�X�g\cfS\í ì ��^·` R�S\í�e°e��ä«e�âhS\e�` e�^�ehg\Þ�j c{S
R�í X�P ð�`Kâ�U�g�g�j è & í�e�^9e�^�X_P�Þ�í.gVU�j�R°í·U�Wre@U�g�g\cfWre�`���e�U�â�í
â�U_ðfâ�P�ðÅU�S\cÅX_^bä«X_cÅ^kS�X_^bU�^RnvP�^@�d^�X�]�^!o�R�P�g��£U_âhe<cÅR�U�R�R�cfÞ�^�e�`
U;S\e�ìZä«e�gVU�S\P g\e<S\í�U�S	cfRQUÍ]ne�cfÞ�íkS\e�`�ôpR�P ì X���S\í e�S\ehìZä«ehg�ô
U�S\P g\e�RQX��nS\í eIgVU�j�R è ñ�í�eE]ne�cfÞ�íkS\R�U�g\eEU�R�ehS	X���ä«X_R�c{S\cÅX_^ ô
g\ehð�U�S\e�`KâhXke�êZâ�cfe�^kS\R��ià«e�â�U�P�R�e0S\í�e�e��c{S\cÅ^ ÞÚä«X_cf^dSÍX��QS\í e
cf^ â�cÅ` e�^kS7cf^dS\eh^�R�c{S�j�cfR�X��¬S\e�^Ñ^ X_SQU;â�U_ðfâ�P ð�U�S\cfX�^@ä«X�cf^kS è«ú c{ô
^�U_ðfð{jL��S\í e�]�í X�ðfe,ä g\Xkâ�e�R�R�cfRQc{S\ehgVU�S\e�`0P�^kS\cfð S\í�e<gVU_` cÅU_^ â�e
`�cfRTS�g\cÅà P S\cfX�^ZX_^tnu�d^ X�]�^�o�R�P�g��£U_âhe�R�ðfe�`ZàkjES\í�e�â�U�ðfâ�P�ðÅU�S\e�`
S\ehìZä«ehgVU�S\P�g\e0` cfRTS�g\cfà�P�S\cfX�^.X��An�P ^>�d^�X�]�^�o�R�P�g��£U�â�e�R°R\U�S�ô
cfRU��e�RZS\í�e0g\e�òkP�c{g\e�`3í�e�U�SqÀ·P@K`�cÅRTS�g\cfà P S\cfX�^.X��An]��^ X�]�^!o
R�P�g��£U�â�e�R�]�c{S\í�cf^ÑUEP R�ehg�ôpä g\X�Wdc�`�e�`°S\í�g\e�R�í�X_ðÅ` è

��þ£ý·þ/�×þ(� �!¶�µ6� ÿ �O�*�  � � µ�³	�Æ� ��' �ÂnU_R�e�`ZX�^;S\í e9��e�U�S\P g\e�R�ä g\e�R�e�^kS\e�`;cf^;S\í e7cf^kS�g\Xd` P âhS\cfX�^ZX��
ßde�âhS\cfX�^ édèf÷ ��õ�U_ìÍU_ìZXkX�g�S\í�cQU_^·` 4 U_^�gVU_í·U�^ g 068�c \ ä�g\X_ô
ä«X_R�e�`bU�^0U�ðÅÞ_X_g\c{S\í�ì S\í�U�S�X_^�ð{jZg\e�â�X�Wrehg\R9��g\e�òkP�e�^ â�cfe�R�à«ehô
ðfX�] U�â�P�S\X�)IX��dS\í�eÕX�gV` ehg×X��dS\í�eÕcf^dWrehg\R�eiX��dS\í�e[g\X�P Þ�í ^�e�R�R è
ñ�ídP R��²S�]nXÒä«X�R�R�cfà ðÅe�]�U�j�RZU�g\e�R�í�X�]�^ æ R�X_ðÅWdcf^�ÞÒUÙðfcf^�e�U�g
ðfe�U�RTS�ôpR\òdP�U�g\e�RZRTj�RTS\e�ì ��X_gZS\í e0ðfcfÞ�íkS\cf^�ÞÒâhXke�êZâ�cfe�^kS\RÍðfc���e
 òkP·U�S\cÅX_^ é ��X_g�R�P à S�gVU�âhS\cf^�Þ�S\í�e�` c�)�P�R�e�â�X�ìZä«X_^�e�^kSnU_^·`
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w ��xUyOzA{h�5|}z	y£�	~�z	�:� �hz	{��¬�V�r|Õ�r�/���h�+�U�L{�����xT�-�Õ�/�:�����������5|Õ�p���V� ���Cx
P�R�cf^ Þ�S\í eig\ehR�P�ð{S\cf^�Þ7ìZcfg�g\X�g�ôpðÅc��reiX�àdáTehâhS²S\X�g\e�â�X�Wrehg²U7í cfÞ�í ô
g\e�R�X_ðÅP�S\cfX�^ U�^�Þ�P ðÅU�g�ôpR�ä·U�â�e@Wrehg\R�cfX�^KX��<S\í�ebcÅðfðfP�ìZcf^�U�S\cfX�^ è
ç ^3S\í�e0R�ehâ�X�^�`Kâ�U�R�e���U@S�]�X�ôpRTS\e�ä9ä�g\Xkâ�e�R�R°cÅRZä�g\e�R�e�^kS\e�`��
]�í�e�g\enS\í�e²��g\RTSÕä�í�U_R�e�ehRTS\cÅìÍU�S\e�R×S\í e�` c�)�P�R�e�â�X�ìZä«X_^�e�^kS\R
X��nS\í�eIg\e�À·e�âhS\e�`��·ehð�`"�¬g\X_ì S\í�eEehRTS\cÅìÍU�S\e�`ÚcfðfðfP�ìZcf^·U�S\cfX�^�¬g\e�òdP e�^�â�j ä·U�gVU_ìZehS\ehg\R���U�^·` S\í�e�R�e�â�X�^�`3ä í·U�R�e0` XkehRZcfS
S\í�eQX_S\í�e�g7]�U�j�g\X_P�^·`ÍS\X;U�â�í cÅehWre<R�í·U�g\ä«ehg�g\e�R�P�ð{S\R è
ß U�S\XÛehS0U_ð è t�t�ø ��� D P�R�e@S\í�e@gVU�`�c�U�^�â�eÙcf^@�¬X_g\ìÍU�S\cfX_^(cf^ ô

R�cÅ` e R�í�U�`�X�]�R@S\X9ehRTS\cÅìÍU�S\eÒS\í�eÒcÅðfðfP�ìZcf^�U�S\cfX�^ ` cfRTS�g\cfà�P ô
S\cfX�^°X��²U,R�â�eh^�e<U�R�UIâ�X_ðfðÅehâhS\cfX�^bX��²cfìÍU_Þ_cf^·U�g�jÍä«X_cf^dS�ðÅcfÞ_ídS
R�X�P�g\â�e�R°P�^ c��¬X_g\ìZð{jK` cfRTS�g\cfà�P�S\e�`KX�WrehgÍS\í e0R�â�e�^ e è ñ×X ` X
S\í�cfR��<c{SÒcÅRÚ^�e�âhe�R�R\U�g�j �¬X_gÚS\í�e Ânõ7ã ú S\X8à«e =×U�ìEà«ehg�ô
S\cÅU_^��,U_^·` S\X R�X�ðfWreKU RTj�RTS\e�ì ðfc��re  òkP·U�S\cfX�^ é�è ñ�í cÅR
]�X�g�� ]�U�RÒðÅU�S\e�g cfìZä g\X�Wre�` àkj S\í�e3U_P�S\í�X�g\R t�t�ø ��� \ �<R�e�e
R�e�âhS\cfX_^V�:��à�P�S;S\í�e0cf^kS�g\Xd` P âhS\cfX�^KX��	g\e�Þ_P�ðÅU�g\cfù�U�S\cfX�^ P�RTô
cf^�Þ;P R�ehg�ô]�e�cfÞ_ídS\e�`bä«e�^·U�ð{S�jÍS\ehg\ìZRn]�U_R�g\e�òkP�c{g\e�`�cf^0à«X�S\í
]�X�g��dR���U_^�`�S\í�e�â�X_ìZä�P SVU�S\cfX�^·U�ð×â�X_ìZä�ðfe��c{S�j°ðfcfìZcfS\e�`bS\í�e��X�g\ìEP ð�U�S\cfX�^�R<S\XbU�â�X�U�g\R�e°` cfR�âhg\ehS\cfù�U�S\cfX�^ X���S\í�e;R�ä í�ehg\e è
ç ^ RTS\e�U�`��²S\í�eÍìZehS\í Xd`Òä g\X_ä«X�R�e�` àkj õ�U_ìÍU�ìZXkX_g�S\í c�U_^�`4 U�^ gVU�í·U_^ g 068�c \ g\e�òkP�c{g\e�`	^ X7e� ä ðfcÅâhcfS g\e�Þ�P ðÅU�g\cfù�U�S\cfX_^;U_^�`
j�cfe�ðÅ` e�`Eg\e�R�P ð{S\Ri]�c{S\íZà«ehS�S\ehg�R�í·U�g\ä�^ e�R�RnU�^·`EX�Wre�gVU_ðfð«òkP·U�ðfô
c{S�j S\í�U_^ S\í�e�U_ä ä g\X�U_âVí�e�R;X��<ß�U�S\XÙehSZU�ð èr? ^ÛS\í e�X�S\í�ehg
í·U�^·`���S\í�e�ìZehS\í Xd` R7ä g\X_ä«X�R�e�`ÑàkjÑß�U�S\XÍehSQU_ð è U�g\e,e�U�R�cÅe�g
S\XQe��S\eh^·`<S\X	â�X�^ â�U�Wre�R�P�g��£U_âhe�R èrú cf^�U_ðfð{jL�kß�U�S\XQe�SiU_ð è t�t�ø ��� #
ä g\X_ä«X�R�e�`<S\í�eÕP R�enX���S�]nX�X�ìZ^�c{ôv` c{g\e�â�S\cÅX_^·U�ðkRTS\ehg\e�X7cÅìÍU�Þ�e�R
S\X�â�X�^ RTS�g\P�âhS²U�Þ�e�X_ìZehS�g\cfânìZXd` ehð�X���S\í�eÕR�â�eh^�e æ e�dS�gVU�âhS\cf^�Þ
â�X_ìZìZX�^��¬e�U�S\P�g\eIä«X_cf^dS\R���Þ�e�^ ehgVU�S\cf^ ÞÍUES�g\c�U�^�Þ_P�ðÅU�gQìZe�R�í
U_^�`��·^�U_ðfð{j0ìÍU�ä�ä�cf^ ÞES\í�e	gVU_` cÅU_^ â�eIX�Wre�g7S\í e�ìZe�R�í è ñ�í�e
gVU�`�cÅU_^�âhe0X��7S\í�e°]�í�X�ðfe0R�âhe�^�e°]�U_RZâhX�^�RTS�g\P âhS\e�`;�¬g\X_ì5U
R�e�òkP�eh^�â�eZX���X�ìZ^�c{ôv` c{g\e�â�S\cÅX_^·U�ð�í cÅÞ_í `�j�^�U_ìZcfâEgVU_^ Þ�e;gVU�ô
` cÅU�^�â�e<cfìÍU_Þ_e�R ó 2 ��ö�U_^·`°ìÍU_ä ä«e�`�X_^dS\XIS\í�e	â�X_^�RTS�g\P âhS\e�`
Þ�ehX�ìZehS�g\cfâ<ìZXd` ehð è

�!þÆ�!þ(� �
� � ³����$� ´�¶ � ���«±	�¬³��
� � � � ���	´A�«¯v� �! " � ���q�&%
ç ^KS\í�cfR�R�P à�R�e�â�S\cÅX_^.]�eÑg\e�Wdcfeh] S\í eÑä·U�ä«ehg\R°]�í cfâ�í ä«ehg�ô��X�g\ì â�X�ìZä P SVU�S\cfX_^�R�X�^°S\í�e<ä«X_R�cfS\cfX_^ÑU_^�`bX_g\cfe�^kSVU�S\cfX_^0X��
ðfcfÞ�íkSbR�X_P g\â�ehR è ü�RÍìZe�^kS\cfX�^ e�`9U�à«X�Wre��iS\í�e�R�e0]nX_g��dR�â�U_^
U_ðfR�XIà«e�â�ðÅU�R�R�c���e�`°U_â�â�X�gV` cf^�Þ�S\X�S\í�e�S�g\e�U�S\ìZe�^kSiS\í�ehjEÞ�cfWre
S\X  òkP·U�S\cfX_^ ÷�è
M�N �@��� ´�µ>��Ob�·´  �v��µ�³	�
� � ± è ñ�í�ehR�e7ìZe�S\í�Xd` R[S�g�j,S\XC�·^�`
ðÅP ìZcf^·U�g�jbðfXkâ�U�S\cfX�^ R,U_^·`>Á�X�g<X_g\cfe�^kSVU�S\cfX_^�R	]�c{S\í�X_P S	g\ehô
ðfj�cf^�ÞÙX�^3U�^dj ä·U�g�S\cfâ�P ðÅU�gÍcfðfðÅP ìZcf^·U�S\cfX_^9U�ðÅÞ_X_g\c{S\í�ì èÕç ^
Þ�e�^ ehgVU_ð*��S\í�e@ðfP�ìZcf^�U�g�j.ä«X_R�c{S\cÅX_^$Á�X_g\cfe�^kSVU�S\cfX�^ cfR0âVí�X_ô
R�e�^9U�RÍU_^KX�ä S\cfìZcfù�U�à�ðfe0W_U�g\cÅU_à ðÅebX��<UÙâ�ehg�SVU�cÅ^KX�àdáTe�â�ô
S\cÅW�eÜ��P ^�âhS\cfX�^��E]�í cÅâVí��Icf^ S\P g\^��,cÅR3X�ä�S\cfìZcÅùhe�` ]�c{S\í
U;ä g\X�à ðfe�ì;ôpcÅ^�` e�ä«eh^·` eh^dS�X�ä S\cfìZcfù�U�S\cÅX_^ÙU_ðfÞ�X�g\cfS\í ì ðfc��re
ßdS\cfìEP ð�U�S\e�`°ü�^�^ e�U_ðfcf^�Þ [ F�� o ��� ��[ F � c è

M�_ µ>�Ò�
�«±	��³$`9a\¯×µ�± � ��O]�·´  �v�¬µ ³	�
� � ± è YÕg\X_à�ðfe�ìZR	]�í cÅâVí
S�g�j S\X ðfXkâ�U�S\eKðfcfÞ�íkSÙR�X�P�g\â�e�RÚcÅ^(S\í�e â�X_^dS\e��S@X��ÍS\í�e
â�ðÅU_R�R�cfâ;gVU�`�cÅX_R�c{S�jÒU_ä�ä�g\X	 cfìÍU�S\cÅX_^Úí�U�Wre;^�X�S<à«e�e�^Úä g\ehô
R�e�^kS\e�` jkehS	�Õà�P�SE]ne0à«e�ðfcfe�Wre�S\í cfR;cfRZä«X�R�R�cfà�ðfe èdr ^'��X_g�ô
S\P�^·U�S\e�ð{jL�<S\í�cfR â�U�R�e â�X_g�g\e�R�ä«X_^·`�RÛS\X(ä�P�g\e�ð{j ` c�)�P�R�eÂnõ�ã ú R��[]�í�cfâVíKR�í X�] S\í�e�ìZR�e�ðfWrehR;U_RZä�g\Xd` P â�ehg\R;X��<U

R�e�W�ehg\e.cfðfðfôpâ�X_^·`�cfS\cfX_^�cf^�Þ(cÅ^ ðfcÅÞ_íkS\cÅ^ Þ_ôpâVí·U�gVU�âhS\ehg\cfù�U�S\cÅX_^
ä�g\X�à�ðfe�ìZR g 068�cb# è ñ�í�e°X�WrehgVU_ðfð�ìZe�S\í�Xd`Ò]�X_P�ðÅ`ÛU_R�R�P ìZe
R�ìÍU�ðÅðZä«X_ð{j Þ_X�^�U_ðÍe�ìZc{S�S\ehg\R U�^·`CP�R�eÛS\í�e �d^�X�]�ðfe�` Þ_e
X���S\í�eZcfðfðÅP ìZcf^·U�S\cfX_^ÒS\í�ehjÙä�g\Xd` P�âhe;S\X0â�X�ìZä P S\eES\í e�c{g
ú X�g\ì ú U_âhS\X�g\RC, f º \ cf^  òkP·U�S\cÅX_^ ö . èdú g\X_ìCS\í�cfRs�d^�X�]�ð{ô
e�`�Þ�e,]�eER�í X�P ð�`���^·`0S\í�eI` e�R�c{g\e�`ÑWre�g�S\cÅâhe�R<U_R	` e�Þ�g\e�e�R
X����¬g\e�e�`�X�ì X��iU_^bX_ä S\cfìZcfù�U�S\cfX_^0ä g\X_à�ðfe�ì è

MPk � � ³ ��l µ�´��
��O]��´  �v�¬µ ³	�
� � ± è ü�ð{S\í X�P�Þ_í���S\X S\í e
à«e�RTSÚX��°X_P g;�d^ X�]�ðfe�`�Þ�e S\í�e�g\eKU�g\eK^ X.]�X�g���RÙP�R�cf^ Þ
S\í cÅR��dcÅ^�`*X��q��X�g\ìEP ð�U�S\cfX�^��<]neKà«ehðÅcfe�W�e3S\í�U�SÙS\í�cfRÒcfR
U���e�U�R�cfà�ðfe U_ä ä g\X�U_âVí���S\XkX è Âij���g\cf^�ÞÛgVU�j�R��¬g\X_ì S\í e
cfðfðfP�ìZcf^·U�S\cÅX_^ ôpâ�X_^�RTS�gVU_cf^ e�`�U�g\e�U�R²X��dS\í�eiR�â�e�^ e���c{S²cfR ä«X�RTô
R�cfà�ðfe	S\X;Þ�U�S\í ehg�cf^@��X�g\ìÍU�S\cfX�^0U_^·`°òkP·U�ðÅc���j0U�g\e�U_R�cf^�S\í e
R�â�eh^�e�R�ä·U�â�e	]�í�cfâVíÑìÍU�j°â�X_^kSVU_cf^bS\í�e<R�X_P g\â�ehR��«U_^�`bàkj�¬P g�S\í�e�gQg\e���^�e�ìZe�^kS	� e�c{S\í�ehg	U_P�S\X�ìÍU�S\cfâ,X_gQcÅ^kS\ehgVU�âhS\cfWre����^·` cf^ Þ,S\í e�c{g�e� U_â�S�ðfXkâ�U�S\cfX�^�]�cfS\í cf^bU�â�ehg�SVU�cÅ^°S\í g\e�R�í�ô
X_ð�` è

M � � ¶_µ6�5�O�
�*�  � � µ�³	�
� � O]��´  �v�¬µ ³	�
� � ± è ñ�í e�R�e��¬X_g\ìEP�ô
ðÅU�S\cfX_^�R�U�g\e�à�U_R�e�`EX_^IS\í e�R�cfìZä�ðfc��·â�U�S\cÅX_^EX��  òkP�U�S\cfX�^ ÷
S\X	SVU��re�cf^dS\X�U�â�â�X_P�^kSiX�^�ð{jEðÅXkâ�U_ð·cfðfðfP�ìZcf^·U�S\cÅX_^��rU_^·`IP�RTô
cf^�ÞIS\í�e	X_à�R�ehg\W_U�S\cfX�^bX��²S\í cÅR�ðfXkâ�U�ð×cfðfðÅP ìZcf^·U�S\cfX_^ ,£í�cfÞ_í ô
ðfcfÞ�íkS\RZU�^·` R�í·U_` X�]�R/.�S\X@ä«X_R�cfS\cfX_^3S\í e°âhX_g�g\e�R�ä«X_^·` cf^ Þ
ðfcfÞ�íkS�R�X_P g\â�ehR è ñ�í�P R��kcf^�RTS\e�U_`ZX��  òkP�U�S\cfX�^ ÷ �k]�e7â�X�P ð�`
cf^kS�g\Xd` P â�e S\í�e e� ä�g\e�R�R�cfX�^ �¬X_gÚU9ä«X_cÅ^kS@ðfcfÞ�íkSÙR�X�P�g\â�ee ��� ^���-�* L¡U¢9£}¯è�²±��* L¡u¢�£�³ Q

�+�d� hØ �� � « ¸�¹©�* L¡u¢h¡u¢ � £L»�¼�½$¾ � ¿�¢}º
]�í ehg\eq¾��EcfR�S\í eZU_^ Þ�ðfeÍà«ehS�]ne�e�^ÙS\í�eZ^�X�g\ìÍU_ðiU_^�`ÙS\í e
ðfcfÞ�íkS�R�X_P g\â�eQ` c{g\e�âhS\cfX_^ è & í e�^ÍP�R�cf^�Þ�R�í�U�` X�]9cÅ^'��X�g\ìÍU�ô
S\cfX�^��¬X_g�ä«X�R�c{S\cfX�^ cÅ^ ÞZS\í�e<ðfcfÞ�íkSQR�X_P g\â�ehR��·ä«X�cf^kS\R7X�^bS\í e
R�í�U�` X�] à«X_P�^·` U�g�j ìIP�RTSEà«e0` e�S\ehg\ìZcf^�e�`ÛU_^�`@á�X�cf^�e�`
S\X8S\í�e�c{gÒâ�X_g�g\e�R�ä«X_^·`�cÅ^ Þ à ðÅXkâ/�dcf^�Þ8R�cfðÅí X�P ehS�S\e9cf^ X_g�ô
`�ehg<S\X0Þ�e�S,U�g\e�ðfcÅU_à�ðfeÍ`�cfg\ehâhS\cfX�^ è & í�eh^Úe�^ X�P Þ�íÒä�U_c{g\R
U�g\eb`�e��·^ e�`��×U0ðfe�U_RTSER\òdP�U�g\e�R,ä g\Xkâhe�` P�g\e°â�U_^ à«eÍä«ehg�ô�¬X_g\ìZe�` è�? ^ÙS\í�e;X�S\í�ehg,í·U�^·`��!]�í e�^ÒP R�cf^�Þ0í cÅÞ_í�ðfcfÞ�íkS\R�¬X_g7R�X�P�g\â�e	ðfXkâ�U�S\cfX_^�R��·ä«X_cf^dS\R�X_^°S\í e<` ehR�cfg\e�`°í cÅÞ_í�ðfcfÞ�íkS
ìÍUA cfìIP�ì U�^·`0c{S\R�à«X_P�^�`�U�g�j�,` e��·^�e�`�S\XÍà«e�S\í e<ðfcÅ^ e
]�í ehg\e�S\í ebí�cfÞ_í�ðfcfÞ�íkS+�£U�ðfðÅRZà«ehðÅX�] U@Þ�cfWreh^3S\í�g\e�R�í�X_ð�`>.
ìIP�RTS�à«e�Þ�cfWre�^ è ñ�í cfR�ä g\Xkâ�e�`�P g\e	RTS�g\X_^�Þ_ðfj�`�e�ä«e�^·`�R�X�^
S\í e+Ânõ7ã ú âVí�X_R�e�^���cf^@Þ�eh^�ehgVU�ð�UÍR�cfìZä�ðfeIYií X�^�Þ W F ö�3�¬X_g\ìEP ðÅU è

��þÆ�!þ£ý·þ N �>��� ´�µ>� � ���q� � ��´  �v�¬µ ³	�
� � ±
ÝnX_RTSVU�ehS<U_ð è e t o ��� cfìZä ðÅehìZe�^kS\e�`ÑU_^ÚU_P�S\X�ìÍU�S\cfâIìZehS\í�Xd`
S\X8R�e�U�g\â�í �¬X_g S\í e3à«ehRTS ä�ðÅU�â�e�ìZe�^kSÚX���ðÅP ìZcf^·U�g\cfe�R��<U_R
]ne�ðfð�U_R;S\í e�c{g;g\e�ðÅU�S\cfWre�cÅ^kS\e�^ R�c{S\cÅehR è ñ�í ebìZehS\í Xd` cÅìZä ðfehô
ìZeh^dS\RnUIä�g\e�ä g\Xkâ�ehR�R�cÅ^ Þ;RTS\e�ä°]�í�ehg\eQS\í e	P�R�e�g�ô�`�e��·^ e�`;g\ehô
òkP cfg\ehìZe�^kS\R9,£â�U_ðfðfe�` ç ^dWrehg\R�e-=!P�ìZcf^·U�g\cfe�R�� ç =Ò.[U�g\e7â�X�^ R�cÅ`�ô
e�g\e�` U_R,R�X�P�g\â�e�R,X���P ^�c{S,cÅìZä«X�g�SVU_^ â�e��!]�í�cfâ�í ä�g\X�ä�U_ÞrU�S\e
S\í�g\X�P Þ�í�S\í�e�e�^dWdc{g\X�^ ìZe�^kS[U_R[S\í e�` P�U_ðdX��·gVU_` cÅU_^ â�ehõ�X # ��3 è
ñ�í cfRbU�ðÅðfX�]�R0P R�cÅ^ ÞÛU_^kj.Þ_ðfX�à·U�ð	cfðfðÅP ìZcf^·U�S\cfX_^ e�^�Þ_cÅ^ eÙS\X
g\P ^ S\í�ebR�cfìIP�ðÅU�S\cfX�^3à·U�â��k]�U�gV` R��}��g\X�ì S\í e ç ^dWre�g\R�e�= P�ô
ìZcf^�U�g\cfe�R;S\X UÙP�R�ehg�ôv`�e��·^ e�`3R�e�SÍX��<R�P�g��£U_âhe�R°]�í ehg\ebS\í e
cfìZä«X�g�SVU_^�âheI`�cfRTS�g\cÅà P S\cfX�^@cfR	â�X_ìZä�P�S\e�` è Â�U_R�cfâ�U�ðfðfjL��]�í�U�S
cfRiä g\e�R�eh^dS\e�`;cÅRnU	W�U�ðfc�` U�S\cf^�Þ�ä�g\e�ä g\Xkâ�ehR�RnRTS\e�ä;]�í cÅâVí;S�g\cfe�R
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w ��xUy*z	{��5|²z	y£�	~;z	�:� �-z	{������r|Õ�������-���U�L{��V��x��-�[���:�����������5|[�v���\� ����x
S\X+�·^�`�cf^�âhX�ìZä·U�S\cfà�cfðfcfS\cfe�R�à«ehS�]ne�e�^Ñ`�e�R�cfÞ�^ÑÞ_XrU_ðfR<U�^·`0U�ð{ô
g\e�U_`�j°ä�ðÅU_âhe�`0` ehR�cÅÞ_^0e�ðfe�ìZe�^kS\R ,£ðfcfÞ�íkS7R�X�P�g\â�e�R/.��'��X�ðfðfX�]�e�`
àkj0U;â�U_ðfâ�P�ðÅU�S\cÅX_^@RTS\e�äb]�í�cfâVí@U�S�S\e�ìZä�S\R�S\X1�·^�`�S\í�e<à«e�RTS
ä�ðÅU�â�e�ìZe�^kS�U�^·`ZX_g\cfe�^kSVU�S\cÅX_^B�¬X_g�S\í e�ðfcfÞ�íkS�R�X_P g\â�e�Rnàdj;X�ä ô
S\cfìZcfù�cf^�Þ�U�P�R�e�g�ô�`�e��·^ e�`ÑX�àdáTe�â�S\cÅW�e1��P ^�âhS\cfX�^ è ñ�í�eEìZcf^ cfô
ìZcfù�U�S\cfX_^ X���S\í e;X�àdáTe�â�S\cÅW�eq�¬P�^ âhS\cfX�^ cfR�ä«ehg���X�g\ìZe�`Ú]�c{S\í
S\í�eQß�cfìIP�ðÅU�S\e�`Zü7^�^ e�U_ðfcf^�ÞIU_ðfÞ�X�g\c{S\í�ì [ F!� o ��� ��[ F � c è ñ�í�e
X�àdáTehâhS\cfWres��P ^�âhS\cfX_^EcfR[Þ�cfWre�^,S\X�S\í enRTj�RTS\e�ì*àkj<ìZe�U�^�R²X���U
R�âhg\cfä SQðÅU_^�Þ_P·U�Þ�e;R�ä«e�âhc�U�ðfðfjÙ`�e�Wre�ðfX_ä«e�`��·]�í cfâ�íÙU_ðfðfX�]�R<S\í�e
R�ä«e�â�cÅU�ðÅcfù�e�`bP�R�ehg�S\XE` e���^�eQS\í eQðfcfÞ�íkS\cf^�Þ;Þ_XrU�ðÅR�S\XEU_âVí�cfe�Wre,£ä«X�R�c{S\cfWre ç =!R/.��nS\í�eÙcfðfðÅP ìZcf^·U�S\cfX_^ â�X�^ RTS�gVU_cf^kS\RbS\XÛU�WrX�cÅ`,£^�ehÞrU�S\cfWre ç = R��²ðfc��reÍí·U�Wdcf^�ÞbS\XkX@ìIP�âVíÒÞ�ðÅU�g\e�cf^kS\X@U0Wdcfg�ô
S\P·U�ð�âVí·U�gVU�âhS\ehg	� R1��U_â�eA.���U�^·`ÒS\í�e°Þ�ehX�ìZehS�g\cfâbâhX�^�RTS�gVU�cf^dS\R
S\í�e�P R�ehgQìZcfÞ_ídS7cfìZä«X�R�e�X_^0S\í�e�ðfXkâ�U�S\cfX�^@X�g<` c{g\e�â�S\cÅX_^ÑX��
S\í�e�R�X_P g\â�ehR è ü�ð{S\í�X_P�Þ_íES\í�cfRiìZehS\í�Xd`,X���R�âhg\cfä S\cf^ Þ�S\í e�` ehô
R�cfÞ�^ÑÞ_XrU_ðfR�R�e�e�ìZR�Wrehg�j�ä g\X_ìZcÅR�cf^ Þ@��U;í�cfÞ�í ehg�U_à�RTS�gVU�âhS\cfX�^
ðfe�Wre�ð�R�í�X_P�ðÅ`9à«e@U_âVí�cfe�W�e�`9cf^ X_gV`�ehgÍS\XÛU_ðfðfX�] S\í�eÑ^ X�^ ô
ä g\X_Þ_gVU�ìZìZcÅ^ Þ_ôpR��dcfðÅðfe�`Û`�e�R�cfÞ�^�e�g\R;S\XÒà«e0U�à�ðfe�S\XÙP�R�e�S\í�e
ä g\ehR�e�^kS\e�`°S\XkX_ðÅR è
ç ^�RTS\e�U�`��_ßdí·U�â��re�`<U_^·`<= cfâVí�cf^�R��dc t�÷ 8�c ä g\ehR�e�^kS\e�`�U_^IU_ä ô

ä g\X�U_âVí;S\X�ðÅcfÞ_ídS\cf^ ÞI`�e�R�cfÞ�^Zà�U_R�e�`ZX�^;S\í e�X�ä S\cfìZcfù�U�S\cÅX_^ZX��
U_^ÙX�àdáTehâhS\cfWre1��P ^�âhS\cfX_^Ú]�í�cfâVíÚcfR�U Á »�¼�ÌV»vÁ·Ê£¿Â_¹�Ð�Ã\È_½h»�¾ cÅì;ô
U_Þ_eÙòdP�U_ðfc{S�j ��P ^�âhS\cfX_^ è ñ�í cfRB�¬P�^�â�S\cÅX_^9]�U�Rb`�e�R�cfÞ�^ e�`KS\X
j�cfe�ðÅ`Úâ�X_ìZä g\e�R�R�cfà�ðfeZcfìÍU_Þ_e�R�X�� é ã R�â�e�^ e�R�� S�g�j�cf^�Þ°S\X0e���ô��ehâhS\cfWre�ð{jÍâ�X�ìZìIP�^ cÅâ�U�S\e7cÅ^'��X�g\ìÍU�S\cfX�^�U_à«X_P S�R�í�U_ä«e�R���ìÍU�ô
S\ehg\cÅU_ðfR<U�^·`0R�ä�U�S\cÅU_ð×g\ehð�U�S\cfX�^�R�í cfä�R è ñ�í�ehcfgQâ�P g�g\eh^dS7cfìZä�ðfehô
ìZe�^kSVU�S\cfX_^�]�U�R�à�U_R�e�`°cf^ÑU_^ ? ä«eh^«O5=Ùg\eh^·` e�g\cÅ^ Þ;e�^ Þ�cf^�e
U_^�`@UÍðfXkâ�U�ðÕRTS\e�e�ä«e�RTS	` e�R�â�eh^dSQX�ä�S\cÅìZcfù�U�S\cfX�^@R�â�í e�ìZe���U�ð{ô
S\í�X_P�Þ_í*S\í�eÛU_P�S\í�X�g\RÒRTSVU�S\e�` S\í·U�SÚðfXkâ�U_ðZìZcf^ cÅìÍU3]�ehg\e��X_P�^�`�S\X7à«enòkP cfS\eiR\U�S\cfRU��U_âhS\X�g�jEc��·cf^ cfS\cÅU�ðkW�U�ðÅP e�R×]nehg\e�âVí�X_ô
R�e�^Í]�cfR�e�ð{j t�H #�8�c è ñ�í eQìÍU�cÅ^�` c�)�ehg\eh^�â�e7]�cfS\í e t o ���	cfR�S\í�e
âVí�X�cfâ�e,X��iS\í�e�ä«ehg\âhe�ä S\cfX�^�ôpà·U_R�e�`0X�ä S\cfìZcfù�U�S\cÅX_^Ä��P�^ âhS\cfX�^��
U_R�]�e�ðfðiU_R	S\í eIP R�eEX���U°ðfXkâ�U�ðÕX�ä S\cfìZcfù�U�S\cÅX_^ÒìZehS\í Xd`0WdR è
S\í�eQÞ�ðfX�à�U_ð²U�ðfÞ�X_g\c{S\í ì P R�e�`bà«e��¬X_g\e è
ü�^ eh^dS\c{g\e�ð{j ` c�)�ehg\eh^dS3U�ä�ä�g\XrU_âVí �¬X_gKe��ä�ðfX_g\cf^�Þ(S\í�e

R�ä·U�â�ebX��7ðÅcfÞ_ídS\cf^ ÞÒ`�e�R�cfÞ�^�RI]�U_RIä g\e�R�eh^dS\e�`Ûàkj ï U�g��dREehS
U_ð è 2sS�W ô ��ö ènç ^.U ��gVU_ìZeh]nX_g��3^·U�ìZe�`Kã	ehR�cÅÞ_^ O	U_ðfðfehg\cfe�R��
S\í�e�j S�g�j S\XÒX�ä�S\cfìÍU_ðfð{j9`�cfR�ä«ehg\R�e0S\í�e�R�ä·U_âheÑX��	R�X_ðfP S\cfX�^
cfìÍU_Þ_e�RIcf^ÒS\e�g\ìZR,X���ä«ehg\â�e�ä�S\P·U�ðnòkP·U�ðfcfSvjL�²U�^·` U�ðfðÅX�] S\í�e
P�R�e�gnS\X�à g\X�]�R�e	U�^·`Zâ�X_ìEà�cf^ e�S\í e�ìCS\XEU�â�í cfe�Wre�U,`�e�R�c{g\e�`
R�X�ðfP�S\cÅX_^ è ñ�í�cfRÕcfR²â�ðfe�U�g\ðfj,^ X_S[U�^EU�P S\X_ìÍU�S\cfânä�g\Xkâ�e�R�R���R�cf^�â�e
P�R�e�g�cf^ ä�P S�cÅR�g\e�òkP�c{g\e�` è

�!þÆ�!þÆ��þ(� �!¶�µ>� ÿ �O�O�  � � µ ³	�
� �V� �?�q� � �·´  ���¬µ�³	�Æ� � ±? ^�e7X�� S\í�e-��g\RTS�]nX_g��dR�X_^�cf^dWrehg\R�e�ä g\X�à ðfe�ìZRncf^ÍS\í�eQâhX�^ ô
S\e�dSÙX��°ðfXkâ�U_ðZcfðfðfP�ìZcf^·U�S\cfX�^*]�U�R `�X�^�e àkj Y²X�P ðÅcf^ U_^�`
ú X_P g\^�cfehg	�C[:o ��� è ñ�í�ehj8ä�g\X�ä«X_R�e�` P�R�cf^ ÞKS\í�eÒí�cfÞ�í ðÅcfÞ_ídS\R
U_^�`;R�í·U_` X�]�R�X�^ZS\í e7R�âhe�^�e�� R�X_à�á�e�âhS\R�cf^;S\í e�ìZXd`�e�ðfcÅ^ Þ<X��
S\í�e�ðfcfÞ�íkS�R�X�P�g\â�e�R èrç ^ES\í�e�â�U_R�e�X���í cÅÞ_í�ðfcfÞ�íkS\R���S\í e�U_P�S\í�X_g\R
â�X_^�R�cÅ` ehg\e�`ÒS\í�eZR�ä«e�â�P ðÅU�g,S\ehg\ì X��7YÕí�X_^�Þ�W F ö�3 R�í·U�`�cf^�Þ
U_RQe��ä g\e�R�R�e�`0àkj"Â�ðÅcf^ ^ W:X R ö�ö è Â�jbðÅe�S�S\cÅ^ Þ°S\í eIP R�ehg	ìÍU�^ ô
P·U�ðfðfjÙä«X_cÅ^kS�U�S<S\í�eE` e�R�c{g\e�`ÙìÍU��cfìEP�ì cf^kS\e�^�R�c{S�j@X��nS\í cÅR
í�cfÞ_í�ðfcfÞ�íkS	� S\í ehjZ]�e�g\e<U_à ðÅe�S\XZU_^�U_ð{jdS\cÅâ�U_ðfð{jbX_ä S\cfìZcfù�e�S\í cÅR
e��ä g\ehR�R�cÅX_^ÛU_^�` ` ehS\e�g\ìZcÅ^ e;S\í�eZðfcfÞ�íkSE` c{g\e�âhS\cfX�^ è Â�j ` ehô

S\e�g\ìZcÅ^ cf^�Þ�U_^�X�S\í�ehgÕä«X_cf^dSiX_^IS\í�enR�P g��£U�â�e���S\í�e�P R�ehgiR�ä«e�â�c{ô��e�RÕ]�í�ehg\e�S\í�e�R�ä«e�âhP�ðÅU�giS\ehg\ìCg\e�U_âVí�ehR�UC�>�e�`,S\í g\e�R�í X�ðÅ`��
U�^·` S\ídP�RIS\í ebg\X�P Þ�í ^�e�R�RZe��ä«X_^�e�^kS;â�U_^9à«e�â�X�ìZä P S\e�` è
ñ�í e	P�R�e<X��Ò��P�g�S\í�ehg�g\e�RTS�g\cfâhS\cfX_^�R��·ðfc��re	S\í e	ðfcÅÞ_íkS�à«ehcÅ^ Þ;X�^
UÙÞ�cfWre�^Kä�ðÅU_^ e���cÅRÍR�P Þ�Þ�ehRTS\e�`µ��X�g°X_S\í�e�g�â�U_R�e�R è�? à�R�ehg\W�e
S\í�U�S�S\í�cfR	ìZehS\í Xd`@Þ_cfWre�R	X_^�ð{jÙ` c{g\e�âhS\cfX_^·U_ðÕðfcfÞ�íkS�R�X�P�g\â�e�R��
S\í�U�SEcÅR��Õä«X_cf^dS;ðÅcfÞ_ídS;R�X�P g\âhe�RZU�S;cÅ^'�·^ cfSvj è[ú X�gÍU@Þ�e�^ ehgVU_ð
ä«X_cf^dS;ðÅcfÞ_ídSÍR�X_P g\â�e���S\í ebR�í·U_` X�] WrX�ðfP ìZeÄo Å�ó o©0 � 8bÞ�eh^ ô
e�gVU�S\e�` àkj c{SEìEP�RTS,à«e°P�R�e�` [ N�K � ^ è[ç ^ X�gV` ehgIS\X@R�ä«e�â�c��¬j
S\í e<` c{g\e�â�S\cÅX_^bX��iUE` c{g\e�â�S\cÅX_^·U�ð×ðfcfÞ�íkS7X�^�eQR�cÅìZä ð{j�âVí�XkX_R�e�R
Sv]�XÍU�g\à�c{S�gVU�g�j@`�cfRTS\cÅ^ âhS�ä«X�cf^kS\RQcf^0S\í�e�R�â�e�^ e��·S\í eIR�e�âhX�^·`
à«ehcÅ^ Þ°U_ðfX�^ Þ°S\í e,R�í�U�`�X�]*â�U_RTSQàdj�S\í�e���g\RTS�X�^ e è!ú X_gQe�dô
S\eh^·` e�`Íðfcf^�e�U�g�X_g�ä«X�ð{j�Þ�X�^�U_ð},£ä�ðÅU�^·U�g�.nðfcfÞ�íkS�R�X_P g\â�ehR���^ eh]
ä«X_cf^dSnðfcÅÞ_íkS�R�X�P�g\â�e�RnS\í�U�S�`�e��·^ e7S\í e�W�ehg�S\cfâ�e�R�X�� S\í e�ðfcfÞ�íkS
R�X_P g\â�e,U�g\e,^ e�e�`�e�` è�ú X_g�Þ�eh^�ehgVU�ð²e�dS\e�^·`�e�`�ðfcfÞ�íkS�R�X�P�g\â�e�R
U°` cfWdcÅ` eEU_^·`Ñâ�X_^·òkP�e�g<RTS�gVU�S\e�Þ�jÑ]�U�R<ä g\e�R�e�^kS\e�` æ c���à«X_S\í
S\í e�ðÅcfÞ_ídS�U_^·`;S\í e7X_à�á�e�âhS�à«ehcÅ^ ÞIR�í�U�`�e�`ÍU�g\e�` cfWdc�`�e�`Zcf^dS\X
âhX�^dWre�Ie�ðfe�ìZe�^kS\R���S\í�e�]�í�X_ðÅe7R�í·U_` X�].cfRÕS\í�e Çd¹�¿Â�¹ cf^ é ã
X��ÕU_ðfð!S\í�e	R�í�U�` X�] â�X_^�W�e�°í�P ðfðÅR è
Y²X_P�ðfcf^��,õQU�S\cfà��IU_^�`T}rU�â�òkP�e�R�[ g n ��ö �·^·`CS\í�e3ä«X�R�c{ô

S\cfX_^ÒX���ä«X�cf^kSIðfcfÞ�íkS,R�X�P�g\â�e�R�àkj@R��rehS\âVí�e�R�X���R�í·U_` X�]�R�X_g
í cfÞ�í�ðfcfÞ�íkS\R��×U_^�`Úe�dS\e�^�` e�`ÙðÅcfÞ_ídS�R�X_P g\â�ehREU�g\eZä«X�R�c{S\cfX�^�e�`
àkjÛR��re�S\â�í e�RZX��<P ìEà�gVUÙX�g�ä«eh^�P ìEà�gVU è ñ�í�eÑP R�ehgÍcf^kS�g\X_ô
`�P�â�ehR²S\í�e�R��re�S\â�í e�RÕU_Riâ�X�^kS\cf^dP�X_P�R[RTS�g\X���e�RÕX��«ä«X_cÅ^kS\R[S\í·U�S
U�g\e�cfìZìZe�`�cÅU�S\e�ð{jÒS�gVU�^�RU�¬X_g\ìZe�` S\X é ãé0$0 � 8��[]�í�e�g\e°S\í e
R���ehS\â�í e�`Qä«X_cÅ^kS\R×U�g\eiâ�X�^ R�c�`�ehg\e�`	S\X�à«e�U_ðfðre�^ â�ðfX�R�e�`�àkj�S\í e
g\e�U_ðkR�í·U_` X�] X���S\í�eiX�àdáTehâhS	��U_^�`,R�cfìZcfðÅU�g\ð{j ��X�gÕU7í cfÞ�í�ðfcfÞ�íkS è
ñ�í e<ìZehS\í�Xd`ÍRTSVU�g�S\R7àkj°â�X�^ R�c�`�ehg\cf^�ÞZe�U�â�íbä«X�cf^kSh�¬X_g\ìZcf^�Þ
S\í enR��re�S\â�í,X�� S\í�e�R�í�U�` X�]3U�^·`,` e���^�cf^�Þ-��X�g�c{S[S\í enâ�X_^�e�X��
ä«X_R�R�cfà�ðfe�ä«X_R�c{S\cÅX_^�R²��X_g�S\í�e�ðfcfÞ�íkS5, ú cfÞ_P g\e���. è ñ�í e�WrX�ðfP�ìZe
]�í ehg\eIS\í eIðfcfÞ�íkS<â�U_^Ùà«eIcfRQS\í eIcf^kS\ehg\R�e�âhS\cfX_^ÒX��nU_ðfð[S\í�ehR�e
âhX�^�ehR æ c��7S\í�e°WrX_ðÅP ìZeÍcÅRIcf^@�·^ c{S\e��iU@` c{g\e�âhS\cfX�^�U_ð�ðfcfÞ�íkS;cfR
âhX�ìZä�P�S\e�`?��X_S\í ehg�]�cfR�eZU°ä«X_cf^dSQðfcÅÞ_íkS<cfR	P�R�e�` è ñ�í�e,ä g\X_à ô
ðfe�ì cÅR�ä�g\e�R�e�^kS\e�`ÙU_R,Ubâ�X_^�RTS�gVU_cf^ e�`ÚX_ä S\cfìZcfù�U�S\cfX�^Úä g\X_à ô
ðfe�ì àkjÑ`�e��·^ cÅ^ ÞÍU_RQU_^@X�àdáTe�â�S\cÅW�e���P ^�âhS\cfX_^@S\í e,` cfRTSVU_^ â�e
à«e�S�]�ehe�^ZS\í�eQR���ehS\â�í e�`;ä«X�cf^kS\R�U�^·`ZS\í�e7ðÅcfÞ_ídS�R�X�P g\âhe�� U_^·`
ìÍUA�cÅìZcfù�cf^ ÞÚc{S è ñ�í�eÑâ�X_^�RTS�gVU_cf^kS\R°` e���^�e�`3U�g\e0S\í�U�SZS\í e
ä«X_cf^dSIðfcfÞ�íkS;R�X_P g\â�e°ìEP RTSEðfcfe�cf^ R�c�`�ebU�ðfð�â�X�^ e�R��[S\í·U�SIS\í e
ðfcfÞ�íkS,ìEP RTS,RTSVU�jÚX�^ S\í eZR\U_ìZeZR�cÅ` e°U�R,S\í eZ^�X_g\ìÍU�ðnWrehâhô
S\X�g<U�SQS\í�e�R��re�S\â�í e�`0ä«X�cf^kS	��U_^�`0S\í·U�S7S\í�e,ðfcfÞ�íkS	ä«X_R�cfS\cfX_^
cfR<X_^ÙS\í eEg\cfÞ�íkS<R�cÅ` e;X���S\í�eIí·U�ð���ôpâ�X�^ e1��X�g,S\í cfR<R��rehS\âVí�e�`
ä«X_cf^dS	�_X_g\cfe�^kS\e�`EU_ðfX�^ Þ	S\í�e�U��cfRÕS\í·U�S�á�X�cf^�RÕS\í�cfRÕä«X�cf^kS�U_^·`
S\í eQâ�eh^dS\e�g�X�� S\í�eQXkâhâ�ðfP·` e�g è ñ�í e	cf^�c{S\cÅU_ð�ä«X�R�c{S\cfX�^��¬X_g�S\í e
R�X_ðfWrehg�cÅRiâVí�X�R�eh^ÍU_R�U	R�ìÍU_ðfð·`�cÅRTSVU�^�â�e7U�à«X�W�e�S\í e�Xkâ�â�ðfP·`�ehg
R�P�g��£U�â�e�U_ðfcfÞ�^ e�`E]�c{S\íIS\í�e�âhe�^kS\ehgÕX���ìÍU�R�R[X��·S\í e�R��rehS\âVí�e�`
ä«X_cf^dS\R è²ú X_gEe�dS\e�^·`�e�`ÒðfcfÞ�íkSIR�X�P g\âhe�R��[S\í�eÍP�R�e�gER��re�S\â�í e�R
S\í eQP ìEà gVU<X�g�ä«e�^dP�ìEà�gVU'�kg\e�ðÅUA cf^ ÞIS\í�eQcÅ^ â�ðfP�R�cfX�^�â�X�^�` c{ô
S\cfX_^ S\X"�¬X_g\â�e�U_ðfð�ä«X_cÅ^kS\R,S\XÑðÅcfe°]�cfS\í cf^ÛU_ðfð�â�X�^ e�RER�cfìIP�ð{ô
SVU�^�e�X_P�R�ð{j cf^ S\í e°â�U_R�e°X��7P�ìIà gVU_R��²U_^�`���X�g;ä«e�^dP�ìIà gVU�R
S\í ebâ�X_^·`�cfS\cfX_^.cfR;S\í·U�S°U�SÍðfe�U_RTS�X�^ e0ä«X�cf^kSÍX��	S\í ebðfcfÞ�íkS
ìIP�RTS�à«e�ðfX�^ ÞIS\XEe�U_âVí�â�X_^�e+,U<S\e�RTS�S\í�U�S�S\í eQcf^kS\ehg\R�e�âhS\cfX_^
X���S\í�eIâ�X�^ eÍU_^�`ÙS\í�eIðfcÅÞ_íkSIcfR�^�X�S�^dP�ðfðÕìEP�RTSQà«e;ìÍU�`�eA. è& í�e�^,R��rehS\âVí�cf^�Þ7í�cfÞ_í�ðfcfÞ�íkS\R��rU�ä«X�cf^kS[X�^EUQR�P g���U_â�e�cfR[â�X_^ ô
R�cÅ`�ehg\e�`Ù]�c{S\í cÅ^ÒU�í cÅÞ_í�ðfcfÞ�íkS�c���S\í�eEe�W�U�ðfP·U�S\cfX_^ÒX���Yií X�^ Þ
R�ä«ehâ�P�ðÅU�g²��P ^�âhS\cfX_^ZU�SiS\í�cfRÕä«X�cf^kSicÅRií�cfÞ_í�ehgiS\í·U�^ZUQâ�ehg�SVU�cf^
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S\í g\ehR�í�X�ðÅ`&� è�ç SÕâhX�P�ðÅ`,à«enS\í·U�S²S\í�e�âhX�^�ehRÕ` XQ^ X_SÕcf^kS\ehg\R�e�âhS
U�S<U_ðfð*�!` P�e�S\XÍS\í�e,â�P g\W_U�S\P�g\eIX���S\í eIR�P�g��£U_âhe è ñ�í�e�^��«S\í�e
g\X�P Þ�í ^�e�R�R�â�Xke�êZâ�cfe�^kS àè,�S\í e�e��ä«X�^�eh^dS�cf^ÙYií X�^�ÞÍR�ä«e�â�ô
P�ðÅU�gES\ehg\ìB.<cfREðfX�]�ehg\e�`��ià g\XrU_` e�^ cf^�ÞÑS\í�eÍâ�X_^�e��ÕP ^dS\cfðnU_^
cf^kS\ehg\R�e�âhS\cfX�^ÙcfR	ä«X�R�R�cfà ðÅe è ñ�í eIìÍU�cf^Ú`�c�)�ehg\e�^�âhe,]�c{S\í@S\í�e
ä g\ehW�cfX_P�R�ð{j3ìZe�^kS\cÅX_^�e�` g\e�R�e�U�g\âVí$[:o ��� cfR;S\í·U�SZS\í ebcf^�ä P S
ìZehS\í Xd`���R��rehS\âVí�cf^ ÞQR�í·U_` X�]�RiU_^�`,í cÅÞ_í�ðfcfÞ�íkS\R��_cÅR���U�giR�P�ä«ehô
g\cfX_g�cf^bS\ehg\ìZR�X��ÕP R�ehg7cf^dS\e�gVU_âhS\cfX�^@U�^·`bÞ�g\e�U�S\ð{j�cfìZä g\X�Wre�R
P�ä«X_^bS\í�e�`�e�R�cfÞ�^0X��ÕR�cfìZä�ðfe<cfðÅðfP ìZcÅ^�U�S\cfX�^Ñcf^ÑUIâ�X�ìZä P S\ehg
Þ_gVU�ä�í cÅâhR7R�âhe�^�e è
ü ` c�)�ehg\e�^kS U_ä ä g\XrU�â�í<]�U_R SVU��re�^<àkj	OQP�cfðfðÅX_P$õ K�R 8�8��h]�í�X

` ehWre�ðfX�ä«e�` U ðfXkâ�U�ð<cÅðfðfP�ìZcf^�U�S\cfX�^�ôvà�U_R�e�` ìZehS\í Xd`KS\X3` ehô
S\ehg\ìZcf^�e°S\í�e0ä«X_R�c{S\cÅX_^.X��Cà(ðfcfÞ�íkSÍR�X_P g\â�e�R è 4 cfRZìZehS\í Xd`
RTSVU�g�S\RQàdj0â�X�ìZä P S\cf^�Þq¨ ` c{g\e�âhS\cfX_^·U_ðÕðfcfÞ�íkS<R�X_P g\â�e�R��¬g\X�ì
P�R�e�g�ô�`�e��·^ e�`�g\e�Þ_cfX�^�RQX��nUq�d^ X�]�^��·ä P g\e�ð{jÑ`�c�)�P�R�e,R�â�e�^�e è
ñ�í�eh^��nS\í e�R�e�¨ ` c{g\e�âhS\cfX�^�U_ð	R�X_P g\â�ehR0U�g\eÙÞ_g\X_P�ä«e�`.cf^kS\X
R�ehS\R7U_^�`�e�U�â�íbR�ehS7cÅR�P R�e�`�S\X »�½\Ê£¿�Æ;È_Êv» S\í e	ä«X�R�c{S\cfX�^bX��iU
ä«X�cf^kS[ðfcfÞ�íkS[R�X_P g\â�e�àkj	S�g�j�cf^�Þ�S\X7X�ä S\cfìZcfù�enU_^,cÅ^kS\ehg\R�ehâhS\cfX�^
ä«X�cf^kSh�¬g\X�ì S\í�e,`�cfg\ehâhS\cfX�^�R�X��ÕS\í�e�`�cfRTSVU_^kSQðfcfÞ�íkSQR�X�P g\âhe�R è
ú cf^·U�ðÅð{jL�iS\í�eÑðfcfÞ�íkS°ä«X�R�c{S\cfX�^8U�^·`9ä í�X_S\X_ìZehS�g\cfâ0ä·U�gVU_ìZehô
S\ehg\REU�g\eq��X�P ^·` àkj ìZcf^�cfìZcfù�cf^�Þ ,f= e�Wreh^�à«e�g\Þ_ô ï U�gVòkP·U�gV`�S
^dP�ìZehg\cfâ�U�ðdìZcÅ^ cfìZcÅù�U�S\cfX�^,ìZehS\í�Xd`>.×UQðfe�U�RTS�R\òkP�U�g\e�R[ehg�g\X�g	�
P�R�cf^ ÞIS\í�eQä g\e�WdcfX�P R�e�RTS\cfìÍU�S\cfX�^ R�U_R�UERTSVU�g�S\cÅ^ ÞEä«X_cÅ^kS è ü�R
â�U�^,à«eÕR�e�eh^���S\í�cfR!ìZehS\í�Xd`	cfR RTS�g\X�^�Þ_ð{j<ðfXkâ�U_ð{ôpcfðÅðfP ìZcÅ^�U�S\cfX�^�ô
à·U�R�e�`��_R�cf^�â�e�c{SÕg\e�ðfcfe�R�X_^ZU_^Ee�RTS\cfìÍU�S\cfX�^ZRTS\e�ä,S\í·U�S�âhðÅX_R�e�ð{j��X_ðfðÅX�]�RES\í cfREU�R�R�P�ìZä S\cfX_^ è ü7ðfR�X@�×S\í cfRE`�cÅRTSVU�^kSEðfcfÞ�íkSIe�RTS\c{ô
ìÍU�S\cfX_^,RTS\ehäIâ�U�^IX_^�ð{j�R�ehg\WrenU_RÕU�g\e���e�g\e�^�â�e�U_R²ðfX�^ Þ	U�R²S\í�e
P�R�e�g�ô�`�e��·^ e�`bg\e�Þ_cÅX_^�R<U�g\eEâ�ðfe�W�ehg\ð{jÑâ�í X�R�e�^���R�cf^�â�e,c{S�` Xke�R
^�X�S;SVU���ebcf^kS\XÒU�â�â�X�P ^kS;S\í�e°R�P�ä«ehg\ä«X_R�c{S\cÅX_^9X��	cfðfðÅP ìZcf^·U�ô
S\cfX�^+��g\X�ìBS\í�e7` c�)�ehg\e�^kSiR�X�P�g\â�e�RnU�SiS\í�e�ä«X�cf^kS\Ri]�í ehg\e�S\í�e
e�RTS\cfìÍU�S\cfX_^�RÍU�g\ebâ�X�ìZä P S\e�` è & c{S\í3g\e�R�ä«ehâhSÍS\XÙS\í e0ä g\ehô
WdcfX�P�R�]�X_g��dR<ìZe�^kS\cfX�^ e�`��·cfS	í·U_R	S\í eIâhðÅe�U�g,U�`�W�U�^kSVU_Þ�eIX��
]�X�g��dcÅ^ ÞbR�cfìEP ð{SVU_^�ehX�P�R�ð{jÑ]�c{S\í àÛä«X_cÅ^kS�ðfcfÞ�íkS�R�X�P�g\â�e�R<cf^
U;`�c�)�P R�e	e�^dWdc{g\X�^�ìZeh^dS è

�!þ<�!þ�l � � ¶©�O�×±	�
� � ±�� �Kÿ2� �
ü�^�U_ð{j�ù�cf^�ÞÛS\í�eÙä g\X_à�ðfe�ìZR0â�X_^�â�e�g\^�cf^�Þ  Y ,pß�P à�R�e�â�S\cÅX_^
é�èf÷ .���]�e<R�ehe	S\í·U�S æ
M ï X�RTS*X��ÛS\í�eBä·U�ä«ehg\R `�e�U_ðÚ]�cfS\í ä«e�g���e�âhS\ð{j ` c�)�P�R�e

Ânõ7ã ú R è ñ�í�eZìZX�g\e;g\e�ðfe�W�U�^kSIe� âhe�ä S\cfX�^ R,S\X�S\í�cfR,g\P ðfe
U�g\e t�ó�t ô � ^��Ò2�õ ��ö ��2r# M � d�U�^·` g 068�c \ �!S\í·U�SI`�e�U_ði]�cfS\í
ðfcf^�e�U�g	â�X_ìEà cÅ^�U�S\cfX�^ R�X��iä�í X_S\X�Þ�gVU_ä í�R�U_^·`�ä g\e�R�e�^kS�U_ð{ô
Þ_X_g\c{S\í�ìZR,S\í·U�S;U�g\e°cf^·` ehä«e�^·`�e�^kSEX���S\í e�Â�õ�ã ú P�R�e�`
à«e�â�U_P�R�e°S\í�ehjÒX�^ ðfj ` e�ä«e�^�` X�^ S\í�e°X�à�SVU_cf^�e�`ÛcfìÍU�Þ�e��
^ X_SIX�^ÒS\í eZìZehS\í�Xd`@S\X0â�X�ìZä P S\eZc{S è , g 068�c \ U_R�R�P ìZe�R
UEðfXkâ�U�ð×cfðfðfP�ìZcf^·U�S\cÅX_^0ìZXd` ehð�S\X;` e�â�X_^dWrX�ðfP S\eQcÅðfðfP�ìZcf^�U�ô
S\cfX�^��¬g\X�ì S\í e5�d^�X�]�^�Ânõ7ã únè .

M ñ�í eIU�R�R�P�ìZä�S\cÅX_^bS\í·U�S�S\í e�Ânõ7ã ú cÅR�â�X�^ RTSVU_^kS7X�^0S\í e
ä�U�S\âVí R�P g��£U�â�e°cÅR<��X_P�^·` cf^ ìZX_RTSEX��7S\í eÍä·U_ä«e�g\R��²S\XkX è
ñ�í eÑe��â�e�ä S\cfX_^�RZS\X S\í�cfRZg\P�ðfe@U�g\e i�0 ��30U_^�` t�ó�t�ô � ^ �2�õ ��ö �L2r# M � d��rìÍU�cÅ^ ð{jIà«ehâ�U_P R�e�S\í�es� g\RTS�ä�U_ä«ehgiä�g\e�R�e�^kS\R
U�^ZU_ðfÞ�X�g\c{S\í�ìCS\í·U�SÕR\U_ìZä�ðfe�RÕX_^ES\í�e�R�P�g��£U�â�e�Riä«X�cf^kS�]�cfR�e
U�^·`�S\í e	X_S\í ehg\R7U�g\e�Ânõ7ã ú cf^·`�e�ä«e�^·`�e�^kS è

M ? ^ ðfj ú gVU_^!z�U;ehSQU_ð è o�i�0 � dEU�^·` ï X�gVU_ðfe�R	ehSQU_ð è 2�2�i�0 ��ö
R�X_ðÅW�e�`*S\í�e cf^dWrehg\R�eÛä g\X_à�ðfe�ì X��°R�X�P�g\â�e3e�ìZcfR�R�cÅWdc{S\cfe�R
cf^@S\í�eEä�g\e�R�e�^ â�eEX��nä�U�g�S\cfâ�cfä·U�S\cÅ^ ÞbìZe�`�cÅU è ñ�í�e,g\e�RTS<X��
S\í eng\e�Wdcfeh]�e�`�]�X�g���R[X_^�ð{j,` e�U_ðd]�cfS\íI^�X_^ ôpä·U�g�S\cÅâhcÅä�U�S\cf^�Þ
ìZe�`�cÅU èiç SZcfRZcfìZä«X_g�SVU�^kSES\XÒ^ X_S\e°S\í�e0U_`�`�e�`3âhX�RTS æ cÅ^
S\í cÅR<â�U_R�e��!S\í�e;ä�g\X�à ðÅehì g\e�òkP�c{g\e�R	S\í eEcf^kS�g\Xd` P�â�S\cÅX_^ÒX��
UERTj�RTS\e�ì X��[e�òdP�U�S\cfX�^ R�g\e�R�P�ð{S\cf^�Þ��¬g\X�ì S\í�e<`�cÅR�â�g\ehS\cfù�U�ô
S\cfX�^ cf^kS\X0WrX_ðfP�ìZe;e�ðfe�ìZeh^dS\R�X���S\í�eZìZe�`�cÅP ì cf^ X_gV`�ehg
S\XIR�X�ðfWre	S\í�e�â�X_g�g\ehR�ä«X�^·`�cf^�Þ;ä�U�g�S\cÅU_ð ` c�)�ehg\e�^kS\cÅU_ð�e�òkP�U�ô
S\cfX�^ R�,Yiã  . è

M ü7ìZX�^�Þ S\í e3g\e�Wdcfeh]ne�`Cä·U_ä«e�g\R���X�^�ð{j t�ó�t�ô � ^��<2sõ ��ö �2s# M � dÑU_^·` !�[:e � ^bä�g\e�R�e�^kSZWdcfeh]�cf^�Þ�ô�`�e�ä«e�^�` e�^kS;Þ_XrU�ðÅR��
e�R�ä«ehâ�cÅU_ðfð{jbS\í�e5� g\RTS�S\í g\e�eQà«e�â�U_P R�e	S\í�ehj�`�e�U_ð�]�c{S\í0cf^ ô
ä P SZÞ_cÅW�e�^9àkjÛä�í X_S\X_Þ_gVU_ä í�R��Õ]�í�cfðfe0S\í�e�ðÅU_RTS°X�^ e0â�U_^
U�ðÅR�XZà«e<P R�e�`°]�c{S\í0Wdcfeh]�ôpcf^·`�e�ä«e�^·`�e�^kS�Þ�X�U_ðfR è

M ç SÚcfRÚU_ðfR�X8cfìZä«X_g�SVU_^kS@S\X.ä«X_cÅ^kSÚX�P�SÙS\í�U�S	�QU_ð{S\í�X_P�Þ_í
S\í e°ìZe�S\í�Xd`Úä�g\X�ä«X_R�e�` àkj ßdâ�í Xke�^�e�ìÍU�^ÒehSEU_ð è t�ó�t�ô � ^
U�â�í cÅehWre�`Ccf^dS\e�gVU_âhS\cfWdc{S�j*àkj*U_â�â�X_P�^kS\cf^�Þ X�^ ðfj¦��X�gÛ` c{ô
g\e�â�SbcfðfðfP�ìZcf^·U�S\cÅX_^ cf^.S\í�e�c{gB�·^·U�ðQcfìZä�ðfe�ìZeh^dSVU�S\cfX�^���c{S
cfR,cÅ^�` e�ä«eh^·` eh^dS�X���S\í�eZcfðfðfP�ìZcf^·U�S\cfX�^ U�ðÅÞ_X_g\c{S\í�ì P�R�e�` è
ñ�í e�R\U_ìZení�U_ä ä«e�^�R²]�c{S\í ï U�g\R�â�í ^�ehg�U�^·`;O�g\ehe�^dà«ehg\Þ@� R
U�ä�ä g\X�U_âVí$2�õ ��ö ��2s# M � d©��]�í cÅâVí<í·U�R S\í e�U_` W_U_^kSVU_Þ_e�X���P�RTô
cf^�ÞÚUÑä�í X_S\X�Þ�gVU_ä íKU�R;X�àdáTehâhS\cfWre��[gVU�S\í ehgES\í�U_^ÛìÍU_^dP�ô
U�ðÅð{jEP�R�ehg�ôv` e��·^�e�`IX�àdáTehâhS\cfWre�R�U_RÕà«e���X�g\e��dU�^·`IX���P�R�cf^�Þ	U
Þ_e�^�ehg\cfâ�R�â�e�^�e�ôvcf^�` e�ä«e�^�` e�^kS�R�ehS�X��×à�U_R�cfR�ðfcfÞ�íkS�R�X�P�g\â�e�R è
r ^@��X�g�S\P�^�U�S\e�ð{jL�!S\í�cfRIðfe�U_` R�S\XÑU0ìZX_g\eZcfðfð{ôpâ�X�^�` c{S\cfX�^�e�`
RTj�RTS\e�ìCS\í·U�^;S\í�e�RTj�RTS\e�ìCS\í·U�SnâhX�ìZe�R}�¬g\X_ì U<R�ehS�X��$�¬X_ô
â�P R�e�`ÚðfcfÞ�íkS<R�X_P g\â�ehR�� S\ídP�R�g\e�òkP�c{g\cf^�Þ�U°g\e�Þ_P�ðÅU�g\cfù�U�S\cÅX_^
ä�g\Xkâ�e�` P�g\e è

M ß�U�S\XZehSQU_ð è t�t�ø ��� D � t�t�ø ��� \ g\e�òdP c{g\e�`�S\í�e�cf^kS�g\Xd` P âhS\cfX�^0X��
g\e�Þ_P�ðÅU�g\cfù�U�S\cfX�^BP�R�cf^�Þ P R�ehg�ô]�e�cfÞ_ídS\e�` ä«e�^·U�ð{S�j8S\ehg\ìZR��
U�^·`ES\í�e�âhX�ìZä�P�SVU�S\cfX�^�U_ð�â�X�ìZä ðfe��cfSvjEðfcfìZc{S\e�`IS\í e�c{g²�¬X_g�ô
ìIP�ðÅU�S\cfX�^ R,S\XÙU0â�X�U�g\R�eb` cfR�âhg\ehS\cfù�U�S\cÅX_^KX���S\í�eÍR�ä�í ehg\e è
ç ^�RTS\e�U_`���S\í�e�ìZe�S\í�Xd`<ä g\X_ä«X�R�e�`,àdj�õ�U_ìÍU�ìZXkX_g�S\í cdU_^·`4 U_^ gVU�í·U�^ g 068�c \ g\e�òkP�c{g\e�`Û^�XÙe��ä�ðfcfâ�c{S;g\e�Þ_P�ðÅU�g\cfù�U�S\cÅX_^
U�^·`°j�cfe�ðÅ` e�`°g\e�R�P ðfS\R�]�c{S\íbà«e�S�S\ehg�R�í·U�g\ä�^�ehR�R�U�^·`ÍX�Wrehg�ô
U�ðÅð�òkP·U_ðfc{S�j�S\í�U_^ES\í e�U_ä ä g\XrU�â�í e�RiX��!ß�U�S\X	ehS�U�ð èL? ^IS\í e
X�S\í�ehgií·U�^·`���S\í e�ìZehS\í Xd` R²ä�g\X�ä«X�R�e�`Eàkj;ß�U�S\X�ehS�U_ð è U�g\e
e�U�R�cfehg�S\XEe�dS\e�^·`ÍS\X;â�X�^ â�U�Wre	R�P�g��£U_âhe�R è& c{S\í g\e�R�ä«ehâhSES\X�=²ß�Y�YÖ,pß�P�à R�e�âhS\cfX�^ édè ��.��Õc{S;cfREW�ehg�j

ehW�cÅ`�e�^kSnS\í·U�S�S�]nXI]�U�j�R�X��²U�S�SVU�â��dcf^�Þ,S\í�cfR�ä g\X_à�ðfe�ì��kS\í·U�S
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w ��xUy*z	{��5|²z	y£�	~;z	�:� �-z	{������r|Õ�������-���U�L{��V��x��-�[���:�����������5|[�v���\� ����x
cfR�õQU_` cfX�R�c{S�jdôpà·U�R�e�`��¬X_g\ìEP ðÅU�S\cfX�^ R�U�^·` ï X_^kS\e,Ý�U�g\ðfX+��X�g�ô
ìEP ðÅU�S\cfX�^ R���í�U�WreÒ^ X_S@à«e�e�^(RTS\P·`�cÅe�`(cf^(S\í eÒðfc{S\ehgVU�S\P�g\e è� ehWrehg�S\í�ehðÅehR�R��[cf^3X_P gZX_ä�cf^�cfX_^��²S\í e�R�e°]�U�j R;U�g\e��¬e�U_R�cfà ðÅe
cf^CR�ä�c{S\eÛX��ÍS\í�eÛä«X_R�R�cÅà ðfeKcfðfð{ôvâhX�^·`�c{S\cÅX_^�cf^�Þ8S\í�e�j ìZcfÞ�íkS
ä g\ehR�e�^kS�,�]�í�cfâVíÙ]nX�P�ðÅ`ÙR�P g\e�ð{j@à«e;U�ðfðÅehW�cÅU�S\e�`Òàkj0S\í�eIP�R�e
X��²R�X�ìZe<R�X_g�S7X��²g\e�Þ�P ðÅU�g\cfù�U�S\cfX_^Ùä�g\Xkâ�e�`�P g\eA. è
ç ^�S\í eQg\e�Wdcfeh]�e�`0U�g�S\cfâ�ðfe�R�]�e<â�U�^ÑU_ðfR�XZ^ X_S\cfâ�e	S\í·U�S æ

M ç S[cfR×g\e�ìÍU�g���U�à�ðfe�S\í�U�S e t o ����� t�÷ 8�c U_^�` 2rS�W ô ��önU�g\e�S\í�e
X�^�ð{j Þ�ðfX_à·U_ðEcÅðfðfP�ìZcf^�U�S\cfX�^�ôvà�U_R�e�`(U_ä ä g\XrU�â�í e�RÙU_ìZX_^�Þ
U_ðfðQS\í�eÑg\e�Wdcfeh]ne�` ä·U_ä«e�g\RB�¬X_g0S\í cÅRB�dcf^·`.X��,ä�g\X�à�ðfe�ì è
ÝnX�^kS�gVU�g�jÛS\XÚ]�í�U�S°í·U�ä�ä«e�^ R;cf^ ç ^�W�ehg\R�e0õ7e�À·e�â�S\X�ìZehô
S�g�jÒä�g\X�à�ðfe�ìZR��²U_ðfð�RTS\P�` cfe�` U�ä�ä g\X�U_âVí�e�R,g\e�ð{j X_^ R�X�ìZe
R�X_g�S,X���X_ä S\cfìZcfù�U�S\cfX�^Òä g\Xkâ�e�`�P g\e;S\XÑU�â�í cfe�Wre;S\í�ehcfg�g\ehô
R�P�ð{S\R è ñ�í cfR,cfR�R�Xbà«ehâ�U_P R�eZX���S\í e;í�cfÞ�íÚâ�X�ìZä ðfe��cfSvj@X��
S\í�eEä�g\X�à ðÅehì �£U�â�e�`�� R�cf^ â�e1�·^�` cf^�Þ�U_à R�X�ðfP S\eIðfXkâ�U�S\cfX�^ R
X��ÕðfcfÞ�íkS7R�X�P g\âhe�R�X�g�S�j�ä«e�R�,U_^�`bX_S\í ehg7â�í�U�gVU_â�S\ehg\cfRTS\cÅâhR/.
X��²ðfP ìZcÅ^�U�g\cfe�R�cf^dWrX�ðfWrehR�P�R�cf^�ÞIcf^·` c{g\e�â�S\ðfjÍìZe�U_R�P g\e�`°cf^ ô��X_g\ìÍU�S\cfX�^ è ñ�í�eÍâVí�X�cfâ�eÍX���S\í�eÍX�ä�S\cÅìZcfù�U�S\cfX�^ ìZehS\í Xd`
cÅR���S\X<X�P gr�d^�X�]�ðfe�` Þ_e��dòkP�c{S\e7U�g\à c{S�gVU�g�jZU�^·`ES\í e7ä�U_ä«ehg\R
ä g\e�R�e�^kS�R�e�WrehgVU�ð·`�c�)�e�g\e�^kS�U�ä�ä g\X�U_âVí�e�RiS\X	S\í�cfRiä«X�cf^kS èkç S
cÅR�âhðÅe�U�g�S\í·U�S�S\í�e7à«e�RTS�X_ä S\cfìZcfù�U�S\cfX�^°ìZehS\í Xd`ZS\X,P�R�eQcÅR
RTS\cÅðfð×U_^bX_ä«e�^bg\e�R�e�U�g\âVíÑU�g\e�U è

M ü�ð{S\í�X_P�Þ�í�S\í�eÕìZehS\í�Xd`�àdj	ÝnX�RTSVU�ehS×U_ð è e t o ���²��X�g²R�âhg\cfä�S�ô
cÅ^ Þ S\í�eK` e�R�cfÞ�^ X��°Þ_XrU_ðfR R�e�ehìZRÒWrehg�j ä g\X_ìZcÅR�cf^ Þ@�,U
í�cfÞ�í ehg°U_à RTS�gVU_âhS\cfX�^Kðfe�Wre�ð7R�í�X_P�ðÅ`3à«e0U_âVí�cfe�Wre�`3cf^KX�g�ô
` ehg�S\XEU_ðfðfX�](S\í eQ^�X_^ ôpä g\X_Þ_gVU�ìZìZcÅ^ Þ_ôpR��dcfðÅðfe�`Í`�e�R�cfÞ�^�e�g\R
S\X;à«e<U_à ðfe	S\X;P�R�e	S\í e	ä g\e�R�eh^dS\e�`°S\XkX�ðfR è

M ? ^(S\í�eÒX_S\í�e�g@í·U_^�`���S\í�eÒìÍU_cf^*`�c�)�e�g\e�^�â�eÒà«ehS�]ne�e�^
ß�í·U�â���e�`0U_^�`Ä= cfâVí�cf^�R��dc t�÷ 8�cQU_^�`@ÝnX�RTSVUÍehSQU_ð è e t o ��� cÅR
S\í�eEâVí�X_cfâ�eEcf^@S\í�e�� g\RTS<â�U�R�e;X���S\í�e,ä«ehg\â�e�ä�S\cÅX_^ ôpà·U�R�e�`
X�ä S\cfìZcfù�U�S\cÅX_^��¬P�^�â�S\cÅX_^���U_R[]�ehðÅð�U_R[S\í�enP�R\U_Þ_e�X��!UQðfXkâ�U�ð
X�ä S\cfìZcfù�U�S\cÅX_^@ìZehS\í�Xd`0WdR è S\í e,Þ_ðfX�à·U�ðÕU_ðfÞ�X�g\c{S\í�ì P R�e�`
à«e���X�g\e è

M & c{S\í g\e�R�ä«e�âhS S\X S\í�e ]�X�g��5` X_^�e àkj ï U�g��dR ehS
U_ð è 2sS�W ô ��ö �×c{S,â�U�^ à«e;â�ðfe�U�g\ð{jÒR�e�e�^ÒS\í�U�S�S\í�cfR�ä g\Xkâ�ehR�R
` Xke�R�^�X�S,cÅ^dWrX_ðfWreZU_^ÒU_P�S\X�ìÍU�S\cfâZX_ä S\cfìZcfù�U�S\cfX�^ U�SIU_ðfð*�
S\í�eZP�R�e�gEà«e�cf^ Þ0g\e�R�ä«X�^ R�cÅà ðfeq�¬X_g;U_ðfð�S\í e�`�e�â�cfR�cfX�^ R,S\X�ô
]�U�gV`�R�S\í�eC��^·U_ð�g\e�R�P ðfS è

M ñ�í�e@ìÍU_cf^.`�c�)�ehg\e�^�âheÙX��<S\í�eÑ]�X�g��9`�X�^ eÙàkjKY²X�P ðfcÅ^��
õQU�S\cÅà3U�^·`b}rU_â�òkP e�Rq[ g n ��ö ]�c{S\íÛS\í�e�]nX_g�� àkjÛY²X_P�cf^
U_^·` ú X�P�g\^�cfehg�[:o ��� cfR�S\í·U�S�S\í e	cf^�ä P S�ìZehS\í Xd`��dR��rehS\âVí ô
cÅ^ ÞER�í�U�` X�]�R7U_^�`°í cfÞ�í�ðfcfÞ�íkS\R�� cfR-��U�g7R�P�ä«e�g\cÅX�g�cf^�S\ehg\ìZR
X��7P�R�ehgEcf^dS\e�gVU_âhS\cfX�^3U�^·` Þ_g\e�U�S\ð{j cfìZä g\X�Wre�R,P�ä«X_^ S\í�e
` e�R�cfÞ�^ÑX��iR�cÅìZä ðfe,cfðfðfP�ìZcf^·U�S\cfX�^@cf^@UÍâhX�ìZä�P�S\ehg7Þ_gVU�ä�í ô
cÅâhR7R�âhe�^�e è

M ú cÅ^�U_ðfð{jL�>�¬X_g�OQP cfðÅðfX_P$õ K�R 8�8<]�e,â�U_^ÑR\U�j�S\í·U�S�c{SQí�U_R7S\í�e
â�ðfe�U�g°U_` W_U_^kSVU_Þ_ebX���]�X�g���cf^ ÞÚR�cfìEP ð{SVU_^�ehX�P�R�ð{j ]�c{S\í à
ä«X�cf^kSQðfcfÞ�íkS	R�X_P g\â�ehR	cf^ÚUÍ`�c�)�P R�e�e�^dW�c{g\X_^�ìZe�^kS	��]�í�cfðfRTS
S\í�e�X_S\í ehgiìZehS\í�Xd`�R[ä g\e�R�eh^dS\e�`Ecf^ES\í�e�R\U�ìZe�R�P�à�R�ehâhS\cfX�^
` XE^ X_S è

�×þÍÿ��9�$� ´�± � _ ����� ¶�³��  �� ³h´y`��	´A�«¯Ò� �! ±#" ÿ _ �&%
ç ^dWre�g\R�e,g\e�À�e�âhS\X_ìZehS�g�jÑä g\X_à�ðfe�ìZR<U�g\eES\í�X_R�eI]�í ehg\e ÈÉ cf^
e�òkP·U�S\cfX�^ �ÍcfR<P�^@�d^�X�]�^���U�^·` ÈÔ����r±IU_^�`Ùä�U�g�S<X���� U�g\e

lnt\}rt\m�~�� ó$Ib\ � d � W@õ�8�cù�~�s�z{|�y�z �*û o�õ g � ^ � ó�g W ��ö � þ ó 2�0 ��� �÷ o ó�ô ��� � ÷�ó�g 8�8
� t����vormvt ��k~�y�t\s
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lntV}�tVmv~�� þ 2 � d � 2s# M � d � g 068�c \� µ·¯Ò� �p�?��@ ÄfÈ�½V½\¿ Ó Ì\È_Ê£¿Â_¹°ÂTØ[¸V¹�º_»�¼V½�»sì7»OÇ�»�ÌhÊpÂ_ÆZ»�Ê£¼�É � ¼�Â�Ã�Ð

ÄÅ»�ÆI½�Â_¼£ÀrÈ_¹�¿ÅÜ�»�¾°ÓÕ¿�Ê¬Ïb¼\»�½Á »�ÌhÊ�Ê¬Ï�»,Ê£¼�»\È�Ê£ÆÍ»�¹�Ê�Ê¬Ï »�ÉZÀ_¿�º_»<ÊpÂ
EF
hÇ È_Ê£¿Â_¹|G+IdK7»�¹�»�¼TÈ�Ä ÎÒì�Èr¾�¿Â_½\¿�Ê£É�Î�LÚÂ_¹�Êv» @ È_¼�ÄfÂZÈ_¹«¾&�×Â�Ð
Ì\È�ÄÅÖ

�d^ X�]�^Ü, ú cÅÞ_P g\e é . è ñ�ídP R��²]�e°ìEP RTSIR�X_ðfWreB�¬X_gEcÅ^'��X�g\ìÍU�ô
S\cfX_^;U_à«X_P S ÈÉ è ñ�í�e�ìZe�S\í�Xd` R[RTS\P�` cfe�`�cf^IS\í�cfRÕR�e�âhS\cfX_^;â�U_^
à«ebâ�ðÅU_R�R�c��·e�` U�â�â�X�gV` cf^�Þ S\XÒS\í e0cfðfðÅP ìZcf^·U�S\cfX_^ U_ä ä g\XrU�â�í
P R�e�` è ü�RnU_à«X�Wre��rS\í cfR�â�U�^Íà«e�e�c{S\í ehgnðfXkâ�U�ð{ôvà�U_R�e�`���Þ�e�^ ehgVU_ð
Þ_ðfX�à·U�ð�cÅðfðfP�ìZcf^�U�S\cfX�^�� ï X_^kS\eÑÝ�U�g\ðfX�ôvà�U_R�e�`KX_gZgVU�`�cfX�R�c{S�jdô
à�U_R�e�`���R�ehe�ñ²U_à ðÅe édè
MbN �@��� ´�µ6��Ob�·´  �v�¬µ�³��
� � ± è ñ�í e�R�e�ìZehS\í�Xd`�R²S�g�jIS\X5��^·`
g\e�À�e�âhSVU�^�â�e�ä g\X�ä«e�g�S\cÅehRE]�c{S\í�X�P�S;g\e�ð{j�cf^�ÞÙX�^3U_^kj ä�U�g�ô
S\cfâ�P ð�U�gQcfðfðfP�ìZcf^·U�S\cfX�^0U�ðfÞ�X_g\c{S\í ì è

MP_ µ6�v�
�«±	�¬³0`?a�¯×µ·± � ��O]�·´  �v�¬µ ³	�
� � ± è ü�R�RTSVU�S\e�`Zcf^°R�e�âhô
S\cfX�^ édèf÷ �Õí�e�g\e;S\í�eÍÞ�e�^ ehgVU_ðnä g\X�à ðfe�ì cÅR�g\e�`�P�â�e�`ÙS\X@U
gVU_` cfX�R�c{S�j R�ehS�S\cf^�ÞÑàkjÒìÍU��dcÅ^ ÞbS\í�e+�¬X�ðfðfX�]�cÅ^ ÞÒU�ä�ä�g\XA�c{ô
ìÍU�S\cÅX_^3S\X  òdP�U�S\cfX�^ ÷�æ UÙä�P�g\e�ð{jÛ` c�)�P�R�e�Ânõ7ã ú �¬X_g
S\í e�R�P g��£U�â�e�R�,£ä·U�S\âVí�ehR/.���S\í·U�SicÅRiâ�X_^�RTSVU_^kSnU_ðfð�X�Wre�gne�U�â�í
X_^�e èkç ^ES\í�cfRiâ�U_R�e��  òkP�U�S\cfX�^ ÷ cfR�g\e�` P�âhe�`IS\X	S\í�e9�¬X_g\ì æ

c º�¯°���Aº$³se'º ^ \ f º \ c \
]�í ehg\e c ºQcfRIS\í eBÞ£ôS\í ä·U�S\â�í gVU_` cfX�R�c{SvjL������º�cfS\RIe�ìZc{S�ô
SVU�^�â�e��?e º c{S\R	g\e�À·ehâhS\cfW�c{Svjµ,`�c�)�P�R�e+Â�õ�ã ú .�U_^·` f º \ cfRS\í e1��X�g\ìé�£U�âhS\X_g��¬g\X_ì e�ðfe�ìZe�^kS Þ�S\XbehðÅehìZe�^kS�h è!ç �n]ne�d^�X�] c º7U�^·`��d�Aº���X�g,e�Wrehg�j@R�P�g��£U_âhe��²U�^·`Ñ]�c{S\í���X�g\ì��U_âhS\X�g\R f º \ �d^�X�]�^Íc�� S\í eQÞ�ehX�ìZehS�g�jZcfR��d^ X�]�^��©�·^�` cf^�Þ
S\í e	g\e�À·e�â�SVU_^�âhe�R�cÅR�g\e�`�P�â�e�`°S\X æ

e'º�¯ � c º�Ø;���Aº]£�� ^ \ f º \ c \
ñ�í e7ìZX_RTSiâ�X�ìZìZX_^I]�U�jEX����d^�X�]�cf^�Þ c º×U_^�`��d�Aº!cÅRiàkj
P R�cÅ^ ÞbU�^ÚcfìÍU�Þ�eEX���e�U�â�íÙR�P g���U_â�e,SVU��reh^ÚàkjÑUÍâ�U�ìZehgVU'�
U�^·`Kg\ehS�g\cfe�Wdcf^�Þ S\í eÑcf^@��X�g\ìÍU�S\cfX�^µ�¬g\X�ì S\í�e�g\e è Â�P S°c��
]ne�]�X�g�� ]�c{S\í�X�P�SÍU_^3cfìÍU_Þ_e���X�gZe�U�â�í3R�P g���U_â�e��iR�X_ìZe
í e�P g\cfRTS\cfâ�R ìIP�RTSÚà«eKP R�e�` è ñ�í e9ìZX_RTSÒâ�X_ìZìZX�^BU�ä ô
ä�g\XrU_âVí cfR°S\X RTSVU�g�S���g\X�ì U_^ cf^�c{S\cÅU_ðQe�RTS\cfìÍU�S\e@X��<S\í e
U�WrehgVU�Þ�e@g\e�À·ehâhS\cfW�c{Svj�e>�@U_^·`Ke�RTS\cfìÍU�S\cf^�Þ S\í eÙR�P�g��£U�â�e
g\e�À�e�âhSVU�^�â�e�U�R

e �º ¯ c �º
c ���� e

�
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ÄÅ»�ÆE½hÖ

]�í�ehg\e c �º cfR<S\í�eÍU�Wre�gVU_Þ�eZcf^kS\e�^ R�cfSvjÙX���S\í�eEä�c��e�ðfR,g\ehô
â�X�Wrehg\e�`��¬g\X_ì S\í�e7â�U_ìZe�gVU,X_à�R�ehg\W_U�S\cfX�^bU_^�` c �� cfR�S\í�e
È_ÆZÃh¿p»�¹ Ên¼TÈr¾_¿Â_½\¿�Ê£É ` e���^�e�`�U_R

c �� ¯ SV �¡�¢  �¡
��e �

]�í�ehg\ebS\í e0R�P�ì cÅRZä«e�g���X_g\ìZe�`KX�Wrehg;S\í e�â �s£ ¯¤�
ä�c��e�ðfR7X��²S\í�eQcÅìÍU�Þ�e	]�c{S\í0cf^kS\e�^�R�c{S\cfe�R�¢  �¡ è ñ�í e<ä g\Xkâ�e�ô
` P g\e<cfR�c{S\ehgVU�S\e�`0P�^kS\cfð R�X_ìZe<R\U�S\cfRU�£U�âhS\X_g�j0S\í�g\e�R�í�X_ðÅ`0cÅR
U_âVí�cfe�Wre�` è

M�k � � ³ ��l µ ´��Æ�¥O]��´  �v�¬µ ³	�
� � ± è ñ XÙS\í e�à«e�RTS;X���X�P g��^ X�]�ðÅe�` Þ�e��[S\í�ehg\e°cfR;^�XÑg\e�R�e�U�g\â�í3P�R�cf^ ÞÙS\í cÅR��dcÅ^�` X����X_g\ìIP�ðÅU�S\cfX_^��²à P S<]ne°RTS�g\X_^�Þ_ðfjÚà«e�ðfcfe�WreZS\í·U�S�S\í�cfR�cÅRIU��e�U�R�cÅà ðfe�U_^�`,R�e�^ R�cfà�ðfe�U�ä�ä g\X�U_âVí æ ß�cfìZä ðfj���g\eigVU�j�R��¬g\X�ì
S\í�eÍâ�U_ìZe�gVU@X�gES\í e�R�P�g��£U_âhe�RE]�c{S\í ��^ X�]�^3ä�g\X�ä«ehg�S\cfe�R
U_^·`Ûâ�X_^dS\cf^dP�e°c{S\RZä·U�S\íKP ^dS\cfð�í cfS�S\cf^ ÞÒUÙR�P g��£U�â�eb]�c{S\í
P�^>�d^ X�]�^�Ânõ7ã únè ñ�í�e�^���P�R�cf^�Þ7S\í�e�Þ�U�S\í�e�g\e�`Icf^@�¬X_g\ìÍU�ô
S\cÅX_^Ú]neZâ�X�P ð�`Ùe�RTS\cfìÍU�S\e;S\í eEg\e�À·ehâhSVU_^ â�e;ä·U�gVU_ìZehS\e�g\R è
ü�ðfR�X@�·UEà�cÅ` c{g\e�â�S\cÅX_^·U�ð²U_ä ä g\X�U_âVí0â�X�P ðÅ`bà«e<P�R�e�`���Þ_cfWre�^��^ X�]�^3ðfcfÞ�íkS\cf^�ÞÚâ�X�^�` c{S\cfX�^ R ènç ^KU�^kjÛâ�U_R�e��ic{SZcfRZâ�ðfe�U�g
S\í·U�S+Ânõ7ã ú g\e�âhX�W�ehg�j cfR��¬e�U_R�cfà�ðfe���à�P�SEâhehg�SVU_cf^�ð{j ]�cfðfð
í·U�WrebS\X `�e�U_ð�]�c{S\í9S\í�eÑcf^ í�ehg\e�^kSÍW_U�g\cÅU_^ â�eÑä g\X_à�ðfe�ìZR
ï X�^kS\e°Ý�U�g\ðfX@ìZehS\í�Xd`�R<ä g\e�R�eh^dS	�!]�í�cfâVí â�U_^ÒX�^�ð{jÚÞ�ehS
]�X_g\R�e �¬X_g�U_^0cf^dWrehg\R�eQä g\X�à ðfe�ì X��²S\í cfRh�dcf^·` è

M � �!¶�µ6� ÿ �O�*�  � � µ�³	�Æ� � Ob�·´  �v�¬µ�³��
� � ± è ñ�í e�R�e ��X�g\ìEP ôð�U�S\cfX�^�R�U�g\eEà�U_R�e�`ÑX�^@S\í�e,R�cfìZä�ðfc��·â�U�S\cfX�^ÙX��  òkP·U�S\cfX�^
÷ S\XÍSVU��reIcf^dS\X�U_âhâ�X�P ^dS	X�^�ð{j@ðfXkâ�U�ð�cfðfðfP�ìZcf^·U�S\cÅX_^�� U_^�`
P�R�cf^�Þ@S\í�e°X�à R�ehg\W�U�S\cfX�^9X���S\í cfR;ðfXkâ�U_ð7cfðÅðfP ìZcÅ^�U�S\cfX�^ÛS\X
X�à SVU�cf^0W�U�ðfP�e�R��¬X_g7S\í�e�¸ ¹ ,fÂnõ�ã ú .�â�Xke�êZâhcÅeh^dS\R è
õQU�ìÍU_ìZXkX_g�S\í c�U�^·` 4 U_^�gVU_í·U�^ g 068�c \ í�U�Wre�RTS\P·`�cÅe�`ES\í�e

ç ^dWre�g\R�e õ�e�À·e�âhS\X_ìZehS�g�j(YÕg\X_à�ðfe�ì P�^�` ehgÙU.R�cfÞ_^·U_ðEä g\X_ô
â�e�R�R�cf^ Þq��gVU_ìZeh]nX_g��ÑU�^·`0U�g�g\cfWre�`ÑU�S�S\í�e�â�X_^�â�ðfP�R�cfX_^@S\í�U�SÂnõ7ã ú g\e�â�X�Wrehg�j cÅR���e�U�R�cfà�ðfe ,�]ne�ðfðfôpâ�X_^·`�cfS\cfX_^�e�`Ccf^CS\í�e
ìÍU�S\í e�ìÍU�S\cfâ�U�ð�R�e�^�R�eA.�]�í e�^ S\í e;�d^�X�]�^(ðfcfÞ�íkS\cf^�Þ âhX�^ ô
SVU_cf^ R,í cfÞ�í���g\e�òkP�e�^ â�cfe�R�ðfc���eÍ` c{g\e�âhS\cfX�^�U_ðiR�X�P�g\â�e�R��[U�^·`ÙcÅR
cfðfðfôpâ�X_^·`�cfS\cfX_^�e�`��¬X_g�R�X���S�ðfcfÞ�íkS\cf^�Þ è

� þ£ý·þ N �@��� ´�µ6� N �
�«¯×µ>� ÿ �O�*�  � � µ ³	�
� � ¯×µ�± � � ÿ _ �
Y[U�P�ð�ã	ehà«e�Wre�â��icf^ ó�Ib\ � d��icf^kS�g\Xd` P â�e�R;S\í�e�â�X�^ â�e�ä�SZX��	U
Ä ¿fÀ�ÏdÊÐ�Ã\È_½h»�¾,Æ;Â�¾k»hÄ ��U�g\e�ä g\ehR�e�^kSVU�S\cfX�^IX��!U�R�âhe�^�e�S\í�U�SÕâ�X_^ ô
R�cfRTS\R X��dgVU�`�c�U�^�â�e�cf^@��X�g\ìÍU�S\cfX�^���ä«X�R�R�cfà ðfjQ]�cfS\í�R�ä«e�âhc���âig\e��¬ô
e�g\e�^�â�eiS\XQðfcfÞ�íkSÕðfe�U�WdcÅ^ Þ�S\í enR�P g���U_â�ehR���à P S²^ X_SÕ^ e�â�e�R�R\U�g\cÅð{j
âhX�^kSVU_cf^�cf^ ÞqÂnõ�ã ú cf^'��X_g\ìÍU�S\cfX�^ è 4 e<ä�g\e�R�e�^kS\R7U;ìZehS\í�Xd`
S\í�U�S[P R�e�R[S\í�e�ìZe�U_R�P g\e�`,R�â�eh^�e�� R[gVU�`�c�U�^�â�ehR�U�^·`,Þ�ðfX�à�U_ð�cfð{ô
ðfP ìZcÅ^�U�S\cfX�^°cf^�X�gV` ehg�S\XEU�` `°^ eh]8X�àdáTe�â�S\R�S\XIðfcÅÞ_íkS�ôvà�U_R�e�`
ìZXd`�e�ðfR[]�cfS\íÍâ�X�g�g\e�âhS�ðfcÅÞ_íkS\cÅ^ Þ è ñ�í e�ðfcfÞ�íkS�ôpà·U�R�e�`;ìZXd` ehð cfR
âhX�^�RTS�g\P âhS\e�`���g\X�ì U_^ÑU�ä�ä�g\XA�cfìÍU�S\e<Þ_e�X�ìZe�S�g\cÅâ,ìZXd` ehð X��
S\í eER�â�eh^�eÍU_^�`Úàkj@P�R�cf^ ÞÑUbðfcfÞ�íkS�ä g\X_à«e;S\XbìZe�U�R�P g\eES\í e
cf^ â�cÅ` e�^kS<cfðfðfP�ìZcf^·U�S\cÅX_^ U�S<S\í�eEðfXkâ�U�S\cfX�^ X���S\í�e;RTj�^kS\í�e�S\cÅâ
X_à�á�e�âhS\R è ñ XÛ` X S\í·U�Sbí eÙ` cfWdc�`�e�RÍS\í�e@R�â�e�^ eÙcf^kS\X S\í g\ehe
ìÍU�cf^Úg\e�Þ_cÅX_^�R æ S\í eÍ` cfRTSVU_^kS,R�â�e�^ e��²g\e�ä�g\e�R�e�^kS\e�`Ú]�c{S\íÛU_^
eh^�Wdc{g\X�^ ìZe�^kS<ìÍU_ä?� S\í eÍðÅXkâ�U_ð5,£X�gE^ e�U�g�.<R�â�e�^ eÍ]�í cfâ�í cfR
Þ_X�cf^�Þ@S\XÙä�í�X�S\X�ìZehS�g\cfâ�U�ðfðfjÛcf^kS\ehgVU�âhSE]�c{S\íÛS\í�ebRTj�^kS\í�e�S\cÅâ
X_à�á�e�âhS\R�U�^·`;]�í�X_R�eQÞ_e�X�ìZehS�g�j;ìEP�RTS�à«e�]�e�ðfð$�d^�X�]�^��kU_^·`
RTj�^kS\í�e�S\cÅâQX�àdáTe�âhS\R è ñ×X;e�RTS\cfìÍU�S\e<S\í e	ðfXkâ�U_ð²R�âhe�^�e<Ânõ7ã ú �
í e@U_R�R�P ìZe�RbUÒg\e�À·e�âhSVU�^�â�e@ìZXd`�e�ð�,£e è Þ è ` c�)�P R�e���R�ä«e�âhP ô
ðÅU�g	� èfèfè .×]�cfS\íEU_ä ä g\X	�cÅìÍU�S\e�cf^ cfS\cÅU�ð W_U_ðfP�ehR���U�^·`�c{S\ehgVU�S\cfWre�ð{j
âhX�ìZä�P�S\e�RQS\í eZÞ�ðfX�à�U_ðncfðfðfP�ìZcf^·U�S\cfX�^ R�X_ðÅP�S\cfX�^;��X�gIS\í e;ðfX_ô
â�U_ð<R�â�e�^ eÙ]�c{S\í8S\í�eÙâ�P g�g\eh^dSbä·U�gVU_ìZehS\ehg\R°]�c{S\í8g\ehR�ä«e�âhS
S\XÚS\í�e0X_à�R�ehg\Wre�`KðfcfÞ�íkS\cf^�Þ â�X_^@�·Þ_P gVU�S\cÅX_^�R è Â�j9âhX�ìZä·U�g�ô
cf^ Þ;S\í�e�U_ä ä«e�U�gVU�^�â�e,X��[S\í e<g\e�^·`�ehg\e�`bðfXkâ�U�ð[R�â�e�^�e<S\X;S\í e
U�âhS\P·U�ð×U�ä�ä«e�U�gVU_^ â�e�� í�e<`�e�â�cÅ` e�R�]�í ehS\í�ehg�S\XEâ�X�^kS\cf^dP�e	c{S�ô
e�gVU�S\cf^�Þ;]�c{S\íÙU�`�áTP�RTS\e�`0ä·U�gVU�ìZehS\ehg\R��«X�gQ^ X_S è«ç ^bS\í�e�â�U�R�e
X��	ä P g\e�ð{jÛ`�c�)�P R�ebg\e�À�e�âhS\X_g\R��ÕS\í eb^�e��S;e�RTS\cfìÍU�S\ebX��QS\í e
g\e�À·e�âhSVU�^�â�ehR�cfRÍS\í�eÑgVU�S\cfX��¬g\X_ì S\í eÑg\e�R�P�ð{S\cf^�Þ gVU_` cÅU_^ â�e
S\X,S\í�e	X_à�R�ehg\W�e�`°W_U_ðfP e è ü7^kjZX_S\í ehg7â�U_R�e<cfR�ðfe��¬S�U�R-�¬P S\P�g\e
]nX_g��$��ìÍU_^dP�U_ðfð{j�e�RTS\cfìÍU�S\cf^�Þ�S\í�e�R�ä«e�â�P�ðÅU�gÕâ�Xke�êZâ�cfe�^kS\RÒ�¬X_g
S\í e	^�X_^ ôv` c�)�P R�e	X�àdáTe�â�S\R7cf^0í cfR�S\ehRTS�R�â�e�^�ehR èÂnX_cfW�cf^bU_^·`°O	U�ÞrU_ðfX�]�cfâ�ù,` e�W�e�ðfX�ä«e�`>W@õ�8�c�U�g\e�À·e�â�SVU_^�âhe
g\ehâ�X�Wrehg�j3U_ðfÞ_X_g\c{S\í�ì S\í�U�SZRTSVU�g�S\R;]�cfS\í9UÚä P g\e�= U_ìIà«ehg�ô
S\cÅU�^IìZXd`�e�ðdU_^�`,R�P â�â�e�R�R�cfWre�ð{j�S�g\cfe�RÕìZX_g\e�â�X�ìZä ðÅe��Ânõ7ã ú
ìZXd`�e�ðfR	P�^kS\cfðÕU���S<à«ehSv]�e�eh^ÙS\í eEX_g\cfÞ_cÅ^�U_ðicfìÍU_Þ�eEU_^�`Ùc{S\R
RTj�^kS\í�e�S\cÅâÙg\e�ä g\Xd`�P�âhS\cfX_^ cfRÙU_âVí�cfe�Wre�` è	ú X_gÑS\í�eÒR�cÅìZä ðfehg
ìZXd`�e�ðfR�,` c�)�P�R�e���ä«ehg���ehâhS	U�^·`ÑU�ðÅìZX_RTS�ôpä«ehg���e�â�SQR�ä«e�âhP�ðÅU�g�.��
U�^@cfS\e�gVU�S\cfWre,â�X_g�g\e�â�S\cÅX_^ÚcfR<U�ä�ä ðÅcfe�`Ñà�U_R�e�`ÑX�^ÑS\í eIX_à�á�e�âhS
cfìÍU�Þ�ebS\XÚRTj ^kS\í ehS\cfâ0cfìÍU_Þ�e�gVU�S\cfX X��	S\í e0ä g\ehW�cfX_P�RZc{S\ehg�ô
U�S\cfX�^�� ]�í�cfðfe�cf^ ìZX�g\eZR�X�ä�í cfRTS\cÅâ�U�S\e�` ìZXd`�e�ðfREU@ßdcÅìZä ðfe�
ìZe�S\í�Xd`ÍcÅR�P R�e�` è�ç � S\í�eQ]�í X�ðfe�í�cfehgVU�g\â�íkj°X��[ìZXd`�e�ðfR��£U�cÅðfR
S\XEä g\X�Wdc�`�e�UEÞ�XkXd`�� S	� S\í e<ìZehS\í�Xd`°ä g\Xkâ�ehe�` R�S\XZUEä ð�U�cf^
S\e��S\P�g\e�e�dS�gVU_âhS\cfX�^��dP�R�cf^�Þ,ìZehS\í Xd` Rr��g\X�ì U_^kjZX��!S\í�e�e�dô
U�ìZä�ðfe�R�cÅ^ÚR�e�âhS\cfX�^ ö è � è ñ�í cÅR<ìZe�S\í�Xd`Ñí·U�RQS\í�eIâ�ðfe�U�g,U_`�ô
W_U_^kSVU�Þ�eZX�Wrehg,S\í�eZä�g\e�WdcÅX_P�R,X�^ e°X��7à«e�cf^�Þ@U_à ðfeÍS\XÑ]nX_g��
]�c{S\í ^ X�^ ôv`�c�)�P R�e�Ânõ7ã ú R�]�c{S\í�X�P�SIg\e�òdP c{g\cÅ^ ÞÑUÑìÍU_^dP·U�ð
P R�ehg�cf^kS\ehg\Wre�^kS\cfX�^ è

� þÆ�!þ _ µ6�v�
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ÝnX_ìZä�P�S\ehg�U_P�Þ_ìZe�^kS\e�`Ig\e�U�ðfcfSvjZU�ðÅR�X<g\e�òkP cfg\ehR�S\í�e�âhX�ìZä�P�ô
SVU�S\cfX�^bX��[g\e�À·ehâhSVU_^ â�e�R9�¬g\X_ì cÅìÍU�Þ�e�R è ü�ðfð�g\e�R�e�U�g\â�íb]nX_g��dR
í�U�WreÑU ä g\ehä g\Xkâ�e�R�R°RTSVU_Þ_eÑ]�ehg\e0S\í eÑR�â�e�^�e@Þ_e�X�ìZehS�g�j3cfR
U�ä�ä�g\XA�cfìÍU�S\ehðfjCg\ehâ�X�^ RTS�g\P�âhS\e�`C]�c{S\í ä�í X_S\X_Þ_gVU_ìZìZe�S�g\cÅâ
S\ehâ�í ^�cÅòkP�e�R è ñ�í eE]�X�g����¬g\X_ì ú X�P�g\^�cfehg<ehS<U_ð è o�õ g � ^©� U_RTôDEèF>H�IÒJLK�MON�P�M #�Q H�R D %$S$%O% N D R #UT R N�V # V 7-W'X # D*Y/Z I X XL[ K�\ X R % H�I]M % � 8�8�^�_



w ��xUy*z	{��5|²z	y£�	~;z	�:� �-z	{������r|Õ�������-���U�L{��V��x��-�[���:�����������5|[�v���\� ����x
R�P�ìZehREg\e�À·ehâhSVU_^ â�e0cfRÍâ�X�^ RTSVU_^kS°U_âhg\X_R�RÍe�U_âVí9ä�U�S\âVí.U_^�`
P�R�ehRQUZí�ehP g\cfRTS\cfâIìZehS\í Xd`°S\í�U�SQU_R�R�cfÞ�^ R	e�U_âVíÑä·U�S\â�í@U;g\ehôÀ·ehâhSVU_^ â�eIS\í�U�S<cfR�U_^ÚU�WrehgVU�Þ�eEg\e�À�e�âhS\cfWdc{S�jÑìIP�ð{S\cfä�ðfcfe�`Ñàdj
S\í�e�gVU�S\cfX;à«ehSv]�e�e�^°S\í�e�e�ðfe�ìZe�^kS�gVU�`�cÅX_R�c{S�j�,£â�X�ìZä P S\e�`°U_R
S\í�ebU�WrehgVU_Þ_ebX��<U_ðfð�S\í�e�WdcÅR�cfà ðÅe�ä�c��e�ðfR;c{SZâ�X_^dSVU�cf^�R/.;U_^�`
U_^�U�WrehgVU�Þ�e	gVU�`�cfX�R�c{S�j è ü×Wre�gVU_Þ�e�W�U�ðfP�e�R�U�g\e	â�X�ìZä P S\e�`Í`�cfô
g\e�âhS\ð{jq�¬g\X_ì S\í�eQcÅìÍU�Þ�e�R��d]ne�cfÞ�íkS\cf^�ÞES\í eQX�à�SVU_cf^�e�`�W_U_ðfP�e�R
]�c{S\í S\í eÙg\ehR�ä«e�âhS\cfWreÚU�g\e�U�RÑX��,S\í�eÙä·U�S\âVí�ehR è�ç ^ ó�g W ��ö �
S\e�dS\P g\ehRIX��	U�g\à�c{S�gVU�g�j g\ehR�X�ðfP S\cfX�^KU�g\e°e�dS�gVU_â�S\e�` àdj ` ehô
]�U�g\ä�cf^�Þ ,£e�dS�gVU_âhS\cf^�Þ°S\í�e,S\e�dS\P g\e�R5��g\X�ì S\í e;cfìÍU_Þ�ehR<àdj
g\e�Wre�g\R�cÅ^ Þ.S\í�e ä«ehg\R�ä«ehâhS\cfWrehôpcf^dS�g\Xd`�P�â�e�`*` cfRTS\X_g�S\cfX_^$.0S\í�e
X_g\cfÞ_cÅ^�U_ð«cfìÍU_Þ_e�U_^�`;à g\cf^�Þ_cÅ^ Þ<c{Snà�U_â/�,S\X	S\í e�ä�ðÅU_^ e7X���S\í�e
ä g\ehW�cfX_P�R�ð{j;à P�cfð{S�ä«X_ð{j Þ_X�^ è�r ^'��X_g�S\P ^·U�S\e�ð{jL��S\í�ehcfgiìZehS\í Xd`
R\U_â�g\c���â�e�R×S\í eÕP�R\U_Þ_e�X�� `�j�^·U�ìZcÅâ[â�U_ìZehgVU�R²U_^�`Qg\e�U_ðkR�âhe�^�e�R
S\X;Þ�U_cf^0R�ä«e�e�`��·U�^·`ÍS\í�e<òkP·U�ðfcfSvj°X��²S\í e	X�à�SVU_cf^�e�`�cÅìÍU�Þ�e�R
cfRbR�ðfcfÞ�íkS\ð{j8` ehÞ_gVU�` U�S\e�` `�P�eÑS\X S\í�e@P R�eÚX��EU ä«X_ð{j Þ_X�^�ô
ä g\X�áTehâhS\cfX�^ÑìZehS\í Xd`°cf^�RTS\e�U�`bX��[gVU�jÍS�gVU�â�cf^�Þ è
¦ P�ehSÕU�ð è þ ó 2�0 ��� í·U�Wre�ä g\e�R�e�^kS\e�`�U�^Ecf^dWrehg\R�e�gVU_` cfX�R�c{Svj

ìZehS\í Xd`�S\X<U�â�â�X_P�^kS���X�g�ìIP S\P�U_ðkcfðfðÅP ìZcf^·U�S\cfX_^;cf^Ee�RTS\cfìÍU�S�ô
cf^�ÞÛR�ä·U�S\cÅU_ðfð{j8W�U�g�j cf^ ÞK`�c�)�P�R�eÚU_^·` ä cÅehâ�eh]�cfR�eÒâ�X_^�RTSVU�^dS
R�ä«e�â�P ðÅU�gZä�g\X�ä«ehg�S\cfe�R,]�cfS\í cf^KUÑg\XkX�ì �¬g\X_ì UÑR�ä·U�g\R�ebR�ehS
X���ä�í X_S\X_Þ_gVU_ä í�R è ñ�í e�c{g;S\e�âVí�^�cÅòkP�eÍcfR;à�U_R�e�` X�^ÛS\í�e°P�RTô
U_Þ_e<X��²UIðfX�]�ôvä�U�gVU�ìZehS\ehg�g\e�À·ehâhSVU_^ â�e	ìZXd` ehð�,£ìZehSVU_ðfR�U_^�`
ä�ðÅU�RTS\cÅâhRbS�g\e�U�S\e�` `�c�)�ehg\e�^kS\ð{jL��R�e�eÙà«e�ðfX�]�.��7U�ðfðÅX�]�cf^�ÞKS\í�e
` c�)�P R�ebâ�X_ìZä«X�^�eh^dS,S\XÙW�U�g�j;�¬g\e�ehðfj3X�WrehgER�P g���U_â�e�R;]�í cfðÅe
U_R�R�P ìZcf^�ÞÑ^�X_^ ôv` c�)�P R�eZâ�í�U�gVU_â�S\ehg\cfRTS\cÅâhREg\e�ìÍU_cf^ â�X_^�RTSVU�^dS
U_â�g\X�R�RÒä�U�g�S\cfâ�P ð�U�gÚg\ehÞ�cfX�^ R è ü�R@cf^�ä P SÑS\í�e ìZe�S\í�Xd`(g\ehô
â�e�cfWrehR�U<Þ�e�X_ìZehS�g\cfâ�ìZXd`�e�ð·X��!S\í�e7R�â�e�^ eQU�^·`ÍU�R�ehS�X��×â�U�ð{ô
cfà gVU�S\e�`���í�cfÞ�íÑ`dj�^·U_ìZcfâQgVU�^�Þ_e,ä í�X�S\X�Þ_gVU�ä�í R ó 2 ��ö SVU���e�^
]�c{S\í��d^�X�]�^.`�c{g\e�âhS°cfðÅðfP ìZcÅ^�U�S\cfX�^ è ñ�í e@U_ðfÞ�X�g\cfS\í ì ä g\X_ô
â�e�e�` RZàkj í�cfehgVU�g\â�í cfâ�U_ðfð{j9ä�U�g�S\c{S\cfX�^ cÅ^ ÞÚS\í ebR�â�e�^ e0cf^kS\X U
ä«X�ð{j�Þ�X_^·U�ðiìZehR�í@U_^·`���àkj0P�R�cf^ Þ�cfìÍU_Þ_ehôpà·U�R�e�`0g\e�^·`�ehg\cf^�Þ
S\e�âVí�^ c�òkP e�R���c{S7â�X_ìZä�P S\ehR�U_^0e�RTS\cfìÍU�S\e,X��Õà«X_S\í°S\í�e	gVU�`�c{ô
U_^ â�e°U_^�` cfg�gVU_` cÅU_^ â�e°X��7e�U_âVíÛä·U�S\â�í è�r R�cf^ Þ0S\í�eq�d^�X�]�^
Þ�ehX�ìZehS�g�jÙU�^·`@ðÅcfÞ_ídS�R�X_P g\â�eEä«X�R�c{S\cfX�^�R�� c{S�â�X�ìZä P S\e�R�S\í�e
e�RTS\cfìÍU�S\eÍä ð�U�â�e�ìZe�^kSIX���S\í�eÍR�ä«e�âhP�ðÅU�gEí�cfÞ�í ðÅcfÞ_ídS\R<�£U�ðÅðfcf^�Þ
cf^�R�cÅ` e�S\í�e�gVU_` cÅU_^ â�e�cfìÍU�Þ�e�R��dU�^·`Eg\P ^�R�U_^Íc{S\ehgVU�S\cfWre�X�ä�S\c{ô
ìZcfù�U�S\cfX_^;ä g\Xkâ�e�` P g\e�S\XQg\e�â�X�WrehgÕS\í e�` c�)�P�R�e�U�^·`ER�ä«ehâ�P�ðÅU�g
g\e�À�e�âhSVU_^ â�eÑä·U�gVU_ìZehS\e�g\R°X���e�U_âVí.g\e�Þ_cÅX_^ è ñ�í�e�R�eÑg\e�R�P ðfS\R
U�g\eQP�R�e�`ZS\XIP ä�`�U�S\e�S\í�e�í�cfehgVU�g\â�í cÅâ�U_ð!RTj RTS\ehì è ñ�í�e�^��dS\í�e
e�RTS\cfìÍU�S\cfX_^ ôpP�ä�` U�S\eÍä g\Xkâ�e�` P g\e��¬X_g;S\í e�Â�õ�ã ú ä·U�gVU_ìZehô
S\ehg\R0cfRbg\ehä«e�U�S\e�` è ñ�í�eÚcfS\e�gVU�S\cfX�^ cfR0ä«ehg���X�g\ìZe�`8R�e�WrehgVU�ð
S\cfìZe�R�S\X�X_à SVU_cf^ZS\í�e-�·^�U_ð·R�X_ðfP S\cfX�^°X��!S\í�e�Ânõ7ã ú R}��X_g�U_ðfð
R�P g���U_â�ehR è ñ ]nXZ` c�)�ehg\eh^dSs��X_g\ìIP�ðÅU_R�U�g\e<P�R�e�`���X�g7cÅR�X�S�g\X�ä cÅâ
X_g<U_^�cfR�X�S�g\X�ä�cfâqÂnõ7ã ú R�, & U�gV`�� R	ìZXd` ehð
.��!U�^·`@c{S<cfR	R�P�Þ�ô
Þ�ehRTS\e�`9S\í·U�S�ìZe�SVU_ðfRÍà«e0S�g\e�U�S\e�`9` c�)�ehg\e�^kS\ð{jµ��g\X�ì ä�ðÅU�RTô
S\cfâ�R æ ��X�g�ä ð�U�RTS\cfâ�R��kS\í�ehjEâ�X�^ R�cÅ` ehg�S\í e�R�ä«e�â�P�ðÅU�g�â�Xke�êZâhcÅeh^dS
â�X_^�RTSVU_^kSIU_^�`ÙS\í eZ` c�)�P�R�eEX�^�eZW_U�g\cÅU�à�ðfe��!]�í�cfðfe+��X_gIìZehS�ô
U_ðfRQS\í ehjÑ`�XZS\í�e�X�ä ä«X�R�c{S\e è ñ�í�e,R�e�ðfe�âhS\cfX_^Úà«ehSv]�e�eh^Ùà«X�S\í
ìZXd` ehðÅRi]�U�R�ä«ehg���X�g\ìZe�`ES\í g\X_P�Þ_í�U<R�cfìZä�ðfe�S\e�RTS æ U<ìZehSVU�ðfô
ðfcfâ,R�P�g��£U�â�e�í·U_R�c{S\R7R�ä«e�â�P�ðÅU�g7g\e�À·e�âhSVU�^�â�e�ðÅU�g\Þ_ehg7S\í·U_^�S\í�e
e�RTS\cfìÍU�S\e�`b` c�)�P R�e<â�X�ìZä«X_^�e�^kS è
ç ^ ÷ o ó�ô ����= X_R�â�X�R�ehS<U�ð è UZ` c�)�ehg\e�^kSQU_ä�ä�g\XrU�â�í��¬X_g	g\ehôÀ·ehâhSVU_^ â�eZg\e�â�X�Wrehg�jÒcÅRIä g\e�R�eh^dS\e�` æ U0R�e�S;X��7cfìÍU_Þ_e�R��¬g\X�ì

U��>�e�` WdcÅe�]�ä«X�cf^kSÑà�P�Sb]�c{S\í â�X_^kS�g\X�ðfðfe�`��7W_U�g�j�cf^�ÞÛcfðÅðfP�ô

ìZcf^�U�S\cfX�^¦,£^�XÒR�í�U�`�X�]�R/.ZcfRÍâ�X�ìIà�cf^�e�` ]�c{S\í.â�X_^@�«`�e�^�âhe
]ne�cfÞ�íkS���U_âhS\X�g\R0S\í·U�S�g\e�ä g\ehR�e�^kS0S\í�eÙWdcÅR�cfà cÅðfc{S�j ]�c{S\í8g\ehô
R�ä«ehâhS�S\X;S\í�e�ðfcÅÞ_íkSQR�X_P g\â�e ��X�g	e�U�â�íbä�c��e�ð×cf^0S\í�e<cfìÍU�Þ�e�R è
ñ�í e�g\e�R�P�ð{S\cf^�Þ	S\e�dS\P�g\e�RnU�g\e7` ehô]�U�g\ä«e�`ZU_R�à«e���X�g\e è = U�S\ehg	�
S\í cfR�]�U_R7e�dS\e�^�` e�` ÷�ó�g 8�8 U�^·`0U�^0U�ðÅÞ_X_g\c{S\í�ì �¬X_g�cÅ^kS\ehgVU�âhô
S\cfWre�g\ehôpðÅcfÞ_ídS\cf^ Þ�]�U�R�cf^kS�g\Xd` P â�e�`��_à�U_R�e�`,X�^ZU7ä g\e�ä�g\Xkâ�e�R�RTô
cf^ ÞÙRTS\ehäÛS\í�U�SIg\e�â�X�^ RTS�g\P�âhS\RIÞ�e�X_ìZehS�g�jÛU�^·` âhg\e�U�S\e�R;P�^�ô
Xkâhâ�ðfP·` e�`KcfðfðÅP ìZcf^·U�S\cfX_^9S\e�dS\P g\e�R�,�S\í�P R;SVU��dcf^�ÞÚcÅ^kS\X U�âhô
âhX�P�^kS7S\í�e�e�)�e�â�SQX��nR�í�U�` X�]�R/. è�r ^@�¬X_g�S\P�^�U�S\e�ð{jL��X�^�ð{j@`�c��¬ô�¬P�R�e	R�P�g��£U�â�e�R�â�U_^�à«e	â�X_^�R�cÅ` ehg\e�` è ñ�í�e	âhg\e�U�S\cfX�^0X��²S\í�ehR�e
P ^ ôpXkâ�â�ðfP�` e�`ÒS\e�dS\P�g\e�REí�U_RESv]�X@RTS\e�ä�R æ � g\RTS\ð{j S\í�ehj U�`�`
S\í eEðfcfÞ�íkS�S\í·U�S<]�U_R�à ðÅXkâ/�re�`Ùcf^ Ubí cÅe�gVU�g\âVí�cfâ�U_ðÕgVU�`�cfX�R�c{S�j
R�X_ðfP S\cfX�^���U_^�`9S\í�e�^ U í e�P g\cfRTS\cfâ@â�X_g�g\e�â�S\cÅX_^(cfR�U_ä ä�ðfcfe�` è
ñ�í cfR�â�X�g�g\e�âhS\cfX�^ZcfRiâ�X�ìZä P S\e�`,àkj<��^·`�cÅ^ Þ<U_^;U_ä�ä�g\X�ä�g\c�U�S\e
P ^ ôpXkâ�â�ðfP�` e�`Ig\e���ehg\e�^ â�e7ä·U�S\âVíE]�í cÅâVíZ]�cfðÅð�Þ�cfWre�U_^Zcf^·`�cÅâ�U�ô
S\cfX_^ZX���S\í�e�`�e�R�c{g\e�`;â�X�ðfX�g	��U_^·`;âhX�ìZä�P�S\cf^�Þ<U	ìZXd`�P�ðÅU�S\cfX�^��U_âhS\X�gZâ�X_^�R�cfRTS\cf^�ÞÒX���S\í e°gVU�S\cfXÚX����¬X_g\ì;ôf�£U�âhS\X_g\R;X��	e�U�â�í
ä�U�S\âVí9S\X S\í�e@ðfcfÞ�íkS�R�X�P g\âhe è�ç ^ ÷�ó 8�80S\í�cfR�ìZe�S\í�Xd`K]�U_R
cfìZä�g\X�W�e�` àdj3U_`�`�cÅ^ Þ UÙðÅX�]�ôpâ�X_RTSbä í�X_S\X_ìZehS�g\cfâbâ�U�ðfcÅà�gVU�ô
S\cfX_^ÚìZehS\í Xd`b]�í�cfâVíÚcfìZä g\X�WrehR�S\í�e,g\e�À·ehâhSVU_^ â�eEe�RTS\cfìÍU�S\e
X��[g\e�U_ð×R�â�e�^�ehR è ñ�í�cfR�]�U_RQU_âVí�cfe�Wre�`bàkj0U_`�U_ä�S\cf^�ÞÍU;í�cfÞ_í ô
`dj�^·U_ìZcfâEgVU�^�Þ_e°cfìÍU�Þ�eÍâhg\e�U�S\cÅX_^ S\X@U0ðÅX�]�ôpâ�X_RTS;â�U�ìZehgVU'�
U�^·`ÙU_^ c{S\ehgVU�S\cfWreZU_ä ä g\X�U_âVíÒS\Xbâ�X�g�g\e�âhS�g\e�À�e�âhSVU_^ â�eZe�RTS\c{ô
ìÍU�S\cfX�^ P�R�cf^ ÞÚUÑgVU�`�cfX�R�c{S�jÛU�ðfÞ�X_g\c{S\í ìß��X�g;cf^·`�cfg\ehâhS;ðfcfÞ�íkS
â�U_ðfâ�P�ðÅU�S\cÅX_^ è§r ^�ðfc��reÍä g\e�WdcfX�P R,]nX_g��$�²c{S;U_ðfðfX�]�R���X_g;Ubg\ehô
RTS�g\cfâhS\e�`ER�ehS�X���Ânõ7ã ú R-,£ä�P�g\e�ð{j;`�c�)�P�R�eA.×S\X<à«e�g\e�â�X�Wrehg\e�`��
à P S<]nX_g��dR<]�cfS\í S\í e;R�cfìZä�ðfe�RTS,â�U�ä S\P g\eZä�g\Xkâ�e�R�R,R�cf^�â�eÍc{S
`�Xke�R�^�� S×^�e�e�`<P R�ehg�ôpâ�X�^kS�g\X�ðfðfe�`<R�ä«e�â�c���ânðfcfÞ�íkS\cf^�Þ è_ï X_RTS[cfì;ô
ä«X�g�SVU_^kS	��S\í�cfR[ðÅU_RTSiä�cfe�âhe�X��·g\ehR�e�U�g\âVíZ` XkehRi^ X_SiU�S�S\e�ìZä S²S\X
ä«e�g���X_g\ì*U�g\e�À·ehâhSVU_^ â�e�e�RTS\cfìÍU�S\cfX_^��_R�cÅ^ â�e�c{SÕP�R�e�RiU7R�cÅìZä ðfe
S\e��S\P�g\e	ìZXd` P ðÅU�S\cfX�^��¬X_g<`�cfR�ä�ðÅU�j è ü7ðÅR�X'�·]�í�eh^0â�X�ìZä�U�g\e�`
]�c{S\í,S\í�e�]�X�g���àdj ¦ PIe�SnU�ð è þ ó 2�0 ��� ��]�e�R�ehe�S\í·U�SÕS\í e�ðÅU_RTS
X_^�e�cÅR���U�g9��g\X�ì cf^kS\ehgVU_â�S\cÅW�e���` P eQà·U�R�cfâ�U_ðfð{j�S\X�S\í�e�Þ�e�^ ehg�ô
U�ðfcfSvjÒX���S\í�eÍU�ðÅÞ_X_g\c{S\í�ì P�R�e�`���X�gIS\í eZðÅcfÞ_ídSIä g\X_ä·U�ÞrU�S\cfX_^,`�e�R�ä�c{S\e	S\í e5�£U_â�SQS\í·U�S�S\í�e�c{g�ìZehS\í�Xd`bcfR7R�ä«e�â�c��·â�U_ðfð{j0SVU_c{ô
ðfX�g\e�`bS\X;S\í�e	gVU_` cfX�R�c{S�jbR�ehS�S\cf^�Þ©.��«à�P�S�í·U_R�S\í�e,U_` W_U_^kSVU_Þ_e
X��[í·U�^·`�ðÅcf^ ÞZU_^kj°WdcÅe�]�ä«X�cf^kS�cf^°S\í�e	e�^dWdc{g\X�^ ìZe�^kS è

� þ<�!þ(� � ¶_µ6� ÿ �
�*�  � � µ�³	�
� � �,µ·± � � ÿ _ �
ü7ð{S\í�X�P Þ�íÛU"Ânõ7ã ú cfREUÄ�¬P�^ âhS\cfX�^µ¸ ¹ �* L¡U¢h¡]¢ º £�]�í�e�g\e� 
cfR�U ä«X�cf^kS�X_^ U R�P g��£U�â�eÚU_^·`µ¢ U_^�`µ¢}º�S\í�e@X�P�S\Þ�X�cf^ Þ
U�^·`bcf^ â�X�ìZcf^�ÞÍ`�c{g\e�âhS\cfX�^ R��6��X�g	â�ðÅU_R�R�c���â�U�S\cfX�^Ùä�P�g\ä«X�R�e�R7c{S
cfR7â�X�^dWreh^�cfe�^kS�S\XZR�P à�` cfWdcÅ` e	S\í�e,`�c�)�e�g\e�^kSQìZehS\í Xd` R�S\í·U�S
U�S�S\e�ìZä SÕS\X<g\e�â�X�Wre�g-¸ ¹ U_RiS\e�dS\P g\ehôpà�U_R�e�`��kU_^ Þ�P ð�U�g�ôpà·U_R�e�`
U�^·`BÞ�e�^ ehgVU_ð�Ânõ7ã ú ôpà·U�R�e�` è ñ×e��S\P�g\ehôpà·U�R�e�` U�g\e9S\í�X_R�e
S\í�U�SÍX_^�ð{j9âhX�^�R�cÅ`�ehgbR�ä�U�S\cÅU_ðQW�U�g\c�U�S\cfX�^�R°cf^� Ú` cfRTg\e�ÞrU�gV`�ô
cf^ Þ U_^ Þ�P�ðÅU�gbW_U�g\cÅU�S\cfX_^�R°U_^�`.U_R�R�P ìZcÅ^ Þ UÒâ�X_^�RTSVU�^dS�U�^ ô
Þ_P�ðÅU�g�à«ehí·U�WdcÅX�g	��Þ�e�^ ehgVU_ðfð{j°ä�P g\ehðfjB= U_ìIà«ehg�S\cÅU_^ è�ç ^�RTS\e�U_`��
ü7^�Þ_P�ðÅU�g�ôpà·U�R�e�`EìZehS\í Xd` R[â�X_^�R�cÅ` e�g�S\í e-Ânõ�ã ú U�RnUh��P�^ âhô
S\cfX_^bX��Ò¢9U�^·`q¢�ºiX_^�ð{jL� ` cfRTg\e�Þ�U�gV` cf^ ÞZR�ä·U�S\cÅU�ð×W_U�g\cÅU�S\cfX�^ R è

� þ<�!þ£ý·þ��r��¨ ³A� ´ � a\¯×µ�± � �Ü� _R© � _ � ¶�� �$� ´�`
ç ^ ÷:ª+ªd÷ � ç �re�P â�í cÍU_^·` ß U�S\X ø�t � cA�,P�R�cf^�Þ(X�^�e9cÅ^kS\e�^ R�c{S�j
U�^·`ÍX�^ eQgVU_^ Þ�e<ìÍU_ä�,£ùhôpà�P')�ehg�.���U_^�`bU�R�R�P�ìZcf^�ÞIâ�X�^ RTSVU_^kS
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w ��xUyOzA{h�5|}z	y£�	~�z	�:� �hz	{��¬�V�r|Õ�r�/���h�+�U�L{�����xT�-�Õ�/�:�����������5|Õ�p���V� ���Cx
ìÍU�S\e�g\c�U�ðng\e�Þ_cÅX_^�R;X�Wre�gZU_^ÛX_à�á�e�âhS	�[]�e�g\e0U_à ðfe°S\X@X�à�SVU_cf^
e�RTS\cfìÍU�S\ehRÒX��b` c�)�P R�e9U�^·`CR�ä«e�â�P ð�U�g ä·U�gVU_ìZehS\e�g\R���X�gÛU
R�ä«e�â�c���â�U_ðfð{jKSVU�cfðÅX�g\e�`KW�ehg\R�cfX�^9X��QS\í e0ñ×X�g�gVU_^�âhehô�ß�ä·U�g�g\X�]Ânõ7ã ú ,£àkjCìZe�U�^�RÚX��ÑU�^ c{S\ehgVU�S\cÅW�e9ðfe�U_RTS�ôpR\òkP·U�g\e�R;��S�ô
S\cf^�ÞbU_ðfÞ�X�g\cfS\í ìB. è =×U�S\e�g	��«�U�jÚU_^�`ÒÝ�U�e�ðfðfc !>e � m e�dS\e�^·`�e�`
S\í�cfR�U_ä ä g\XrU�â�í;]�c{S\í X�P Sig\e�òkP�c{g\cf^�Þ5Ânõ�ã ú S\X<à«e�â�X_^�RTSVU�^dS
X�WrehgiX�àdáTehâhS�g\ehÞ�cfX�^ R��re�RTS\cfìÍU�S\cf^ ÞQS\í�e�ä�U�gVU_ìZe�S\ehg\RiU�Sie�U_âVí
ä«X�cf^kS²X_^<S\í�eiX�àdáTe�âhS è ñ�í ehj�U_ä ä�ðfcfe�`�U7ä í�X�S\X�ìZehS�g\cfâÕRTS\ehg\e�X
ìZehS\í Xd`KS\X3U gVU�^�Þ_eÚìÍU�ä8U_^·` U ^dP�ìIà«ehg°X��,cf^kS\e�^�R�c{S�j
ìÍU_ä R���U_^�` cf^dWrehg�S\e�` S\í eÚcfðfðfP�ìZcf^·U�S\cfX�^ ìZXd`�e�ð<U�SÑe�U_âVí
ä«X�cf^kS[X_^,S\í enX�àdáTehâhS è , ú X_gÕ^ X�^ ôpí cÅÞ_í�ðfcfÞ�íkS\e�`	g\e�Þ_cÅX_^�R���S\í�ehj
P�R�e�`bUIðfcf^�e�U�g7ðfe�U_RTS�ôpR\òkP·U�g\e�R�ìZehS\í�Xd`;]�í�cfðfe5��X�g7í�cfÞ�í ðÅcfÞ_ídS
g\e�Þ_cÅX_^�R U8^�X_^�ðfcf^�e�U�g R�e�ä�U�gVU_à ðfe9ðfe�U_RTS�ôpR\òkP·U�g\e�R ìZehS\í Xd`
]�c{S\íÚg\e�Þ_P�ðÅU�g\cfù�U�S\cfX�^ ]�U�R,P R�e�` è .	ñ�í ehj@]�ehg\eZU�à�ðfe;S\Xbg\ehô
â�X�Wrehg�í cfÞ�í�ð{jÍS\e�dS\P g\e�`°R�P�g��£U_âhe�R�àkjÍP R�cÅ^ Þ;e�^ X�P�Þ_íbcf^kS\e�^ ô
R�c{S�j@ìÍU�ä�RQS\XÍg\e�â�X�Wrehg,`�c�)�P�R�e;U�^·`@R�ä«e�â�P ð�U�g�ä·U�gVU_ìZehS\ehg\R
U�Sie�U�â�íEä«X�cf^kS è�ç �«e�^�X_P�Þ_íEcf^kS\e�^�R�c{S�j,ìÍU�ä�R²]�e�g\e7^ X_SiU�W_U_cfð{ô
U_à ðfe��rS\í�e�j;R�í�X�]ne�`;í�X�]9S\X<g\e�âhX�W�ehg�S\í ehÂnõ�ã ú ]�í e�^ZS\í�e
R�ä«e�â�P ðÅU�g�âhX�ìZä«X�^ e�^kSicÅRnU_R�R�P ìZe�`ES\X�W�U�g�j;R�ìZXkX_S\í ð{jEX�Wrehg
S\í�eQìÍU�S\ehg\cÅU_ð è
Y²X�P�ðfcf^ÍehS�U�ð è [:i�o � d	`�e�R�âhg\cfà«e	U�^°cf^kS\ehgVU�âhS\cfWre�RTj�RTS\e�ìBS\X

g\e�â�X_^�RTS�g\P âhS é ãBÞ�e�X_ìZehS�g�jbU_^·`�e�dS�gVU_âhS�S\e�dS\P g\ehR-��g\X�ì U
R�ehS�X��[ä�í X_S\X�Þ�gVU_ä í�R è ñ�í�e<U�P S\í�X�g\R�` e�R�â�g\cÅà«e	UIS\í g\e�e�RTS\e�ä
ä g\Xkâhe�R�R æ ü.ðÅe�U_RTS�ôpR\òkP·U�g\ehR�ä g\X_à�ðfe�ì cfR²��g\RTS�R�X_ðfWre�`���X_gnS\í�e
â�U�ìZehgVU ä·U�gVU�ìZehS\ehg\R��7U�^·`.S\í�e�^��¬X_gÑS\í e é ã Þ_e�X�ìZehS�g�j è? ^�âheQU<R\U�S\cfRU��j cf^ Þ é ã ìZXd` ehð�cfRng\e�â�X�Wre�g\e�`��kc{S\R�âhX�ðfX_g�S\e��ô
S\P g\ehR²U�g\ene�dS�gVU_âhS\e�`<àkj	R\U�ìZä�ðfcf^�Þ�S\í�eÕg\ehôpä g\X�áTe�â�S\e�`�S\e� ehðÅR
cf^ÚS\í eEâ�X�g�g\e�R�ä«X�^�` cf^�Þ0cfìÍU�Þ�e�R è ü�ðfð[S\í�eIS\e�dS\P g\e�R<U�R�R�Xkâ�c{ô
U�S\e�`b]�cfS\íÙU;ä«X_ðfj�Þ_X�^ÙU�g\e���S�S\e�`°S\X°e�U_âVíÑX_S\í�e�g	��U_^�`bS\í�e
â�X�g�g\e�R�ä«X�^�` cf^�ÞÍâ�X_ðÅX�g\R<U�g\e,â�X_ìEà�cf^ e�`0U_âhâ�X_gV`�cÅ^ Þ°S\XÍUZR�ehS
X��nâ�P�RTS\X_ì âhg\c{S\ehg\cÅUbcf^ÙX_gV` e�g<S\XB�¬X_g\ì UÍP�^�cÅòkP�e,S\e�dS\P g\e è
ú X�g;e�U�â�í S\e��e�ð*�²S\í eÍR�cÅùhebcf^ ä�c��e�ðfREX���c{S\RIä g\X�áTe�âhS\cfX_^Kcf^
S\í�eZcfìÍU�Þ�e�R,cfRIP R�e�` U_RIU_^ÒcÅ^�` cfâ�U�S\cÅX_^ X���S\í�eÍòkP�U_ðfc{S�jÙX��
S\í�eQe�dS�gVU_âhS\e�`�â�X�ðfX_g è? ��e�� ehSÑU_ð è i t�g �<��ö ä g\e�R�eh^dSÑUKìZehS\í Xd` ]�í cfâ�í(` e�U�ðfR
]�c{S\í S\í�e ä�g\X�à ðÅehì X��Ñg\e�â�X�Wrehg\cf^ ÞCU_^�` à�ðfe�^�` cf^�Þ S\e��ô
S\P g\ehR��¬g\X_ì `�c�)�ehg\e�^kSÒcfìÍU�Þ�e�R���à P SÒU_ðfR�X `�cfR�â�P�R�R�e�RÚS\í�e
ä g\X_à�ðfe�ìBX���g\e�ìZX�Wdcf^�Þ	í cfÞ�í�ðfcfÞ�íkS\R�U_^�`Ig\e�À·ehâhS\cfX�^�R èdï P�ð{S\c{ô
g\e�R�X_ðÅP�S\cfX�^ S\e�dS\P�g\e�RÛU�g\e.RTS\X�g\e�` cf^ U(òkP·U�`dôS�g\e�e.` U�SVU
RTS�g\P�â�S\P g\e��·]�í cfâ�í@cfRC�·ðfðfe�`ÑàkjÑU;g\e�â�P�g\R�cfWreIðfe�W�e�ð{ôvX��¬ôv` e�SVU_cfð
ä g\X�áTehâhS\cfX�^;U�ðfÞ�X_g\c{S\í ì*X���S\í�eicfìÍU_Þ�eiS\X7S\í eiS\e��S\P�g\eÕR�ä·U_âhe����X_ðfðÅX�]ne�`0àkjbU,ä�P R�í ôpä�P ðÅð�ä�g\Xkâ�e�` P�g\eQS\X;ä�g\X�ä·U�ÞrU�S\e<cÅ^'��X�g�ô
ìÍU�S\cfX_^ U_ðfðnU_ðfX�^ Þ0S\í�e;S�g\e�e è ñ�í�eÍU�ðfÞ�X_g\c{S\í ì S\ídP R<â�U_ðfâ�P�ô
ðÅU�S\e�R�U_^0U_ä�ä�g\X	 cfìÍU�S\cÅX_^bX��²S\í�e<Wdcfeh]�ôpcf^·` ehä«e�^·`�e�^kS�â�X�ðfX�g��X�g�e�U_âVí@S\e��e�ð*�×U�^·`@â�U_ðfâ�P ðÅU�S\e�R<S\í�eEU�WrehgVU_Þ_e;X���S\í�eIä g\X_ô
áTehâhS\e�`;S\e�dS\P g\e7U�g\e�U��¬X_g�ehWrehg�jES\e��S\P�g\e�ä�c��e�ð�S\í·U�S�cfRn^ e�U�g
S\í�enìZe�^kS\cÅX_^�e�`,e�RTS\cfìÍU�S\cfX�^ è ñ�í e�ìÍU_cf^ZU_` W_U_^kSVU_Þ_e�X��«S\í cÅR
U_ðfÞ_X_g\c{S\í�ì(cÅR×cfS\R×U_à cÅðfc{S�j<S\X7U�â�â�X�P ^kSv��X�g²S\í�e�` c�)�ehg\eh^dS R\U_ì;ô
ä�ðfcf^�Þ,gVU�S\e�R�S\í�U�S�g\e�R�P ð{S9�¬g\X�ì `�c�)�ehg\e�^kS�Wdcfeh]�R�X��×S\í e	R�P g�ô�£U�â�e è�r ^@�¬X_g�S\P�^�U�S\e�ð{jL��S\í�e�j;`�X	^�X�SnU�S�S\e�ìZä S[S\X<ìZXd`�e�ðdS\í�e
R�P g���U_â�e�g\e�À·e�âhSVU�^�â�e���à P S[P R�e�S\e�dS\P g\enìÍU�ä�R²S\X7g\e�â�X_gV`,S\í�e
` c�)�P R�e<â�X�ìZä«X_^�e�^kS�X��[S\í�eQgVU_` cÅU_^ â�e	g\e�À·ehâhS\e�`bP ^·` e�g�S\í�e
ðfcfÞ�íkS\cf^�Þ°â�X�^�` c{S\cfX�^�R�U�S	S\í�e�S\cfìZe,S\í eEä í�X_S\X_Þ_gVU�ä�í�R�]�ehg\e
SVU���e�^ è

ã<U�^·U ehS*U_ð è ó$Å õ�ÿ$! ��� U_ä ä�ðfcfe�` g\e�À·e�â�S\X�ìZehS�g�j S\e�â�í�ô
^ cÅòdP e�RbS\X3S\í�e `�X�ìÍU_cf^ X��;S\e��S\P�g\e�`8X�àdáTe�âhS\R@àkj8P�R�cf^ Þ
UCR�ä«e�â�S�g\X�ä�í X_S\X_ìZehS\ehg3S\X â�U�g\e��¬P�ðfð{j ìZe�U_R�P�g\e R�ä«ehâhS�gVU_ðÂ�õ�ã ú Ri]�c{S\í�X_P SnR�e�ä·U�gVU�S\cf^�ÞI` c�)�P�R�e7X_g�R�ä«e�â�P�ðÅU�g�â�X�ìZä«X�ô
^ e�^kS\R è�? �·âhX�P g\R�e���S\í cfR²à«e�â�X_ìZe�R²cfìZä gVU�âhS\cfâ�U_ðL��X�gÕâ�X�ìZä ðfe�Â�õ�ã ú R�`�P�enS\X	S\í e�í�cfÞ�íZRTS\X�gVU_Þ_e�â�X_RTS\R��kU�^·`Eg\e�òkP�c{g\e�R[S\í e
ðfcfÞ�íkS\cf^�ÞIS\X;à«eQS\X_SVU�ðfðfj��d^�X�]�^��¬X_g�S\í�e	cfìÍU�Þ�e�R è=!e�^�R�âVíZehS�U_ð è ÷ !6õ ô 8�c ä g\ehR�e�^kS\e�`;U_^EcÅìÍU�Þ�ehôpà�U_R�e�`;ìZe�U�ô
R�P�g\cf^�Þ,ìZehS\í�Xd`;S\í·U�S�g\X�à P�RTS\ð{j�` ehS\ehâhS\RnS\í�eQ` c�)�ehg\e�^kS�ìÍU�ô
S\e�g\c�U�ðfRZX���X�àdáTe�âhS\R��iX�g\ÞrU_^ cfù�e�RZS\í�e�ì cf^KâhðÅP RTS\ehg\R;X��	R�cfì;ô
cfðÅU�g°ìÍU�S\ehg\cÅU_ðfRbU�^·` ��S\RÍU_^.U�W�ehgVU_Þ_e"Ânõ�ã ú S\X e�U_âVí.X��
S\í e�ì ,f= e�Wreh^�à«e�g\Þ_ô ï U�gVòkP·U�gV`�S�ìZehS\í�Xd`;cf^ cfS\cÅU�ðÅcfù�e�`�àkjÍU_^
U�Wre�gVU_Þ�e Ânõ7ã ú . è ü�ð{S\í�X_P�Þ�í(S\í�e�c{gÚìZehS\í�Xd` cÅR Ânõ7ã ú ô
cf^�` e�ä«e�^�` e�^kS	�!S\í�ehjÒP�R�e�` U�=×UA��X�g�S\P�^�e ÷ o F õ ��ö ìZXd` e�ðnU_R
SVU�g\Þ�ehS1Ânõ7ã únè ç ^ X�gV` ehg,S\XÑìZXd` e�ðiðfXkâ�U_ðnâ�í�U_^�Þ_e�R��²S\í ehj
ä�g\X�á�e�âhS\e�`9S\í e@ìZe�U_R�P�g\e�` `�U�SVU ��X_gbe�U_âVí8R�P g���U_â�eÙä«X�cf^kS
cf^kS\X°UZà·U_R�cfRC�¬X_g\ìZe�`ÑàkjbS\í e<g\e�â�X�Wrehg\e�`"Ânõ7ã ú R��·ðÅe�U�` cf^ Þ
S\XÍUZR�ä�U�S\cÅU_ðfð{jÑW_U�g�j�cf^�Þ;g\e�ä�g\e�R�e�^kSVU�S\cfX�^ è ñ×X°`�X;S\í�cfR�S\í ehj
cf^kS�g\Xd` P â�e�` S\í�e�â�X�^ â�e�ä�SZX��	U Ä ÇdÆE¿¬Êv»�Ëk»hÄ �iUÒ`�U�SVUÙRTS�g\P âhô
S\P�g\eIS\í�U�S<RTS\X�g\e�R,U_ðfðÕÞ�e�X_ìZehS�g\cfâZU_^�`Ùä í�X_S\X_ìZehS�g\cfâEcf^@�¬X_g�ô
ìÍU�S\cfX�^;��X�gÍUÑR�P g���U_â�e�ä«X�cf^kS è ñ�í�e°Þ�e�^ ehgVU_ð�cÅ`�e�UÙà«ehí�cf^·`
S\í eqÂnõ7ã ú â�ðÅU_R�R�c��·â�U�S\cfX�^KU_ðfÞ�X�g\cfS\í ì cfR�S\XÑRTSVU�g�S,]�c{S\íÛU
âhðÅP RTS\ehg�â�X�^kSVU_cf^ cÅ^ Þ�U_ðfð�S\í e�R\U_ìZä�ðfe�R�U_^�`Eg\e�â�P�g\R�cÅW�e�ð{j;R�P�à�ô
`�cfW�cÅ`�e�c{S	�Õâ�ðÅU_R�R�c���j cf^ ÞÚS\í�e�ðfP�ìZc{S\e��e�ðfR;U�â�â�X_gV`�cf^�Þ@S\XÙS\í e
e�g�g\X_giS\í�ehjIí·U�Wre�]�c{S\í;g\e�R�ä«e�âhSiS\X<e�U�â�íZâ�ðfP RTS\ehg�ôpâ�X�ìZä P S\e�`Â�õ�ã únè ñ�í cfR�ìZehS\í�Xd`Íí·U�R�S\í�e	U_` W_U_^kSVU_Þ_e	X��×^�X�S�g\e�òkP�c{g�ô
cf^ ÞÒUÙR�ä«e�â�c��·â�Ânõ�ã ú X_gÍUÙí�X_ìZX�Þ�eh^�e�X_P�R;ìÍU�S\ehg\cÅU_ð*��U_R
ìZX_RTS�X��×S\í�e	ä�g\e�WdcÅX_P�R�ð{j°ìZe�^kS\cfX�^�e�`�U�ä�ä g\X�U_âVí�e�R���à�P�S�g\ehô
òkP cfg\ehRq�¬P�ðfð5�d^�X�]�ðfe�`�Þ�eÙX��<S\í�e@X_à�á�e�âhS0Þ_e�X�ìZe�S�g�jL�nðfcfÞ�íkS\R
U�^·`°â�U_ìZehgVU è
� þ<�!þÆ�!þ ® � �����¬µ�´�a\¯×µ�± � �è� _R© � _ � ¶�� �$� ´y`
Y²X_P�ðfcf^ U_^�` ú X�g\P�^ cÅe�g�[ N�K � ^���[:o ��3 ` e�U�ð7]�c{S\í9S\í e0ä g\X_à ô
ðfe�ì X���` ehS\ehg\ìZcf^ cÅ^ Þ°S\í eIâVí·U�gVU_âhS\e�g\cÅRTS\cfâ�R�X���R�P g���U_â�e;ìÍU�ô
S\e�g\c�U�ðfR�,£R�X�ìZeZä�U�gVU�ìZehS\ehg\R,X���S\í�e�c{g1Ânõ7ã ú .	àdjÚP�R�cf^ Þ@U
ä�U_cf^kS\cf^�ÞEä�U�gVU_` cfÞ�ì ]�í ehg\e	S\í�e	P R�ehg�R�cfìZä�ð{jÍä·U�cf^dS\R�â�X_ðfX_g
ä«X_cf^dS\R�X�^ÙUZR�P g���U_â�e è ñ�í eIRTj�RTS\e�ì U�S�S\ehìZä S\R�S\Xq��^·`bS\í e
à«ehRTS²W_U_ðfP�e�R���X_g×S\í�eiR�P g��£U�â�e�âVí·U�gVU_âhS\ehg\cfRTS\cfâ�R[R�P â�í<S\í·U�S×S\í e
ä«X_cf^dS\R�]�cfðfð�g\ehSVU_cf^bS\í e�c{g7U_R�R�cfÞ�^ e�`bâ�X_ðÅX�g7cÅ^�S\í�e���^·U�ð�g\eh^ ô
`�ehg\cf^�Þ è ãQe�ä«e�^·`�cf^�ÞQX_^IS\í e�^dP�ìEà«e�g[X��«âhX�^�RTS�gVU�cf^dS\R-,£â�X_ðfX_g
ä«X_cf^dS\R/.ÕÞ�cfWre�^ÍàkjES\í e�P R�ehg	�kS\í�e7ä g\X_à�ðfe�ì â�U_^°e�c{S\í�e�g�à«e�U
^ X�^�ôvðfcf^�e�U�g,â�X�^ RTS�gVU_cf^�e�`ÛX_ä S\cfìZcfù�U�S\cfX_^ X�^�eÄ,�]�í e�^ S\í�e�g\e
U�g\eÍðÅehR�REâ�X_ðÅX�g;ä«X_cÅ^kS\R<S\í·U�^ W�U�g\cÅU_à�ðfe�R�S\X��·^�`ÒX�P�S�.	X_gEU
]ne�cfÞ�íkS\e�`8ðfe�U_RTS�ôpR\òkP·U�g\e�R���S�S\cf^�Þ3ä g\X_à�ðfe�ì ]�c{S\í ä«e�^·U�ð{S�j�¬P�^ âhS\cfX�^�R S\XQâ�X_^�RTS�gVU_cf^,S\í�enW_U_ðfP e�R²X���R�P g���U_â�e�ä�U�gVU_ìZe�S\ehg\R,£X�S\í�ehg�]�cfR�eA. è�ú X�giS\í es��X�g\ìZehg	�_e�U_âVí;â�X_ðÅX�gnä«X_cf^dSicfRÕâ�X�^ R�cÅ`�ô
e�g\e�`@U_R�UÍWrX�ðfP�ìZe,cf^ÙS\í e é ãQôpâ�X�ðfX�g�R�ä·U_âheEX���U_â�âhe�ä SVU�à�ðfe
âhX�ðfX_g\R���cf^kS�g\Xd` P â�cf^�ÞÍS�]�XÍcf^�e�òdP�U_ðfc{S�jÑâhX�^�RTS�gVU�cf^dS\RQcÅ^@e�U�â�í
`�c{g\e�âhS\cfX�^Ä,U�^·`;^�X�W_U_ðfP�e�â�U�^Zà«e�^�e�Þ�U�S\cfWreA. èdú X_gnS\í e�^�X�^�ô
ðfcf^�e�U�g	�[ðfe�U�RTS�ôvR\òkP�U�g\e�R<��S�S\cf^�ÞÑä�g\X�à�ðfe�ì��!S\í�e°U�P S\í�X�g\REP R�e
ä«eh^·U_ð{Svj��¬P�^�â�S\cÅX_^�R�S\X@cÅ^kS�g\Xd`�P�â�e;S\í e°âhX�^�RTS�gVU�cf^dS\R è ü�ðfR�X@�
S\í e�RTj RTS\ehì cfR	ìZXd`�c��·e�`�S\X°U�R�R�cÅÞ_^Ò`�c�)�ehg\e�^kS�]ne�cfÞ�íkS\R	`�ehô
ä«eh^·` cf^ Þ<X�^;S\í�e�ðfXkâ�U�S\cÅX_^�X�� S\í e�â�X�ðfX_g�ä«X�cf^kS\R��ke è Þ è U�SnS\í e
` U�g��ÍR�cÅ` e<X��ÕU_^0X_à�á�e�âhS�S\í�e�U�ìEà cÅeh^dSnS\ehg\ì ` X_ìZcf^·U�S\ehR è
ü7^�X_S\í ehgÛcf^dWrehg\R�e9g\e�À�e�âhS\X_ìZehS�g�jBä g\X_à�ðfe�ì ä«X_R�e�` àkj
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w ��xUy*z	{��5|²z	y£�	~;z	�:� �-z	{������r|Õ�������-���U�L{��V��x��-�[���:�����������5|[�v���\� ����x
ï U�g\R�âVí�^ ehg 2s# M � d	��2 � ÷�ô ��� ]�U_R â�U_ðfðfe�` ¿�ÆZÈ�Àk»hÐvÃ\È_½h»�¾ë�ì-í�î ÆZ»\È�½VÇd¼�»�ÆÍ»�¹�Ê �Q]�í�cfâ�í ä g\e�R�e�^kS\R@U9RTj�RTS\e�ìHS\í�U�S
ìZe�U�R�P g\e�RÑg\e�À�e�âhSVU_^ â�eÛòkP�cfâ/��ð{j8]�c{S\í�X_P SÙR�ä«e�â�cÅU_ðIe�òkP�cfä ô
ìZe�^kS è ñ�í ebìZehS\í Xd` ]�X_g��dR;àkj SVU��dcÅ^ ÞÒU@R�ehg\cfe�R;X��	ä í�X_ô
S\X�Þ�gVU_ä í�R×X�� U�â�P g\Wre�`	X�àdáTe�âhS	��e�U_âVí<cfìÍU_Þ�eiâ�U�ä S\P g\cf^ Þ�ðÅcfÞ_ídS
g\e�À�e�âhS\e�` àkjÒ` c�)�ehg\e�^kS\ð{j X�g\cÅeh^dS\e�` ä·U�g�S\RIX���S\í�eÍR�P�g��£U_âhe è
ñ�í�eiä�í X_S\X_Þ_gVU_ä í�R×U�g\e�U_^·U�ð{j ùhe�`	S\X�`�ehS\ehg\ìZcf^�e[S\í esÂnõ7ã ú
àkjÑP�R�cf^ Þ0UÍâ�P g\Wre�`ÑS\ehRTS�R\U_ìZä�ðfe�]�c{S\í �d^�X�]�^ÙR�í·U_ä«e��!U_^
cfìÍU_Þ_cÅ^ Þb`�ehS\e�âhS\X�g�U_^�`ÚU�P S\X_ìÍU�S\e�`Ñä�í X_S\X_Þ_gVU_ìZìZe�S�g�jbS\X
ìZe�U�R�P g\e�S\í enâ�U�ìZehgVU�ä«X�R�c{S\cfX�^���ðfcfÞ�íkSÕR�X�P�g\â�e�ðfXkâ�U�S\cÅX_^ZU_^�`
R\U_ìZä ðfeZä�ðÅU_â�ehìZe�^kS è ü�S���g\RTS	�!S\í�e Àk»�Â_ÆZ»�Ê£¼�¿£ÌbÌ\È�Ä ¿Ãh¼TÈ_Ê£¿Â_¹
RTSVU_Þ_eÚP R�e�R°ìÍU_âVí�cf^�ehôg\e�U_`�U�à�ðfeÑSVU�g\Þ�e�S\R�]�c{S\í e�ìEà«e�`�` e�`
cÅ` e�^kS\c��·â�U�S\cfX�^3â�Xd` ehRZä�ðÅU_â�e�`3^ e�U�g;S\í ebR\U�ìZä�ðfe°S\XÒU_ðfðfX�]
ä�í X_S\X_Þ_gVU_ìZìZe�S�g\cÅâ0S\ehâ�í ^�cÅòkP�e�R�2s# M � dÑS\X à«e@U_à ðfe@S\X ðfX�ô
â�U�S\ebS\í�X_R�eÑR\U_ìZä�ðfe�R è ñ�í e0cf^@��X�g\ìÍU�S\cfX�^.` ehg\cfWre�`Ûcf^KS\í cÅR
RTSVU_Þ_ebcfRES\í e�ä«X_R�cfS\cfX_^9X��7S\í�e°ðfcfÞ�íkSZR�X�P�g\â�e��[S\í e�â�U�ìZehgVU
ðfXkâ�U�S\cfX_^B�¬X_g�e�U_âVí°ìZe�U_R�P g\ehìZe�^kSnU�^·`ES\í e7ðfXkâ�U�S\cfX�^°X��!S\í�e
R\U_ìZä ðfe è ñ�í e�^ e�dS×RTS\e�ä�� ¼TÈr¾_¿Â_ÆZ»�Ê£¼�¿£Ì7Ì\È�Ä ¿£Ãh¼�È_Ê£¿Â�¹ ��X�à�SVU_cf^�R
S\í�e�g\e�ðÅU�S\cfX�^ R�í�cfä0à«ehSv]�e�e�^�S\í�eQgVU_` cÅU_^ â�e	g\e�À·ehâhS\e�`°S\XIS\í�e
â�U�ìZehgVUÍU_^·`0S\í eIc{g�gVU�`�cÅU_^�âheZ` P e�S\XÍS\í�e,R�X�P�g\â�e è ü7^ÑcÅì;ô
ä«X_g�SVU�^kSÕU_R�R�P ìZä S\cfX�^,` X_^�e�cÅ^�S\í�X_R�e�ìZe�U�R�P g\e�ìZe�^kS\R!cfR²S\í�e
U_ä ä g\X	�cfìÍU�S\cfX�^ÚX���S\í e;R�X�P�g\â�eÍU_R,UbR�cf^�Þ_ðfe°ä«X_cf^dS	��]�í cÅâVí
cfREâ�X�g�g\e�âhS;]�í e�^ S\í�eÍR�X_P g\â�e�cÅRIR�ìÍU_ðfð�â�X_ìZä·U�g\e�`ÒS\XÑS\í�e
` cfRTSVU�^�â�e0S\X S\í e0R\U_ìZä ðÅe è ñ×X Þ_ehS°S\í�eÑU�à�R�X�ðfP�S\eÙìÍU�Þ�^ cfô
S\P·`�e�X��!S\í�e�Ânõ�ã ú â�X�g�g\e�âhS\ð{jL�rS\í�e�j;ìZe�U�R�P g\e�`ES\í e�cf^kS\e�^ ô
R�c{S�jZX�� S\í e�ðÅcfÞ_ídSnR�X�P�g\â�e�g\e�ðÅU�S\cÅW�e�S\X<S\í�e�â�U�ìZehgVU<R�e�^�R�c{S\cfWkô
c{S�jÍàkjZä í�X_S\X_Þ_gVU�ä�í�cf^ Þ;UE`�c�)�P�R�e�]�í c{S\eQg\e���e�g\e�^�â�eQR\U_ìZä�ðfe
cf^9U��d^�X�]�^Kä«X_R�c{S\cÅX_^ è ñ�í�e�ð�U�RTS°RTS\e�ä�� ¾rÈ�ÊpÈÑÁ�¼�Â�ÌV»�½\½V¿¬¹dÀ �
cfR�ä«e�g���X_g\ìZe�`bàkj�S\í e ¾k»hÐp¼�»�¹«¾k»�¼�»�¼ ��]�í cÅâVíÑP�R�ehR7RTSVU�^·` U�gV`
g\e�^�` ehg\cf^�ÞÍS\e�âVí�^ c�òkP e�R 2 � ÷�ô ��� S\XB��^·`0S\í�eIcÅ^kS\ehg\R�ehâhS\cfX�^
ä«X�cf^kS�X��×e�U_âVíbä c� ehðf� R�Wdcfeh]�cf^�ÞEgVU�jZ]�c{S\í�S\í eQR\U�ìZä�ðfe	R�P g�ô�£U�â�e<U�^·`ZS\XIâ�X_ìZä�P�S\e7S\í e�gVU�`�cÅU_^�âhe��¬g\X_ì S\í�e�R�X�P�g\â�e è ñ×X
X�à�SVU_cf^9S\í eÑ` e�R�c{g\e�`µÂnõ7ã ú W�U�ðfP�e��iS\í�eÑ`�ehôg\e�^·`�ehg\ehg°`�cfô
WdcÅ` e�RnS\í e�ä c� ehðf� R�ìZe�U_R�P g\e�`ZgVU_` cÅU_^ â�e	àkj;S\í e�c{g�gVU�`�cÅU_^�âhe è
ñ�í�eÍ`�ehôg\e�^·`�ehg\ehg	� R�X�P�S\ä�P S�cfR,UbðfcfRTSEX��-Ânõ7ã ú R\U_ìZä ðÅehR��
e�U�â�í cf^ â�ðfP·` cf^ Þ0S\í�eZcf^�â�cÅ`�e�^kSE`�c{g\e�âhS\cfX�^��×S\í�eZe� c{SVU�^dSI`�cfô
g\e�âhS\cfX_^ÑU_^�`°S\í�e<W_U_ðfP eC��X�g�S\í�U�S�â�X_^@�·Þ_P gVU�S\cÅX_^ è
ã	e�à«e�Wrehâ ehS U�ð è ó 0 F>ô 8�8 g\e�â�X�Wrehg\e�`CU9S�]�X�ôpä·U�gVU�ìZehS\ehgÂnõ7ã ú ìZXd`�e�ð ��X_g@S\í eÒídP�ìÍU�^ R��dcf^(]�c{S\í(â�X�ðfX_gÙR�ä�U_â�e

U_^�U_ð{j�R�cfRbS\e�âVí�^�cÅòkP�ehRB��g\X�ìHUÛR�ehSbX��Iä�í�X�S\X�Þ�gVU_ä�í R�]�c{S\í
W_U�g�j�cf^�Þ0cfðfðfP�ìZcf^·U�S\cÅX_^ è ñ×X@` X�S\í·U�S	� S\í�ehjÚU�R�R�P�ìZe�`ÚS\í�U�S
S\í�e�R�ä«e�â�P ð�U�g7â�X�ìZä«X_^�e�^kSn]�U_R�S\í�e�R\U_ìZe�â�X�ðfX_g�U�R�S\í�e	cf^ ô
â�cÅ` eh^dSIðfcfÞ�íkS	�²]�í�cfðfeÍS\í�e°` c�)�P�R�eÍX_^�eÍ]�U_RIX�à�SVU_cf^�e�` cf^ÛU
S�]nX_ôpRTS\e�äÛìÍU_^ ^�ehg æ ��g\RTS	�Õàkj � S�S\cf^�ÞÙU"=×U_ìIà«ehg�S\cÅU_^ÛðfX�à«e
S\X<X�à�SVU_cf^ZS\í�e�R�P g���U_â�e7^�X�g\ìÍU_ð*�kU�^·`ES\í e�^1�·^�` cf^�Þ	S\í e�ä·U�ô
gVU_ìZe�S\ehg\R cf^	S\í e�c{g²ìZXd` ehð�àkj�� S�S\cf^�Þ�S\í�ehì8S\X�S\í eiX_à�R�ehg\W�e�`
âVí g\X�ìÍU�S\cfâ�c{S\cÅehR�cf^°S\í e�X�g\cÅÞ_cf^·U_ð�P ^ ôpR�e�ä·U�gVU�S\e�`;g\e�À�e�âhSVU�^�â�e��P ^�âhS\cfX_^ è YÕg\ehW�cfX_P�R�ð{jL�«ß�U�S\XIehS7U_ð è t � ø ��ö í�U�`°ä g\e�R�e�^kS\e�`°U
R�cfìZcfð�U�g�U�ðÅÞ_X_g\c{S\í�ìBS\X	g\ehS�g\cfe�Wre�S\í e�R�í·U_ä«e�U_^�`IS\í�ehÂnõ7ã ú
X��	â�X�^dWre�ÛX_à�á�e�âhS\RÍàkjÛP�R�cf^�ÞÒUÙS\P�g\^dSVU�à�ðfe0U�^·`KUÚR�cf^�Þ_ðÅe
ä«X�cf^kS�R�X_P g\â�e è ñ�í e	ìÍU_cf^°` c�)�ehg\eh^�â�e�à«ehS�]ne�e�^ZS\í�e�R�eQU_ðfÞ�X�ô
g\c{S\í�ìZR���X�g}Ânõ7ã ú g\ehâ�X�Wrehg�j<cfR S\í�U�S	��cf^<S\í�eÕR�e�âhX�^·`�RTS\e�ä<cf^
ß U�S\X<ehS�U_ð è �rS\í�e�`�c�)�P�R�e�ðfX�à«e�cfR²� S�S\e�`IS\X	S\í�e�`�c�)�P�R�e�S\ehg\ì
cf^bU�ìZXd` c���e�`Íñ×X_g�gVU�^�â�ehô�ßdä·U�g�g\X�]8ìZXd`�e�ð è ñ�í�e�c{g�ìZehS\í Xd`
g\e�òkP�c{g\e�` ÷ �y¬Eâ�X_ðÅX�gQcfìÍU�Þ�e�R�U�^·` ÷ ��gVU�^�Þ�e<ìÍU�ä�RnS\XIâ�X�ì;ô

ä P S\enS\í e9Ânõ7ã ú ä·U�gVU_ìZehS\e�g\R è ñ�í cÅRÕ]�X�g��IcfRiU_^Ee�dS\e�^�R�cfX�^
X��ÕU;ìZehS\í Xd` t�ø ��� S\í·U�S�g\e�â�X�Wrehg\e�`bU;R�cÅìZä ðfc���e�`bñ X_g�gVU_^ â�ehô
ßdä·U�g�g\X�]Bg\e�À�e�âhS\cfX�^ÒìZXd` e�ð���X�g;U�^ cfR�X�ðÅU�S\e�` X�àdáTe�âhS<�¬g\X_ì
UÙR�e�òkP�e�^ â�ebX��	gVU_^ Þ�e0cfìÍU�Þ�e�RÍU�^·`9U@g\e�â�X_^�RTS�g\P�â�S\e�` é ã
ìZXd`�e�ð*�·â�X_^�RTS�gVU�cÅ^ cf^�ÞÍS\í�e�â�U_ìZe�gVUÍä�U�gVU�ìZehS\ehg\R	U�^·`0ðfcfÞ�íkS
R�X_P g\â�e�ä«X_R�c{S\cÅX_^ è ,ñ�í ehj,P�R�e�`,S\í�e-= ehWre�^dà«ehg\Þ_ô ï U�gVòdP�U�gV`dS
^dP ìZehg\cfâ�U_ð�ìZcf^�cfìZcfù�U�S\cfX�^IìZehS\í�Xd` è .Õñ�í cfRi]�U�jL��S\í�e�jI]nehg\e
U�à�ðfe<S\XÍR�e�ä·U�gVU�S\e�S\í�e,` c�)�P�R�eIU_^�`0R�ä«e�â�P ð�U�g	â�X_ìZä«X�^ e�^kS\R
U�^·`<g\e�â�X�Wrehg[S\í e�P�^ c���X_g\ì*g\e�À·e�âhSVU�^�â�enX��·S\í e�R�P g���U_â�e è6r ^�ô
ðfc��re ï U�g\R�â�í ^�ehg,ehSIU�ð è 2s# M � dA��2 � ÷�ô ��� �×ß U�S\X0ehSIU_ð è R\U_âhg\c{ô��â�e�`;S\í�e�Þ�e�^ ehgVU_ðfc{S�j°X��²ìZe�U�R�P g\cf^�ÞIU<�¬P�ðfð�Ânõ�ã ú U�S�e�U�â�í
R�P�g��£U�â�eQä«X_cÅ^kS�U_^·`;cf^ RTS\e�U�`ÍP�R�e�`ÍU<R�cf^�Þ_ðÅe�ôb�¬X_g\ìIP�ðÅU,ìZXd`�e�ð
X���R�ä«e�âhP�ðÅU�g,U�^·`Ò`�c�)�P�R�eIg\e�À·e�âhSVU�^�â�eIS\Xbe�dS�gVU_ä«X_ðÅU�S\eES\í e
U�ä�ä«e�U�gVU_^ â�e�U�S7^�X�Wrehð!Wdcfeh]�ä«X_cÅ^kS\R è
� þ<�!þ<�!þ N �>��� ´�µ>��� _R© � _ � ¶�� �$� ´y`
¦ P�U_^·` ï U_ðfc�� þ 2 � d�ä�g\e�R�e�^kS\e�`�U_^ÑU�ä�ä g\X�U_âVíbS\X;ä�g\Xd` P�âhe
ä í�X�S\X_ôg\e�U_ðfcfRTS\cfânâ�X_ìZä�P�S\ehg×g\e�^�` ehg\cf^ Þ�R×X���g\e�U�ðkX�P�SV` XkX_g[U�g�ô
âVí�c{S\e�â�S\P gVU_ðkR�âhe�^�e�R9,£à P�cfðÅ` cf^�Þ-�£U�â�U�`�e�R/.×P�^�` ehg²^�X�Wre�ðkðfcfÞ�íkS�ô
cf^ Þ�â�X_^·`�cfS\cfX_^�R è ñ�í�ehcfg�RTj�RTS\e�ì P�R�e�R	U°R�ìÍU�ðÅð[R�e�S<X��nä�í�X�ô
S\X_Þ_gVU�ä�í�RÍU�RZcf^�ä�P�S	�iU_ðfX�^ ÞÒ]�c{S\í.UÙÞ�e�X_ìZehS�g\cfâÑìZXd` e�ð�X��
S\í eÕR�â�e�^�eiÞ�eh^�ehgVU�S\e�`�]�c{S\í�ä�í X_S\X_Þ_gVU_ìZìZe�S�g\cÅâ[S\e�âVí�^ cÅòdP e�R è
ñ�í e@cÅ^ ä�P�Sbä í�X_S\X_Þ_gVU�ä�í�R�U�g\e@SVU���e�^.]�c{S\í8UÛí�U_^�`�ôpí�e�ðÅ`
Ý�ÝnãKâ�U_ìZe�gVU�U�^·`�â�X�^dWrehg�S\e�`�cf^kS\X�gVU�` cÅU�^�â�e�cfìÍU�Þ�e�R ó 2 ��ö è
ñ�í ehjÒ` e���^�e�`@S�]�XÑä R�e�P·`�X_ô]Ânõ7ã ú R�� X�^ e°âhX_g�g\e�R�ä«X_^·` cf^ Þ
S\XÍS\í�eIR�ä«e�âhS�gVU�ð�`�cfRTS�g\cÅà P S\cfX�^ÙX���S\í�eIR�P�^ ,£ìZXd` e�ðfe�`ÙU_R	U
ä�U�gVU�ðÅðfe�ð«ðfcfÞ�íkSnR�X�P g\âheA.nU_^�`;X�^ eQâ�X�g�g\e�R�ä«X�^�` cf^�Þ<S\X�S\í�e�cf^ ô
S\ehÞ_gVU�S\e�`0ðÅcfÞ_ídSh�¬g\X_ì R��kj�,�S\í�ehjq� S	U;R��kj�ìZXd` e�ð�S\XÍUZR�ehS
X���â�U_ðfcfà gVU�S\e�`<ä�í�X�S\X�Þ�gVU_ä�í R/. U�^·`QS\í�eie�^dWdc{g\X�^�ìZeh^dS},£ìZXd`dô
ehðÅe�`ÙS\í g\X_P�Þ_íÒU°ðÅX�]�ôg\e�R�X_ðÅP�S\cfX�^3ß�ä í�ehg\cfâ�U�ð  ^dWdc{g\X�^�ìZeh^dS
ï U�ä$. è ñ�í�e�cf^�â�cÅ`�e�^kS[gVU�` cÅU�^�â�e�cfR�X_à SVU�cÅ^ e�`���g\X�ìCS\í�e�R�P ^��
R��kj°U�^·`�eh^�Wdc{g\X�^ ìZe�^kS	�r]�í�cfðfe	S\í�eQX�P S\Þ_X�cf^�Þ;` c�)�P�R�eQgVU_` c{ô
U�^�â�e�cfR�SVU��re�^1��g\X�ìBS\í�e�ä�í X_S\X_Þ_gVU_ä í�Ricf^�`�c{g\e�âhS\cfX�^ RnU�]�U�j��g\X�ì R�ä«ehâ�P�ðÅU�g�g\e�À�e�âhS\cfX�^ è  U_âVí���U_â�e<X��ÕUIà P�cfðÅ` cf^�ÞIìEP RTS
U�ä�ä«e�U�g;cf^KU�S;ðfe�U�RTSZS�]nXÙä í�X�S\X�Þ_gVU�ä�í R��ÕX�^�e°]�c{S\í9`�cfg\ehâhS
cfðfðfP�ìZcf^·U�S\cfX�^ �¬g\X�ì S\í�e°R�P�^KU_^·` S\í ebX_S\í ehg;]�c{S\í�X_P SZc{S è U_âVíÙä«X�ð{j�Þ�X�^Ùcf^ÑS\í�eEX�g\cfÞ�cf^·U�ðiÞ_e�X�ìZe�S�g\cÅâIìZXd` e�ð[cfRC� g\RTS
S�g\cÅU�^�Þ�P ðÅU�S\e�`3U_^�`KUÙ` e�^ R�ebÞ�g\c�`ÛcfRZR�ehSZP ä3X_^Ke�U_âVí3S�g\c{ô
U�^�Þ_ðÅe<cf^0X�gV` ehg�S\X;â�U_ä S\P�g\e	S\í�e<R�ä�U�S\cÅU_ð W�U�g\c�U�S\cfX�^�R�cf^bS\í e
ä R�e�P·`�X_ô]Ânõ7ã únè ñ�í�e<R�ä«ehâ�P�ðÅU�g7ðfX�à«ehRQU�g\e	g\e�â�X�Wrehg\e�`°]�cfS\í
U�^Íe�ìZä�c{g\cfâ�U_ð«ìZXd`�e�ð ÷ o F õ ��ö è ñ�í�e�R��djZU_^·`Íe�^dWdc{g\X�^�ìZeh^dS
U�g\eÙ` cfWdc�`�e�`9cf^kS\X R�ìÍU_ðfðQä cfe�â�e�R�U_^�`9S\í�eÑWre�â�S\X_gBÀ·P@3cfR
ä ðfP�Þ�Þ_e�`+�¬g\X_ì e�U�â�íÍä�cfe�âhe�cf^kS\X<S\í�e7R�ä«e�â�P�ðÅU�g�ìZXd` e�ð*�_S\í�P R
g\ehR�P�ð{S\cf^�Þ�cf^�U�ðfe�U_RTS�ôpR\òkP·U�g\eQìZcf^�cfìZcfù�U�S\cÅX_^Zä g\X_à�ðfe�ì è ñ�í e
U�P S\í X_g\R�U_R�R�P�ìZeÑS\í�U�S�e�U_âVí8W�cfR�cfà�cfðfc{S�jdôpà�ðfXkâ/��cf^ Þ3R�P�g��£U�â�e
cf^ÒS\í eZìZXd` e�ðií·U�R,S\í eZR\U_ìZeÍR�ä«e�â�P ðÅU�gIðÅX_à«e",£e��â�e�ä S��¬X_g
]�cf^�` X�]�R�]�í�cfâ�í0U�g\e<ðfe��¬S-�¬X_gh��P g�S\í ehg�cf^dWre�RTS\cfÞrU�S\cÅX_^$. è
ñ×X_Þ�ehS\í ehg[]�c{S\í<S\í�e ¼�»hÐvÄ ¿fÀ�ÏdÊ£¿�¹dÀ RTj�RTS\e�ì 2�õ ��ö ` e�R�âhg\cfà«e�`

cf^<R�e�â�S\cÅX_^ é � ï U�g\R�â�í ^�ehg	� R S\í e�R�cfR×ä�g\e�R�e�^kS\R!Sv]�X�cf^dWrehg\R�e[g\ehôÀ�e�âhS\X_ìZehS�g�j�ä g\X_à�ðfe�ìZR���S\í�es� g\RTSiX�^�e�à«ehcÅ^ Þ � Ï Â_ÊpÂ\À_¼�ÈVÁ Ïd¿Ì«»�Ë_Ê£Ç�¼�»sLÒ»�È_½\Çd¼\»�ÆZ»�¹�Ê 2s# M � d è�ç S\R@ä P g\ä«X�R�e cfR@S\X.â�X_^ ô
RTS�g\P âhSÚU9g\e�ä g\ehR�e�^kSVU�S\cfX�^CX��ZS\í�e R�ä·U�S\cÅU_ðfð{j�ôpW_U�g�j�cf^�Þ ä�U�ô
gVU�ìZehS\ehg\R<X���S\í�eqÂnõ7ã ú cf^Òe�òdP�U�S\cfX�^��:� à·U_R�e�`ÒX�^ R\U�ì;ô
ä ðfe�R;ä g\X�WdcÅ` e�`ÛàkjÛUÚR�e�SÍX��	ä í�X�S\X�Þ_gVU�ä�í RZX��QS\í ebX_à�á�e�âhS,£e�U_âVíÙ]�c{S\í���^ X�]�^ÙðfcfÞ�íkS\cf^�ÞbU_^�`Ùâ�U�ìZehgVUÍä«X�R�c{S\cfX�^$. è ú X�gDE°F>H�IvJ:K�MON�P�M #�Q H�R D %>S$%O% N D R #UT R N�V # V 7-W:X # D*Y�Z I X XL[ K�\ X R % H�IbM % � 8�8�^�_



w ��xUyOzA{h�5|}z	y£�	~�z	�:� �hz	{��¬�V�r|Õ�r�/���h�+�U�L{�����xT�-�Õ�/�:�����������5|Õ�p���V� ���Cx
S\í·U�S�g\e�U_R�X�^���U�Ânõ7ã ú ]�c{S\í@UÍR�ìÍU�ðfð×^dP�ìIà«ehg�X��Õä�U�gVU_ì;ô
ehS\ehg\R�cfR�â�í X�R�e�^ è×ç ^Òä�U�g�S\cfâ�P�ðÅU�g	�v��X�g,ìÍU_^kj@X���S\í eZe� U_ì;ô
ä�ðfe�R��[S\í ehj âVí�XkX_R�eÑUÙä P g\e°ðÅU_ìEà«e�g�S\c�U�^ Ânõ�ã únè ñ�í�e0U�ð{ô
Þ�X�g\c{S\í�ìé� g\RTS�ÞrU�S\í ehg\R�U_ðfðÕS\í�e;X_à�R�ehg\W_U�S\cfX_^�R<X��ngVU�` cÅU�^�â�e
g\e�À�e�âhS\e�`��¬g\X_ì UÍä·U�g�S\cfâ�P ðÅU�g<R�P�g��£U_âhe;ä«X�cf^kS<àkj0R\U�ìZä�ðfcf^�Þ
U_ðfðdS\í�e�P R�ehg�ôpä g\X�WdcÅ` e�`�ä�í X_S\X�Þ�gVU_ä í�R[cf^I]�í cÅâVíIS\í e�R�P g���U_â�e
ä«X�cf^kS7cfR�WdcfR�cfà�ðfe,U_^·`�cÅðfðfP�ìZcf^�U�S\e�` è·ú g\X_ì S\í�e�R�e<ìZe�U�R�P g\ehô
ìZe�^kS\R���U_^·`0P R�cf^�ÞZS\í�e��d^�X�]�^0Þ_e�X�ìZehS�g�jbX��ÕS\í�e�R�P�g��£U_âhe��
S\í�e�cf^ â�cÅ` e�^kSnU_^·`Ie��cfSVU�^kS�`�cfg\ehâhS\cfX�^�R�U_^�`ES\í�e�g\e�À�e�âhSVU�^�â�e
W_U_ðfP�e,U�g\e,â�X_ìZä�P S\e�`���X�g	e�U�â�í@X�à R�ehg\W_U�S\cfX�^ è ñ�í�e�R�e,R\U_ì;ô
ä�ðfe�RQU�g\e�P�R�e�`ÑU�SQS\í�U�S�ä«X�cf^kS�S\XZehRTS\cÅìÍU�S\e�ä·U�gVU�ìZehS\ehg\R7X��
S\í�e�Â�õ�ã ú ìZXd`�e�ð è ñ×XEX�à SVU�cf^ÑU_^Ñe�RTS\cfìÍU�S\e<X��[S\í�e5=×U_ì;ô
à«ehg�S\cÅU_^Ùâ�X_ìZä«X�^�eh^dSQX��nR�P g��£U�â�eIg\e�À·e�âhS\cfX_^�����X�g�e� U_ìZä�ðfe��
c{S;g\e�òkP�c{g\e�REUÙðfe�U�RTS�ôpR\òdP�U�g\e�R���S�S\cf^�ÞÙX��7S\í�e°W�U�ðfP�e�R��[]�c{S\í
]�ehcÅÞ_íkS\RES\í·U�S;`�e�ä«e�^·` X_^ S\í�e°cf^�â�cÅ` eh^dSEU_^�` e��c{SVU_^kSZ`�cfô
g\e�âhS\cfX_^�R���c è e è W�U�ðfP�e�R;]�c{S\í.Wdcfeh] X_g°cfðfðÅP ìZcf^·U�S\cfX_^.` c{g\e�â�ô
S\cfX�^ R,^ e�U�g�S\í e;R�P g���U_â�eÍ^�X�g\ìÍU_ðiU�g\eÍìZX�g\eEg\e�ðfcÅU_à�ðfeZS\í·U�^
R\U_ìZä ðfe�RES\í·U�SÍU�g\eb^�e�U�g�ôvÞ�gVU_ù�cf^ Þ@��U_^�`3R\U�ìZä�ðfe�RES\í�U�SZcf^ ô
â�ðfP·`�e<R�cfÞ�^�c���â�U_^kS7â�X�^kS�g\cfà�P�S\cfX�^���g\X�ì R�ä«e�â�P ðÅU�g�g\e�À·ehâhS\cfX�^
U�g\e�ðfe�R�R7g\e�ðfc�U�à�ðfe�S\í·U_^�S\í�X�R�e<S\í�U�SQ` XZ^�X�S è ñ�í e,R�ä«ehâ�P�ðÅU�g
ä·U�g�S	X���S\í e1Ânõ7ã ú cfR	í·U�^·` ðfe�`Ñàkj0âhX�ìEà cf^�cf^�ÞZìZe�U�R�P g\ehô
ìZe�^kS\Rs��g\X�ì ` c�)�ehg\eh^dS�ä«X_cf^dS\R���à�U_R�e�`bX_^�S\í e	R�P�ä ä«X�R�c{S\cfX�^
S\í·U�S�R�X�ìZe�ä·U�gVU�ìZehS\ehg\R�X��×S\í�e5Ânõ�ã ú U�g\e<R�ä�U�S\cÅU_ðfð{jbâhX�^ ô
RTSVU_^kSÕ]�í�cfðfe7X_S\í�e�g\R�ìÍU�j,W�U�g�j è ß�U_ìZä ðÅenä«X�cf^kS\RnU�g\e7âVí�X_R�e�^
U�SÕS\í e�Wrehg�S\cfâ�e�RÕX���U_^;X_ä S\cfìZcfù�e�`<S�g\cÅU_^�Þ_P�ðÅU�S\cfX_^ZX��·S\í e�X�à ô
áTehâhS	� R�R�P�g��£U_âhe���ä«e�g���X_g\ìZcf^ Þ<UQðfcf^�e�U�g�cf^kS\ehg\ä«X_ð�U�S\cfX�^1�¬X_giS\í�e
ä«X�cf^kS\R�cf^bà«ehSv]�e�e�^ è

õQU�ìÍU_ìZXkX_g�S\í cbU�^·` 4 U�^ gVU�í·U_^ g 068�c \ e�RTS\cfìÍU�S\e ðfX�]�ô
ä·U�gVU_ìZehS\e�g5Ânõ7ã ú R�P�R�cf^�Þ°U;S\í g\ehehôpâ�X�ìZä«X_^�e�^kS7ìZXd` e�ð X��
S\í�e°g\e�À·ehâhS\e�` ðfcÅÞ_íkS��·e�ðÅ` æ UÙ` c�)�P R�ebâ�X_ìZä«X�^�eh^dS	�²R�ä«e�â�P ô
ðÅU�g\c{S\cfe�RÄ�¬g\X_ì S\í�e R�ðfX�]�ð{jdôvW_U�g�j�cf^�Þ3ðfcfÞ�íkS\cf^�Þ U�^·`8R�ä«e�â�P ô
ðÅU�g�í�cfÞ�í ðfcÅÞ_íkS\R��¬g\X_ì5S\í�eÄ�£U�RTS�ôvW_U�g�j�cf^�Þ ðfcfÞ�íkS\cf^�Þ âhX�ìZä«X_ô
^�eh^dSC,£X�à�SVU_cf^�e�`q�¬g\X_ì U;ßdä�í�e�g\cÅâ�U_ð 4 U�g\ìZX�^ cÅâhR�` e�âhX�ìZä«X_ô
R�c{S\cfX�^$. è�ç S;cÅRÍR�í X�]�^3S\í·U�S;S�]nXÒðfXkX�ä R°ehRTS\cÅìÍU�S\ebS\í�ebä·U�ô
gVU_ìZe�S\ehg\RnX��×U<R�cfìZä�ðfc��·e�`Zñ×X_g�gVU�^�â�ehô�ßdä·U�g�g\X�]°Â�õ�ã únæ S\í�e
X�P�S\ehg�X�^�e��nS\í g\X_P�Þ_í U R�cfìZä�ðfe�9U_ðfÞ�X�g\cfS\í ì U�`�á�P�RTS\R°S\í�e
^�X_^ ôpðfcf^�e�U�g[ä·U�gVU_ìZehS\ehg\R���]�í cÅðfenS\í encf^�^ ehg[ðfXkX�äIä«ehg���X�g\ìZR[U
ðfcf^�e�U�g�X�ä�S\cfìZcÅù�U�S\cfX�^;X���S\í�e�` c�)�P R�e�U�^·`ER�ä«ehâ�P�ðÅU�gi]�ehcÅÞ_íkS\R
X���S\í eq�¬X_g\ìIP�ðÅU è²ú X_gER�ä·U�S\cÅU�ðÅð{j W_U�g�j�cf^�Þ"Â�õ�ã ú R��[U0ðfXkX�ä
X�Wrehg[S\í e�` c�)�ehg\e�^kSÕR�P�g��£U_âhe�ä«X�cf^kS\RicfRiU�` ` e�`IU_^�`,S\í�enìZe�^ ô
S\cfX�^ e�` U_ðfÞ�X�g\c{S\í�ì cfR°g\e�ä«e�U�S\e�`Ü��X_gbe�U_âVí8ðfXkâ�U�S\cfX�^ è ñ�í�e
ìÍU_cf^E` c�)�ehg\e�^ â�e�]�c{S\í;ä g\e�WdcfX�P R[]�X_g��$��U_^�`Ie�R�ä«e�âhc�U�ðfðfjES\í�e
X�^ e�R7U_à ðÅe�S\XE]�X�g��Í]�c{S\í�X�P SV`�XkX_g7R�â�e�^ e�R�� cÅR�S\í�U�S�c{S�` Xke�R
^�X�S@U_R�R�P ìZeÒUÛR�cfìZä�ðfeÙä·U�gVU�ìZehS�g\cfâÒìZXd`�e�ðC��X�g@R��kj ðfcfÞ�íkS
ðfc��re ¦ P8U_^�` ï U_ðfc�� þ 2 � d ��^�X_g0` Xke�R�c{Sbg\e�òkP�c{g\e�R�í�cfÞ�í ð{j
â�X_^dS�g\X_ðfðÅe�`ÍðfcfÞ�íkS\cf^�Þ�â�X_^·`�cfS\cfX_^�RC,£Þ_e�^�e�gVU_ðfð{jZàkjEâ�U�g\e���P ð«U_â�ô
S\cfWre;ä«X_R�cfS\cfX_^�cf^�ÞÑX���UbR�cf^�Þ_ðÅeZR�X_P g\â�e	.<ðfc��re ï U�g\R�â�í ^�ehg,ehS
U_ð è 2�õ ��ö è ü7ðfR�X@� õQU�ìÍU_ìZXkX_g�S\í cÕU_^�` 4 U�^ gVU�í·U_^@]�e�g\e;S\í�e��g\RTS�S\XZR�X_ðÅW�e�S\í e ç õ�Y �¬X_g�Þ�e�^ ehgVU_ð cÅðfðfP�ìZcf^�U�S\cfX�^�,£c{g�gVU�`�c{ô
U_^ â�eA.��d]�c{S\í�X_P S�g\e�òkP cfg\cf^ ÞER�cfìZä�ðfe5Â�õ�ã ú R�X_g�ðfX�]8g\e�R�X�ðfP�ô
S\cfX�^bS\e��S\P�g\e�R�� U_R7cf^�S\í�eQä g\e�WdcfX�P R�ðfj�ìZe�^kS\cfX�^ e�`Í]nX_g�� è

� þ/�×þ�l � � ¶©�*�×±	�Æ� � ±�� �9ÿ _ �
ñ�í e9��g\RTS�cÅìZä«X�g�SVU_^kSÕS\í�cf^�Þ	S\X<^ X_S\cfâ�e�cfR�S\í�U�S	��S\X	S\í e�à«e�RTS
X��7X�P g��d^�X�]�ðfe�` Þ_e��²S\í ehg\e°U�g\e°^�XÑe�)�X�g�S\RIS\XÑR�X�ðfWreÍS\í�ehR�e
ä�g\X�à ðÅehìZR�]�cfS\í ï X�^kS\eIÝ�U�g\ðfX_ôpà·U�R�e�`0ìZehS\í Xd` R�� U_ð{S\í�X_P�Þ_í
S\í ehjÍâ�X_P�ðÅ`bà«e	]�ehðÅð!R�P�c{S\e�`B��X_g�S\í cÅR-�dcf^·`°X��[ä�g\X�à�ðfe�ì è
ç ^bÞ�eh^�ehgVU�ðf� ]�e<â�U�^0ìÍU���e<U���e�](X_à�R�ehg\W_U�S\cfX_^�R æ

M ç ^8S\í eÚâ�U�S\e�Þ_X_g�j8X��;OQe�^ ehgVU_ð ç ^�W�ehg\R�e@õ�e�À�e�âhS\X_ìZehS�g�j
Y[g\X�à ðÅehìZR���]ne â�U_^ X�à�R�e�g\WreÒS\í·U�S0S\í�eÒìZehS\í�Xd`8P�R�e�`
àkjèÂ�X�cfWdcÅ^ U�^·`8O	U_Þ�U_ðfX�]�cfâ�ùAW'õ�8�c@ä�g\e�R�e�^kS\R�S\í eÙâhðÅe�U�g
U_` W_U_^kSVU_Þ_e X�W�ehgÛX_S\í ehgÛcfìÍU_Þ�e�ôvà�U_R�e�` ìZehS\í�Xd`�Rè,£ðfc���e
ã	ehà«e�Wre�â3ehS U�ð è ó$Ib\ � d � ¦ PCehS U�ð è þ ó 2�0 ��� ��=!X�R�â�X_R ehS
U�ð è ÷ o ó�ô ����� ú X�P�g\^�cfehg�ehS�U�ð è o�õ g � ^ U�^·`°ãQg\ehS�SVU��dcfR�ehS7U_ð èó�g W ��ö .7cf^0S\í·U�SQc{SQP�R�e�R7S\í�e,U�g\e�UZâ�X�Wre�g\e�`Ñàdj°S\í�e�ä�g\X_ô
á�e�âhS\cfX�^ÚX���U�^ÚX_à�á�e�âhS�cf^ÑS\í�e,g\e�U_ðÕcfìÍU_Þ_eEX_g	cÅìÍU�Þ�e�R	S\X
`�ehS\ehg\ìZcf^�eÍc{S\R,g\e�À·e�âhSVU�^�â�e��ÕU_^�`ÒS\í�P REU�WrX_cÅ` REä�g\Xd` P âhô
cf^�ÞIðÅU�g\Þ�eQehg�g\X_g\R��¬X_g�R�ìÍU_ðfð�X�àdáTehâhS\R���R�cÅ^ â�eQS\í cÅRnìZehS\í�Xd`
P R�e�RÑU���e�e�`�à·U�â��9S\í�g\X�P Þ�í S\í�eÙâ�X�ìZä�U�g\cfR�X�^ à«ehSv]�e�e�^
g\e�U�ð7U_^·` RTj�^kS\í�ehS\cfâ°cfìÍU_Þ�ehRÄ,£R�cÅÞ_^�c��·â�U�S\cfWre�ð{j g\e�`�P�â�cf^�Þ
à c�U�R/. è ü7ðÅR�X'��c{S�` Xke�R°^�X�S�^ e�e�`.UÚR�ä«e�â�P�ðÅU�gbí cÅÞ_í�ðfcfÞ�íkS�¬X_g0e�U_âVí.R�P g���U_â�e@S\XÛU_ä ä«e�U�g�cf^ U�S�ðfe�U_RTSbX�^�eÑcfìÍU�Þ�e��
U�R ¦ P�e�SQU�ð è þ ó 2�0 ��� `�X è�? ^°S\í�e	X�S\í�ehg7í�U_^·`���X_à�R�ehg\W�e
S\í�U�S<S\í�eIìZehS\í�Xd`Ñàkj ¦ PÙe�S,U_ð è þ ó 2s0 ��� U_^�`@S\í e;X�^ e
àkj�ÂnX�cfWdcf^@U_^�`ÑO	U_Þ�U_ðfX�]�cÅâhùAW@õ�8�c	]nX_g��°X�^��¬P�ðfð×R�â�eh^�e�R��
]�í cÅðfe0ãQe�à«e�Wre�â ó�Ib\ � dÍX�^ ðfj e�RTS\cfìÍU�S\e�`ÛìÍU�S\ehg\cÅU�ð�ä g\X_ä ô
ehg�S\cfe�R7X�^bUEä·U�g�S7X��²S\í e<R�â�e�^�e è

M & c{S\í g\e�R�ä«e�âhSÑS\X9gVU_` cfX�R�c{Svj�ôpà�U_R�e�`(U_ä�ä�g\XrU�â�í e�R��Qc{S@cfR
cfìZä«X_g�SVU�^kS;S\XÚ^ X_S\e°S\í·U�S;cÅ^ ó�g W ��ö S\e�dS\P g\e�REX��<U�g\à�c{ô
S�gVU�g�j g\e�R�X�ðfP S\cfX_^*U�g\eÚe�dS�gVU_âhS\e�`���à�P�S0P ^@��X�g�S\P�^�U�S\e�ð{jL�
S\í e�c{gIìZe�S\í�Xd`ÑR\U_âhg\c���â�e�R�S\í�e;P R\U_Þ�eZX���`�j�^�U_ìZcfâEâ�U�ì;ô
ehgVU�R<U_^�`0g\e�U_ð[R�â�eh^�e�R7S\X°Þ�U_cf^ÙR�ä«e�e�`��«U_^·`0S\í eIòkP�U_ðfc{S�j
X��7S\í eZX�à�SVU_cf^�e�`ÚcÅìÍU�Þ�e�R,cfRIR�ðfcfÞ�íkS\ð{j `�ehôpÞ_gVU_`�U�S\e�` ` P e
S\XbS\í e;P�R�eEX���Ubä«X_ð{j Þ_X�^�ôvä�g\X�á�e�âhS\cfX�^ÒìZehS\í�Xd`@cf^�RTS\e�U_`
X��[gVU�jÍS�gVU�â�cf^�Þ è
r ^�ðfc��re	X_S\í ehg7ä g\e�WdcfX�P R�g\e�R�e�U�g\âVí��6= X_R�â�X�R7ehS�U_ð è ÷ o ó�ô ���
U�ðÅðfX�] �¬X_g	UIg\e�RTS�g\cfâhS\e�`0R�ehS�X��²Â�õ�ã ú R<,£ä P g\e�ð{j�` c�)�P R�eA.
S\X<à«e�g\e�â�X�Wre�g\e�`���à�P SÕ]nX_g��E]�c{S\í;S\í�e�R�cfìZä ðÅehRTSnâ�U�ä S\P�g\e
ä�g\Xkâ�e�R�RQR�cf^ â�e�P�R�ehg�ôpâ�X_^dS�g\X_ðfðÅe�`@R�ä«ehâ�c��·â�ðfcÅÞ_íkS\cÅ^ ÞÍcÅR7^�X�S
^ e�e�` e�` èdï X_RTS�cfìZä«X_g�SVU�^dS	��S\í�cfR�ð�U�RTSn]nX_g��Z`�Xke�Rn^ X_SnU�S�ô
S\e�ìZä�SQS\X�ä«ehg���X�g\ì UÍg\e�À·e�âhSVU�^�â�eEe�RTS\cfìÍU�S\cfX�^�� R�cf^ â�e;c{S
P R�e�R	UZR�cfìZä�ðfe�S\e�dS\P g\e<ìZXd` P ðÅU�S\cfX�^Ä��X�g<`�cÅR�ä ðÅU�j è ü�ðfR�X@�
cf^ÒâhX�ìZä·U�g\cfR�X�^���S\í eI]�X�g��Ñàkj ¦ P@ehS�U�ð è þ ó 2�0 ��� cfR5��U�g��g\X�ì5cf^kS\ehgVU_âhS\cfWre���à�U_R�cfâ�U�ðÅð{jKà«e�â�U�P�R�e0X��QS\í�e�Þ�e�^ ehgVU_ð{ô
c{S�j@X��nS\í e;U_ðfÞ_X_g\c{S\í�ì P R�e�`Ä��X_g<S\í eEðfcfÞ�íkS�ä g\X_ä·U�ÞrU�S\cfX_^,£õ�ü�ã ç ü � Ý  .Q`�e�R�ä�c{S\eES\í e1�£U�âhS,S\í·U�S<S\í e;ìZehS\í Xd`ÙcfR
R�ä«e�âhc���â�U_ðfð{j3SVU_cfðfX_g\e�`KS\XÙS\í�ebgVU_` cfX�R�c{SvjKR�e�S�S\cÅ^ Þ è 4 X�]�ô
e�W�ehg	��c{S�í�U_R�cf^�RTS\e�U_`�S\í�e	âhðÅe�U�g�U�`�W�U�^dSVU�Þ�e<X��[í·U�^·` ðfcf^�Þ
U�^dj°Wdcfeh]�ä«X�cf^kS7cf^bS\í�e	eh^�Wdc{g\X�^ ìZe�^kS è

M ç ^KS\í�e�= Xkâ�U�ðfôpà�U_R�e�`.U�ä�ä�g\XrU_âVí�ehR°R�P à�R�e�â�S\cÅX_^��i]�eÑX_à ô
R�ehg\W�e�S\í·U�S[S\í e�ìZehS\í Xd`,àkjIY²X�P ðÅcf^;e�SiU_ð è ['i�o � d�U_^�`,S\í e
X_^�e,àdjbY²X�P ðfcÅ^ÙU�^·` ú X_P g\^�cfehg�[:o ��� U�g\e�S\í�e�X_^�ð{j0cf^kS\ehg�ô
U�âhS\cfWre;ìZehS\í Xd` R�S\í�U�S�U�ðfðÅX�] R�X�ìZeIR�X_g�S�X���S\e�dS\P g\e�g\ehô
â�X�Wre�g�j è�ç ^ RTS\e�U�`�� ? ��e��QehS[U�ð è i t�g �<��öi` X�^�X�SÕU�S�S\e�ìZä�S S\X
`�X;g\e�U_ð{ôS\cfìZe,ä�g\Xkâ�e�R�R�cf^�Þ'��à�P�S7S\XZâhX�ìZä�P�S\e	í�cfÞ_í@òdP�U_ð{ô
c{S�j°ìIP�ð{S\c{ôpg\ehR�X�ðfP S\cfX�^°S\e�dS\P g\e�R���g\X�ì cfìÍU_Þ_e<R�e�òkP�e�^ â�e�R èDEèF>H�IÒJLK�MON�P�M #�Q H�R D %$S$%O% N D R #UT R N�V # V 7-W'X # D*Y/Z I X XL[ K�\ X R % H�I]M % � 8�8�^�_



w ��xUy*z	{��5|²z	y£�	~;z	�:� �-z	{������r|Õ�������-���U�L{��V��x��-�[���:�����������5|[�v���\� ����x
ñ�í�e�]�X�g���àdj,ã<U�^·U7ehS�U_ð è ó$Å õ�ÿ$! ����í�U_R[S\í�e�ä�g\X�à ðÅehì*X��
à«e�â�X�ìZcf^ ÞQcfìZä gVU�âhS\cfâ�U_ð:��X�g�âhX�ìZä�ðfe��Ânõ7ã ú RÕ`�P�enS\XQcfS\R
í�cfÞ�í�RTS\X_gVU�Þ�e�â�X�RTS\R���U�^·`Qg\e�òkP�c{g\e�R!S\í�eÕðfcfÞ�íkS\cf^�Þ�S\X7à«e[S\X�ô
SVU_ðfð{j��d^ X�]�^q��X�g�S\í�eQcfìÍU�Þ�e�R è6? ^°S\í eQX�S\í�ehg�í�U_^·`��dS\í�e
ìZehS\í�Xd`	àkj�=!e�^�R�âVí�ehSÕU_ð è ÷ !>õ ô 8�c í·U�R S\í�enU�`�W�U�^dSVU�Þ�eiX��
^�X_Sng\e�òkP�c{g\cf^�Þ,UIä�U�g�S\cfâ�P�ðÅU�g-Ânõ7ã ú X_g�U,í X�ìZX�Þ_e�^�ehX�P�R
ìÍU�S\ehg\cÅU_ð*� ðfc���e	ìZX�RTS�X��²S\í�eQä g\e�WdcfX�P R�ðfj°ìZe�^kS\cfX�^ e�`°U_ä ô
ä g\XrU�â�í e�R���à�P�SQg\e�òkP cfg\ehR���P ðfð���^ X�]�ðÅe�` Þ�eIX��iS\í�e,X�àdáTe�â�S
Þ�e�X_ìZehS�g�jL��ðÅcfÞ_ídS\R7U�^·`�â�U_ìZehgVU è
ñ�í�eQìÍU�cf^b`�c�)�e�g\e�^�â�e�à«ehS�]ne�e�^°S\í�e�]nX_g��dR�àkjZã	e�à«ehWre�â
ehSÙU_ð è ó 0 F6ô 8�8ÛU�^·`*ß�U�S\X.e�SÒU�ð è t � ø ��ö ��X�g Â�õ�ã ú g\ehô
â�X�Wrehg�j.cfR°S\í·U�S	��cÅ^.S\í e@R�e�â�X�^�` RTS\e�ä8cÅ^.S\í eÚß U�S\XÛehS
U_ð è t � ø ��ö ]�X�g��$�_S\í e�` c�)�P�R�e�ä�U�g�SÕcfR}��S�S\e�`<S\XQS\í�e�` c�)�P�R�e
S\ehg\ìBcÅ^;U�ìZXd`�c��·e�`Iñ×X_g�gVU�^�â�ehô�ßdä·U�g�g\X�]9ìZXd` e�ð èJr ^�ðfc��re
ï U�g\R�âVí�^�e�g�e�SnU�ð è 2r# M � dA��2 � ÷�ô ��� �kß�U�S\X	ehS�U�ð è R\U_âhg\c���â�e�`
S\í�eiÞ�e�^ ehgVU_ðfc{S�j�X��·ìZe�U�R�P g\cf^�Þ7U9��P�ðfð:Ânõ7ã ú U�S[e�U�â�í,R�P g�ô�£U_âhe	ä«X�cf^kS7U_^�`°P R�e�`�U,ìZXd` e�ð«X��²R�ä«e�âhP�ðÅU�g7U�^·`°` c�)�P�R�e
g\e�À·e�â�SVU_^�âhe°S\XÑe�dS�gVU�ä«X�ðÅU�S\e°S\í�e°U_ä ä«e�U�gVU�^�â�e°X��7^�X�Wrehð
W�cfeh]�ä«X_cf^dS\R è
ú cÅ^�U_ðfð{jL� S\í e	ìÍU_cf^bU�` W_U_^kSVU�Þ�e	X�Wrehg7ä�g\e�WdcÅX_P�R�ìZehS\í Xd` R
X��«S\í�e�]�X_g��IàkjIõ�U_ìÍU�ìZXkX_g�S\í c U�^·` 4 U_^�gVU_í·U�^ g 068�c \ cÅR
S\í·U�S7c{S�` Xke�R7^�X�S�U_R�R�P�ìZe	U;R�cÅìZä ðfe<ä·U�gVU�ìZehS�g\cfâ<ìZXd` e�ð��X_gbR��kj ðfcfÞ�íkS	�n^�X_gb` XkehRbc{S�g\e�òdP c{g\eÙí cfÞ�í�ð{j âhX�^kS�g\X�ðfðfe�`
ðÅcfÞ_ídS\cf^ Þ â�X�^�` c{S\cfX�^ R è ü�ðfR�X'��õ�U_ìÍU_ìZXkX�g�S\í�c7U_^�` 4 U_^ ô
gVU_í·U�^9]�e�g\eÙS\í e���g\RTSÍS\X R�X�ðfWreÑS\í�e ç õQY ��X�gbÞ_e�^�ehgVU�ð
cÅðfðfP�ìZcf^�U�S\cfX�^�,£c{g�gVU_` cÅU_^ â�eA.��!]�cfS\í X�P�S,g\e�òdP c{g\cÅ^ Þ0R�cfìZä�ðfeÂnõ�ã ú R	X_g�ðfX�]Cg\e�R�X_ðÅP�S\cfX�^ÒS\e�dS\P�g\e�R��!U_R<cf^ÚS\í eEä�g\e�Wdcfô
X�P�R�ð{jbìZe�^kS\cÅX_^�e�`Í]�X�g�� è ñ�í�P R���]neIR�e�e<S\í�U�S7S\í�ehj�ä g\ehô
R�e�^kS\e�`8U3Þ_e�^�ehgVU�ð<R�X�ðfP S\cfX_^(à�U_R�e�`8X�^ UÛâ�X�^dWrX_ðÅP�S\cfX�^
ä g\cf^�â�cfä ðÅe�S\í·U�Sneh^·U_à ðfe�R�U	g\e�U�R�X�^·U�à�ð{jZe�U�RTjZìZehS\í Xd`���X�gÂnõ�ã ú ��S\e��S\P�g\e<U_^�`6Á�X_g7ðfcÅÞ_íkS\cÅ^ Þ;g\e�â�X�Wrehg�j è
ü�ðfR�X@�7]�e â�U_^ ìÍU��reÒR�X_ìZe��¬P g�S\í�e�g@â�X�ìZä�U�g\cfR�X�^ RÑX�^

ìZehS\í Xd` R�X�^b` c�)�ehg\e�^kS�R�e�â�S\cÅX_^�R7àkj�^ X_S\cfâ�cf^�ÞIS\í·U�S æ

M & e0â�U�^.R�e�e0S\í�U�S ó$I]\ � d�W'õ�8�c þ ó 2s0 ��� o�õ g � ^ ó�g W ��öW@õ�8�c ÷ o ó�ô ��� ÷�ó 8�8 ÷�ó�g 8�8�U�g\e7ä·U�ä«ehg\R�S\í�U�S�P�R�e�S\í�e-��P ðfð
Þ�ðfX�à�U_ð[cfðfðÅP ìZcf^·U�S\cfX_^Úe�òkP�U�S\cfX�^ R��·]�í�cfðfeIS\í e,g\e�RTS	X��iS\í�e
g\e�WdcÅe�]�e�`bä�U_ä«ehg\R�cf^bS\í cfR�R�e�âhS\cfX�^ÑP R�e	X�^ ðfj°S\í�eQR�cÅìZä ðfcfô�·e�`°ðÅXkâ�U_ð×W�ehg\R�cfX�^�R è

M & e�U_ðfR�XQR�e�eiS\í·U�S [:i�o � d	� ó 0 F>ô 8�8�� t � ø ��ö U�^·`<S\í�eÕ]�X�g���R
X�^BÝnX_ìZä�P S\e�gÙü�P�Þ_ìZe�^kS\e�` õ�e�U_ðfc{S�j(ä g\e�R�e�^kSÚU_^*U_ä ô
ä g\XrU�â�í�S\í·U�S�`�Xke�R�^�X_S�g\e�ð{j�X�^ÑU�^kj�X_ä S\cfìZcfù�U�S\cfX_^Ñä g\X_ô
â�e�` P�g\e��·SVU���cf^ Þ°S\í eIìZe�U�R�P g\e�ìZeh^dS\R�` c{g\e�â�S\ðfj��¬g\X�ì S\í�e
P�R�ehg	� R�cf^�ä�P�S è

M ñ�í�e�R\U_ìZe�í·U�ä�ä«e�^ R7]�c{S\í 2s# M � dA��2 � ÷�ô ����� ]�í�cfâVí0SVU��re
S\í�e cf^'��X_g\ìÍU�S\cfX�^ `�cfg\ehâhS\ð{j ��g\X�ì?S\í e P�R�e�g�ôvä�g\X�W�cÅ`�e�`
ä�í�X�S\X�Þ�gVU_ä�í R��×]�c{S\í�X_P S,^�ehe�` cf^�Þ@U�^ cf^kS\ehg\ìZe�` cÅU�S\eZX�ä ô
S\cÅìZcfù�U�S\cfX�^0ä�g\Xkâ�e�R�R�S\X;Þ�e�S7S\í eQg\e�R�P ðfS\R è

M ç ^�RTS\e�U�`�� þ ó 2�0 ��� P R�e�R�U�íkj�à g\cÅ`;U�ä�ä�g\XrU_âVí���ìZe�U_R�P�g\cf^�Þ
S\í�eÍ` c�)�P R�eZâ�X�ìZä«X_^�e�^kS,X���S\í eqÂnõ�ã ú U�^·`Úg\ehR�X_g�S\cf^�Þ
S\X<U_^ X_S\í�e�g�U�ä�ä g\X�U_âVí1��X�gnS\í e�X_S\í�e�g�ä�U�gVU�ìZehS\ehg\RÕcf^;S\í�eÂnõ�ã ú P�R�e�` è

M ? ^�e�X��ÕS\í�e�ìZX_RTS�cfìZä«X�g�SVU_^kS�S\í cf^�Þ�R�S\XÍ^�X�S\cÅâheIcfR�S\í�U�S
ìZX�RTSÍX��<S\í e0ä·U�ä«ehg\R°U�g\e@à·U�R�e�`9X_^.R�ìÍU_ðfð{ôpä·U�gVU�ìZehS\ehgÂnõ�ã ú R���cÅ^bÞ�e�^ ehgVU_ð!X��[Sv]�X;ìÍU�cÅ^°S�j�ä«e�R æ

ßde�WrehgVU�ð×Y²X_ø ßdcf^�Þ�ðfe�Y²X_ø= Xkâ�U�ð t�ø ��� � t � ø ��ö �i t�g ����öA� !6e � m �þ 2 � d�� ó$Å õ�ÿ$! ��� �ó 0 F>ô 8�8�� ÷ !6õ ô 8�c
ø�t � c	��['o ��3 ��[ N�K � ^L�2r# M � d � 2 � ÷�ô �����[:i�o � d�� g 068�c \

OQe�^�ehgVU�ð ó$Ib\ � d W'õ�8�c
õQU_` cfX�R�c{S�j þ ó 2�0 ����� ÷ o ó�ô �����÷�ó�g 8�8 ó�g W ��ö�� o�õ g � ^
� µ·¯Ò� �R��� ¸V¹ º_»�¼�½h»�¼\»OÇ�»�ÌhÊpÂ_ÆZ»�Ê£¼�ÉQÁ�È�Á »�¼�½�Ê¬Ï È�Ê[Ç�½h»7¿¬ÆZÈ�Àk»�½
ØV¼�Â_Æ ¾_¿ DQ»�¼�»�¹�Ê � Â_¿�¹ Ê£½�ÂTØ-® ¿»�Ó � � Â?® � È�½	¿�¹�Á�Ç�ÊvÖ

¯ ñ�í eÚR�â�eh^�eÙâ�U_^ à«eÚ` e�âhX�ìZä«X�R�e�`.cÅ^ g\e�Þ_cfX�^�R�]�cfS\í
U�g\à�c{S�gVU�g�j�W�U�g\cÅU�S\cfX�^0X��²S\í�e�`�c�)�P�R�eQg\e�À�e�âhSVU�^�â�e è

¯ ñ�í e,R�âhe�^�e�ìEP RTS7à«eI`�e�â�X_ìZä«X�R�e�`bcf^0g\e�Þ_cfX�^�R7]�c{S\í ô
X_P S�R�ä·U�S\cÅU_ð×W_U�g\cÅU�S\cÅX_^0X��[S\í eQg\e�À�e�âhSVU_^ â�e�� à�P�S�]�cfS\í
S\í e0ä«X�R�R�cfà�cfðfc{S�j9X���P�R�cf^ Þ U;Ânõ7ã ú ��P ^�âhS\cfX�^K]�cfS\í
í cÅÞ_í�ehg;` cfìZe�^ R�cÅX_^·U�ðÅc{Svjè,£ìZX_g\eÍâ�X_ìZä�ðfe� Þ_ðfX�R�R�c�à«ehô
í�U�WdcfX�P�g�. è

M ñ�í eQä·U�ä«ehg\RnS\í�U�S�R�X_ðfWre�S\í cÅRnR�X_g�S�X��×ä�g\X�à�ðfe�ìZRnU_^�`°P R�e
cfìÍU_Þ_e�R²U�R×cf^�ä P S â�U_^�à«e���P�g�S\í�ehg×â�ðÅU_R�R�c��·e�`6W'õ�8�cÕU�â�â�X�gV`�ô
cf^�Þ,S\X,]�í ehS\í�e�g�S\í�ehjZP R�e�`ÍìEP�ð{S\cfä�ðfe7ä«X�cf^kS\R�X��×W�cfeh].X_g
U°R�cÅ^ Þ�ðfe;ä«X_cÅ^kS�X���Wdcfeh] ��X�g<S\í�eIcÅìÍU�Þ�e�R<cf^@S\í�e�c{g�â�X_ì;ô
ä P SVU�S\cfX_^�R è ñ�í�cfR�â�ðÅU_R�R�c��·â�U�S\cfX�^Ñâ�U�^�à«e���X�P ^·`°cÅ^�ñ²U�à�ðfe
ö�è

°�þ�l �  ¯Ò� ��� � ÿ����$� ´�± �#� �
� � ³	� � � µ � � ÿ��9�$� ´�± �
_ ����� ¶�³��  �� ³�´�`��	´A�«¯Ò� �! ±#" l,ÿ2� _ �&%

ÝnX_ìEà cÅ^ e�`�ä g\X�à ðfe�ìZRÕU�g\e�S\í X�R�en]�í ehg\e ÈÉ U_^·`��r±nU�g\e�P�^�ô�d^ X�]�^Ícf^be�òdP�U�S\cfX�^��:��à P S ÈÔ*U�^·`Íä·U�g�S�X����3U�g\eC��^ X�]�^ è
ñ�í eÕìZehS\í�Xd`�R RTS\P�` cfe�`<cf^	S\í�cfR×R�e�â�S\cÅX_^,U_ðfR�XQâ�U�^<à«e²�¬P g�S\í ehg
âhð�U�R�R�c��·e�`;U�â�â�X�gV` cf^�ÞQS\X�S\í�e�cfðfðfP�ìZcf^·U�S\cÅX_^;U�ä�ä g\X�U_âVí;P�R�e�` æ
ü7R�cf^0ßde�âhS\cfX�^ R é U�^·` ö ��S\í�cfR�â�U�^bà«eQehcfS\í ehg�ðfXkâ�U_ð{ôpà·U�R�e�`��
OQeh^�ehgVU�ðEOQðfX_à·U_ð ç ðfðfP�ìZcf^�U�S\cfX�^�� ï X_^kS\e Ý�U�g\ðfX�ôvà�U_R�e�`(X_g
gVU_` cfX�R�c{Svj�ôpà�U_R�e�` è
MbN �@��� ´�µ6��Ob�·´  �v�¬µ�³��
� � ± è ñ�í e�R�e�ìZehS\í�Xd`�R²S�g�jIS\X5��^·`
g\e�À�e�âhSVU�^�â�e�ä g\X_ä«ehg�S\cfe�R�U_^·`�ðÅcfÞ_ídS\cf^ Þ°âhX�^·`�c{S\cÅX_^�R�]�c{S\í ô
X_P S3g\e�ð{j cf^ ÞCX�^ U_^kj ä·U�g�S\cÅâhP�ðÅU�g9cÅðfðfP�ìZcf^�U�S\cfX�^ U�ðÅÞ_X_ô
g\c{S\í�ì è ñ�í�ehg\eÚU�g\eÙ^�X ]nX_g��dRbP R�cÅ^ Þ S\í�cfRbR�X�g�S0X��IU�ä ô
ä�g\XrU_âVí�� ä g\X_à·U�à�ð{j�` P�e�S\XIS\í�eQí�cfÞ�í�â�X�ìZä ðÅe� c{SvjÍX��²S\í e
X_ä S\cfìZcfù�U�S\cfX�^bX��Õà«X_S\í�ä g\X_à�ðfe�ìZR�U�S�S\í e	R\U_ìZeQS\cfìZe è

MP_ µ6�v�
�«±	�¬³0`?a�¯×µ·± � ��Ob�·´  �v�¬µ�³��
� � ± è 4 ehg\e7S\í�e�Þ�e�^ ehgVU_ðä�g\X�à�ðfe�ì cfR�g\e�`�P�â�e�`ES\XIU	gVU_` cfX�R�c{S�jÍR�e�S�S\cÅ^ Þ�àdjEìÍU��dcf^�Þ
S\í eQR\U_ìZeQU_ä ä g\X	�cÅìÍU�S\cfX�^�R�S\X  òkP·U�S\cfX_^ ÷ U_R�S\í�e7X�^ e�R
`�e�R�âhg\cfà«e�` cf^3ß�e�âhS\cfX_^ édæ U0ä�P�g\e�ð{j `�c�)�P R�eBÂnõ�ã ú �¬X_g
S\í e�R�P g��£U�â�e�R�,£ä·U�S\âVí�ehR/.���S\í·U�SicÅRiâ�X_^�RTSVU_^kSnU_ðfð�X�Wre�gne�U�â�í
X_^�e èDE°F>H�IvJ:K�MON�P�M #�Q H�R D %>S$%O% N D R #UT R N�V # V 7-W:X # D*Y�Z I X XL[ K�\ X R % H�IbM % � 8�8�^�_



w ��xUyOzA{h�5|}z	y£�	~�z	�:� �hz	{��¬�V�r|Õ�r�/���h�+�U�L{�����xT�-�Õ�/�:�����������5|Õ�p���V� ���Cx
M�k � � ³ ��l µ ´��Æ�±Ob�·´  �v��µ�³	�
� � ± ès? ^�â�e�U_Þ�U_cf^9U�^·` S\X
S\í�e7à«e�RTS�X��×X_P g��d^ X�]�ðfe�`�Þ�e��kS\í ehg\e�U�g\eQ^ X<]�X_g��dR�P R�cf^�Þ
S\í�cfR-��cf^�`bX����¬X_g\ìEP ðÅU�S\cfX�^���à P S�S\í�e<R�X_ðÅP�S\cfX�^0]�X_P�ðÅ`bà«e
S\XZR�cÅìZä ð{j�� g\e�gVU�j�R���g\X�ì S\í�e<â�U�ìZehgVUZX_g7S\í�e�R�P g���U_â�ehR
]�cfS\í ��^ X�]�^ ä g\X_ä«ehg�S\cfe�REU�^·`ÒâhX�^kS\cf^�P e;c{S\RIä�U�S\í P ^kS\cÅð
í�c{S�S\cf^�Þ7U7R�P�g��£U�â�en]�c{S\í�P�^>�d^ X�]�^<Ânõ7ã ú X_g²ehìZcfS�SVU�^�â�e��
U_^·`ÍP�R�cf^ ÞIS\í�eQÞrU�S\í ehg\e�`°cÅ^'��X�g\ìÍU�S\cfX�^°S\XEe�RTS\cfìÍU�S\e�S\í�e
ä·U�gVU�ìZehS\ehg\R è ü�ðfR�X@��U<à�cÅ`�cfg\ehâhS\cfX�^·U�ð«U_ä ä g\X�U_âVí°âhX�P�ðÅ`;à«e
S\í�X�P Þ�íkS	X��u��S\XkX@�«]�í ehg\eIgVU�j�R<U�g\e���g\e�`ÚU�R	à«e���X�g\eZU_^�`�¬g\X�ì(S\í�enðfcfÞ�íkSÕR�X_P g\â�e�R[]�c{S\íEP ^>�d^�X�]�^�e�ìZc{S�SVU_^ â�e��_U_^�`
P�R�cf^�Þ�S\í�e�ÞrU�S\í ehg\e�`°cÅ^'��X�g\ìÍU�S\cfX�^°S\X,g\e�âhX�W�ehg�S\í�e�ìZcÅR�RTô
cÅ^ ÞÍcÅ^'��X�g\ìÍU�S\cfX�^ è«ç ^ÙU_^kjbâ�U_R�e���c{SQcÅR�â�ðfe�U�gQS\í·U�S�R�cfìEP ðfô
SVU_^�ehX�P�Rig\e�â�X�Wrehg�j;X��²à«X�S\íBÂnõ�ã ú U�^·`ZðfcÅÞ_íkS\cÅ^ ÞEâ�X_^·`�cfô
S\cÅX_^�R�cfR���e�U_R�cfà�ðfe�� à�P�S�â�ehg�SVU�cÅ^ ð{jZS\í�eQcf^ í�ehg\e�^kS�W_U�g\cÅU�^�â�e
ä g\X�à ðfe�ìZR�ä�g\e�R�e�^kS\e�`.àkj9S\í e ï X�^kS\e Ý�U�g\ðfXKìZehS\í Xd` R
]�cÅðfð í·U�WreQS\X;à«e	` e�U�ðfS�]�c{S\í è

M � �!¶�µ6� ÿ �O�*�  � � µ�³	�Æ� � Ob�·´  �v�¬µ�³��
� � ± è ñ�í e�R�e ��X�g\ìEP ô
ð�U�S\cfX�^�RÕU�g\e�à·U�R�e�`IX_^EU7ðfXkâ�U_ðdcfðfðÅP ìZcf^·U�S\cfX_^���X�g\ìEP ð�U�S\cfX�^
S\X<X�à SVU�cf^°W_U_ðfP e�R²�¬X_g�S\í�e�ðfcÅÞ_íkS\cÅ^ Þ�ä·U�gVU�ìZehS\ehg\R�U_^�`ES\í�eÂnõ�ã ú â�Xke�êZâ�cfe�^kS\R è
ç ^0S\í�e�]�X�g��Ñàkj0õ�U_ìÍU_ìZXkX�g�S\í�c×U_^·` 4 U_^ gVU�í·U�^ g 068�c \ �

S\í�eÍâ�X_ìEà cÅ^ e�`Òä�g\X�à�ðfe�ì ]�U_RERTS\P�` cfe�` æ²ç ^dWre�g\R�e�=!cfÞ�íkS\cf^�Þ
U_^�` ç ^dWre�g\R�e0õ�e�À·e�âhS\X_ìZehS�g�j3Y[g\X�à�ðfe�ì cf^ UÒR�cfÞ_^·U_ðQä g\X_ô
â�e�R�R�cf^ Þ<��gVU_ìZeh]nX_g��$�dU_^�`ZcfS�]�U�Rnâ�X_^�â�ðfP·`�e�`;S\í·U�S	�kP�ä;S\X,U
Þ�ðfX_à·U_ð[R�â�U_ðfe��«S\í�e	g\e�À·e�âhS\e�`0ðÅcfÞ_ídS��·e�ðÅ`0â�U�^@à«e,R�ehä·U�gVU�S\e�`
cf^kS\X S\í�eÑðfcfÞ�íkS\cf^�Þ3U_^�`KS\í�e"Ânõ7ã ú �nä g\X�Wdc�`�e�`KS\í�U�S°S\í�e
U_ä ä g\X_ä g\cÅU�S\eZâ�Xke�êZâ�cfe�^kS\RIX���S\í�eIg\e�À·e�â�S\e�`ÒðfcfÞ�íkS��·e�ðÅ`��!cf^
U°ß�ä í�ehg\cfâ�U�ð 4 U�g\ìZX_^�cfâ�R7g\e�ä g\e�R�eh^dSVU�S\cfX�^��«` XÍ^�X�S	W_U_^�cfR�í è
ç S�cfR�cfìZä«X�g�SVU_^kS�S\X<^ X_S\cfâ�e�S\í·U�SiS\í cfRr�£U�âhS\X_g\cfù�U�S\cfX�^°â�U_^Zà«e
` X_^�e	P ä�S\XZUIÞ�ðfX�à�U_ð×R�â�U_ðfcf^�Þ+�£U�âhS\X_g è
°!þ£ý·þ _ µ>�Ò�
�«±	��³$`9a\¯×µ�± � � lIÿ2� _ �
}�X_í�^R«�U�]�U_c*�²}�U_ìZe�RnY[U_cf^kS\ehg�U�^·` ï cfâ�í�U_e�ð«ÝnX�í�eh^�!�[:e � ^
P�R�e�S\í�e�gVU_` cfX�R�c{Svj°S\XIìZcf^�cfìZcfù�e�S\í eQÞ�ðfX_à·U_ð!e�^ ehg\Þ_j°X��×S\í�e
R�â�e�^ e��kcf^�RTS\e�U�`ZX��!S\í�e�ìZe�U�^ ôpR\òkP·U�g\e�`Z` c�)�ehg\e�^ â�e�à«ehS�]ne�e�^
S\í�e�`�e�R�c{g\e�`0gVU�`�cÅX_R�c{S�j0W_U_ðfP e�RQU�^·`bâhP g�g\e�^kS�W�U�ðÅP e�R�U�S7S\í�e
ä·U�S\â�í e�R<U�R<à«e���X�g\e è ñ�í cfR<Þ�ðfX�à�U_ðie�^�ehg\Þ�j@cfR<Þ�cfWre�^ÙàkjÑS\í�e
U�g\e�U�ô]�e�cfÞ_ídS\e�`3R�P ì X��7S\í�e°e�ðfe�ìZe�^kSIgVU�` cfX_R�cfS\cfe�R���ä�ðfP R;U
P�R�e�g�ô�`�e��·^ e�`I]ne�cfÞ�íkS\e�`ZR�P�ìBX�� � ÏdÉ�½V¿£ÌVÈ_Ä§�»�¼�ÆI½ U_^·`�³ Ç�Ð
ÆZÈ�¹ � »�¼�ÌV»vÁ·Ê£¿£Â_¹Bë�È�½�»�¾´«»�¼�ÆI½ è ñ�í�e � ÏdÉ�½V¿£ÌVÈ_Ä��»�¼VÆE½ cf^ ô
â�ðfP·`�e æ
M gVU�` cfX_R�cfS\cfe�R
M e�ìZcfR�R�cÅX_^�R
M ` c{g\e�âhS\cfX�^�U_ðfc{S�jbU_^�`b` cfRTS�g\cfà�P�S\cfX�^0X��[S\í�e	ðfcfÞ�íkS7R�X�P�g\â�e�R
M ä·U�S\âVí�g\e�À·e�âhSVU�^�â�ehR
]�í�cfðfe�S\í�e�³ ÇdÆZÈ_¹ � »�¼�ÌV»vÁ·Ê£¿Â�¹Bë�È_½h»�¾µ«»�¼�ÆI½ U�g\e�U	òkP�U_^ ô
S\c��·â�U�S\cfX�^BX��°S\í�e3R�P�àdáTe�â�S\cÅW�eKcfìZä g\ehR�R�cÅX_^BX���â�ðfe�U�g\^ e�R�R��
ä�ðfe�U�R\U_^kS\^�ehR�RZX_gZä�g\cÅW_U_â�j à·U�R�e�`3X_^3S\í ebR�â�eh^�e�� RZà g\cfÞ_ídS�ô
^�ehR�R è ÝnX_^�RTS�gVU�cÅ^kS\R�U�g\e;cfìZä«X�R�e�`@àkj0S\í�eIP�R�ehg	S\X°S\í�eIX�à ô
áTehâhS\cfWre ��P ^�âhS\cfX_^ U�RÑe��ä�ðfcfâ�c{S0]�e�cfÞ_ídS\e�`(ä«e�^�U_ð{S�j S\ehg\ìZR è
ñ�í�e	g\ehR�P�ð{S\cf^�ÞZP�^ â�X�^ RTS�gVU_cf^�e�`bä g\X_à�ðfe�ì cfR�R�X_ðfWre�`bàkj°S\í�eÂ�g\X�j ` e�^�ô ú ðÅe�S\â�í ehg�ô�OQX�ðÅ`'��U�g\à ô�ßdí·U_^ ^�X°,fÂ ú O<ß>.°ìZe�S\í�Xd` è
ç ^ X_gV` e�gÒS\X R�ä«e�e�`*P äCâ�X�ìZä P SVU�S\cÅX_^�R��	U 4 cfehgVU�g\âVí�cfâ�U�ð

õ�U�`�cfX�R�c{S�jÜ, 4 õC.QR�X�ðfP S\cfX�^ ]�U_REP R�e�` 0 t S � c S\XÑâ�X_ìZä�P S\e
S\í eQcf^�c{S\cÅU_ð!à·U�R�e�ðfcf^�e	g\e�^�` ehg\cf^�ÞEU_^�`ÍS\í ehjZg\e�P�R�e�S\í�e	â�X_ì;ô
ä P S\e�`°ðfcÅ^@�dR7S\X;ä�g\X�ä�U_ÞrU�S\e,S\í e<cf^�âhg\e�ìZeh^dS\R�P R�e�`bàkj0U1� ô
^ c{S\e�` c�)�ehg\e�^ â�e�R�â�í e�ìZe�S\X5�·^�`EU�^ÍU_ä�ä�g\X	 cfìÍU�S\cÅX_^IS\X	S\í e
`�ehg\cfW�U�S\cfWre�R,X���S\í�e;gVU_` cfX�R�c{S\cfe�R;]�c{S\í g\e�R�ä«e�âhSIS\X0S\í�eÍP�^�ô�d^ X�]�^ R è ñ�í�cfR�cÅR�ä«X_R�R�cÅà ðfeZR�cÅ^ â�e;S\í�ehR�eZ` ehg\cfW_U�S\cfWre�R<X_à«ehj
S\í e<R\U_ìZe�e�òkP·U�S\cfX�^ÑU�R�S\í�e<X�gV` cf^·U�g�jbgVU_` cfX�R�c{S�jbä g\X_à�ðfe�ì è
ç ^bS\í�e<ìZeh^dS\cfX_^�e�`°P�R�ehg�ôv` e��·^�e�`°]�ehcÅÞ_íkS\e�`0R�P�ì X�� � ÏdÉ�½�Ð
¿£ÌVÈ_Ä&«»�¼�ÆI½ ��S\í�ehjÛ]nehg\e@U_à ðÅeÑS\X cf^ â�ðfP·` e0UÒW�U�g\cÅU_à�ðfe@e�ð{ô
ehìZe�^kS�g\e�À�e�âhS\cfWdc{S�j0S\ehg\ì ,£â�X�^ RTSVU_^kS<X�WrehgQS\í�eEä�U�S\âVí@R�P g�ô��U_â�e	.���S\í�P R²U�ðÅðfX�]�cf^�ÞQS\í e�âhX�ìEà cf^�e�`	X_ä S\cfìZcfù�U�S\cfX�^,X�� à«X_S\í
ehìZcÅR�R�cfWdc{S\cfe�RnU�^·`Eg\e�À�e�âhS\cfWdc{S\cÅehRncf^;S\í�e�R\U�ìZe7ä�g\Xkâ�e�R�R è ñ�í e
ä�U�g�S\cÅU_ð·` ehg\cfW_U�S\cfWre�X���S\í e�gVU_` cfX�R�c{S\cfe�Rn]�c{S\í;g\e�R�ä«ehâhSnS\X	S\í e
g\e�À·e�âhS\cfWdc{S\cfe�R7]�U_R7â�X�ìZä P S\e�`°àkjRnvR�í XkX_S\cf^�Þyo	S\í�e<P ^ ôpR�í�X�S
gVU_` cfX�R�c{Svj#¶&e°`�P�eQS\XIS\í�e	âVí·U�^�Þ�e<cf^°g\e�À·e�â�S\cÅWdc{S�jL� c ºY¶&e è
°�þÆ�!þ(� � ¶_µ6� ÿ �
�*�  � � µ�³	�
� � a\¯×µ�± � � lIÿ$� _ �
ß�U�S\XÙehSÍU�ð è t�t�ø ��� D P�R�e°S\í�e�gVU_` cÅU_^ â�e0cf^@�¬X_g\ìÍU�S\cÅX_^Kcf^ R�c�`�e
R�í�U�`�X�]�R;S\XÒ` ehg\cfWre�S\í�ebcfðfðfP�ìZcf^·U�S\cfX�^.`�cfRTS�g\cÅà P S\cfX�^KX��	U
g\e�U_ð²R�â�eh^�e<]�í�e�^ÑS\í e�Ânõ�ã ú cfR5= U_ìIà«ehg�S\cÅU_^�� g\e�â�X�Wrehg\cf^ Þ
S\í eE`�c�)�P�R�e,â�Xke�êZâ�cfe�^kS�P ä@S\X�UÍR�â�U_ðfcf^�ÞB�£U_â�S\X_g	��]�í�cfâVíÚcfR
X_à SVU�cÅ^ e�`���g\X�ì S\í�e<â�U_ìZehgVUEâ�U_ðfcfà gVU�S\cfX_^ ,£R�ehe,ß�e�âhS\cfX_^ ö . è
ñ�í cfRI]�X�g�� ]�U�R;ðÅU�S\ehgEcÅìZä�g\X�Wre�` t�t�ø ��� \ àkjÒP�R�cf^�ÞÙU@^�X�^�ô
P ^�c���X�g\ì���U_`�U�ä S\cfWre@` cfR�âhg\e�S\cÅù�U�S\cfX�^ X��<S\í e@` c{g\e�âhS\cfX�^ RbX��
cfðfðfP�ìZcf^·U�S\cfX�^ è ü�ðfR�X@�ÕS\í�e°^�ehe�` S\X��d^ X�] S\í�e°g\e�À·e�â�SVU_^�âhe
ä�g\X�ä«ehg�S\cfe�R°X���S\í eÙR�í�U�`�e�`.R�P g���U_â�eÙ]�U_R�^�X�SbðfX�^ Þ�ehg�g\ehô
òkP cfg\e�`��kà P SnS\í e�ðfcfìZc{SVU�S\cfX�^ R�X�� P�R�cf^�Þ,X�^ ð{j°` cfRTSVU_^kS�ðfcfÞ�íkS�ô
cf^ Þ@��^�X,cf^dS\e�g\e�À·e�â�S\cÅX_^�R���P�^ c���X_g\ì g\e�À·e�â�SVU_^�âhe	U_^�`B�d^ X�]�^
â�U_ìZehgVU�U_^�`,X_à�á�e�âhS[R�í�U_ä«eig\e�ìÍU_cf^,P�^�âVí·U�^�Þ_e�` è ñ�í e�U�ðÅÞ_X_ô
g\c{S\í ì ä g\Xkâhe�e�` R�àkjZSv]�XE^ e�RTS\e�`ÍðfXkX�ä�R���S\í�e�X�P�S\ehg�X�^ e	e�RTô
S\cfìÍU�S\cÅ^ Þ7gVU_` cÅU_^ â�e�W_U_ðfP�e�R[X��«cfìÍU_Þ_cÅ^�U�g�jI` c{g\e�â�S\cÅX_^·U�ð ðfcfÞ�íkS
R�X_P g\â�ehR ,UIðfcf^�e�U�g\cÅùhe�`bR�ehS�X��²e�òkP·U�S\cfX�^�R�X��²S\í�e�cf^@À·P e�^�âhe�R
X���S\í�eIðfcÅÞ_íkSIR�X_P g\â�ehR,WdR è S\í�eEä�c��e�ðfR,X���S\í�eIR�í·U_` X�] R�P g�ô��U_â�e	.�U_^·`ÍS\í�e	cf^ ^�ehg�X_^�e	ehRTS\cÅìÍU�S\cf^�ÞIS\í eQg\e�À�e�âhSVU_^ â�e	ä�U�ô
gVU�ìZehS\ehg\R	X���S\í�eER�P g��£U�â�e;cf^ÒR�í�U�`�X�]�Rq,Y²X�]�ehðÅð*� R,ìZehS\í�Xd`
X_^ S\í�eZõ ï ß ` c�)�ehg\e�^ â�eÍX���S\í�e°U�âhS\P·U�ðnä�c��e�ð�W�U�ðÅP e°U_^·`
S\í e	e�RTS\cfìÍU�S\e�`���ðfXkâ�U_ð{ôpcfðÅðfP ìZcÅ^�U�S\cfX�^ÑX_^�ð{j�W�U�ðÅP eA. è
õ�U_ìÍU�ìZXkX_g�S\í�cnU_^�` 4 U_^�gVU_í·U�^ g 068�c \ ä�g\e�R�e�^kS\e�` U0g\ehô

ìÍU�g���U�à�ðfe�]�X�g��+�¬g\X�ì S\í�e7ä«ehg\R�ä«e�âhS\cfWre�X�� R�cÅÞ_^·U�ð!ä�g\Xkâ�e�R�RTô
cf^ Þ@�²g\e�òkP cfg\cf^ ÞÚUÑR�cf^�Þ_ðfebìÍU_^dP�U_ðfð{j R�ä«e�â�c���e�`Û` c{g\e�âhS\cfX�^�U_ð
R�X_P g\â�e�S\XÍg\e�â�X�Wrehg�S\í�e�g\X�P�Þ_í�^ e�R�RQX���S\í eIR�P�g��£U_âhe è ü�à R�X_ô
ðfP�S\e�g\e�À�e�âhSVU_^ â�eQâ�U_^�^ X_S�à«eh��X_P�^·`��¬g\X_ì S\í�cfR�ìZe�S\í�Xd`��rR�X
U�^ÒU_`�ôpí�XkâIg\e�ðÅU�S\cfX�^ R�í�cfä à«ehSv]�e�e�^ÙS\í�eZ`�c�)�P�R�e;U�^·`ÙR�ä«e�âhô
P ðÅU�gÒ]ne�cfÞ�íkS\R cfR e�RTSVU�à�ðfcfR�í�e�` è ñ�í�eKU_ðfÞ�X�g\c{S\í�ì â�X_^�R�cfRTS\R
X��QSv]�X ^ e�RTS\e�`KðfXkX_ä�R��iS\í�e0X_P S\ehgÍX_^�e0à«e�cf^ Þ U_^KcÅ^dWre�g\R�eÂ�õ�ã ú ôpä�g\X�à�ðfe�ìé,£R�e�e�U_à«X�Wre���R�e�âhS\cfX�^ ö .�]�í�cfðfe	S\í�e<cf^�^ ehg
X_^�e�cfR�U_^;ehRTS\cÅìÍU�S\cfX�^EX��«S\í�e�ðfcfÞ�íkS\cf^�Þ	]�c{S\í+�d^ X�]�^1Ânõ7ã ú
ä�U�gVU�ìZehS\ehg\R1,£R�ehe;R�e�âhS\cfX�^ é . è ñ�í cÅR	]nX_g��Ñâ�U�^Úà«eIâ�X�^ R�cÅ`�ô
e�g\e�`ÛU_^3e�dS\e�^�R�cfX�^3X���S\í�e°ä g\e�WdcfX�P R;X�^ e t�t�ø ��� \ �ÕR�cf^ â�e0c{S
`�Xke�Rn^ X_S�g\e�òkP�c{g\e�R�í·U�`�X�] cf^@��X�g\ìÍU�S\cfX�^°U�^·`;ä g\ehR�e�^kS\Rncfì;ô
ä�g\X�Wre�`QìZehS\í Xd` R���X�g[e�RTS\cfìÍU�S\cf^�Þ�S\í eicfðfðfP�ìZcf^·U�S\cfX�^ è�ç S×U_ðfR�X
U_`�`dg\e�R�R�e�R�UbìZX�g\eEÞ�eh^�ehgVU�ðnR�ehS�S\cf^�Þ'�!à«e�cf^�ÞÑU�à�ðfeES\Xb]nX_g��
]�c{S\í�R�ä·U�S\cÅU�ðÅð{jbW�U�g�j cf^ ÞEìÍU�S\e�g\c�U�ðfR èDEèF>H�IÒJLK�MON�P�M #�Q H�R D %$S$%O% N D R #UT R N�V # V 7-W'X # D*Y/Z I X XL[ K�\ X R % H�I]M % � 8�8�^�_



w ��xUy*z	{��5|²z	y£�	~;z	�:� �-z	{������r|Õ�������-���U�L{��V��x��-�[���:�����������5|[�v���\� ����x
°!þ<�!þ�l � � ¶©�O�×±	�
� � ±�� �xlIÿ2� _ �? ^�enX��·S\í e�ìZX�RTSÕcfìZä«X_g�SVU�^kS²S\í�cf^�Þ_R²S\X	^�X�S\cfâ�e�cf^IS\í�cfR[R�e�â�ô
S\cfX�^0cfR�S\í·U�S�S\í�ehg\e	U�g\e<X�^ ð{jbU<��eh] U_ä ä g\XrU�â�í e�R�S\í·U�S7` e�U�ð
]�c{S\íÍà«X_S\íÍä g\X_à�ðfe�ìZR��rcfðfðfP�ìZcf^·U�S\cfX�^�U_^·`�Â�õ�ã ú g\e�â�X�Wrehg�j
U�SES\í�e°R\U_ìZe�S\cfìZe è²ç ^Ûä·U�g�S\cÅâhP�ðÅU�g	�iõ�U�` cfX_R�cfSvjdôvà�U_R�e�` R�X�ô
ðfP S\cfX�^ R<X�^ ðfj@cf^ â�ðfP·` eIS\í�eI]nX_g��Ñàkj~}�X_í�^~«�U�]�U_c*��}rU_ìZe�R
Y[U_cf^kS\ehgbU_^�` ï cfâ�í�U_e�ð�ÝnX_í�e�^ !�[:e � ^ �nà�P�S�c{S�cfR�cfìZä«X_g�ô
SVU_^kS[S\X�^�X_S\cfâ�e�S\í�U�S[S\í e�c{g[]�X_g���ä�g\e�R�e�^kS\RÕU��£U�c{g\ðfjIe�êZâhcÅeh^dS
R�X�ðfP�S\cÅX_^0Þ�cfWreh^bS\í�e<`�c�)�P�R�ehôpR�P g���U_â�e�U�^·`°â�X�^ RTSVU_^kS�ôpä·U�S\âVí ô
gVU�`�cfX�R�c{S�jbU_ä ä g\X	�cÅìÍU�S\cfX�^�R�cf^dWrX�ðfWre�` è? ^ S\í�e X_S\í ehg í�U_^�`�� =!Xkâ�U_ð ç ðfðÅP ìZcf^·U�S\cfX_^ ôpà·U�R�e�`
Ý ç =!õQYÛcfR�cÅ^ â�ðfP·`�e�`°cf^°S�]�XI]�X_g��dR��d]�c{S\íbS\í�e�X�^ e<àdjÍõ�U�ô
ìÍU_ìZXkX�g�S\í�c U_^�` 4 U_^�gVU_í�U_^ g 068�c \ à«e�cf^ ÞIU�à�ðfe�S\X<à«e�âhX�^ ô
R�cÅ` ehg\e�`ÚU�R<U_^Ùe�dS\e�^�R�cfX_^ÙX���ß�U�S\XÍehS�U�ð è t�t�ø ��� D � t�t�ø ��� \ à«ehô
â�U�P�R�e;c{S,` XkehR<^�X_SQg\e�òkP�c{g\eZU�âhð�U�R�R�c��·â�U�S\cÅX_^ X��nS\í�eER�âhe�^�e
cf^kS\XÚR�í�U�` X�] g\e�Þ_cfX�^�RÍU�^·`Ûc{S;]�X�g���RZcf^KUÚìZX�g\e�Þ_e�^�ehgVU�ð
R�ehS�S\cf^�Þ'�dU_^�`;cfR�e�W�e�^ÍU_à ðÅe�S\X,` e�U_ð ]�c{S\íÍR�ä·U�S\cÅU_ðfð{jZW�U�g�j�cÅ^ Þ
ìÍU�S\e�g\c�U�ðfR è
ú cÅ^�U_ðfð{jL�	c{SÙcfRÚcfìZä«X_g�SVU�^kSÑS\X ^�X_S\e S\í�U�SÙ^�X OQe�^�ehgVU�ð

Ý ç =!õQY U_^�`Ò^�X ï X�^kS\e°Ý�U�g\ðfX�ôvà�U_R�e�`ÛÝ ç = õ�Y ]nehg\eZä g\ehô
R�e�^kS\e�`���ìZX�RTS\ð{j	à«ehâ�U_P R�e�X���S\í e�cf^ í�ehg\e�^kS í�cfÞ�í�â�X_ìZä�ðfe��c{S�j
cf^dWrX�ðfWre�`��iX��<R�ä«e�âhc�U�ð�cfìZä«X�g�SVU_^�âhe0cf^KS\í�e���X_g\ìZe�g è 4 X�]�ô
e�Wre�g	�r]�e�S\í�cf^>�,S\í·U�S ï X�^kS\eQÝ�U�g\ðfX_ôpà�U_R�e�`ÍR�X�ðfP S\cfX_^�R�U�g\e	U
R�e�^ R�cÅà ðfe;]�U�jÒX���S�g�j�cf^�Þ�S\X�R�X�ðfWre;S\í e�R�eZâ�X�ìIà�cf^�e�`Ùä�g\X�à ô
ðfe�ìZR���`�e�R�ä�c{S\e�S\í�e�í�cfÞ�í@W_U�g\cÅU_^ â�e,cÅ^ í�ehg\eh^dS�cf^ÑS\í�e,U_ä ä�ðfc{ô
â�U�S\cÅX_^0X��[S\í X�R�e<ìZehS\í Xd` RnS\XEcÅ^dWre�g\R�e<ä g\X�à ðfe�ìZR è

·!þµl � � ¶©�*� ±	�
� � ±Zµ � �V¸t¹ �@� �	´A�«¯v� �! ±4 e�g\e0]�eÑ]�cfðÅðQR�P�ìZìÍU�g\cfù�e0S\í eÑâ�X�^ â�ðfP�R�cfX�^ R�X���S\í�eÑR�P g�ô
Wrehjre�`@]nX_g��$�!S\X0R�í�X�] â�X�ìZìZX_^Úä�g\X�à�ðfe�ìZR��!âVí·U�gVU_âhS\ehg\cfù�e
U_ä ä g\X�U_âVí�e�R<S\X0R�X_ðÅP�S\cfX�^�RIU_^�`ÒR�P�Þ_Þ�e�RTSIX�ä«eh^ cfR�R�P�e�R è & e
â�U�^KX�g\ÞrU_^ cfù�ebS\í�e°RTS\P·`�cfe�` ìZehS\í�Xd`�R;` ehä«e�^·`�cÅ^ Þ@X�^ÛS\í�e
S�j�ä«e�X���cfðfðÅP ìZcf^·U�S\cfX_^ÙìZXd`�e�ðs,£Þ_e�^�e�gVU_ð*��gVU�` cfX_R�cfSvjL� ï X�^kS\e
Ý�U�g\ðfXEU_^·`ÍðfXkâ�U_ðÆ.�S\í ehjZP�R�eQU_^�`°U�â�â�X�gV` cf^�Þ,S\X,S\í e�R�X�g�S�X��
ä g\X_à�ðfe�ì S\í ehj°R�X�ðfWre�,ñ²U�à�ðfe�R��EU_^�`���. è
ç ^@ñ²U�à�ðfe�Rj�ZU_^�` ê ]neER�P ìZìÍU�g\cfù�e	S\í�e,ä·U�ä«ehg\RQX_^ ç ^ ô

Wrehg\R�e  ìZc{S�SVU_^ â�e�U_^�` ç ^dWrehg\R�e<õ7e�À�e�âhSVU_^ â�e	g\e�R�ä«e�â�S\cÅW�e�ð{j è& e�S\í e�^ÍR�í�X�]9S\í e�ìÍU�cÅ^+�¬e�U�S\P�g\e�RnX��×e�U_âVí°ìZe�S\í�Xd` æ S�j�ä«e
X���U_ä ä g\X�U_âVíIP R�e�`	S\X�R�X_ðÅW�enc{S9,` c{g\e�â�S[X_g[cf^�` c{g\e�âhS�.!U_^·`�^dP ô
ìZehg\cfâ�U�ð�ìZe�S\í�Xd` R S\X	cfìZä�ðfe�ìZe�^kS²c{S è ñ�í�ehR�e�ìÍU�S\í�ehìÍU�S\cfâ�U_ð
U_R�ä«ehâhS\R7U�g\e�R�P�ìZìÍU�g\cÅùhe�`°cf^°S\í�e�ü�ä ä«e�^·`�c� è
ü�R�]neQâ�U�^ÍR�e�eQcf^ZS\í�e�SVU_à ðÅehR��kS\í�ehg\e�U�g\e7S\í g\e�eh�dcÅ^�` RiX��

U_ä ä g\X�U_âVí�e�R�P R�e�`ES\X,R�X�ðfWre�S\í�e�` c�)�ehg\e�^kS�ä�g\X�à ðÅehìZR²��U_â�e�` æ
M ¸V¹«¾_¿�¼�»�ÌhÊÐp½�Â�Ä º�¿�¹kÀ U_ä ä g\XrU�â�í e�R��,X_g ÂVÁ·Ê£¿�ÆE¿fÜ�È�Ê£¿Â_¹·ÐvÃ\È_½h»�¾
U_ä�ä�g\XrU�â�í e�R���]�í ehg\e	S\í�e<R�X_ðÅP�S\cfX�^0cfR7X�à SVU�cf^�e�`bàkjq�·^�`�ô
cÅ^ Þ0S\í�eÍìZcf^�cfìEP ìß,£X�gEìÍUA cfìIP�ìB.�X��QU�^ÛU�`�e�òkP·U�S\ehðfj
` e���^�e�` X�àdáTehâhS\cfWre��¬P�^�â�S\cÅX_^ è ñ�í�ehR�eÒìZehS\í Xd` RbÞ_e�^�e�g�ô
U_ðfð{jZg\e�òkP�c{g\e�R�X_ðfW�cf^ Þ,S\í eQ`�cfg\ehâhS�ä�g\X�à�ðfe�ì U�S�ðÅe�U_RTS�X_^�â�e
ä«ehgÕc{S\ehgVU�S\cfX�^ t�ó�t�ô � ^��©!�[:e � ^��©2�õ ��ö ��2s# M � d��©['o ��3 �©2r# M � d©�þ ó 2s0 ��� è

M í<¿�¼�»\ÌhÊÐ½�Â�Ä º�¿�¹kÀ U_ä ä g\X�U_âVí�e�R��0]�í ehg\eCS\í�eCÞ_XrU_ðÒcÅR8S\X

��^·` ìZehS\í Xd` R�S\XÚcf^dWrehg�S,S\í�e°e�òkP·U�S\cÅX_^ ]�cfS\í X�P�S;R�X�ðfWkô
cf^�Þ S\í�e ` c{g\e�â�S ä g\X_à�ðfe�ì U�S U�^kjHS\cfìZe è ü�ìZX_^�Þ
S\í X�R�e��(]�e5â�U�^ ìZe�^kS\cfX�^ S\í e ìÍU�S�g\c�dôpà·U�R�e�` U�ä ô
ä�g\XrU_âVí�ehR��n]�í�e�g\ebS\í�e0Þ_XrU�ðQcfRZS\X cf^�W�ehg�SÍUÒí cÅÞ_í�ð{j3cfðÅð{ô
â�X_^·`�cfS\cfX_^�e�`CU�ðÅÞ_e�à gVU�cfâKRTj�RTS\e�ì X��Íe�òkP·U�S\cfX_^�R@g\e�R�P�ð{S�ô
cf^�Þq�¬g\X_ì U+�·^ c{S\eIe�ðfe�ìZeh^dS	U_ä ä g\X	�cÅìÍU�S\cfX�^ÑX��iS\í�e,P�^�ô
`�ehg\ð{j cf^ Þ*e�òkP·U�S\cÅX_^�R/0$2�0 ��3 ��o�i�0 � d���2s2�i�0 ��ö è ü�^ X_S\í ehg
U�ä�ä g\X�U_âVí$i�0 ��3 cfìZä ðÅehìZe�^kS\R�U_^ ç ^dWre�g\R�e ï X�^kS\e�Ý�U�g\ðfX
ìZehS\í Xd`ES\X<��^·`ES\í e�e�ìZcfR�R�cfWdc{S\cÅehRs��X�g7U�R�e�S�X�� R�P g���U_â�e�R è

M L@¿fËk»\¾ ��S\í·U�S�P R�eÙU â�X�ìIà�cf^·U�S\cÅX_^.X���S\í e0S�]�XÛU�à«X�Wrehô
ìZe�^kS\cfX�^ e�`EU�ä�ä�g\XrU_âVí�ehR è ñ�í�e�X_^�ð{j;e� U�ìZä�ðfe�R²g\e�Wdcfeh]�e�`
]�c{S\í;S\í�cfR²�dcÅ^�`IX��×U�ä�ä�g\XrU_âVíÍU�g\e t�ø ��� � t � ø ��ö U_^�` þ 2 � d è
ü7^·U_ð{j�ù�cf^�Þ�S\í�e ç ^dWre�g\R�e  ìZc{S�SVU_^ â�e�ä�g\X�à ðÅehìZR���]�c{S\í,S\í e

U�cÅ`ÛX��	ñ×U_à�ðfe-�:�[]�e°R�e�e°S\í·U�SEìZX�RTSEX��7S\í�e°ä·U_ä«e�g\RIS\í·U�S
]nX_g��8X�^(Þ�ðfX�à�U_ð,cfðÅðfP ìZcÅ^�U�S\cfX�^(��X�g\ìEP�ðÅU�S\cÅX_^�RÙ` e�U_ð�]�cfS\í
ä P g\e�ð{j�ðÅU_ìIà«ehg�S\cÅU_^1Ânõ�ã ú R���]�cfS\íIX�^ ðfjEUh�¬eh]3e��â�e�ä�S\cÅX_^�R è, 2sõ ��ö � 2s# M � d U�^·` g 068�c \ ��S\í·U�S²`�e�U_ð�]�c{S\í�â�X_ìEà�cf^�U�S\cfX�^ R X��
ä í�X�S\X�Þ_gVU�ä�í R�U�^·`Eä�g\e�R�e�^kS�U_ðfÞ�X�g\c{S\í�ìZRÕS\í·U�S�U�g\e7cf^�` e�ä«e�^�ô
`�e�^kS�X�� S\í�e Â�õ�ã ú P�R�e�`>. è6? ^ ð{jZS�]�X,]�X�g���R�ä�U�jbU�^kj°U�S�ô
S\eh^dS\cfX_^°S\X�S\í�e	ä�g\X�à ðÅehì X��[Y[U�g�S\cfâ�cfä·U�S\cÅ^ Þ ï e�`�c�U:� 0$2�0 ��3
U�^·`�2�2�i�0 ��ö è& c{S\í	g\e�R�ä«ehâhS×S\X�S\í e ç ^dWrehg\R�e[õ7e�À·e�â�S\X�ìZehS�g�j�ä g\X_à�ðfe�ìZR��
]ne R�e�e cf^*ñ²U�à�ðfe é S\í·U�S ó$I]\ � d U�^·` W@õ�8�c U�g\eÛä·U�ä«ehg\R
S\í�U�S[ä�g\e�R�e�^kSiU_^IcfðÅðfP ìZcÅ^�U�S\cfX�^�ôpcÅ^�` e�ä«eh^·` eh^dS���X�g\ìEP�ðÅU�S\cÅX_^��
]�í cfðÅeÍS\í�e;g\ehRTS;X���S\í eÍg\ehW�cfeh]ne�` ä·U�ä«ehg\REcf^ S\í cÅR,R�e�âhS\cfX_^
P R�eEX_^�ð{j@gVU�` cfX_R�cfSvjÒX�g<S\í�eIR�cÅìZä ðfc���e�`@ðÅXkâ�U_ðnW�ehg\R�cfX�^ è & e
U�ðfR�X R�e�e0S\í·U�S�[:i�o � d�ä g\e�R�e�^kS\R°UÒ`�c{g\e�âhS°U_ä ä g\X�U_âVí��nU_^·`
S\X_Þ�ehS\í ehgE]�c{S\íµ2s# M � d©�²2 � ÷�ô ��� �ro�õ g � ^�� ó�g W ��ö � ÷ o ó�ô ��� �i t�g ����ö�U�^·` ó6Å õ�ÿ$! ���QU�g\e7S\í�e7ä�P�g\e�ð{jÍ` c{g\e�âhS�U_ä ä g\XrU�â�í e�R
U�ìZX�^ Þ@S\í X�R�e�R�P g\Wrehjre�` è²? ^ S\í ebX_S\í ehgZí�U_^·`�� þ ó 2�0 ��� �t�ø ��� U�^·` t � ø ��ö P�R�e;íkj�à g\cÅ`ÚU_ä�ä�g\XrU�â�í e�R��²P R�cÅ^ ÞÑU0`�cfg\ehâhS
ìZe�U_R�P g\ehìZe�^kS9��X_g�X�^ e�X��ÕS\í�e<Ânõ7ã ú â�X�ìZä«X_^�e�^kS\R�,£Þ�eh^ ô
e�gVU_ðfð{j,S\í e�`�c�)�P R�e�â�X_ìZä«X�^�eh^dS²X���S\í e9Ânõ7ã ú .×U�^·`<g\e�R�X_g�S�ô
cf^ Þ7S\X�U_^,cf^·` c{g\e�â�SÕU_ä ä g\XrU�â�í���X�g[S\í�e�X_S\í�e�g[ä·U�gVU_ìZehS\ehg\R×cÅ^
S\í e5Ânõ7ã ú P R�e�` è ñ�í�cfR7U_R�R�P ìZe�R�S\í·U�S�S\í�e5Ânõ�ã ú cÅR�R�ehä ô
U�gVU_à ðÅe<cf^kS\XZ`�c�)�e�g\e�^kS�ä�U�g�S\R è ñ�í�e<ìZX_RTS�cfìZä«X�g�SVU_^kS�S\í�cf^�Þ
S\XQ^�X_S\cfâ�e�cfRÕS\í·U�S�U�ðÅð ä·U�ä«ehg\RnU�g\e�à·U_R�e�`EX�^�Â�õ�ã ú RiX��«S�]nX
ìÍU�cf^°Svj ä«ehR æ
M ñ�í eKR�â�eh^�e3â�U_^Cà«eK` e�âhX�ìZä«X�R�e�` cf^dS\X g\e�Þ_cfX�^�RÚ]�cfS\í
U�g\à�c{S�gVU�g�jBW_U�g\cÅU�S\cfX_^ X���S\í e9`�c�)�P R�eKg\e�À�e�âhSVU�^�â�e(,` c{ô
g\e�â�S\cÅX_^·U�ðÕg\e�À·e�âhSVU�^�â�e,ä g\X_ä«ehg�S\cfe�RQg\e�ìÍU�cf^ÙâhX�^�RTSVU�^kS	X�^
e�U�â�í0U�g\e�U�. è

M ñ�í e°R�âhe�^�eÍìEP RTS,à«eÍ` e�â�X_ìZä«X�R�e�`ÚcÅ^kS\X0g\e�Þ_cfX�^�R,]�c{S\í ô
X_P S,R�ä·U�S\c�U�ðnW_U�g\cÅU�S\cfX_^ X���S\í eEg\e�À�e�âhSVU_^ â�e;]�í�cfðfeZP�R�cf^ Þ
U+Â�õ�ã ú �¬P�^�â�S\cÅX_^�]�c{S\í0í cÅÞ_í�ehg�`�cÅìZeh^�R�cfX�^�U_ðfc{S�j è

ç ^EÞ_e�^�ehgVU�ð*�r]�e�R�e�e�S\í·U�S ¿�¹«¾_¿¬¼\»�ÌhÊ ìZehS\í Xd` RÕP�R�e�R�X_ìZe�R�X_g�S
X��×ðfe�U�RTS�R\òkP·U�g\ehRs��X�g�S\í�eQX_ä S\cfìZcfù�U�S\cfX_^�ä�g\Xkâ�e�R�R��d]�c{S\í°S\í e
e� âhe�ä S\cfX�^ à«ehcÅ^ Þ þ ó 2�0 ��� S\í�U�S�P�R�e�R°S\í�e � ehð�`�ehg�ô ï e�U�`
]�c{S\íÙßdcÅìIP�ðÅU�S\e�`0ü�^ ^�e�U�ðÅcf^ Þq�¬X_g�S\í�cfRQä�U�g�S è«ú g\X�ì S\í�e<g\ehô
Wdcfeh]ne�`Qg\e�R�P�ð{S\R���c{S×R�e�e�ìZR�S\í·U�S S\í�e²= ehWre�^dà«ehg\Þ_ô ï U�gVòdP�U�gV`dS
^dP ìZehg\cfâ�U_ðIìZcÅ^ cfìZcÅù�U�S\cfX�^CìZehS\í Xd` cfR X�^ eKX��ÍS\í�e3à«e�RTS
R�P c{S\e�`B�¬X_g�^�X�^�ôpðÅcf^ e�U�ghÂnõ7ã ú ��S�S\cf^ Þ è? � S\í e g\e�Wdcfeh]�e�` ä·U�ä«ehg\R S\í·U�S(`�e�U_ð@]�c{S\í ç ^dWrehg\R�e ìZc{S�SVU_^ â�eKX�g â�X_ìEà cÅ^ e�`Cä g\X_à�ðfe�ìZR��<X_^�ð{j 2�õ ��ö ��2s# M � d
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w ��xUyOzA{h�5|}z	y£�	~�z	�:� �hz	{��¬�V�r|Õ�r�/���h�+�U�L{�����xT�-�Õ�/�:�����������5|Õ�p���V� ���Cx
U_^�` !�[:e � ^ ä g\ehR�e�^kS@W�cfeh]�ôv`�e�ä«e�^·`�e�^kS0Þ_XrU_ðfR��<ehR�ä«e�â�cÅU_ðfð{j
S\í�e-��g\RTS�X�^ e�à«ehâ�U_P R�eQc{S�`�e�U_ðfR�]�c{S\íÍcf^�ä P S�Þ�cfWre�^Íàkj;ä í�X_ô
S\X�Þ�gVU_ä í�R���]�í�cfðfe�S\í�enR�ehâ�X�^�`Iâ�U�^;U_ðfR�X<à«e�P�R�e�`�]�cfS\íIWdcÅe�]�ô
cf^·`�e�ä«e�^·`�e�^kS�Þ�X�U_ðfR è
ú g\X�ì X�P�g�R�P g\Wre�j;]�e7ìÍU�jÍ` ehg\cfWre�S\í·U�S�R�e�W�ehgVU_ð«cf^dWrehg\R�e

ä g\X_à�ðfe�ìZR�g\e�ìÍU�cf^bX�ä«eh^ æ
M ñ�í�e.U�ä�ä ðÅcfâ�U�S\cfX�^ X�� ï X_^kS\e Ý�U�g\ðfX*ìZe�S\í�Xd` R@S\X ç ^ ô
Wrehg\R�e�õ7e�^·`�ehg\cf^�Þ7ä g\X_à�ðfe�ìZR²í�U_R²g\e�ìÍU�cÅ^ e�`EU7W�U�RTS\ð{j�P�^ ô
S\X�P�âVí�e�`3S\X�ä cfâ0]�cfS\í9X�^�ð{j3X�^ eÑe��â�e�ä�S\cÅX_^��nU_^�`KcfR°U_^
X�ä S\cfX_^8S\í�U�SbR�í�X�P ðÅ`8à«e@S\í�X�g\X�P Þ�í�ð{j.g\ehR�e�U�g\âVí�e�` U_^�`
e��ä�ðfX�c{S\e�`°cÅ^�S\í�eC�¬P S\P g\e è

M ñ�í�eZä g\X_à�ðfe�ì X�� ç ^dWrehg\R�e  ìZc{S�SVU_^ â�e;cf^ÒS\í e;ä g\e�R�eh^�â�e
X��<ä�U�g�S\cfâ�cfä·U�S\cÅ^ Þ ìZe�`�c�UÙí·U�R°X_^�ð{j3à«e�e�^KR�P�ä«ehg���â�cÅU_ðfð{j
S\X�P�âVí�e�` è�ï X�g\e�g\e�R�e�U�g\â�íbU_^�`°`�e�Wre�ðfX_ä�ìZe�^kSicfR�^�e�e�`�e�` è

M OQe�^�ehgVU�ð*��cfðÅðfP ìZcÅ^�U�S\cfX�^�ôpcÅ^�` e�ä«eh^·` eh^dS	� ç ^�W�ehg\R�eÑõ�e�À·e�âhô
S\X�ìZehS�g�j°U�ä�ä g\X�U_âVí�e�R�]nehg\e,U_ðfR�XZà·U�g\e�ð{j°S\X_P�âVí�e�`���à«X�S\í
cÅ^0S\í eIR�cf^ Þ�ðfehôpcfìÍU_Þ�eIU_^�`0cf^@S\í e�ìEP�ð{S\cfä�ðfehôpcfìÍU_Þ_e�W�U�g\cfô
U_^kS\R è

M ÝnX�ìEà cf^�e�`�ä g\X_à�ðfe�ìZR��_e�R�ä«e�â�cÅU_ðfð{jES\í X�R�en]�c{S\í;^ X�^�ôvðfXkâ�U�ð
cÅðfðfP�ìZcf^�U�S\cfX�^.ìZXd`�e�ðfR���g\ehìÍU_cf^.W_U_RTS\ð{j3P�^kS\X�P â�í e�`Kà«ehô
jkX�^�`ÙS\í�eEcÅ^ c{S\c�U�ð�e�)�X�g�S\RIU�^·U�ðfj�ù�e�`Òcf^ R�e�âhS\cfX�^b� è ñ�í cÅR
cÅR�e�R�ä«e�â�cÅU�ðÅð{j0S�g\P e ��X_gQ^�X_^ ôpðÅU_ìEà«e�g�S\c�U�^Ñe�^dWdcfg\X_^�ìZe�^kS\R��
R�cÅ^ â�e*S\í�e R�e�ìZcf^·U_ð@]�X�g�� àdjº«�U�]�U�c*�ÑY[U_cf^kS\ehg(U_^�`
ÝnX�í�eh^ !�[:e � ^ â�X�Wre�g\R�S\í�e�gVU�`�cfX�R�c{S�jÍä�g\X�à�ðfe�ì cf^�U,òkP�c{S\e
R\U�S\cfRU�£U�âhS\X_g�j�]�U�j è & e�â�U_^IU_ðfR�XQR�e�eÕS\í·U�S[RTS\P·`dj�cÅ^ Þ�â�X�ì;ô
à�cf^�e�`�cf^dWrehg\R�e�g\e�À·e�âhS\X_ìZehS�g�j,U_^�`,ðfcfÞ�íkS\cf^�Þ�ä g\X_à�ðfe�ìZR²cf^
S\í�eÍâ�X�^kS\e�dS,X���S\í eq�¬P�ðfð{ôgVU�` cÅU�^�â�e°e�òkP·U�S\cÅX_^ cfR;U0Wrehg�j
ä g\X�ìZcfR�cf^�Þ�U�^·`;X_ä«e�^ÍðÅcf^ e7X�� g\ehR�e�U�g\âVí��kR�cf^ â�e�ðfXkâ�U�ð«cfðÅðfP�ô
ìZcÅ^�U�S\cfX�^�e�^kSVU_cfðfR7UIg\X�P Þ�íÑU�ä�ä g\X	�cfìÍU�S\cfX�^ è

M ÝnX�ìEà cf^�cf^�Þ5ðfcfÞ�íkS\cf^�Þ5g\e�â�X_^�RTS�g\P âhS\cfX�^ ��X�g ` c�)�ehg\e�^kS
ä«X�cf^kS\R g 068�c \ U�âhg\X�R�R7U�R�â�e�^ e�� U_^·`Íä«ehg��¬X_g\ìZcf^�Þ,â�X_g�g\ehð�U�ô
S\cÅX_^�R	X���S\í eEX_à SVU_cf^ e�`ÑcÅ^'��X�g\ìÍU�S\cfX�^ ,U°Þ_e�^�e�gVU_ðfcfù�U�S\cfX�^
X��nS\í eE]�X�g��@àdj@ß U�S\X�ehS,U_ð è t�t�ø ��� D .QR�e�e�ìZR<U�^Òe�êZâhcÅeh^dS
U_^·`IP�^�e� ä ðfX_g\e�`I]�U�jES\X<X�à�SVU_cf^ZS\í�e�â�X_ìZä�ðfehS\e�ðfcfÞ�íkS\cf^�Þ
X��iS\í�eER�âhe�^�e���]�í cÅâVí@â�X�P ðÅ`Ùà«eIWrehg�jÑe�ê;â�cfe�^kS\ðfj@RTS\X�g\e�`
cÅ^,R�X�ìZeiR�X_g�SÕX��·ðfcfÞ�íkS\cf^�Þ�S\e�dS\P g\e�R/0 I D � 8 è ñ�í�cfR²]�X_P�ðÅ`IU�ð{ô
ðÅX�]*S\í eEU�à�R�X_ðÅP�S\eEä«X_R�cfS\cfX_^�cf^�Þ�X���ðÅcfÞ_ídSQR�X�P�g\â�e�R	cf^@S\í�e
R�â�e�^�e	S\XEà«e	X�à�SVU_cf^�e�` è

M Ýní�XkX�R�cf^ ÞÍS\í e	ðfP�ìZcf^·U�g\cfe�R��·R�í�U_ä«e�R7U_ìZX_^�ÞZU;R�ìÍU�ðfð R�ehS
X���ä«X�R�R�cfà�ðfeiR�í·U�ä«e�R×cfR U_^�X�S\í�ehg×X�ä�S\cÅX_^	S\í·U�S×cfR!R�P�Þ�Þ_e�RTS\e�`
àdjZS\í e	g\e�R�P�ð{S\R�X��ÕÝnX�RTSVU;ehS�U_ð è e t o � d è

M = ehS�S\cf^�ÞÚU_^3U�ðÅÞ_X_g\c{S\í�ì U�P S\X_ìÍU�S\cfâ�U_ðfð{jÛâVí�XkX�R�ebU_ìZX_^�Þ
R�e�WrehgVU�ðnä«X�R�R�cfà cÅðfc{S\cfe�RES\í eZìZX_g\eZR�P�c{S\e�` ìÍU�S\ehg\cÅU_ð}��X�gZU
g\e�À·e�â�S\X_g�S\X,Þ�ehS�U,Þ_cfWre�^°cÅðfðfP�ìZcf^�U�S\cfX�^�U�S�U,Þ_cÅW�e�^�ä«X_R�c{ô
S\cÅX_^0cf^�S\í e	R�â�e�^ e è

» þ ®Z¶�� � �!¼+� � �v�  ��@� ³�±& e�]�X_P�ðÅ`Ñðfc���e,S\XZS\í·U�^>�bYicfehg�g\eEY²X�P�ðfcf^"��X_gQí�cfR	cf^�R�cfÞ_ídS\R
U_^�`x}rU�â�� 4 X�]�ehðÅðh��X�gbí cÅRÍg\e�ä�g\cÅ^kS\R°U_^�` �¬X_g�ä g\XkX���g\e�U�`dô
cf^�Þ°U_^@e�U�g\ðfcÅe�g<Wrehg\R�cfX�^@X��iS\í cfRQä·U�ä«ehg	��U�R�]�ehðÅð²S\XZS\í e,g\ehô
Wdcfeh]�ehg\R²��X�gnS\í�ehcfg�P�R�e���P�ð�â�X�ìZìZe�^kS\R è ñ�í�cfR�]nX_g��,]�U_Rnä·U�g�ô
S\cÅU_ðfð{jÛ` X_^�eZP ^·` e�gIÞ�gVU_^kSEñ ç Ý9�6¬6¬ ÷ ôU� é+ª ��ô�ÝX¬ é ôY¬ ÷ X��QÝ ç ô
Ý ¦ ñÛU�^·`��y¬+¬ ÷ ß�OQõ�ô½¬©� ª_ê X�� OQe�^ ehgVU_ðfc{SVU�Sn` e7Ý�U�SVU_ðfP�^kjdU è

®�¹�¹ �@� �Ò� ¨ ® � ü�ä ä«e�^·`�c�
ç ^bS\í�cfR7U_ä ä«e�^·`�c��]neIU�^·U�ðfj�ù�e��6��X�g	e�U�â�í0R�P�g\Wrehjke�`bä·U�ä«ehg
S\í e�ìÍU�S\í�ehìÍU�S\cfâ�U_ð U_R�ä«ehâhS\R	X��ic{S\RQR�X_ðfP S\cfX�^@ìZehS\í Xd` è ñ×U�ô
à ðfe�R ó U�^·` û e��ä�ðÅU�cÅ^��A��X_g ç ^�W�ehg\R�e  ìZc{S�SVU_^�âhe�U_^�`Iõ7e�À·ehâhô
S\X_ìZehS�g�j g\e�R�ä«e�â�S\cÅW�e�ð{jL��S\í e0â�X�^ RTS�gVU_cf^kS\RÍcÅìZä«X_R�e�`9e�c{S\í ehg
X_^ZS\í�eQR�X_ðfP S\cfX�^�ìZehS\í�Xd`Ä,O��X�g�X�ä�S\cfìZcÅù�U�S\cfX�^�U_ä ä g\XrU�â�í e�R/.
X�g²X_^	S\í�eiRTj RTS\ehì X���e�òdP�U�S\cfX�^ R��¬X_g[`�c{g\e�âhS²cf^dWrehg\R�cfX_^,à�U_R�e�`
U�ä�ä�g\XrU_âVí�ehR ènç ^KS\í�e���g\RTS°â�U_R�e0S\í ebg\e�RTS�g\cfâhS\cfX�^ RbU�g\eÑcf^ ô
âhX_g\ä«X_gVU�S\e�` cf^kS\XbS\í�eÍX�ä�S\cfìZcÅù�U�S\cfX�^ U�ðfÞ�X_g\c{S\í ì��×]�í�cfðfe°cÅ^
S\í e0R�e�â�X_^·`9S\í e0â�X�^ RTS�gVU_cf^kS\RbU�g\e@P�R�e�`3cÅ^KS\í�eÑRTj�RTS\e�ì�� R
à P�cfðÅ` cf^�Þ�ä g\Xkâ�ehR�R��rÞ�eh^�ehgVU�ðÅð{jEcÅ^EUQìÍU_^dP�U_ðk]�U�j è ñ�í�e�S\í cfgV`
âhX�ðfP�ìZ^°ä g\e�R�eh^dS\R�S\í eQRTSVU�g�S\cÅ^ Þ;ä«X�cf^kS�P�R�e�`�àkjZS\í�eQ` c�)�ehg�ô
eh^dS�ìZehS\í Xd` R�]�í e�^ZS\í�e�P�R�e�`ZS\ehâ�í ^�cÅòkP�e�g\e�òkP�c{g\e�Rnc{S è ñ�í e�¬X�P�g�S\í,âhX�ðfP�ìZ^<ä�g\e�R�e�^kS\R²e�c{S\í�e�g×S\í�eiX�àdáTehâhS\cfWrer�¬P�^�â�S\cÅX_^,S\X
X_ä S\cfìZcfù�eicÅ^�S\í�eiâ�U�R�e�X�� X�ä�S\cÅìZcfù�U�S\cfX�^IU_ä�ä�g\XrU�â�í e�R���X_g²S\í e
ìZe�S\í�Xd`ÍP�R�e�`ÍS\X;R�X�ðfWre	S\í e<` c{g\e�âhS7ä�g\X�à�ðfe�ì ä�g\e�R�e�^kS\e�` è

DEèF>H�IÒJLK�MON�P�M #�Q H�R D %$S$%O% N D R #UT R N�V # V 7-W'X # D*Y/Z I X XL[ K�\ X R % H�I]M % � 8�8�^�_



w ��xUy*z	{��5|²z	y£�	~;z	�:� �-z	{������r|Õ�������-���U�L{��V��x��-�[���:�����������5|[�v���\� ����x

¾ ¿ ÀÁ

Â ÃÄ
Å¿Æ Ç
ÄÄÀ¿ÇÈ
É

Ê ÄÄÀ
¿ ËÌ Í
ÇÎÌ
¿ ÏÐ

Ñ ÅÎÉ
¿Ò Ó
ÐÅÒ

Ô ÕÔ
Ö ×Ø
Ù Ï
ÒÌ ÀÅÈ
Î

Ú Ç Í
Û Å ÀÎ
Ì Ç Ï
Ð ÓÀ
Æ ÇÈ
ÅÐ Ü
ÝÌ ÏÇ
ÞÌ Í
ÄÞ ßÞ ¿È
ÇÞ
ÌÞÞ ÓÍ
Ü

à ÚÔ

á â ×ã

ÕÌ À
ÅÈ
Î

Ú Ç Í
Û Å ÀÎ
Ì Ç Ï
Ð ÓÀ
Æ ÇÈ
ÅÐ Ü
ä ÏÌ
Æ ¿ ÀÍ
Ð ÄÇÎ
Ì ÇÞ Ç
Ï
Ò Ç Ïå
ÓÞ Ç À

Ð ÓÛ
ÒÌ æ Ü

Ù Ï æ
Å ÀÐ
ÅÑ ¿ Ï
Î Å
à Ç ÀÞ
¿

â
Ñâ ×ã
ÕÌ À
ÅÈ
Î

Ú Ç Í
Û Å ÀÎ
Ì Ç Ï
Ð ÓÀ
Æ ÇÈ
ÅÐç
è ÇÒ
Ì ¿ÐÌ
Î ÃÈ¿ Ï
ÐÎ Ç Ï
Î ¿ Ï
ÄÇÎ È
É ÅÐ Ü

Â ÀÓÏÈ
ÇÎÌ
¿ Ï¿
Æ ÐÌ Ïå
ÓÞ Ç À
æÇÞ Ó
ÅÐ Ü

ÑÂÔ é
Õ

Ýá â ×ê
ÕÌ À
ÅÈ
Î
çÝ
Ì ÏÌ
Î Åé
¿Þ ÓÍ
Å Í
ÅÎÉ ¿
Ò

Æ ¿ ÀÍ
ÅÒÌ Ç
çè Ç
ÒÌ ¿ÐÌ
Î ÃÈ¿ Ï
ÐÎ Ç Ï
Î ¿ Ï

ÄÇÎ È
É ÅÐ
çÞ Ç Í
Û Å ÀÎ
Ì Ç Ï
Ð ÓÀ
Æ ÇÈ
ÅÐÇ Ï
Ò

Ì Ð¿Î À
¿ ÄÌ È
ÍÅ
ÒÌ Ç Ü

ÕÌ ÐÈ
ÀÅ
ÎÌ ëÇ
ÎÌ ¿ Ï Ü
Â ÀÓÏÈ
ÇÎÌ
¿ Ï¿
Æ ÐÌ Ïå
ÓÞ Ç À
æÇÞ Ó
ÅÐ Ü

ÂÔ éÕ

ÑÑ
á â ×
ì Õ
Ì ÀÅÈ
Îç
ÝÌ ÏÌ
Î Åé
¿Þ ÓÍ
Å Í
ÅÎÉ ¿
ÒÆ ¿ À

ÍÅ
ÒÌ Ç

ÝÌ ÏÌ
Î Åí
Þ Å Í
Å ÏÎ
Ð Üî ï
Ô ÄÉ
Å ÀÌ ÈÇ
Þ â Ç À
Í¿ Ï
Ì È
ÐÊ
ÄÄÀ¿ Ë
Ì ÍÇ ð

ÎÌ ¿ Ï Ü
è ÇÒ
Ì ¿ÐÌ
Î ÃÈ¿ Ï
ÐÎ Ç Ï
Î ¿ Ï
ÄÇÎ È
É ÅÐ
çÞ Ç Í
Û Å ÀÎ
Ì Ç Ï
Ð ÓÀ ð

Æ ÇÈ
ÅÐÇ Ï
ÒÌ Ð¿
Î À¿
ÄÌ È
ÍÅ
ÒÌ Ç Ü

ÑÂÔ é
Õ

Ññ ×
ì
Ñ Ç À×ê

Ù Ï
ÒÌ ÀÅÈ
Îò
ÄÀÅÈ
¿ Í
ÄÓÎ
ÅÒ À
Å Ï
Ò Å ÀÌ Ïå
Ð

Æ ¿ À
ÅÇÈ
ÉÞÌ å
É Î Ð¿ Ó
ÀÈ
Åó

ÕÌ Ð
Î Ç Ï
ÎÞÌ å
É Î Ð¿ Ó
ÀÈ
ÅÐ¿ Ï
Þ Ã Ü
ÚÌ ÏÅÇ
ÀÀ
ÅÞ ÇÎÌ
¿ ÏÐ
ÉÌ Ä
Û Å ð

Î ôÅ
Å Ï
ÞÌ å
É Î Ð¿ Ó
ÀÈ
ÅÐÇ Ï
Ò ÎÉ
Å ÍÇ
ÄÄÌ Ïå
Î ¿Ì Í
Ç å
Å æÇ
Þ ÓÅ
Ð Ü

ÚÌ ÏÅÇ
Àï
ÐÎ ¿ À
Ò Å ÀÀ
Å åÓ
Þ Ç ÀÌ ë
ÅÒ
Ú ÅÇÐ
ÎÔ õÓ
Ç À
ÅÐ Í
ÅÎÉ ¿
Ò

ôÌ Î
Éñ
Å ÏÅ À
ÇÞÌ ë
ÅÒÔ é
ÕÆ
¿ ÀÇÈÈ
ÅÞ Å ÀÇ
ÎÌ ¿ Ï

Õ
èö ×
ì�÷
ÚÝÕ
Ö ×× ÷
Ýñ
è ×Ø

Ù Ï
ÒÌ ÀÅÈ
Î

ÕÌ
ø ÓÐ
ÅÔ Ó
ÀÆ ÇÈ
ÅÐ ô
Ì ÎÉ È
¿ ÏÐ
Î Ç Ï
Î ÀÇ
ÒÌ ¿ÐÌ
Î Ã Ü
ù Ï¿ ô
Ï

í ÍÌ
ÎÎÌ Ïå
î ÇÎ È
É ÅÐ ô
Ì ÎÉ
Á Ï¿ ô
Ïå
Å¿ Í
ÅÎ À Ã Ü

Ú ÅÇÐ
ÎÔ õÓ
Ç À
ÅÐ ÜÕ
èö ×
ì Ç Ï
ÒÚ
ÝÕÖ ×
×
Û ÓÌ
ÞÒ Ç
ÉÌ Å ÀÇ À ð

È
ÉÌ ÈÇ
Þ ÀÇ
ÒÌ ¿ÐÌ
Î ÃÐ Ã
ÐÎ Å Í
Î ¿Ð
ÄÅÅÒ Ó
ÄÈ¿
ÍÄÓ
Î ÇÎÌ
¿ ÏÐ Ü

îÝ ×ú

Ù Ï
ÒÌ ÀÅÈ
Î

öÞÌ ÏÏ
û ÐÌÞ
Þ ÓÍ
Ì ÏÇ
ÎÌ ¿ Ï
Í¿
Ò ÅÞYÜ

Ê ÏÇ
Þ ÃÎÌ ÈÇ
Þá
ÄÎÌ Í
Ì ëÇÎ
Ì ¿ Ï

îèü ×
ì
Ù Ï
ÒÌ ÀÅÈ
Î

Ï¿ Ï
Å

ýÚà
á

àÔ Ý ×
×

Ù Ï
ÒÌ ÀÅÈ
Î

Ï¿ Ï
Å

ÔÊò
ôÌ Î
É Ä¿
ÐÐÌÛ
Þ Åþ Ï
ÇÞ
Þ ¿ÈÇ
Þ ÐÅÇ ÀÈ
É ÐÎ
Å Äó

ÔÔ Ù ××
Û
ÔÔ Ù ×× È

ÕÌ À
ÅÈ
Î

ÕÌ Ð
Î Ç Ï
Î Ð¿ Ó
ÀÈ
ÅÐ ÷
ý ¿
Ì ÏÎ
Å ÀÀ
Åÿ ÅÈ
ÎÌ ¿ Ï
Ð ÷ÓÏ
ÌÆ ¿ ÀÍ
ÀÅ ð

ÿ ÅÈ
Î Ç ÏÈ
Å ÷ÈÇ
ÍÅ ÀÇ
� Á Ï
¿ ôÏå
Å¿ Í

à ÚÔ

ÔÔ Ù ××
Ç
ÕÌ À
ÅÈ
Î

à ¿ ÍÍ
¿ Ï
Æ ÅÇÎ ÓÀ
ÅÐÌ Ï
ÐÎ Å À
Å¿
ÄÇÌ À ÷
Ï¿
Ì ÏÎ
Å ÀÀ
Åÿ ÅÈ
ÎÌ ¿ Ï
Ð ÷

ÓÏ
ÌÆ ¿ ÀÍ
ÀÅ
ÿ ÅÈ
Î Ç ÏÈ
Å ÷ÈÇ
ÍÅ ÀÇ
� Á Ï
¿ ôÏå
Å¿ Í

à ÚÔ

Ô Ú �ï

Ù Ï
ÒÌ ÀÅÈ
Î

ý ¿ Ï
Åò Ç
Þ ÎÉ ¿ Óå
ÉÌ Í
ÄÞ Å Í
Å ÏÎ
ÅÒ Ç
ÐÞ ¿ÈÇ
ÞÌÞÞ Ó
Íó

Ô Î ÅÅ
ÄÅÐÎ
Ò ÅÐÈ
Å ÏÎ

ÑÊ ö
Ö ×ì
Ù Ï
ÒÌ ÀÅÈ
Î

ý ¿ Ï
Å

Ô ÅÞ ÅÈ
ÎÌ ¿ Ï
ÐÒÌ
Ð ÄÅ À
ÐÌ ¿ ÏÇ
Ï
Ò ÍÇ Ï
ÓÇ
Þ ÓÐ
Å À
ÐÅÞ ÅÈ
ÎÌ ¿ Ï

ñ ÓÌ �
�

Ù Ï
ÒÌ ÀÅÈ
Î

ù Ï¿ ô
Ïå
Å¿ Í
ÅÎ À ÃÇ
Ï
ÒÒÌ
ø ÓÐ
Å ÀÅ
ÿ ÅÈ
Î Ç ÏÈ
ÅÐ

Ú Å æÅ Ï
Û Å Àå ð
Ñ Ç ÀõÓ
Ç À
Ò Î

èâ �ï
Û
ï ÐÎ
Ù Ï
ÒÌ ÀÅÈ
Î ÷ú Ï
Ò ÕÌ À
ÅÈ
Î

Ú ¿ÈÇ
ÞÌÞÞ Ó
Í Ü
ÔÌ Í
ÄÞÌþ
ÅÒ ö
èÕÝ
ò ÒÌ
ø ç
Ð ÄÅÈ Ó
Þ Ç À
ó

ïó
ÚÌ ÏÅÇ
À
ÚÔ ô
Ì ÎÉ È Ó
Î ¿ø À
Å åÓ
Þ Ç ÀÌ ë
ÇÎÌ
¿ Ï Üú
ó Ô Ó
Û ÐÎ ÀÇÈ
Î

ÒÌø È
¿ Í
Ä¿Æ
öèÕ
Ý Ç Ï
Ò ÀÅÈ
¿ æÅ À
Ç ÏåÓ
Þ Ç À ð
Û ÇÐ
ÅÒÌ
ÞÞ ÓÍ

ÀÅ
Ð ÓÞ
ÎÌ Ïå
Æ À¿ Í
Ð ÄÅÈ Ó
Þ Ç À
öèÕ
Ý½Ü

Â ÇÛ
Þ Åã ß
àÞ ÇÐ
ÐÌþ ÈÇ
ÎÌ ¿ Ï
¿Æ Ì Ï
æÅ À
ÐÅ À
Å Ï
Ò Å ÀÌ Ïå
ÍÅ
ÎÉ ¿
Ò Ð ß
Ù Ï æ
Å ÀÐ
ÅÚÌ å
É ÎÌ Ïå
Üò
ýÚà
á �
ý ¿ Ï ð

ÚÌ ÏÅÇ
À
à ¿ ÏÐ
Î ÀÇ
Ì ÏÅ
Òá
ÄÎÌ Í
Ì ëÇÎ
Ì ¿ Ï Ü
ÑÂÔ é
Õ
�
Ñ ¿ÒÌ
þ ÅÒ
Â ÀÓÏÈ
ÇÎ
ÅÒÔ
Ì ÏåÓ
Þ Ç Àé
ÇÞ Ó
ÅÕ
ÅÈ¿
Í ð

Ä¿ÐÌ
ÎÌ ¿ Ï Ü
ÚÔ
�Ú ÅÇ
ÐÎ ð
Ô õÓÇ À
ÅÐ Ü
à ÚÔ
�à ¿ Ï
ÐÎ ÀÇ
Ì ÏÅ
Ò Ú
Ôó Ü

DE°F>H�IvJ:K�MON�P�M #�Q H�R D %>S$%O% N D R #UT R N�V # V 7-W:X # D*Y�Z I X XL[ K�\ X R % H�IbM % � 8�8�^�_



w ��xUyOzA{h�5|}z	y£�	~�z	�:� �hz	{��¬�V�r|Õ�r�/���h�+�U�L{�����xT�-�Õ�/�:�����������5|Õ�p���V� ���Cx

¾ ¿ ÀÁ

Â ÃÄ
Å¿Æ Ç
ÄÄÀ¿ÇÈ
É
Ê ÄÄÀ
¿ ËÌ Í
ÇÎÌ
¿ ÏÐ

Ñ ÅÎÉ
¿Ò Ó
ÐÅÒ

îÝ ×ã

Ù Ï
ÒÌ ÀÅÈ
Î

Ï¿ Ï
Å

ýÚà
á ¿ À
ýÚà
ÚÔ

Ñ Ç À×ê

Ù Ï
ÒÌ ÀÅÈ
Î

öèÕ
Ý ô
� Æ Å ô
Ð ÄÇÎ
Ì ÇÞÞ Ã
æÇ À
Ì ÇÎÌ Ïå
ÄÇ ÀÇ
ÍÐ Ü
ÕÌ Ð ð

È À
ÅÎ Å
Ô Ç Í
ÄÞ Ü

ÚÔ ö
èÕÝ
þ ÎÎÌ Ïå
ò Æ À¿ Í
ÄÉ ¿Î
¿ åÀ
Ç Ä
É Ðó Ü

Ñ Ç À×ê Ñ¾
ÚÖ ××
ÕÌ À
ÅÈ
Î

���� � 	

 	

 ��
���
� 
 	

 �� Ü
î ¿Ì Ï
ÎÞÌ å
É Î Ð¿ Ó
ÀÈ
ÅÐ Ü

Ñ ÅÇÐ Ó
ÀÅ Í
Å ÏÎ
Æ ¿ ÀÍ
ÄÉ ¿Î
¿ åÀ
Ç Ä
É Ð Ü

�Õ
Ñâ ××
ÑÌ ËÅ
Ò

Ú ¿ ô
ÄÇ ÀÇ
Íö
èÕÝ
� Ô È
Å ÏÅ
Ò ÅÈ¿
ÍÄ Ü
Ì ÏÀ
Å å
Ð Üô
�

È¿ Ï
ÐÎ Ü
ÒÌ ÀÅÈ
ÎÌ ¿ ÏÇ
Þ ÀÅ
ÿ�ÜÄÀ
¿ ÄÐ Ü

Ù Î Å ÀÇ
ÎÌ æÅ
öèÕ
Ýþ Î
ÎÌ Ïå ß
ýÚÚ
Ô ÐÎ
Å ÄÐ Ü

Õ Å
Û ×ê

Ù Ï
ÒÌ ÀÅÈ
Î

Ô È
Å ÏÅ
Ð ÓÛ
ÒÌ æÌ
Ò ÅÒ
Ì Ï
Æ Ç À
� Þ ¿ÈÇ
Þ ÀÅ å
Ì ¿ ÏÐ Ü

Ù Î Å ÀÇ
ÎÌ æÅ
öèÕ
Ýþ Î
ÎÌ Ïå Ü

îá Ý ×ê
ÕÌ À
ÅÈ
Î

î ÓÀ
ÅÞ Ã
Ú Ç Í
Û Å ÀÎ
Ì Ç Ï
Ð ÓÀ
Æ ÇÈ
ÅÐ Ü

à ¿Þ ¿ À
ßÐÇ
ÍÄ
ÞÌ Ïå
ÎÉ Å À
Å ÄÀ¿
� ÜÎ
Å ËÅ
Þ ÐÌ Ï
ÎÉ ÅÈ
¿ ÀÀ
ÅÐ Ä Ü

Ì Íå
Ð Ü

�Ñ ×ê

Ù Ï
ÒÌ ÀÅÈ
Î

î ÐÅ Ó
Ò ¿ ðö
èÕÝ
Ð ÜØ
Ð¿ ÓÀÈ
ÅÐ ß
Ô ÓÏ
ò ÄÇ ÀÇ
ÞÞ ÅÞó ÷
ÔÁ Ã

ò þ ÎÎ
ÅÒó Ç
Ï
Ò Ú Ç Ï
Ò ÐÈÇ
ÄÅò
í Ï æ Ü
Ñ Ç Ä
ó ÜÔ
ÄÅÈ
Þ ¿Û
Å

Æ À¿ Í
ÐÁ Ã
� Þ Ç Ï
Ò ÐÈÇ
ÄÅÈ¿ Ï
ÐÎ ¿ Ï
Þ Ç Àå
Å ÀÅ å
Ð

ÕÌ
ø È¿
ÍÄ ß
ÒÌ ÀÅÈ
Î Í
ÅÇÐ ÓÀ
Å ÜÔ
Á Ã
� Þ Ç Ï
Ò ÐÈÇ
ÄÅÐ
ÄÅÈ

Þ ¿Û
Å ßÚ
Ô ÜÔ ÓÏ
Ð ÄÅÈ
Þ ¿Û
Å ßý
ÅÞÒ Å À ð
Ñ ÅÇ
Ò ô
� Ô
Ê�Ü

Ýñ
è ×Ø
Õ
èö ×
ì
ÕÌ À
ÅÈ
Î

ÕÌ
ø ÓÐ
ÅÔ ÓÀ
Æ ÇÈ
ÅÐ ÜÕ
¿ÅÐ Ï
¿Î
ÒÌ ÐÎÌ Ïå
ÓÌ
ÐÉ
Û ÅÎ ô
ÅÅ Ï

È¿
Þ ¿ ÓÀ
Ç Ï
Ò ÐÉ Ç
Ò ¿ ô
Ð Ü

è Åÿ ÅÈ
Î Ç ÏÈ
Å ÄÀ¿
Ä¿ ÀÎ
Ì ¿ ÏÇ
Þ Î ¿Ç
æÅ ÀÇ å
Å ÀÇ
ÒÌ ¿ÐÌ
Î Ã

ÚÝÕ
Ö ××
ÕÌ À
ÅÈ
Î

Ê ÐÐ ÓÍ
ÅÐÁ Ï
¿ ôÏ
Å ËÇÈ
Î Å Í
Ì ÎÎ Ç ÏÈ
ÅÆ À¿
Í
Ð ÓÀ
Æ ÇÈ
ÅÐ
Ê ÐÕ
èö ×
ì�÷Û Ó
Î ÀÅ
ÿ�ÜÌ ÐÇ
æÀå
¿ æÅ À
Ì Íå
Ð ÜÈ¿ Ï
þ Ò Å ÏÈ
Å

ôÅÌ å
É Î Ð Ü

ÚÕ
è ��
Ù Ï
ÒÌ ÀÅÈ
Î

ÕÌ
ø ÓÐ
ÅÐ ÓÀ
Æ

Ê ÐÕ
èö ×
ì ç
ÛÞ ¿È
Á ÅÒ
ÞÌ å
É ÎÆ À
¿ ÍÀ
ÇÒYÜ
Ð¿Þ Ü
ç

É Å ÓÀ
Ì ÐÎÌ ÈÈ
¿ ÀÀ Ü
Û ÇÐ
ÅÒ ¿ Ï
ÌÞÞ ÓÍ
Ü¿ Ï
ÀÅ
Æ ÜÄÇ
Î È
É Ü

áÔ è
¾ ×ì
ÕÌ À
ÅÈ
Î

ý ¿É
Ì å
ÉÞÌ å
É Î ÐÌ Ï
Í¿
ÐÎÌ Í
Ç å
ÅÐ

Ñ ÓÞ
ÎÌ ÀÅ
Ð¿Þ Ó
ÎÌ ¿ Ï
Î Å ËÎ Ó
ÀÅ
ÐÛ Ã
ÀÅÈ Ó
ÀÐÌ æ
Å ÀÅ
ÄÀ¿
� ÅÈ ð

ÎÌ ¿ Ï

Õâ
ÂÖ ��
Ô ¾Ù ×
ì
Ù Ï
ÒÌ ÀÅÈ
Î

Ê ÐÐ ÓÍ
ÅÐÐ
ÄÅÈÈ
¿Þ ¿ À
�ÞÌ å
É Î È¿
Þ ¿ À Ü
ý ¿È
É Ç Ïå
ÅÐÌ Ï

Ì Ï
ÒYÜÌÞ
Þ ÓÍ
Ü

Ô Å ÄÇ À
ÇÎÌ
¿ Ï¿
Æ ÒÌ
ø�
Ð ÄÅÈ
ÄÇ À
Î Ð ÜÕ
Ì ÀÅÈ
Î ÀÅÈ
¿ æ¿
Æ

öèÕ
Ý ÄÇ À
Ç Í
Ð

èâ �ï
Û
Ù Ï
ÒÌ ÀÅÈ
Î

ÝÌ ÀÐ
ÎÂ Å À
ÍÐ
Ì Ï
Ô ÄÉ â
Ç ÀÍ
ÐÅ ÀÌ
ÅÐ

ÔÌ Í
ÄÞ Å Ë
ÍÅ
ÎÉ ¿
ÒÆ ¿ À
Ï¿ Ï
ÞÌ ÏÅÇ
À
ÄÇ ÀÇ
ÍÐ
� ÞÌ Ï
ÅÇ À

þ ÎÎÌ Ïå
Æ ¿ ÀÀ
ÅÐÎ

öñ �
ï

Ù Ï
ÒÌ ÀÅÈ
Î

â Ã
Å ÀÇ ÀÈ
ÉÌ ÈÇ
ÞÞ Ã
Î ÅÐÎ
ÐÐÌ Í
ÄÞ Å
Î ¿È
¿ Í
ÄÞ Å Ë
öèÕ
Ý

Í¿
Ò ÅÞ Ð

ÔÌ Í
ÄÞ Å
Ñ ¿Ò
ÅÞ Ð ß
Ù Î Å ÀÇ
ÎÌ ¿ Ï
Ð ôÌ
ÎÉÌ Í
Ç å
Å ð
Û ÇÐ
ÅÒ Å À ð

À¿ À
Üà ¿
ÍÄ
Þ Å Ëß
ÔÌ Í
ÄÞ Å Ë
Ñ ÅÎÉ
¿ÒYÜ

ÙÔ ×ï

Ù Ï
ÒÌ ÀÅÈ
Î

à ¿ ÏÐ
Î Ç Ï
Îö
èÕÝ
¿ æÅ À
ÀÅ å
Ì ¿ ÏÐ
ò ÀÅ
ÐÎ ÀÌ È
Î ÅÒ

Â ¿ ÀÀÇ Ï
È
Å ð
Ô ÄÇ ÀÀ
¿ ôö
èÕÝ
ó

Ù Î Å ÀÇ
ÎÌ æÅ
ÚÔþ
ÎÎÌ Ïå

ùà ×
�

Ù Ï
ÒÌ ÀÅÈ
Î

è Å õÓ
Ì ÀÅ
ÐÔ Å æ
Å ÀÇ
Þ î
É ¿Î ¿ åÀ
Ç Ä
É Ð

öèÕ
Ý ÐÇ Í
ÄÞ Å
Ì Ï æ
Å ÀÐÌ
¿ Ï
ò Ï¿
ÉÌ å
ÉÞÌ å
É Î ß
ÚÔ �
ÉÌ å
É ð

ÞÌ å
É Î ßÐ
Å ÄÇ ÀÇ
ÛÞ Å
ÚÔ ô
Ì ÎÉ
è Å å
ó

Ô Ù ×�

ÑÌ ËÅ
Ò

Ô Å ÄÇ À
ÇÛ
Þ ÅÒ
Ìø Ó
ÐÅ
� Ð Ä
ÅÈ Ó
Þ Ç À
ÄÇ À
Î Ð

Ô Å ÄÇ À
ÇÎÌ
¿ Ï¿
Æ ÒÌ
ø�
Ð ÄÅÈ
Ç Ï
Òþ Î
ÎÌ Ïå
¿Æ
Â ¿ ÀÀÇ Ï
È
Å ð

Ô ÄÇ ÀÀ
¿ ô
Û ÃÚ
Å æÅ Ï
Û Å Àå ð
Ñ Ç ÀõÓ
Ç À
Ò Î

Ô ¾Ù ×
ì
ÑÌ ËÅ
Ò

Ú ¿ÈÇ
ÞÌÞÞ Ó
Í Ü
à ¿ Ï æ
Å Ë
áÛ� ÅÈ
Î Ð ÜÙ Ï
Î Å ÀÄ
¿Þ Ç
Î ÅÒ ö
èÕÝ

ÄÇ ÀÇ
ÍÐ

ï ÐÎ
ÍÅÇ
Ð ÓÀ
ÅÒ ÷ú Ï
Òþ Î
Î ÅÒ
Â ¿ ÀÀÇ Ï
È
Å ð
Ô ÄÇ ÀÀ
¿ ô

Õ æ
ñ ýù ×
×
ÕÌ À
ÅÈ
Î

Â ¿Î Ç
ÞÞ Ã
Á Ï¿ ô
Ï
ÞÌ å
É ÎÌ Ïå

Ñ ÅÇÐ Ó
ÀÅ Í
Å ÏÎ
ÐÛ Ã
Ô ÄÅÈ
Î À¿
ÄÉ ¿Î
¿ Í
ÅÎ Å À

Úù
ñÖ �ï
Ù Ï
ÒÌ ÀÅÈ
Î

Ý ÓÞ
ÞÁ Ï
¿ ôÞ
ÅÒ å
Å¿Æ
ÚÌ å
É Î Ð ÷È
Ç Í
Å ÀÇ
� ¿Û
� ÅÈ
Î å
Å¿ Í
ï ÐÎ
öèÕ
Ý ÐÇ Í
ÄÞ ÅÈ
Þ ÇÐ
ÐÌþ ÈÇ
ÎÌ ¿ Ï ÷
ú Ï
Ò Ú Å æ
Å ÏÛ
Å Àå ð

Ñ Ç ÀõÓ
Ç À
Ò Î Í
ÅÎÉ ¿
ÒÆ ¿ À
ÅÇÈ
É ÐÇ Í
ÄÞ ÅÐÈ
Þ ÓÐ
Î Å À

Â ÇÛ
Þ Å� ß
àÞ ÇÐ
ÐÌþ ÈÇ
ÎÌ ¿ Ï
¿Æ Ì Ï
æÅ À
ÐÅ À
Å Ï
Ò Å ÀÌ Ïå
ÍÅ
ÎÉ ¿
Ò Ð ßÙ Ï
æÅ À
ÐÅ
è Åÿ ÅÈ
Î ¿ Í
ÅÎ À Ã Ü

ýÚà
á �
ý ¿ Ï ð
ÚÌ ÏÅÇ
À
à ¿ ÏÐ
Î ÀÇ
Ì ÏÅ
Òá
ÄÎÌ Í
Ì ëÇÎ
Ì ¿ Ï Ü
ÚÔ
�
Ú ÅÇÐ
ÎÔ õÓ
Ç À
ÅÐ Ü
ÔÊ
�
ÔÌ ÍÓ ð

Þ ÇÎ
ÅÐ
Ê ÏÏ
ÅÇÞÌ Ïå
Üý
Úà Ú
Ô �
ý ¿ Ï ð
ÚÌ ÏÅÇ
À
à ¿ ÏÐ
Î ÀÇ
Ì ÏÅ
Ò Ú
ÅÇÐ
Î ð
Ô õÓÇ À
ÅÐ Ü
ýÚÚ
Ô �
ý ¿ Ï ð
ÞÌ ÏÅÇ
À

Ú ÅÇÐ
Î Ð õÓ
Ç À
ÅÐ Ü

DEèF>H�IÒJLK�MON�P�M #�Q H�R D %$S$%O% N D R #UT R N�V # V 7-W'X # D*Y/Z I X XL[ K�\ X R % H�I]M % � 8�8�^�_



w ��xUy*z	{��5|²z	y£�	~;z	�:� �-z	{������r|Õ�������-���U�L{��V��x��-�[���:�����������5|[�v���\� ����x

à ¿ ÏÐ
Î ÀÇ
Ì ÏÎ
ÐÌ Í
Ä¿ÐÅ
Ò

Ù ÏÌ
ÎÌ ÇÞ å
ÓÅ
ÐÐ�
Ù ÏÌ
ÎÌ ÇÞ Ç
ÄÄÀ¿ Ë
Ü

áÛ� ÅÈ
ÎÌ æÅ
Æ ÓÏÈ
ÎÌ ¿ Ï
ò �ó
� ÒÌ À
ÅÈ
ÎÌ Ï æ
Å ÀÐÌ
¿ Ï

ÍÅ
ÎÉ ¿
Ò

Â ÅÐÎ
Ðî Å À
Æ ¿ ÀÍ
ÅÒ

Ô ÕÔ
Ö ×Ø
ò à Ú
Ôó

Ê ÞÞ ô
ÅÌ å
É Î Ð
� � Ü

Ê Ï Ã
æÇÞ Ó
Å

ÑÌ ÏÌ Í
Ì ëÅ ß
��
���

 �� �
��
���
�� ô
É Å ÀÅ
� �

Ì ÐÎ
É ÅÅ
ø ÅÈ
Î ¿Æ
ÎÉ Å
Ì ðÎ
ÉÞÌ å
É Î Ð¿ Ó
ÀÈ
Å Ü

à ¿ Í
ÄÞ Å Ë
Å Ï æ Ü
ôÌ Î
É ï×�
��
Ä¿Þ Ã
Ð ÷ú
ì ���

æÅ À
Î ÜÇ Ï
Ò ïú
ò ï�ó
ÞÌ å
É Î Ð¿ Ó
ÀÈ
ÅÐ Ü

á â ×ã

ý ¿ Ï
Å

Ù ÏÌ
ÎÌ ÇÞ
Å ÍÌ
ÎÎ Ç ÏÈ
ÅÒÌ
ÐÎ ÀÌ
Û ÓÎ
Ì ¿ Ï
ÄÀ¿
Ä¿ÐÅ
Ò

Æ ¿ ÀÓÏ
Á Ï¿ ô
ÏÐ Ü

Ù Ï æ
Å ÀÐ
ÅÑ
à Í
ÅÎÉ ¿
Òò À
Å õÓÌ À
ÅÐÉ
Ì å
É ÏÓÍ
ð

Û Å À¿
Æ ÐÇ Í
ÄÞ ÅÐó

è ÅÈ
Î Ç ÏåÓ
Þ Ç Àú
Õ
Å Ï æ Ü
ôÌ Î
É ¿ Ï
ÅÐ ÓÀ
Æ ôÌ
ÎÉ

ÿ Ó Ë
� É ÅÇ
Î ÓÏ
Á Ï¿ ô
Ï Ü

â
Ñâ ×ã

� Ð ÓÀ
Æ ÇÈ
ÅÐ ô
� ÿ Ó Ë
Ç Ï
Ò Å Í
Ì ÐÌ æ
Ì Î Ã
Á Ï¿ ô
Ï

�
� Ð ÓÀ
Æ ÇÈ
ÅÐ ô
� Û ¿
ÎÉ ÓÏ
Á Ï¿ ô
Ï Ü

ä ÐÅ
Ì ÏÌ
ÎÌ ÇÞ
Ô éÕ
Ð¿Þ Ó
ÎÌ ¿ Ï
Î ¿ åÓ
ÌÒ ÅÇ
Þ å
¿ ð

ÀÌ Î
É Í Ü

Ù Ï æ
Å ÀÎ Ç
Þ å
ÅÛ ÀÇ
Ì È
Ð ÃÐÎ
Å ÍÓ
ÐÌ Ïå
ÑÂÔ é
Õ Ü
è ÅÈ
Î Ç ÏåÓ
Þ Ç Àú
Õ
Å Ï æ Ü
ôÌ Î
É ¿ Ï
ÅÐ ÓÀ
Æ ôÌ
ÎÉ

ÿ Ó Ë
� É ÅÇ
Î ÓÏ
Á Ï¿ ô
Ï Ü

Ýá â ×ê

� ¿Æ æ
¿Þ Ü
ÅÞ Å Í
Üô
Ì ÎÉ
Û ¿ÎÉ
Å ÍÌ
ÐÌ æÌ
ÎÌ ÅÐÇ
Ï
Ò

Ð¿ ÓÀÈ
ÅÐÎ À
Å Ïå
ÎÉ ÓÏ
Á Ï¿ ô
Ï
�
� ¿Æ
Ð ÓÀ
Æ Ü

ÅÞ Å Í
Üô
Ì ÎÉ
Á Ï¿ ô
Ï
ÿ Ó Ë
Ç Ï
Ò Å Í
Ì ÐÌ æ
Ì Î Ã

ä ÐÅ
Ì ÏÌ
ÎÌ ÇÞ
Ô éÕ
Ð¿Þ Ó
ÎÌ ¿ Ï
Î ¿ åÓ
ÌÒ ÅÇ
Þ å
¿ ð

ÀÌ Î
É Í Ü

ÑÂÔ é
Õ
Æ ¿ ÀÀ
ÅÐ ÓÞ
ÎÌ Ïå
ÇÞ å
ÅÛ ÀÇ
Ì È
Ð ÃÐÎ
Å Í

ò Û ¿Î
É Í
ÅÒÌ ÇÇ
Ï
Ò Ð ÓÀ
Æ ÇÈ
ÅÐÒ
Ì ÐÈ À
ÅÎÌ ë
ÅÒó Ü

è ÅÈ
Î Ç ÏåÓ
Þ Ç Àú
Õ Å Ï
æ Ü
þ ÞÞ Å
Ò ôÌ
ÎÉÌ
Ð¿Î À¿
ÄÌ È

É ¿ Í Ü
ÍÅ
ÒÌ Ç ÷
ôÌ Î
É ¿ Ï
ÅÐ ÓÀ
Æ ôÌ
ÎÉ
ÿ Ó Ë
�

É ÅÇÎ Ó
Ï
Á Ï¿ ô
Ï Ü

ÑÑ
á â ×
ì

ý ¿ Ï
Å

îÕí
¿Æ Í
ÅÒÌ Ç
ôÌ Î
É� È¿
ÞÒ ôÇ
ÞÞ 
Û ¿ ÓÏ
Ò Ç À Ã

È¿ Ï
ÒÌ ÎÌ ¿ Ï
Ð Üä
ÐÅÔ é
Õ
Ð¿Þ Ó
ÎÌ ¿ Ï
Î ¿ åÓ
ÌÒ Å

ÑÂÔ é
Õ Ç
Þ å
¿ ÀÌ Î
É Í Ü

Ô ¿Þ æ
Åé ¿
Þ ÓÍ
ÅîÕ
íÛ Ã
ÝÌ ÏÌ
Î Åé
¿Þ ÓÍ
Å

ÍÅ
ÎÉ ¿
ÒYÜÙ Ï
æÅ À
Î ÀÅ
Ð ÓÞ
ÎÌ Ïå
ÇÞ å
ÅÛ ÀÇ
Ì È
Ð ÃÐ ð

Î Å Í
Æ ¿ À
Ð ÓÀ
Æ ÇÈ
ÅÐ¿ Ï
Þ ÃÓ
ÐÌ Ïå
ÑÂÔ é
Õ Ü

è ÅÈ
Î Ç ÏåÓ
Þ Ç Àú
Õ Å Ï
æ Ü
þ ÞÞ Å
Ò ôÌ
ÎÉÌ
Ð¿Î À¿
ÄÌ È

É ¿ Í Ü
ÍÅ
ÒÌ Ç ÷
ôÌ Î
É ¿ Ï
ÅÐ ÓÀ
Æ ôÌ
ÎÉ
ÿ Ó Ë
�

É ÅÇÎ Ó
Ï
Á Ï¿ ô
Ï Ü

Ññ ×
ì"!
Ñ Ç À×ê
î ¿ÐÌ
ÎÌ æÅÈ
¿Å
# ÈÌ
Å ÏÎ
Ð Ü

Ê Ï Ã
æÇÞ Ó
Å

ÚÌ ÏÅÇ
ÀÈ
¿ Í
ÛÌ ÏÇ
ÎÌ ¿ Ï
¿Æ
Û ÇÐÌ
ÐÌ ÍÇ å
ÅÐÎ ¿

ÍÇ
Î È
É Ç å
Ì æÅ Ï
ÄÉ ¿Î
¿ åÀ
Ç Ä
É Ü

è ÅÞÌ å
É ÎÌ Ïå
ßî
É ¿Î ¿
ÐçØ
Õ Í
¿Ò Å
Þ Î ¿
Í¿
Ò ð

ÌÆ ÃÇ å
Ì æÅ Ï
ÄÉ ¿Î
¿ Ü

Ýñ
è ×Ø !
Õ
èö ×
ì�÷

ÚÕ
è ��

$ Å Í
Ì ÎÎ Ç ÏÈ
ÅÐþ
Î ÐÅ
ÐÎÌ Í
Î ¿Î Ç
ÞÌ Ï
Î Å ÏÐ
Ì Î Ã
è ÇÒ
Ì ¿ÐÌ
ÎÌ ÅÐ
Æ À¿ Í
Ì ÍÇ å
ÅÐ

ÝÌ ÎÎÌ Ïå
¿Æ Î
É ÅÐ¿ Ó
ÀÈ
ÅÐ Ä¿
ôÅ À

Ê õÓÌ À
ÅÒ À
ÅÇÞ æ
ÌÒ Å¿
ÐÈ
Å ÏÅ
Ð Ü

îÝ ×ú

ý ¿ Ï
Å

Ê Ï Ã
æÇÞ Ó
Å

� %
&'
�( ÷
Æ ¿ À
ÒÌ À
) Ç Ï
Ò å
Þ ¿ÐÐ
Ì ÏÅ
ÐÐ * Ü
ä ÐÅ

ÐÉ Ç
Ò ¿ ô
æ¿Þ Ó
ÍÅ
ÐÆ ¿ À
þ ÏÇ
Þ Ä¿
ÐÌ ÎÌ ¿ Ï
Ü

ÔÌ Í
ÄÞ Å
ÄÀÌ Í
Ì ÎÌ æ
ÅÐ ÜÅ Üå
ÜßÈ¿ Ï
Å ÓÏ
Ò Å À
Î ÀÌ Ç Ï ð

åÓ
Þ Ç À
ÞÌ å
É Î Ü

îèü ×
ì
ò ýÚ
àáó
ÚÌ å
É Î Ð
Æ À¿ Í

&ÐÉ Ç
Ò ÐÁ
ÅÎ È
É

&Ì ÏÈ
¿ ÏÅ
Ò Åþ Ï
ÅÒÛ Ã
ÅÇÈ
É Ä¿
Ì ÏÎ

Ê Û ¿ æ
ÅÅÞÞ
Ì ÄÐ¿
ÌÒ È
Å ÏÎ
Å ÀÅ
Ò ¿ Ï
¿ÈÈ
Þ ÓÒ
Å À

Ç Ï
Ò ÀÇ
ÒÌ ÓÐ À
ÇÞ ¿ Ïå
ÒÌ ÀÅÈ
ÎÌ ¿ Ï
Æ À¿ Í

È
Å ÏÎ
Å À¿
Æ ÍÇ
ÐÐ¿
Æ ÎÉ
ÅÐÁ
ÅÎ È
É ÅÒ
Ä¿Ì Ï
Î ÐÎ ¿

ÅÞÞÌ Ä
Ð¿ÌÒ È
Å ÏÎ
Å À Ü

Ñ Ç Ë
Ì ÍÌ ë
Å ß
�� + ,
�+ �
�-
�ÒÌ
ÐÎ Ç ÏÈ
Å

Æ À¿ Í
Å æÅ À Ã
ÐÁ ÅÎ È
É ÅÒ
Ä¿Ì Ï
Î Ð + �
Î ¿ÞÌ å
É Î

Ä¿ÐÌ
ÎÌ ¿ Ï
+ , Ü

Ô Å æÅ À
ÇÞ
ÄÀÌ Í
Ì ÎÌ æ
ÅÐ ß�
Ü��Ø
ÐÅÈ
� ÔÁ
ÅÎ È
É ÅÒ

Ä¿Ì Ï
Î ð
Ì ÏÎ
Å ÀÇÈ
ÎÌ æÅ
Ð ÄÅÅ
Ò Ü

&ÐÇ Í
ÅÐÌ
Ò Å¿
Æ Ï¿ À
ÍÇ
Þ ÇÎ
Ä¿Ì Ï
Î

&ÀÌ å
É Î ÐÌ
Ò Å¿
Æ É Ç
ÞÆ ðÈ
¿ ÏÅ
¾èÂ È
¿ ÏÅÇ
ËÌ
Ð

&ÓÍ
Û ÀÇ
�

ÄÅ ÏÓ
ÍÛ À
Ç

&ä Í
Û ÀÇ ß
. ÚÌ å
É Îé
Å ÀÎ
Å Ë
ò Úé
ó ÷Ô
Á ÅÎ È
É ÅÒ

î ¿Ì Ï
Îò Ô
îó ÷
Úé
/ È¿ Ï
ÅÔ
î

ü ÓÐ
Î ÇÛ
¿ æÅÇ
Ï
ÅÞÞÌ Ä
Ð¿ÌÒ
í È
Å ÏÎ
Å ÀÅ
Ò ¿ Ï

¿ÈÈ
Þ ÓÒ
Å ÀÇ
Þ ¿ Ïå
ÒÌ À Ü
Æ À¿ Í
ÍÇ
ÐÐÈ
Å ÏÎ
Å À¿
Æ

ÎÉ Å
ÐÁ ÅÎ È
É ÅÒ
Ä¿Ì Ï
Î ÐÎ ¿
í È
Å ÏÎ
Å À

Ñ Ç Ë
Ì ÍÌ ë
Å ß
�� + ,
�+ �
�-
�ÒÌ
ÐÎ Ç ÏÈ
Å

Æ À¿ Í
Å æÅ À Ã
ÐÁ ÅÎ È
É ÅÒ
Ä¿Ì Ï
Î Ð

Ô Å æÅ À
ÇÞ
ÄÀÌ Í
Ì ÎÌ æ
ÅÐ ß�
Ü�ï
ÐÅÈ
� ÔÁ
ÅÎ È
É ÅÒ

Ä¿Ì Ï
Î ô
É Å Ï
Ð¿ ÓÀÈ
ÅÌ Ð
Þ Ç Àå
Å¾
èÂ È
¿ ÏÅ
Ð Ü

&î Å ÏÓ
ÍÛ À
Ç ß
. Úé
÷0
Ô î ÷
Úé
/ È¿ Ï
ÅÔ
î Ü

&ÉÌ å
ÉÞÌ å
É Î Ð
&ôÌ Î
ÉÌ ÏÈ
¿ ÏÅ
Ò Åþ Ï
ÅÒ
Û ÃÅÇÈ
É ÐÁ
ÅÎ È
É ÅÒ

Ä¿Ì Ï
Î{Ü

Ê Ï Ã
æÇÞ Ó
Å

ÑÌ ÏÌ Í
Ì ëÅ ß
é ÇÞ Ó
Å¿Æ
î ¿Ì Ï
ÎÚÌ å
É Î ô
Ì ÎÉÌ Ï

ÎÉ Å
Ì ÍÄ
ÞÌ È
Ì Î È¿ Ï
ÅÅ õÓ
ÇÎÌ
¿ Ï Ü

� Ü�ïã
ÐÅÈ
� ÐÁ Å
Î È
É ÅÒ
Ä¿Ì Ï
Î Ü

&ÐÇ Í
ÅÐÌ
Ò Å¿
Æ Ï¿ À
ÍÇ
Þ ÇÎ
ÐÁ ÅÎ È
É ÅÒ
Ä¿Ì Ï
Î Ü

&ÀÌ å
É Î ÐÌ
Ò Å¿
Æ É Ç
ÞÆ ðÈ
¿ ÏÅ
¾èÂ È
¿ ÏÅÇ
ËÌ
Ð Ü

àÔ Ý ×
×

ÓÐ
ÅÒ ð
Ò Åþ Ï
ÅÒò Ç
ÒÒ Å
Ò ÇÐ
ÄÅ ÏÇ
Þ ÎÌ Å
ÐÌ Ï
ÎÉ Å

¿Û�
ÅÈ
ÎÌ æÅ
Æ ÓÏÈ
ÎÌ ¿ Ï
ó

ä ÐÅ À ð
ÄÀ¿ æ
ÌÒ Å
Ò

ä ÐÅ À ð
ÄÀ¿ æ
ÌÒ Å
ÒÛ ÃÇ
ÐÈ À
Ì ÄÎ{Ü

ïó À
¿¿ Í
÷Þ Ó
ÍÌ ÏÇ
ÀÌ
Å�
Î ÇÛ
Þ Å ô
Ì ÎÉ
É ¿ Í¿ ð

å
Å ÏÅ
¿ ÓÐ
Ò ÅÐÌ À
ÅÒÌ
ÞÞ ÓÍ
Üú
ó ¿
# È
Åò ï�ã
ã�

¿Û�
ó ÷å
¿ÇÞ ßÀ
ÅÒ ÓÈ
Å å
Þ Ç À
Å ÷Ð
É ÇÒ ¿
ô
Û ¿ ÓÏ
Ò ð

Ç ÀÌ
ÅÐ
� ÀÅ
Ò ÓÏ
Ò Ç ÏÈ
Ã Ü

ÔÔ Ù ××
Û !Ô
Ô Ù ×× È
î ¿ÐÌ
ÎÌ æÅÈ
¿ÅÆ
Ð Ü

Ú Ç Í
Û Å ÀÎ
Ì Ç ÏÈ
¿ÅÆ Ü
ÅÐÎÌ Í
ÜÆ ¿ À
ÐÉ Ç
Ò ¿ ô
Ð ÓÀ ð

Æ ÇÈ
Å

ÚÌ ÏÅÇ
À
Ô ÃÐÎ
Å Í¿
Æ í õ
Ð ßÐ¿ Ó
ÀÈ
ÅÐ æ
Ð ÜÄÌ Ë
ÅÞ Ð

Ì Ï
ÄÉ ¿Î
¿ åÀ
Ç Ä
É Ð

ÐÌ Í
ÄÞ Å
Ä¿Þ Ã
É ÅÒ ÀÇ
¿ Ï
Î ÇÛ
Þ ÅÈ
Þ ¿ÎÉ Ü

ÔÔ Ù ××
Ç

ý ¿ Ï
Å

Ê Ï Ã
é ÇÞ Ó
Å

ÝÌ Ï
ÒÛ À
Ì å
É ÎÆ ÅÇ
Î ÓÀ
ÅÐÌ Ï
ÅÇÈ
É ¿ ÏÍ
Ì ðÌ Í
Ç å
Å

Ç Ï
Ò È¿ À
ÀÅ
Þ ÇÎ
Å Ü
Ñ Ç ÄÀ
Å ÍÇ
Ì ÏÌ Ïå
ÇÐ
Ì ÍÇ å
Å Ü

Ù Ï
Ò ¿¿ À
� ¿ Ó
ÎÒ ¿¿ À
ÀÅÇ
Þ ÐÈ
Å ÏÅ
Ð

Ô Ú �ï

Ï¿ Ï
Å

ÚÌ å
É Î
ÒÌ ÀÐ
�È
Å ÏÎ À
¿ÌÒ
¿Æ Ï
¿ ÀÍÇ
Þ Ð¿
Æ

æÌ Å ô
ÅÒ
Ð ÓÀ
Æ ÇÈ
ÅÐ Ü
Ù ÏÎ
Å ÏÐ
Ì ÎÌ Å
Ð �
Ç æ
Å ÀÇ å
Å

Ò ÅÐÌ À
ÅÒ Î ¿
æÌ Å ô
ÅÒÌ Ï
Î Å ÏÐ
Ì ÎÌ Å
Ð ÀÇ
ÎÌ ¿
ÔÉ Ç�
ï

î Å ÀÈ
Å ÄÎÌ ¿ Ï
ð
Û ÇÐ
ÅÒÌ Í
Ç å
Å õÓÇ
ÞÌ Î Ã
ÍÅ
Î ÀÌ È

ò Å ËÎ
Å ÏÎ
Ì ÏÈ
¿ ÍÓÏ
Ì ÈÇ
ÎÌ ¿ Ï
ÐÈ
Å ÏÅ
Ì ÏÆ ¿
ó

Ì Ð¿Þ Ç
Î ÅÒ È
¿ Í
ÄÞ Å Ëå
Å¿ Í
Î Å ÀÌ ÈÇ
Þ ¿Û
� ÅÈ
Î Ð

ÑÊ ö
Ö ×ì

ý ¿ Ï
Å

ä ÐÅ À ð
Ò Åþ Ï
ÅÒÌ Ï
Ì ÎÌ Ç
ÞÞÌ å
É ÎÌ Ïå

Ñ Ç ÏÓ
ÇÞ Ó
ÐÅ À¿
ÄÎÌ Í
Ì ëÇÎ
Ì ¿ Ï

à ¿ Í
ÄÞ Å Ë
ÐÈ
Å ÏÅ
Ð

èâ �ï
Û

ý ¿ Ï
Å

Ê Ï Ã
æÇÞ Ó
Å

ïó
ÚÔ
Æ ¿ À
Ô ÄÉ
Å ÀÌ ÈÇ
Þ â Ç
ÀÍ
¿ ÏÌ È
ÐÈ¿
Åø Ð Ü

ú Üï
ó Ð Ó
Û ÐÎ ÀÇÈ
ÎÒÌ
ø È¿
ÍÄ
Æ À¿ Í
ÀÅ
ÿþ Å
ÞÒ

ú Üú
ó ÀÅÈ
¿ æÅ À
ÉÌ å
É ðÀ
ÅÐÇ Ïå
ÓÞ Ç À ð
Ð ÄÇÈ
ÅÌÞÞ Ó
Í

à ¿ Í
ÄÞ Å Ë
áÛ� ÅÈ
Î Ð

ñ ÓÌ �
�

Ô ¿ ÓÀÈ
ÅÐÌ Ï
ÐÌÒ Å À
Å å
Ì ¿ ÏÐ

Ù ÏÎ
Å ÀÐ
ÅÈ
ÎÌ ¿ Ï
Ð¿Æ 1
ÒÌ ÀÅÈ
ÎÌ ¿ ÏÇ
ÞÞÌ å
É Î ÐÈÇ
Þ È Ü

Æ À¿ Í
ÒÌø Ó
ÐÅÐ ÓÀ
Æ ÇÈ
ÅÐ

Ú ÅÇÐ
Î ð
Ð õÓÇ À
ÅÐÅ ÀÀ
¿ À
Û ÅÎ ô
ÅÅ Ï
ÎÉ Å
Ð ÓÀ
Æ ÇÈ
Å

ÀÇ
ÒÌ Ç ÏÈ
ÅÐÇ Ï
Ò ÎÉ
Å Í
ÅÇÐ ÓÀ
ÅÒ ÀÇ
ÒYÜ

ÔÌ Í
ÄÞ Å
à ¿ ÀÏ
ÅÞÞ ö
¿ Ë ð
ÞÌÁ Å
ÐÈ
Å ÏÅ
Ð

Â ÇÛ
Þ Åì ß
Ô ÓÍ
ÍÇ À
Ã¿
Æ ÎÉ
Å ÍÇ
ÎÉ Å Í
ÇÎÌ È
ÇÞ Ç
Ð ÄÅÈ
Î Ð¿
Æ ÎÉ
ÅÌ Ï æ
Å ÀÐ
ÅÞÌ å
É ÎÌ Ïå
Ç Ä
ÄÀ¿ÇÈ
É ÅÐ
ÄÀÅ
ÐÅ ÏÎ
ÅÒ ß

Ù Ï æ
Å ÀÐ
ÅÚÌ å
É ÎÌ Ïå
ÜÔ é
Õ
�ÔÌ Ïå
ÓÞ Ç À
é ÇÞ Ó
ÅÕ
ÅÈ¿
ÍÄ
¿ÐÌ Î
Ì ¿ Ï Ü
ÑÂÔ é
Õ
�
Ñ ¿ÒÌ
þ ÅÒ
Â ÀÓÏÈ
ÇÎ
ÅÒ

Ô éÕ
ÜÑ
à �
Ñ ¿ ÏÎ
Åà Ç À
Þ ¿ Ü
îÕí
�î Ç À
ÎÌ ÇÞ Õ
Ìø Å À
Å ÏÎ
Ì ÇÞ
í õÓÇ
ÎÌ ¿ Ï Ü

DE°F>H�IvJ:K�MON�P�M #�Q H�R D %>S$%O% N D R #UT R N�V # V 7-W:X # D*Y�Z I X XL[ K�\ X R % H�IbM % � 8�8�^�_



w ��xUyOzA{h�5|}z	y£�	~�z	�:� �hz	{��¬�V�r|Õ�r�/���h�+�U�L{�����xT�-�Õ�/�:�����������5|Õ�p���V� ���Cx

¾ ¿ ÀÁ

à ¿ ÏÐ
Î ÀÇ
Ì ÏÎ
ÐÌ Í
Ä¿ÐÅ
Ò

Ù ÏÌ
ÎÌ ÇÞ å
ÓÅ
ÐÐ�
Ù ÏÌ
ÎÌ ÇÞ Ç
ÄÄÀ¿ Ë
Ü

áÛ� ÅÈ
ÎÌ æÅ
Æ ÓÏÈ
ÎÌ ¿ Ï
ò �ó
� ÒÌ À
ÅÈ
ÎÌ Ï æ
Å À ð

ÐÌ ¿ Ï
ÍÅ
ÎÉ ¿
Ò

Â ÅÐÎ
Ðî Å À
Æ ¿ ÀÍ
ÅÒ

îÝ ×ã
&
ôÌ Î
É

*
2 +3
4 *
5 6

é ÇÞ Ó
ÅÐ� 7
Ü

Çó
ô�
Ð ÍÇ
ÞÞ å
Þ ¿ÐÐ
Ì ÏÅ
ÐÐò *
ó ÜÛ
ó È¿ Ï
æÐ¿
Þ

ÇÐ
Ì ÏÌ
Î åÓ
ÅÐÐ
Æ ¿ ÀÏ
Å ËÎ
Ì Î Ü

ä ÐÅ À ð
Ò Åþ Ï
ÅÒ Î
Å ÀÍ
ÐÌ Ï
ÎÉ Åö
èÕÝ Ü

îÉ ¿ Ïå ð
öÞÌ ÏÏ
öèÕ
Ý ßï
ÐÎ
Ê ÍÛ
Ì Å ÏÎ ÷ú
Ï
Ò

ÕÌ
ø ÓÐ
Å ÷Ø À
Ò Ð Ä
ÅÈ Ó
Þ Ç À

îÝ ×ã
&
ôÌ Î
É

*
� 8
Ä¿Ì Ï
Î Ð

é ÇÞ Ó
ÅÐ
� 7 Ü
¾ ÅÌ å
É Î Ä
¿Ì Ï
Î Ð ô
Ì ÎÉ Í
¿ÐÎ

Ì ÍÄ
¿ ÀÎ Ç Ï
Î È¿ Ï
Î ÀÌ
Û ÓÎ
Ì ¿ Ï Ü

Ê Ï Ã
æÇÞ Ó
Å

ÕÌ Ð
Î Ç ÏÈ
ÅÛ
ÅÎ ôÅ
Å Ï
öèÕ
Ý Ç Ï
Ò Ó
ÐÅ À ð

ÄÀ¿ æ
ÌÒ Å
Ò ÐÇ Í
ÄÞ ÅÐ Ü

îÉ ¿ Ïå ð
öÞÌ ÏÏ
öèÕ
Ý Ü

Ñ Ç À×ê

ý ¿ Ï
Å

Ê Ï Ã
æÇÞ Ó
Å

¾ ÅÌ å
É Î ÅÒ
Ô õÓÇ À
ÅÒ Å ÀÀ
¿ À
Û ÅÎ ô
ÅÅ Ïö
èÕÝ

Ç Ï
Ò Í
ÅÇÐ ÓÀ
ÅÒ ÐÇ
ÍÄ
Þ ÅÐ Ü

ÔÌ ÏÎ
É ÅÎÌ È
Ð ÄÉ
Å ÀÅ
ô�
Î Å ËÎ Ó
ÀÅ
ÐÆ ¿ ÀÈ
ÇÞÌ
ÛYÜ

Ô õÓÇ
ÐÉYÜ
è ¿È
Á Ü

Ñ Ç À×ê
!
Ñ¾
ÚÖ ××
ý ¿ Ï
Å

Ê Ï Ã
æÇÞ Ó
Å

ÕÌ À
ÅÈ
Î Í
ÅÇÐ ÓÀ
Å ÍÅ Ï
Î ¿Æ

 ÷
 �
÷¿
Û Î ÇÌ Ï
Ì Ïå

����

 	

 ��

ñ ÀÇ ÃÈ
ÃÞÆ ¿ À
æÅ À
ÌÆ ÜÔ õ
ÓÇ
ÐÉ Üâ
ÓÍÇ
Ï
ÐÁÌ Ï Ü

ò Ø�
���
�
ÐÇ Í
ÄÞ Å� È
É Ç ÏÏ
ÅÞó

�Õ
Ñâ ××

ý ¿ Ï
Å

À¿ Óå
É ÅÐ
ÎÌ ÍÇ
Î Å¿
Æ ö
èÕÝ

ÕÌ
ø Å ÀÅ Ï
Î
öèÕ
Ý
Ì Ð¿Î À
¿ ÄÌ È
Ç Ï
Ò

Ç Ï
Ì Ð¿Î À
¿ ÄÌ È
ÈÇ
ÐÅÐ Ü
îÞ ÇÐ
ÎÌ È
ÐÒ
Ìø Å À
Å ÏÎ

Æ À¿ Í
ÍÅ
Î ÇÞ Ð Ü

Ô ÃÏÎ
É ÅÎÌ È
Î ÅÐÎ ß
À¿¿
Í ô
� ÍÓ
Î ÓÇ
ÞÌÞÞ Ó
Í Ü

è ÅÇÞ
Î ÅÐÎ ß
À¿¿
Í ô
� Æ ÓÀÏ
Ì Î ÓÀ
Å ÷Í
ÅÎ ÇÞÞ
Ì È

Û ÇÞÞ
ÐÇ Ï
Ò È¿
Þ ¿ ÓÀ
ÅÒ Ä
¿ÐÎ
Å ÀÐ Ü

Õ Å
Û ×ê

ý ¿ Ï
Å

Ù ÏÌ
ÎÌ ÇÞ å
ÓÅ
ÐÐò Ó
ÐÅ Àó

ÕÌ
ø ÜÛ
ÅÎ ôÅ
Å ÏÀ
Å Ï
Ò Å ÀÅ
ÒÞ ¿ÈÇ
Þ ÐÈ
Å ÏÅ
Ç Ï
Ò

ÄÉ ¿Î
¿Ð Ü

è ÅÇÞ È
¿ Í
ÄÞ Å Ë
ÐÈ
Å ÏÅ
Ð ô
� ÐÌ Í
ÄÞ Å
Ð ÃÏ ð

ÎÉ ÅÎ
Ì È
¿Û�
ÅÈ
Î Ð Ü

îá Ý ×ê

ý ¿ Ï
Å

Ê Ï Ã
æÇÞ Ó
Å

Ê ÞÞ Ä
¿Þ Ã
ÐÎ Å Ë
Î ÓÀ
ÅÐþ
ÎÎ ÅÒ
Î ¿¿ Ï
ÅÇ Ï¿
ÎÉ Å À ÷

È¿ À
ÀÅ
Ð Ä ÜÈ
¿Þ ¿ À
ÐÈ¿
ÍÛ
Ì ÏÅ
Ò
¾èÂ
ÐÅÎ ¿
Æ

È À
Ì Î ÜÎ
¿Æ ¿ À
ÍÇ
ÓÏ
Ì õÓ
ÅÎ Å Ë
Î Ü

8
97
:; 77
Î Å ËÎ Ó
ÀÅ
ÐÆ ¿ À
Û ¿¿
ÁÆ À¿
ÍÀ
ÅÇÞ

ÄÉ ¿Î
¿ åÀ
Ç Ä
É Ð Ü

�Ñ ×ê

ý ¿ Ï
Å

Ê Ï Ã
æÇÞ Ó
Å

ÕÌ
ø ßÍ
ÅÇÐ ÓÀ
Å ÷Ú Ç
Ï
Ò ÐÈÇ
ÄÅÐ
ÄÅÈ ß
ÚÔ
ÒÌø

ÄÐÅ Ó
Ò ¿ ðö
èÕÝ
� À
ÅÈ¿ À
Ò ÅÒ À
ÇÒYÜ
Ô ÓÏ

Ð ÄÅÈ ß
À¿
Û ÓÐ
Î ÄÇ À
Ç Í
ÀÅÈ
¿ æÅ À
Ãî
ÂéÝ ×ú
Ü

è ÅÞÌ å
É ÎÌ Ïå
¿Æ
Å ËÌ
ÐÎÌ Ïå
÷À
ÅÇÞ
Î ¿ ô
Å À Ü

Ýñ
è ×ØÕ
èö ×
ì
ý ¿ Ï
Å

Ê Ï Ã
æÇÞ Ó
Å

Ê æÀåÀ
Åÿ ÅÈ
Î ÄÀ¿
Ä¿ ÀÎ
Ì ¿ ÏÇ
Þ Î ¿ À
ÇÒ
Ì ¿ÐÌ
Î Ã
Ê õÓÌ À
ÅÒ æ
ÌÒ Å¿
Ì ÍÇ å
ÅÐÈ
Å ÏÅ

ÚÕ
è ��

ý ¿ Ï
Å

Ê Ï Ã
é ÇÞ Ó
Å

ï ÐÎ ß
Å æÇÞYÜ
ÇÐ
ÌÕ
èö ×
ì Üú Ï
Ò ßÊ
ÒÒÛ
Þ ¿È
Á ÅÒ

ÞÌ å
É ÎÆ À
¿ ÍÀ
ÇÒYÜ
Ð¿Þ ÜØ
ÀÒ ß
â Å ÓÀ
È¿ À
ÀÅÈ
ß

þ Ï
Ò ÓÏ
¿ÈÈ
Þ ÓÒ
ÅÒ À
ÅÆ ÜÄÇ
Î È
ÉÆ ¿ ÀÈ
¿Þ ¿ À
ÀÅ
Æ Ü

Ê õÓÌ À
ÅÒ À
ÅÇÞ æ
ÌÒ Å¿
Ù ÍÇ å
ÅÐÈ
Å ÏÅ

áÔ è
¾ ×ì

ý ¿ Ï
Å

Ê Ï Ã
é ÇÞ Ó
Å

Ñ ÓÞ
ÎÌ ÀÅ
Ð¿Þ Ó
ÎÌ ¿ Ï
õÓÇ
Ò Î ÀÅ
ÅÎ Å Ë
Î ÓÀ
ÅÐ À
Å ð

È¿
æÅ À
ÅÒ
Û ÃÀ
ÅÈ ÓÀ
ÐÌ æÅ À
Å ÄÀ¿
� ÅÈ
ÎÌ ¿ Ï Ü

îÌ È
Î ÓÀ
ÅÐ�
ÐÌ Í
ÄÞ ÅÎ
Å ËÎ ÓÀ
ÅÒ ¿
Û� ÅÈ
Î Ð

Õâ
ÂÖ ��

ý ¿ Ï
Å

Ô ÄÅÈÈ
¿Þ ¿ À
�Ð¿ ÓÀÈ
ÅÈ¿
Þ ¿ À Ü
ÕÌ
ø È¿
Þ ¿ À
�

ÍÅ
ÒÌ Ç Ï
èñ ö
ÍÅÇ
Ð ÓÀ
Å ÍÅ Ï
Î Ð Ü

ÕÌ À
ÅÈ
ÎÆ ¿ À
Ð ÄÅÈ Ü
Ú Ç Í
Û Å ÀÎ
Ì Ç Ï
þ Î{Ü

àÉ Ç Ïå
Å æÌ
Å ôÄ¿
Ì ÏÎ ÷
ÌÞÞ ÓÍ
� ÍÇ
Î È
ÉÌ Ïå

ÀÅÇ
Þ ðô
¿ ÀÞ
ÒÌÞÞ Ó
Í Ü

Ô ¾Ù ×
ì

ý ¿ Ï
Å

Ô ÄÅÈÈ
¿Þ ¿ À
�Ð¿ ÓÀÈ
ÅÈ¿
Þ ¿ À Ü
ÕÌ
ø È¿
Þ ¿ À
�

ÐÅ ÄÇ À
ÇÎ
ÅÒ
�þ Î
Î ÅÒ
Î ¿
Â ¿ ÀÀÇ Ï
È
Å ð
Ô ÄÇ À ð

À¿ ô
Ü

ÕÌ À
ÅÈ
ÎÆ ¿ À
Ð ÄÅÈ Ü
Ú Ç Í
Û Å ÀÎ
Ì Ç Ï
þ Î{Ü

à ¿Æ Å
ÅÈ Ó
Ä Ü

èâ �ï
Û

ý ¿ Ï
Å

Ê Ï Ã
æÇÞ Ó
Å

ÝÌ ÀÐ
ÎÂ Å À
ÍÐ
Ì Ï
Ô ÄÉ â
Ç ÀÍ
ÐÅ ÀÌ
ÅÐ ßö
èÕÝ

�ÕÌ
ø ÓÐ
Åç
ÐÞ ¿ ô ð
æÇ À Ã
Ì Ïå
Î Å ÀÍ
Ðç
Æ ÇÐ
Î ð

æÇ À Ã
Ì Ïå
Ð ÄÅÈ Ó
Þ Ç À
Þ ¿Û
Å Ü

è ÅÇÞ ð
ô¿ À
ÞÒ Í
¿Ò Å
Þ Ð Ü

öñ �
ï

ý ¿ Ï
Å

ÕÌ
ø ÓÐ
ÅÔ ÓÀ
Æ ÇÈ
ÅÐ Ó
ÐÅÒ
þ ÀÐ
Î ÜÂ
É Å ÏÍ
¿ ÀÅ

È¿
ÍÄ
Þ Å Ëö
èÕÝ
Ð Ü

è ÇÎÌ
¿¿
Æ Ç æ
Å ÀÇ å
Å¿Æ
¿Û�
ÅÈ
ÎÌ ÍÇ å
Å ÀÇ
ÒÌ ð

Ç ÏÈ
ÅÐÎ ¿
¿Û�
ÅÈ
Î ÀÅ Ï
Ò Å ÀÅ
ÒÌ ÍÇ å
Å Ü

á# È
ÅÔ È
Å ÏÅ

ÙÔ ×ï

à ¿ ÏÐ
Î Ç Ï
Îö
èÕÝ
¿ æÅ À
ÀÅ å
Ì ¿ ÏÐ

Ù ÏÎ
Å ÏÐ
Ì Î Ã
ÄÌ ËÅ
Þ æÇ
Þ ÓÅ
Ð ôÌ
ÎÉ Ï
¿ ÀÍÇ
ÞÌ ÏÈ
Ì ð

Ò Å ÏÎ
ÞÌ å
É Î

èÑÔ ß
ïó ¿
Û ÐÅ À æ
ÅÒ
Û ÀÌ å
É Î ÏÅ
ÐÐÇ Ï
Ò ¿ À
Ì ð

Å ÏÎ Ç
ÎÌ ¿ Ï
Æ À¿ Í
ÀÇ Ïå
Åþ Ï
Ò Å À ÷ú
ó Ú ¿ å
ò Ð ÄÅÈ

È¿
ÍÄ
ó Ç Ï
ÒÞ ¿ å
ò öèÕ
Ý Ð Ä
ÅÈ
ÄÇ À
Îó

ÔÌ Í
ÄÞ Å
áÛ� ÅÈ
Î Ð

ùà ×
�

ÕÌ
ø ÓÐ
ÅÈ
¿ÅÆ
Ð Í¿¿
ÎÉ
¿ Ï
ÀÇ Ïå
Å ð

Ò Å# È
Ì Å ÏÎ
ò ÀÒ
ó À
Å å
Ì ¿ ÏÐ ÷
Ð ÄÅÈ Ó
Þ Ç À
¿ æÅ À

Ï¿ Ï ð
Ð ÄÅÈ
� ÀÒ ÷
À¿ Óå
É ÏÅ
ÐÐÅ æ
Å À Ãô
É Å ÀÅ

Ê Ï Ã

ÚÌ ÏÅÇ
À
ÚÔ Å ÀÀ
¿ ÀÌ Ï
öèÕ
Ý æÇ
Þ ÓÅ
Ð

Â Å ËÎ ÓÀ
ÅÒ Ð
ÄÉ Å À
ÅÐ

Ô Ù ×�

ý ¿ Ï
Å

Ê Ï Ã

Ï¿
Î Ð Ä
ÅÈ
Ìþ Å
Òò þ
Î ¿Æ
Ð ÄÅÈ Ó
Þ Ç ÀÈ
¿ Í
Äó

à ¿ Í
ÄÞ Å Ë
¿Û�
ÅÈ
Î Ð

Õ æ
ñ ýù ×
×

ý ¿ Ï
Å

Ê Ï Ã

Ñ ÅÇÐ Ó
ÀÅ Í
Å ÏÎ
¿Æ ö
èÕÝ
ÐÇ Í
ÄÞ ÅÐ
ôÌ Î
É

ÒÌø ÜÈ
¿ Í
ÛYÜ¿
Æ æÌ
Å ôÌ Ïå
� ÞÌ å
É ÎÌ Ïå

Õ Ç
Î ÇÛ Ç
ÐÅ¿
Æ ÍÇ
Î Å ÀÌ Ç
Þ Ð

Úù
ñÖ �ï

ý ¿ Ï
Å

î Ç ÀÇ
ÍÐ
Æ À¿ Í
Ç æå
öèÕ
Ý

èÑÔ
íÛ�
ÐÇ Í
ÄÞ ÅÒ
� ÄÀ
ÅÒÌ È
Î ÅÒ æ
ÇÞ Ó
ÅÐ
Î Å ËÎ Ó
ÀÅ À
ÅÈ¿
æÅ À Ã
Æ À¿ Í
È¿
ÍÄ
Þ Å Ë¿
Û� ÅÈ
Î Ð

Â ÇÛ
Þ Åê ß
Ô ÓÍ
ÍÇ À
Ã¿
Æ ÎÉ
Å ÍÇ
ÎÉ Å Í
ÇÎÌ È
ÇÞ Ç
Ð ÄÅÈ
Î Ð¿
Æ ÎÉ
ÅÌ Ï æ
Å ÀÐ
ÅÞÌ å
É ÎÌ Ïå
Ç Ä
ÄÀ¿ÇÈ
É ÅÐ
ÄÀÅ ð

ÐÅ ÏÎ
ÅÒ ß
Ù Ï æ
Å ÀÐ
Åè
Åÿ ÅÈ
Î ¿ Í
ÅÎ À Ã Ü
Ô éÕ
�ÔÌ Ïå
ÓÞ Ç À
é ÇÞ Ó
ÅÕ
ÅÈ¿
ÍÄ
¿ÐÌ Î
Ì ¿ Ï Ü
ÑÂÔ é
Õ
�
Ñ ¿ÒÌ
þ ÅÒ

Â ÀÓÏÈ
ÇÎ
ÅÒÔ é
Õ Ü
Ñà
�
Ñ ¿ ÏÎ
Åà Ç À
Þ ¿ Ü
îÕí
�î Ç À
ÎÌ ÇÞ Õ
Ìø Å À
Å ÏÎ
Ì ÇÞ
í õÓÇ
ÎÌ ¿ Ï Ü

DEèF>H�IÒJLK�MON�P�M #�Q H�R D %$S$%O% N D R #UT R N�V # V 7-W'X # D*Y/Z I X XL[ K�\ X R % H�I]M % � 8�8�^�_



w ��xUy*z	{��5|²z	y£�	~;z	�:� �-z	{������r|Õ�������-���U�L{��V��x��-�[���:�����������5|[�v���\� ����x
_ � O � ´ �@� ¶ � ±S M
Å ��3 #�_n�#=< I %�S MÆÅ�N _?>A@CBED FEGIHIJLKNMOGQPSR=T=UWVXRZY\[SHQ]\^_D BEG`MaTcbdHfe=PgGihjY�BZ@_UXk

l RZYXG
_6[ H _ ó _�T H�I % R %]a ó$I D I < \AIbM c ����3 _S M
Å ��3 \ _n�#=< I %vS M
Å�N _ F>H�I}g>N X I�N k>o K�V D T R N�V #�X:S V #�X ` % R % R V õ�X N�\ #�X ø X X Knm< R V #UT R N�V _ ø�V [�_@2h_@06# V�M # H # V # V 7 � _:[ K�MOP #UT H�N k IbM a I 7 R T N�M %]ao MO@CTnMOYXHQ@_ephqMaJOPg@SHIrX^CM�Uts uwvyxIz{Y�R=JXM�MaTEHQ@_e=U|RaVcGQPjM}[jHf~ZGQPy�{^_kY�ROeZY�B l PgHIJOU��\REYO�=U�PSR l RZ@ o MO@CTgMOYOHQ@SeX��a$Q�# P�I %�c�c 3O� c � � a�ÿ I Zþ N�M Y a�ÿ þ a�c ����3 _ t Q MOR V�P�I]MIm;�:IbM X # P _W@õ�8�c�_ t #=< K�I X�W N�R Å�R V # V 7sS V 7 MOI õ�# P #�X N Z R D�� _ ø <�# P�IamÆ\ #�% I 7 MOI]V 7 I]M
R V�PN k�7 R ��K % I a�%OQ I D K X # M # V 7 P X N %O% ` % K�M k # D I %@k M
N <�#v% R V�P X I$R <�# P�I _ ø�V� RE] l ^_G`MOY��AY�B l PgHIJOU}z�Y�R=JXM�M�TZHQ@Se=U"��>A@j@S^jBZD � RZ@=V=MOYOMO@CJOMN[qMOkYOH`M�U�xI[S�"��� o >Wz{���S�w�n�O�/a�Q�# P�I %vcb8 ö�� c�c � aAS K�P�K %
T � 8�8�c�_W'X R ö�ö _�n�#=< I %�o'_�W:X R V�V _�2 N 7 I X % N k6X R P�H T M
I��AI D T R N�V k N�M D N <�Q K T IbM % `�VnmT H�I % R � I 7hQ R D T K�MOI %]_ ø�V � RE] l ^_G`MOY}�AY�B l PgHIJOULz{Y�R=JOM�M�TZH�@_e=U"��>A@jk@S^jBED � RZ@ZV"MOYOMO@CJOM|[qMOYXH�M�U�x�> � K�[S�"��� o >Wz{��s �w��z{Y�R=JXM�MaTEkHQ@_e=Ua��aAQ�# P�I %Òc ���O� c � d�a:c ��ö�ö _W F ö�3 _L[�_/W K�R m�F _ ø X X K < R V #UT R N�V k N�M D N <�Q K T I]M:P�IbV�I]M #UT I 7}Q R D T K�MOI %]_ � RZ]\k]i^_@SH�J�BEG�HIRE@_U�R�V�GQPjMi> � K5a�cbdn� �Z��� ^�c�c � ^�c ö a©n K�V�I c ��ö�3 _e t o � d�_ S V T N�V�R N e@# M 7 N % N e N %
TO#�a$Sv_ t�N�K %O#�a># V 7�o'_>o IbMOMOIbR M #�_ ó$I % R P�V7 IrR X K < R V #=��  N _ ø�V¢¡ GQP�z?REYXG�^geZ^CM�U=M�£?RZYO�=U�PSR l RE@ � RZ] l ^_G�MOY�AY�B l PgHIJOUUa�e N�R < \�M #�aA[ N�M T K�P #�X�a©c ��� d�_ R V [ N�M T K�P�K�I % I _e t o ��� _ Sv_Òe N %
TO#�a}Sv_ t�N�K %O#�av# V 7Äo'_Òo IbMOMOIbR M #�_ ÷�R P�H T R V�P 7 I % R P�V � SP�N #�X \ #�% I 7�#�Q�Q MON # D HCK % R V�PrN Q�T R < R � #UT R N�V _ ø�Vhó _ ÷�R D H�R V % Y R # V 7õÒ_ � # M 7 ÷ # M % N�V a I 7 R T N�M %]a o MO@qTnMOYXHQ@_e¤h¥MaJOPg@SHIrX^CM�Ups unu�x�z�Y�REkJOMOMaTEHQ@_e=U�R�V¦GQPjM|�n�=G�Py��^_Y�ROeZY�B l PnHIJOUy�§RZYO�=U�PSR l RE@ o MO@qTnMOYXkHQ@_eX�/a�Q�# P�I %h^�c öO� ^ � d�a}ÿ I Z þ N�M Y a�ÿ þ a�n K�V�I c ����� _ t Q MOR V�P�I]M�m�:IbM X # P _e �<� ^�_�2 R D H # I X©o'_�e N�H�IbV # V 7sn N�H�V�g _ � #�X X # D I _ o BwTEHIRZUOHQGIF¨BZ@CT o M�BZD kHfUOGIHIJi��]§BZenM\[SFE@SG�PSM�UXHfUU_:S D #�7 I < R D [ MOI %O%$[ MON k I %O% R N�V #�X�a�W N %ÆT N�V a2sSva�c ��� ^�_ó�Ib\ � d�_ [�# K X ó$I]\AIfÅ�I D _ g>I]V 7 I]M
R V�P % `�V T H�I T R D N�\n©
I D T*% R V T N-MOI #�X>% D IbV�I % �W MOR 7 P�R V�P T M #�7 R T R N�V #�X/# V 7 R <�# P�I�m�\ #�% I 7 P�M #�Q H�R D % Z R T H�P X N�\ #�X R X X Knm< R V #UT R N�V # V 7 H�R P�H 7 `�V #=< R D M # V�P�I Q H�N T N�P�M #�Q H/` _ ø�V � RZ] l ^_G�MOY�AY�B l PgHIJOUªz{Y�R=JXM�MaTEHQ@_e=U=�§>A@S@S^jBED � RE@=V"MOYOMO@CJXMª[qMOYXH�M�Upx�> � K[S�"��� o >«z{�¬s u ¡ z{Y�R=JOMOMaTEHQ@_e=U��/a�Q�# P�I %Òcbd �X� c � d�a:c ��� d�_ó 0 F>ô 8�8�_[�_ ó$I]\AIfÅ�I D a F _�06# Z>Y R V %]a©e�_ F D H�N�K aL0 m [ ó$K�R Y I]M a � _ t # M
N Y R V a# V 7q2-_ t # P # M _;S D� K�R MOR V�P T H�ICM
I��AI D TO# V D Ic®AI X 7 N k}# H/K <�# Vk�# D I _ ø�V � RE] l ^_G`MOY}�AY�B l PnHIJOULz{Y�R=JOMOMaTEHQ@_e=U"�?>A@S@S^jBED � RE@=V"MOYXkMO@CJOM\[¥MOYOH�M�U¨xI[S�"��� o >Wz{���_�n�n�O�/a�Q�# P�I %Òcbm 3O� c 3 � a � 8�8�8�_ó 2 ��ö _*[�# K X J _ ó$Ib\AIbÅ�I D # V 7�n R T IbV 7 M #52s#�X R Y _ g>I D NbÅ�I]MOR V�P<H�R P�H 7 `wmV #=< R D M # V�P�I}M #�7 R # V D I <�#�Q�%�k MON < Q H�N T N�P�M #�Q H %b_ ø�V � RZ] l ^_G�MOY�AY�B l PgHIJOUªz{Y�R=JXM�MaTEHQ@_e=U=�§>A@S@S^jBED � RE@=V"MOYOMO@CJXMª[qMOYXH�M�Upx�> � K[S�"��� o >«z{�¬s ug�§z{Y�R=JOMOMaTEHQ@_e=U��/a�Q�# P�I %�^ ���X� ^ ö d�a:c ����ö _ó�g W ��ö _õ I]N�M
P�I ó$MOI T
T*# Y R %]a ÷�K D g>N�\AI]M Tua$# V 7 t�` X Å # R V W N�K�P�V�N�K jA_ ø�VnmT IbM # D T R Å�I D N <�< N�V�R X X K < R V #UT R N�V k N�M D N <�Q K T IbM # K�P < I]V T I 7 M
I #�X mR T ` _ ø�V n K X R I9ó$N�M % If` # V 7<[ H�R X X R Q t X K %O#�X X I Y a I 7 R T N�M %]a o MO@qTnMOYXkHQ@_e|hqM�JOPn@jHIrX^CM�U|s ug�}xIz{Y�R=JOMOMaTEHQ@_e=U§RaV¯GQPjM\�{Hfe=PnG�P¦�{^_Y�ROeZY�B l PgkHIJOU¢�§RZYO�=U�PSR l RZ@ o MO@CTgMOYOH�@_eX��aLQ�# P�I %Òm 3O��3 � a'ÿ I Z þ N�M Y a©ÿ þ ac ����ö _ t Q MOR V�P�IbM � R IbV _ó$Å õ�ÿ$! ��� _! MOR %
T R V n�_ ó # V #�a6W M #=< Å # V õ R V�V�I Y I]V a t�H�MOI]I !v_6ÿ6# ` # M a6# V 7n�# V n�_A! N�IbV 7 IbMOR V Y _ g>I��AI D T*# V D I # V 7²T I j/T K�M
I�N k MOI #�X m Z N�M X 7�% K�M�mk�# D I %]_?> � K°hSY�BE@_U"BnJXG�H�RZ@_U�RE@��AY�B l PnH�JOUUa�cbdn�
c ��� c � ^�m�a:c ����� _o�õ g � ^�_S$X # R V o N�K�MOV�R I]M avS'T ©
IbV�Pqt _võ K�V # Z # V av# V 7�e H�MOR % g>N <�# V � R V _e N <�< N�Vsø X X K < R V #UT R N�V W I T Z IbI]Vrg>I #�X	# V 7}e N <�Q K T I]M õ I]V�I]M #UT I 7t D IbV�I %b_ ø�V z{Y�R=JOMOMaTEHQ@_e=UWRaV��AY�B l PnH�JOUA��@SG`MOYIVXBnJOM�s uw±�a�Q�# P�I % ��3 m �� ��� a t # V o M # V D R % D N a�e@Sva	2s# ` c ��� ^�_�2 N�MOP # V !$# K kf<�# V�V _o�i�0 � d�_o'_�o M # V �b#�a�2h_/i P�K <�#�a�# V 7}n�_ g _�0 N Z I X X�_ ø�V�Å�I]M % I6M #�7 R #UT R Å�I6H�I #UTT M # V %
k IbM Z R T H9V�N�V�P�M # ` a V�N�V�R % N T H�IbM <�#�XLQ�# M T R D R Q�#UT R V�P < I 7 R #�_ ø�Vg _ Sv_$ÿ I X % N�V a F _�e H�N Q R V a@# V 7 t _ F _ F@H/`�V�I X X�a I 7 R T N�M %]aA>W[SKc��ih³²va Å�N X K < I ^ � c m 3 aAQ�# P�I %�cbm 3O� c 3 c�_ ø 2 J e J a	ÿ NbÅ�I < \�IbM c ��� d�_o Å�ó o©0 � 8�_n�#=< I % ó _Òo N X If` avS V 7 MOR I % Å # V�ó #=<sa t T IbÅ�IbV !v_vo IbR V�IbM av# V 7n N�H�V o'_-0 K�P�H�I %]_ � RE] l ^_G`MOY´�AY�B l PnH�JOU"�¢z{YOHQ@qJXH l DfM�UµBE@CTz{Y�BwJXGIHIJOM"�¯[qMaJORZ@CT¶�?TEHQGIHIRZ@�_BS@7�7 R % N�Vnm � I %OX Ib` a g>I #�7 R V�P a62r#�% m%O# D H/K % I TOT*%ba'c ��� 8�_õ�X # ��3 _US V 7 MOI Z t _�õ�X #�%O% V�IbM _·z{YXHQ@CJXH l D M�UiRaV�²¸HfeZHQG`BZDd��]LB=enMi[SFw@SGQPjM�UOHQUU_2 N�M
P # V !$# K k <�# V�V a t # V o M # V D R % D N a�e@Sva�c ����3 _

õ K�R 8�8�_ J:M Z # V õ K�R X X N�K _¬[SHQ]\^_D BEG�HIRE@¹T¥s MO@Sº=HQY�RE@S@qMO]LMO@jGQU�J�RE] l D M�~nM�U@qRZ@|D BZ]L»OMOYXG�H�MO@SU½¼ l BZGIHQYLTds HQ]LB=enM�UE¾·> lnl D HIJ�BEG�H�RZ@�¼�D B½YO¿aBED H�G`¿BE^geZ]LMO@jG`¿�MU_©[ H	ó T H�I % R %]a�2s#UT HgÀ <�#UT R  K�I %]_ ø�V k N�M <�#UT R  K�I a t�R P�V #�XI T À X I D T M
N�V�R  K�IÒI T F³À X À D N < K�V�R D #UT R N�V %]_ ø o t�ø e³Á øÆg>øÆt Sva � 8�8�8�_ R Vk MOIbV D H _06#�7�8 � _ n�_�06#�7�#=<�# M 7�_ t�K�M X I %@Q MON�\ X I < I %@# K j}7 I]MOR Å�IOÀ %>Q�# MOR T I X X I % I T>X I]K�M% R P�V�R ® D #UT R N�V Q H�` % R  K�I _ ø�VªÂ ^_DfDQÃ½Ä¥@jHQºnÃ¯Å¥V�z�YXHQ@CJXMOG�RE@�a'Q�# P�I %m �X��3�� aLc � 8 � _ ø�V o MOIbV D H _0$W:d � _�W IbM T H�N X 7q!v_�[�_�0 N�MOV # V 7q2 R D H # I X}n�_�W MON�N Y %]_¹[SP_B l McV�Y�RE][SP_BnTZH�@_e�_62 ø�F [ MOI %
%]a�e@#=< \�MOR 7 P�I aA2sSva�c � d � _0 I D � 8�_f[�# K X©0 I D*Y \�IbM Tu_©S>7�#�Q�T R Å�I�g #�7 R N % R T `sF�I j/T K�M
I %6k N�M W R 7 R MOI D T R N�V #�Xg # `vF�M # D R V�P _ ø�V � RE] l ^_G`MOY\�AY�B l PgHIJOU�x�> � K¹[S�"��� o >«z{�Æs un�z{Y�R=JXM�MaTEHQ@_e=Ua��a Å�N X K < I � m�aAQ�# P�I %Òcbm 3O� c 3 m�a�S K�P�K %
T�c ��� 8�_0$0 � 8�_	[©_:06# V�M # H # V # V 7<[�_'06# Ib\AI]M X R _ ó$R MOI D T Z ` % R Z `�P Q�# R V T R V�P # V 7T I j/T K�M
R V�P�N�V ^�7<% H #�Q I %]_ � RE] l ^_G`MOY��AY�B l PgHIJOU}z�Y�R=JXM�M�TZHQ@Se=U"�>A@j@S^jBZD � RE@=V"MOYOMO@CJXMA[¥MOYOH�M�U�xI> � K¹[S�"��� o >Wz{�Çs un��z{Y�R=JOMOMaTEkH�@_e=U��/a � m � � c 3O����� ^�a'c ��� 8�_0$2�0 ��3 _� _'06# MOK T K�V�R # V aLn�_'e�_'2 N�M #�X I %]a@# V 7�n�_ g _@0 N Z I X X�_ g #�7 R #UT R N�VI j D H # V�P�I Z R T H�R V # VBI]V D X N % K�MOI�N k�7 R ��K % IamÆP�M # ` % K�M k�# D I % � F>H�IR V�Å�I]M % I Q MON�\ X I <s_ ø�V ��@SºwMOYOU=M¢z{Y�Rn»XD MO]iU�HQ@���M�BZG¢hSY�BE@_U�V"MOY=�>«[SK¨�ÉÈ_>W� � Pg�ÆÊ«BEG�HIRE@CBED���MaBEG¦hSY�BZ@SU�V"MOY � RZ@ZV"MOYOMO@CJOMUa6[ N�M T mX # V 7�a�c ����3 _0 t S � c�_[�#UT�06# V�M # H # V a ó # Å�R 7 t #�X � <�# V a�# V 7 ÷ # MOM
` S K Q�Q IbM X I _�S g #�Q R 70 R IbM # M D H�R D #�X g #�7 R N % R T ` S$X P�N�MOR T H <s_ ø�V � RE] l ^_G`MOYp�AY�B l PgHIJOUxI> � KË[S�"��� o >«z��¹s un��z{Y�R=JOMOMaTEHQ@_e=Ua��a Å�N X K < I ��3 a�Q�# P�I %�c ��öO�� 8 � a�n K X ` c ��� c�_0 t�t ��� _ [©_ e�_�06# V % IbV a F _ t�I Y R R a/# V 7s0�_ t�H�R \ # H #�% H�R _ F@H�I < N 7 R ®AI 7}T MOK�VnmD #UT I 79% Å 7½< I T H�N 7rk N�M�MOI]P�K X # MOR � #UT R N�V�R VsP�I]V�IbM #�X©k N�M <s_�[j�`>WKÌkÍ Ã·[CJXH`ÃÉ[jG�BEG � RE] l ^_G�Ã a©cb^n� 3=��� c�cbm �O� c�c 3 8�a>c ����� _ø�t � c�_�!�#UTO% K % H�R:ø Y IbK D H�R # V 7h!v_ t #UT N _ ó$I T I]M < R V�R V�P²M
I��AI D TO# V D I Q MON Q mI]M T R I % N k@# V�N�\w©
I D T K % R V�P²M # V�P�I # V 7 \�MOR P�H T V�I %O% R <�# P�I %]_����{�{�hjY�BZ@_U=BwJXGIHIRE@_U¤RZ@Çz?BEG�G�MOYO@Ç>A@CBED FEUOHfUyBZ@qTpK¦BnJOPnHQ@¥Mª��@SG`MODfD HQkenMO@qJOMUa©cb^n�Oc�c �a� c�cb^ �\� c�c 3 ^�a�ÿ N]Å�I < \AIbM c ��� c�_!$#�% ��� _*2 R D H # I XL!$#�%O%]_ ø�V�Å�I]M % I Q MON�\ X I <�% R V D N <�Q K T I]M6P�M #�Q H�R D %]_ ø�V ÿ6# m7 R #}2s# P�V�I]V #UT F@H #�X <�# V�V # V 7 ó # V�R I X F>H #�X <�# V�V a I 7 R T N�M %]a � YOMOkBEG�H�@_e¢BZ@qT|>A@jHQ]§BEG�HQ@Se�GQPjM¶ÎdH�YOGI^jBZDL�\REYOD T¤x � RE] l ^_G`MOYc>A@SHQk]LBZGIHIRE@Ïs uZ�g��ÐCRZ^_YXGQPÑ�§RZYO�=U�PSR l RE@ � RE] l ^_G`MOYc>A@SHQ]LBZGIHIRE@n��_t Q MOR V�P�I]MIm;�:IbM X # P�F�N Y `�N a�2s# ` c ����� _!6e � m�_�õ�_>!$# ` # V 7 F _>e@# I X X R _ ø�V/Å�IbM T R V�P # V�R X X K < R V #UT R N�V < N 7 I X$k N�MM # V�P�I # V 7 R V T I]V % R T ` <�#�Q�%b_S��]§BZenM½Ä¥@CTgMOYOUOG�BE@CTEHQ@_e�a 3U�n� cbd�^ ��� 8�c�ac ��� m�_!�[:e � ^�_n N�H�V !v_�!$# Z # R a�n�#=< I % t _v[�# R V T IbM a�# V 7�2 R D H # I X²o'_ve N�H�I]V _g #�7 R N/N Q�T R < R � #UT R N�V�m õ N #�XrW:#�% I 7 g>I]V 7 I]M
R V�P _ ø�V � RE] l ^_G`MOY�AY�B l PnHIJOUpz{Y�R=JOM�M�TZH�@_e=U"�c>A@S@j^jBZD � RE@=V"MOYOMO@CJXMp[qMOYXH�M�U"�¢�wunuE±xI> � KÒ[S�"��� o >Wz{�¬s uw±½z{Y�R=JXM�MaTEHQ@_e=Ua��a	Q�# P�I %Òcbm öO� c 3 m�a:c ��� ^�_÷�ó 8�8�_:e�_ ÷�N % D N %6# V 7sõ�_ ó$MOI TOT*# Y R %]_ ÷�N Z m D N %
T$Q H�N T N < I T MOR D$D #�X R \�M #UT R N�Vk N�M�R V T IbM # D T R Å�IsM
I X R P�H T R V�P _ ø�V Ð·HQYOUOGiÐ_YOMO@qJOPnk Â YXHQG�HfUOP���@SG�MOYO@CBEkGIHIRE@CBZD��\REYO�=U�PSR l RE@¤ÎdHQYXG�^jBED o MaBED H�G�F�aAW MOI %ÆTua�o M # V D I a � 8�8�8�_÷�ó�g 8�8�_e I X R V�Iv÷�N % D N %ba�õ IbN�MOP�Ivó�M
I TOTO# Y R %]a	# V 7 ÷�K D g>N�\AI]M Tu_ ø�V T IbM # D T R Å�IÅ�R M T K #�X M
I X R P�H T R V�P²N k MOI #�XL% D IbV�I %]_����{�{�µhSY�BZ@SU"BnJXG�HIRE@_U¨RZ@tÎdHQkUX^jBZD H Ó=BEG�H�RZ@}BZ@CT � RE] l ^_G`MOY§�AY�B l PgHIJOU�a � ��m ��� � d �X� ^�8 3 a�i D T N�\AIbM�mó�I D I < \�IbM � 8�8�8�_÷ o ó�ô ��� _e�_ ÷�N % D N %]a�2-_�e�_�o M #�%
% N�V a�õ�_ ó�M
I TOTO# Y R %]a/W6_ � #�X T IbM a/lv_/õ M # R V�IbM a# V 7 [�_:[ N�K X R V _ ø�V T I]M # D T R Å�IsÅ�R M T K #�X MOI X R P�H T R V�P # V 7 M
I < N 7 I X R V�PN k MOI #�X$% D I]V�I %]_ ø�V o MO@CTgMOYOHQ@Se¤hqMaJOPg@SHIrX^CM�U�s unu�x�z{Y�R=JOM�M�TZH�@_e=URaV½GQPjMc�n�ZGQP¢�{^_Y�ROeZY�B l PgHIJOU��§RZYO�=U�PSR l RZ@ o MO@CTgMOYXHQ@_eX��aLQ�# P�I %^ �U�X� ^�m�8�a©ÿ I Z þ N�M Y a�ÿ þ a�c ����� _ t Q MOR V�P�IbM � R IbV _÷ o F õ ��ö _J:M
R D [�_ ÷ #Uk N�M T K�V�I a t�R V�P"m e H�N/N�V�P o N/N a�! IbV�V�I T HÒJ _ F�N�MOM # V D I a�# V 7ó�N�V #�X 7²[�_�õ MOIbIbV�\AIbMOP _�ÿ N�Vnm X R V�I # M #�Q�Q MON j R <�#UT R N�V²N k M
I��AI D TO# V D Ik K�V D T R N�V %]_ ø�V � RE] l ^_G`MOY¢�AY�B l PnH�JOU|x�> � KÔ[S�"��� o >«z{�Õs ug�z{Y�R=JXM�MaTEHQ@_e=Ua��a Å�N X K < I ^�c�aAQ�# P�I %Òc�c öO� c � � a:c ����ö _÷ !6õ ô 8�c�_0 I]V 7 MOR Y [�_	Sv_ ÷�I]V % D H a�n�# V !$# K T � a�2 R D H # I X©õ N/I % I X I a � N X k P # V�P0 I]R 7 MOR D H aA# V 7h06# V % m [ I T IbMvt�IbR 7 I X�_ ø <�# P�Iam�\ #�% I 7 MOI D N�V %
T MOK D T R N�VN k�%OQ�#UT R #�X X `�Å # M
`�R V�P <�#UT IbMOR #�X %]_ g>I % I # M D H�g>I Q N�M T@2�[ øQmÆøfm � 8�8�c m m m8�8�c�a�2s#Uj m [LX # V D*Y mÆø�V %
T R T K T$kfÖ M�ø�V k N�M <�#UT R Y a t T K�H X %O#UT � IbV�H # K % Z IbPd 3 a ��� c � ^ t #�# M
\�M Ö D*Y IbV a�õ I]M <�# V/` a�2s# M D H � 8�8�c�_DE°F>H�IvJ:K�MON�P�M #�Q H�R D %>S$%O% N D R #UT R N�V # V 7-W:X # D*Y�Z I X XL[ K�\ X R % H�IbM % � 8�8�^�_



w ��xUyOzA{h�5|}z	y£�	~�z	�:� �hz	{��¬�V�r|Õ�r�/���h�+�U�L{�����xT�-�Õ�/�:�����������5|Õ�p���V� ���Cx2sS�W ô ��ö _n�_�2s# M Y %]a�W$_�S V 7�#�X <�# V a�[�_/Sv_�W I # M 7�%OX Ib` a � _�o MOI]I <�# V a t _�õ R \nm% N�V a@n�_:0 N 7 P�R V %]a F _'!$# V�P a@W6_@2 R M T R D H a'0�_L[ ® %
T IbM a � _ g>K <�X�a!v_ g@` #�X X�a�n�_ t�IbR <�%]a�# V 7 t _ t�H�R I]\AIbM _ ó$I % R P�V²P #�X X IbMOR I % � S P�IbV�IbM #�X#�Q�Q MON # D H T N % I T
T R V�P Q�# M #=< I T IbM %@k N�M D N <�Q K T IbM@P�M #�Q H�R D %># V 7²# VwmR <�#UT R N�V _ ø�V � RE] l ^_G`MOY¨�AY�B l PnH�JOUiz{Y�R=JOM�M�TZH�@_e=U"�É>A@S@S^jBED � RE@SkV"MOYOMO@CJXM§[qMOYXH�M�U¨xI> � KÌ[S�"��� o >Wz{�×s un�½z{Y�R=JOM�M�TZH�@_e=U��/a	Q�# P�I %^�d �X� m�8�8�a'c ����ö _2s# M � d�_ t�` T I Q H�IbV+g _62s# M % D H�V�IbM _Ø��@SºwMOYOU=M o MO@qTnMOYXHQ@_e�HQ@ � RZ] l ^_G�MOY�AY�B l PgHIJOUU_�[ H	ó T H�I % R %]a�[ MON�P�M #=< N k6e N <�Q K T IbM õ M #�Q H�R D %]a�e N�MImV�I X X�p V�R Å�IbM % R T ` a ø T H # D #�a�ÿ þ a�c ��� d�_2�õ ��ö _ t T I Q H�I]V�g _�2s# M % D H�V�IbM # V 7 ó$N�V #�X 7�[�_�õ MOIbIbV�\AIbMOP _ ø�V�Å�I]M % I X R P�H T mR V�P k N�M Q H�N T N�P�M #�Q H�` _ ø�V z{Y�R=JOMOMaTEHQ@_e=U\RaV�G�PSMi��[¥Ù¯hqÈS[S��²ÆÐdH V�GQP� RED REYc��]LB=eZHQ@Se � RZ@ZV"MOYOMO@CJOMUa:Q�# P�I % � ���O��� ��3 a t D N TOT*%
7�#�X I aLSAÚ©aÿ NbÅ�I < \�IbM c ����ö _ t�N D R I T ` k N�M�ø <�# P�R V�Prt D R I]V D I # V 7 F�I D H�V�N X N�PU` _2�2�i�0 ��ö _n�_�e�_©2 N�M #�X I %]a©2h_�2s#UT*% K < K�M #�aL2h_�i P�K <�#�a�# V 7Cn�_ g _©0 N Z I X X�_e N <�Q K T*#UT R N�V N k R V�Å�I]M % IsM #�7 R #UT R Å�IrH�I #UT�T M # V %
k IbM Z R T H�R VhI]V D X N"m% K�MOI %b_ ø�V z{Y�R=JEÃA�nuwug��>W[SKc�ÑÊ«BEG�H�RZ@CBED?��M�BZGLhSY�BE@_UIV"MOY � RE@SkV"MOYOMO@CJXMUaAW'#�X T R < N�MOI a	S K�P�K %
TÒc ����ö _2 � ÷�ô ��� _t T I Q H�I]VCg _�2s# M % D H�V�I]M a t T I Q H�IbV 0�_ � I %ÆT R V a JLMOR D [�_�o'_ ÷ #Uk N�MImT K�V�I aU! I]V�V�V�I T H�J _ F�N�MOM # V D I a�# V 7 ó$N�V #�X 7�[�_�õ MOIbI]V/\AI]M
P _ ø <�# P�Iam\ #�% I 7 \�M 7�k·< I #�% K�MOI < IbV T R V D X K 7 R V�PÒH/K <�# V % Y R V _ ø�V-ó _ ÷�R D H�R Vnm% Y R # V 7hõÒ_ � # M 7 ÷ # M % N�V a I 7 R T N�M %ba o MO@CTgMOYXHQ@_e|hqM�JOPn@SH�rX^CM�U�s unuxIz{Y�R=JOMOMaTEHQ@_e=U�R�V§GQPjM¨�n�=G�P|�{^_Y�ROeZY�B l PnH�JOUN�§RZYO�=U�PSR l RZ@ o MO@SkTnMOYXHQ@_eX�/a�Q�# P�I %Òcb^�c � cbm�m�a�ÿ I Z þ N�M Y aAÿ þ a	n K�V�I c ����� _ t Q MOR V�P�I]M�m�:IbM X # P _i�0 ��3 _�2h_Ai P�K <�#�# V 7-n�_ g _A0 N Z I X X�_ t�N X K T R N�VsN kLT H�I T Z N"m 7 R < IbV % R N�V #�X\ X # D*Y \AN 7 ` R V/Å�IbM % I9M #�7 R #UT R N�V Q MON�\ X I < \/` R V/Å�IbM % I < N�V T I D # M X N< I T H�N 7�_ ø�V >W[SKc�ÉÈ Í [SKc�ÌhdPjMOYO]LBZDi��@SeZHQ@qM�MOYXHQ@_e � RE@=V"MOYXkMO@CJOMUa Å�N X K < I ^�aAQ�# P�I % � m�^ ����3 8�_�S t 2 J a�c ����3 _i t�g �<��ö _J _�i$k I Y a J _ t�H�R X #UTua$Sv_ g #�Q�Q N Q N�M Tua6# V 7q2h_ � IbM <�# V _;2 K X mT R MOI % N X K T R N�V T I j/T K�MOI %$k MON < R <�# P�I % I  K�IbV D I %]_{���{��� � RZ] l ^_G�MOY�AY�B l PgHIJOU§BE@CT½> lwl D H�J�BEG�HIRE@_UUaLc ö � �=��� cbd ���U� a:c ����ö _['o ��� _$[ R IbMOMOI [ N�K X R V # V 79S$X # R V o N�K�MOV�R IbM _ ÷�R P�H T*%6k MON < H�R P�H X R P�H T*%$# V 7% H #�7 N Z %]_ � RZ] l ^_G�MOY¨�AY�B l PnHIJOU�a ��3 � �=��� ^�c � ^�d�a�2s# M D H c ����� _['o ��3 _$[�_@[ N�K X R V # V 7<Sv_:o N�K�MOV�R I]M _�[�# R V T R V�P % K�M k�# D I D H # M # D T IbMOR %
T R D %]_ø�V [�_�2h_Ò06# V�M # H # V # V 7 � _Ò[ K�M
P #UT H�N k IbM a I 7 R T N�M %ba o MO@qTnMOYXkHQ@_e¤h¥MaJOPg@SHIrX^CM�U�s uwv¶xIz{Y�R=JXM�MaTEHQ@_e=UNR�VcGQPjM¦[SHf~ZG�P��{^_Y�ROeZY�B l PgkHIJOUL�§REY��=UOP_R l RZ@ o MO@CTnMOYXHQ@_eX�/a/Q�# P�I %6c�c �X� c �U� aAÿ I Z þ N�M Y a/ÿ þ ac ����3 _ t Q MOR V�P�IbM�m/�:IbM X # P _['i�o � d�_[ R IbMOMOI [ N�K X R V a62s#UT H�R IbK i K�R < I Tua># V 7+2s# M
R Iam e'X # K 7 I o M #�%O% N�V _ø�V T I]M # D T R Å�I X ` < N 7 I X R V�P Z R T H Q H�N T N�P�M #=<�< I T M
` _ ø�V o MO@CTgMOYOHQ@SehqMaJOPg@SHIrX^CM�UÆs u ¡ x�z�Y�R=JXM�M�TZHQ@Se=UyRaV¢�{^_Y�ROeZY�B l PgHIJOU o MO@CTgMOYOHQ@Se�\REYO�=U�PSR l s u ¡ ��a�Q�# P�I % � ^ � cb8�m�aÒÿ I Z þ N�M Y a�ÿ þ a$n K�V�I c ��� d�_t Q MOR V�P�IbM � R IbV _[ N�K � ^�_�[ R IbMOMOI [ N�K X R V _ [_PSBnTZHQ@SeÛBE@CTÜ��@SºwMOYOU=MÝ[_P_BnTEHQ@_eÌVOY�RZ]²AH�YOMaJXGÞ��DfD ^_]iHQ@qBZGIHIRZ@�_ [ H	ó T H�I % R %]a ó$I Q�# M T�< IbV T N ke N <�Q K T IbM t D R I]V D I a p V�R Å�IbM % R T ` N kßW MOR T R % H e N X K < \�R #�a� # V D N�K�Å�IbM a W MOR T R % H e N X K < \�R #�a c ��� ^�_ S Å # R X # \ X I k MON <H TOT*Q � Á=Á Z>Z@Z _ D %]_ K�\ D _ D #ZÁ V�I %
TaÁ R <�# P�I]M ÁuT H _ H T�<�X�_['[L8�8�_@õÒ_�[�#UT N Z # V 7�lv_�[ K�If`�N _�S5% K�MÆÅ�Ib`�N�VÒMOIa�AI D T N�M 7 I % R P�V Q MON�\ X I <�%]_F�I D H�V�R D #�X g@I Q N�M T F6gÉm
ø
ø�R S�8�8 m c � mÆg6g a>p V�R Å�I]M % R T*#UT²7 I õ R M
N�V #�a� 8�8�8�_[ g n ��ö _ [ R IbMOMOI [ N�K X R V a'!$# MOR < g #UT R \ a:# V 7�2s# M D N n�# DO K�I %]_ t Y I T D H�R V�P% H #�7 N Z %Ò# V 7 H�R P�H X R P�H T*%$T N Q N % R T R N�V X R P�H TO%]_ ø�V z{Y�R=JOMOMaTEHQ@_e=U�R�V� RE] l ^_G`MOY��AY�B l PnH�JOU|��@SG`MOYX@CBEG�HIRE@CBED�ug�/a$Q�# P�I % 3 �X�0� ^�_ ø�J:J'Je N <�Q K T IbM�t�N D R I T ` aAn K�V�I c ����ö _[ F � c�_ � _�0�_6[ MOI %O%9# V 7 t _ Sv_ F�IbK Y N X % Y ` _ t�R < K X #UT I 71# V�V�I #�X R V�P5N Q mT R < R � #UT R N�V�N]Å�IbM D N�V T R V�K�N�K %�%OQ�# D I %b_ � RE] l ^_G`MOYOU|HQ@tz�PnHfUXHIJOUUaQ�# P�I %�m � �X� m �U� aLn K X ÁUS K�P c ��� c�_[ F�� o ��� _� _/0�_�[ M
I %O%ba t _ Sv_ F�IbK Y N X % Y ` a � _ F _ �:I TOT IbM X R V�P aU# V 7}W$_�[©_�o�X # VnmV�IbM
` _¥ÊW^_]LMOYXHIJ�BED o MaJXH l M�U«HQ@ � ¾�hdPjMW>AYXG?RaVW[qJXH�MO@SG�H ß?J � RZ]\kl ^_GIHQ@_e�_>e@#=< \�MOR 7 P�I p V�R Å�IbM % R T ` [ MOI %
%]a©c ����� _g 068�cb#�_ g # Å�R�g #=<�#=< N/N�M T H�R # V 7<[�#UTr06# V�M # H # V _<i V T H�IsMOI X #UT R N�V % H�R Q\AI T Z IbI]V�M #�7 R # V D I # V 7 R MOM #�7 R # V D I � ó$I T IbM < R V�R V�P T H�I9R X X K < R V # mT R N�V k M
N < R <�# P�I % N k6# D N�V/Å�I j�X #=< \AIbM T R # VCN�\w©
I D Tu_ Í RZ^_YX@CBED¸R�VGQPjM¯Å l G�H�J�BEDj[CR=JXH�MOGIFiR�V{>A]½MOYOHIJOB½x Í Å{[S>y>?�/aUQ�# P�I % � m�m�d ��� m 3U� ai D T N�\�IbM � 8�8�c�_

g 068�c \ _ g # Å�Rvg #=<�#=< N�N�M T H�R # V 71[�#UT906# V�M # H # V _�S�% R P�V #�X m Q MON D I %O% R V�Pk M #=< I Z N�M Y k N�M@R V/Å�IbM % I>MOI]V 7 I]M
R V�P _ ø�V � RE] l ^_G`MOY§�AY�B l PgHIJOUWz{Y�REkJXM�M�TZHQ@Se=U"��>A@j@S^jBZD � RZ@=V=MOYOMO@CJOM¦[¥MOYOH�M�UªxI[j�"��� o >Wz{�´�_�n�w�X��aQ�# P�I %Òc�c öO� c � d�a�S K�P�K %ÆT � 8�8�c�_t�ó�t�ô � ^�_e H�MOR % t D H�N/IbV�I <�# V a$n K X R Ihó$N�M % If` a$W MOR # V�t < R T*%]a>n�#=< I %9S M
Å�N a# V 7 ó$N�V #�X 7Cõ M
I]IbV�\AIbMOP _h[�# R V T R V�P � R T H5÷�R P�H T]_ ø�V � RE] l ^_G`MOY�AY�B l PnHIJOUpz{Y�R=JOM�M�TZH�@_e=U"�c>A@S@j^jBZD � RE@=V"MOYOMO@CJXMp[qMOYXH�M�U"�¢�wunuE±xI> � KÒ[S�"��� o >Wz{�¬s uw±½z{Y�R=JXM�MaTEHQ@_e=Ua��a	Q�# P�I %Òcbm�^ � cbm � a:c ��� ^�_t�H #�8�c�_ g _ t�H # D*Y I 7�_ >A^_G`RZ]LBZGIHIJàD HQe=PnGIHQ@_eáTnM�UXHfeZ@â^gUOkH�@_eãB l MOY�JOM l G�^jBEDärX^jBED HQGIFå]½MOG�YXHIJ�_ [ H	ó T H�I % R %]aF>H�I 0 Ib\�MOI Z p V�R Å�I]M % R T ` N k n IbMOK %
#�X I <sa ø % M # I X�a � 8�8�c�_H TOTOQ � Á=Á Z@Z>Z _ D %b_ H/K=©
R _ # D _ R X ÁÒ7�# V�R jnÁUX 7 I % R P�V _t�ø ��� _ þ _ t #UT N # V 7-!v_ ø Y IbK D H�R _ g>I��AI D T*# V D I # V #�X ` % R %6k N�M ^�7 D N <�Q K T IbMP�M #�Q H�R D %¯< N 7 I X P�I]V�I]M #UT R N�V _ � Î³�A��z´�AY�B l PnHIJOBZD¸K¦R=TgMOD U|BZ@CT��]LB=enM\z{Y�R=JXM�U�UOH�@_e�a 3 dn� 3=��� m�^ öO� m 3 c�a'c ����� _t�÷ 8�c�_ g _ t�H # D*Y I 7C# V 7 ó _ ÷�R % D H�R V % Y R _�S K T N <�#UT R D X R P�H T R V�P 7 I % R P�VhK % mR V�P #}Q I]M D I Q�T K #�X  K #�X R T ` < I T MOR D _ � RE] l ^_G`MOYc�AY�B l PgHIJOU§ÐjREYX^_]x��{^_Y�ROeZY�B l PnH�JOU¯�_�n�w�X��a � 8n��^ ��� � c 3��s����ö a � 8�8�c�_t [ � m�_�o M # V D N�R % t�R X X R N�V # V 7qe@X # K 7 I [ K�I D H _ o BnTZH�R=UXHQG�F¤BE@CTÑ�AD Rn»�BED��DfD ^_]iHQ@qBZGIHIRZ@�_$2 N�MOP # V !$# K kf<�# V�V a t # V o M # V D R % D N a�e@Sva�c ��� m�_t�t�ø ��� #�_ ø _ t #UT N a þ _ t #UT N a�# V 7-!Ò_ ø Y IbK D H�R _$S D� K�R MOR V�P # M #�7 R # V D I 7 R %
T MOR m\�K T R N�V T N % K Q IbMOR <�Q N % I@Å�R M T K #�X N�\n©
I D T*% N�V T N # MOI #�X	% D I]V�I _q���{�{�hjY�BZ@_U=BwJXGIHIRE@_U�RZ@×ÎdHQUO^jBED H ÓZBZGIHIRZ@¹BE@CT � RE] l ^_G`MOYt�AY�B l PgHIJOU�a3 �Oc ��� c � c � aLc ����� _t�t�ø ��� \ _ ø _ t #UT N a þ _ t #UT N a�# V 7v!Ò_ ø Y IbK D H�R _ ø X X K < R V #UT R N�V 7 R %
T MOR \�K T R N�V k MON <\�MOR P�H T V�I %O% R V % H #�7 N Z % � #�7�#�Q�T R Å�I@I %ÆT R <�#UT R N�VÒN k R X X K < R V #UT R N�V 7 R % mT MOR \�K T R N�V Z R T H5K�V Y V�N Z V MOIa�AI D T*# V D I Q M
N Q IbM T R I % R V % H #�7 N Z MOIamP�R N�V %]_ ø�V z{Y�R=JOMOMaTEHQ@_e=U¢RaV|���{���æ� �A� Î«s uwu�a�Q�# P�I %-d ö�3O� d�d � ac ����� _t�t�ø ��� D _ ø _ t #UT N a þ _ t #UT N a6# V 7+!v_ ø Y IbK D H�R _ ø X X K < R V #UT R N�V 7 R %
T MOR \�K T R N�Vk MON <"% H #�7 N Z %]_ ø�V z{Y�R=JOMOMaTEHQ@_e=U\RaV¯�����{� � RZ@=VZÃÉRE@ � RE] l ^_G`MOYÎ·HfUOH�RZ@�BE@CT¨z?BEG�G�MOYO@ o M�J�ROeZ@SH�G�HIRE@qs unu/a	Q�# P�I %�^�8 �X� ^�c � a:c ����� _t � ø ��ö _ þ _ t #UT N a:2h_ ó _ � H�IbI X I]M aL# V 7�!v_ ø Y IbK D H�R _Ci \n©ÆI D T}% H #�Q I # V 7MOI��AI D T*# V D I < N 7 I X R V�P k MON < N�\ % IbM
Å #UT R N�V _ ø�V � RZ] l ^_G�MOY¦�AY�B l PnkH�JOUªz{Y�R=JOMOMaTEHQ@_e=U=�§>A@S@S^jBED � RE@=V"MOYOMO@CJXM�[qMOYXH�M�Upx�> � Kä[S�"�Ak� o >Wz{�Ës ug�§z{Y�R=JOMOMaTEHQ@_e=Ua��a	Q�# P�I %�^ öU�X� ^�d ö a:c ����ö _���<��� _ S$X # V � #UT
TÒ# V 7�2s# M Y � #UTOTu_i>ATEºEBE@CJOM�T o MO@CTnMOYXHQ@_eNBZ@qT¦>A@SHQk]LBZGIHIRE@¤hqM�JOPn@SH�rX^CM�UZ¾WhdPjMaREYXF¦BE@CTcz�Y�BnJXG�H�JOMU_>S>7�7 R % N�Vnm � I %
X If` ac ����� _þ ó 2�0 ��� _þ R � H�N�K þ K a	[�# K X ó$Ib\AIbÅ�I D aAn R T IbV 7 M #}2s#�X R Y a	# V 7 F@R <"06# Z6Y R V %]_ø�V�Å�I]M % I-P X N�\ #�X R X X K < R V #UT R N�V � MOI D N]Å�IbMOR V�P M
I��AI D TO# V D I < N 7 I X % N kMOI #�X@% D I]V�I %Òk MON < Q H�N T N�P�M #�Q H %b_ ø�V � RZ] l ^_G�MOY��AY�B l PgHIJOU�z{Y�REkJXM�M�TZHQ@Se=U"�}>A@j@S^jBZD � RZ@=V=MOYOMO@CJOMp[¥MOYOH�M�UµxIz{Y�R=JEÃ¨> � Kç[S�"�Ak� o >Wz{�Ës unuLz{Y�R=JOMOMaTEHQ@_eX�/a�Q�# P�I % � c 3O����� m�a�S K�P�K %
TÒc ����� _þ 2 � d�_ þ R � H�N�K þ K # V 7�n R T I]V 7 M #Ò2r#�X R Y _ g@I D N]Å�IbMOR V�P Q H�N T N < I T MOR D Q MON Q mI]M T R I % N k	# M D H�R T I D T K�M #�X�% D IbV�I %©k MON <�Q H�N T N�P�M #�Q H %]_ ø�V 2 R D H # I X�e N"mH�I]V a I 7 R T N�M a � RE] l ^_G`MOY��AY�B l PnHIJOU\z�Y�R=JXM�M�TZHQ@Se=U"�·>A@S@S^jBED � RE@SkV=MOYOMO@CJOM\[qMOYXH�M�Ucx�> � Kè[S�"��� o >«z{�¬s u ¡ z{Y�R=JXM�MaTEHQ@_e=Ua��aAQ�# P�I %� 8 öO��� cbd�_�S@7�7 R % N�V � I %
X If` a�n K X ` c ��� d�_

DEèF>H�IÒJLK�MON�P�M #�Q H�R D %$S$%O% N D R #UT R N�V # V 7-W'X # D*Y/Z I X XL[ K�\ X R % H�I]M % � 8�8�^�_



Volume xx (200y), Number z, pp. 1–25

Classification of illumination methods for mixed reality

Katrien Jacobs† and Céline Loscos‡

Department of Computer Science, University College London, UK

Abstract
A mixed reality (MR) represents an environment composed both by real and virtual objects. MR applications are
used more and more, for instance in surgery, architecture, cultural heritage, entertainment, etc. For some of these
applications it is important to merge the real and virtual elements using consistent illumination. This report pro-
poses a classification of illumination methods for MR applications that aim at generating a merged environment
in which illumination and shadows are consistent. Three different illumination methods can be identified: common
illumination, relighting and methods based on inverse illumination. In this report a classification of the illumina-
tion methods for MR is given based on their input requirements: the amount of geometry and radiance known of
the real environment. This led us to define four categories of methods that vary depending on the type of geometric
model used for representing the real scene, and the different radiance information available for each point of the
real scene. Various methods are described within their category.
The classification points out that in general the quality of the illumination interactions increases with the amount of
input information available. On the other hand, the accessibility of the method decreases since its pre-processing
time increases to gather the extra information. Recent developed techniques managed to compensate unknown
data with clever techniques using an iterative algorithm, hardware illumination or recent progress in stereovision.
Finally a review of illumination techniques for MR is given with a discussion on important properties such as the
possibility of interactivity or the amount of complexity in the simulated illumination.

Categories and Subject Descriptors (according to ACM CCS): I.3.7 [Computer Graphics]: augmented reality, mixed
reality, common illumination, relighting, inverse illumination

1. Introduction

To understand the concept mixed reality it is necessary to
classify the different types of environments that can be
generated with a computer. Milgram et al. [MK94, OT99]
present such classification based on the amount and type of
virtual and real elements that constitute the resulting world.
In their classification, all possible environments form one
continuum called reality-virtuality continuum (RV), see Fig-
ure 1. In this continuum, four worlds can be identified that
have an outspoken character. These four worlds lie next to
each other in the RV continuum and might even overlap.
The first and most straightforward of these is the real world
without any addition of virtual elements; it will be referred
to as reality and it lies on the left end of the RV contin-

† K.Jacobs@cs.ucl.ac.uk
‡ C.Loscos@cs.ucl.ac.uk

uum. In the second This world is referred to with the term
augmented reality (AR)[Azu95][ABB∗01][BKM99]. In an
opposite scenario, the world consists of a virtual environ-
ment, augmented with real elements. This world is conse-
quently called an augmented virtuality (AV). The last and
fourth world doesn’t contain any real elements and is there-
fore labelled as a virtual environment (VE); it lies on the
right end of the RV continuum. The term Mixed Reality (MR)
refers to those worlds that are a mix of virtual and real ele-
ments, or, MR spans the RV continuum. In general methods
that are developed for AR focus on real-time applications.
Therefore they usually differ from methods that are specif-
ically designed for MR applications whose focus can be on
non real-time applications. This report will discuss the var-
ious existing illumination methods for MR applications in
general.

Two different classes of AR exist; they differ in the reali-
sation of the AR [MK94]. The first class groups the methods
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Figure 1: Simplified representation of a Reality-Continuum
[MK94][OT99]. Courtesy of Milgram et al.

for semi-transparent or see-through displays, examples are
[SCT∗94][BGWK03]. This first class contains two different
see-through display methods. The first method (optical AR
method [Azu95]) projects the virtual objects on a transparent
background, most likely the glasses of goggles. The second
method (video AR method [Azu95]) uses a head-mounted
display: a head-mounted camera records the environment
and this image is projected inside the display together with
the virtual objects. The second class of AR replaces the ex-
pensive see-through devices with a non-immersive display; it
is usually called a computer-augmented reality (CAR). The
quality of the immersion is higher for the first class than for
the second. Nevertheless see-through devices are not always
required by the application: urban planning, architecture and
some applications in the entertainment industry are satisfied
with the second type of CAR display methods. In earlier ap-
proaches of AR, virtual objects were positioned on top of
a real environment. Calibration and registration are difficult
processes and for long the focus lied upon taking into ac-
count the possible occlusion and collision effects, while no
further adaptations on real and virtual objects were carried
out. In other words, after the inclusion, no resulting shadows
were generated and no lighting changes were put through.
An AR system of such kind does not yield a high level of
realism, consistency between objects is restricted to geomet-
ric aspects. Nowadays three illumination techniques can be
identified that attempt to raise the quality of AR and in gen-
eral MR: common illumination, relighting and inverse illu-
mination for relighting or common illumination. These tech-
niques vary in the quality of the illumination and in the con-
sistency obtained between the illumination of the real and
virtual objects.

The most straightforward method of these three results in
the addition of shadows in the MR environments. Generat-
ing shadows is just as important as taking into account oc-
clusions, since they help situating the objects in the scene
and give information about the distance between different
objects [SUC95]. A higher level of realism can also be ob-
tained when the local light interaction between real and vir-
tual objects is incorporated in the MR scene. Simulating
such effects results in common illumination. An example
of an application that uses common illumination to improve
the MR can be found in the movie industry. Special effects
in movies make an effort to mix lighting effects and reflec-
tions as realistic as possible, resulting in brilliant graphical

effects in recent movies such as Jurassic Park, Harry Potter
and The Lord of the Rings trilogy. In these movies computer-
generated effects are blended entirely with the real footage;
usually this is carried out by hand.

Some methods allow to change the original illumination,
hereby influencing the appearance of virtual and real objects.
An example of an application domain for this method is ar-
chitecture. Being able to virtually change the lighting condi-
tions in the real scene makes it possible to see the impact of
a new building in a street under different lighting conditions
without the need of recording the real environment under all
these different conditions. Another application area is crime
investigation [HGM00]: a recording of a scene at a certain
time can be changed to the illumination at a different day-
time, making it possible to visualise the perception of the
criminal at the time of the crime. Techniques that focus on
virtually changing the illumination of an existing scene are
simply known as relighting techniques.

The techniques brought together in a third category are
based on more complex estimations of the reflectances in
the environment in order to provide more accurate results.
The process of estimating the reflectances (bidirectional re-
flectance distribution function or BRDFs) from an existing
lighting system is called inverse illumination. It was origi-
nally developed to give more realism in computer graphics.
Reflectance properties of objects were estimated in order to
reproduce a more realistic simulation of virtual scenes. In the
context of MR, inverse illumination techniques aim at mak-
ing a correct estimate of the photometric properties of the
objects in the scene. While other techniques search for ac-
ceptable solutions for the new illumination problem, inverse
illumination makes it possible to produce relit images that
aim to be an exact replica of the real conditions. A full dis-
cussion of the current state of the art of inverse illumination
techniques can be found in [PP03], while Ramamoorthi and
Marschner [RM02] present a tutorial on some of the leading
research work in this area.

At the moment, fairly good techniques exist that can re-
light an augmented scene with a different illumination. It is
getting more difficult to differentiate between virtual objects
and real objects. The main limitation of most techniques is
the tedious pre-processing time and the slow update rate,
which excludes real-time applications. When a geometric
model of the scene is required, the user will have to create
one, usually in a semi-manual and error-prone manner. The
scene update rate is often too slow to allow real-time user in-
teraction, even with the current progress in computer hard-
ware and software. The research focus is moving towards
using hardware for the calculation instead of software to ac-
celerate computation. Early results are promising, but more
research needs to be carried out in this area. This report does
not review all existing work. Instead it concentrates on il-
lumination techniques in MR that are meant for large envi-
ronments. When optimized and extended, these techniques
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will be widely applicable in real-time applications, for in-
stance see-through display in AR. Several techniques exist
for relighting human faces [Mar98][DHT∗00], or that focus
on local objects or simple scenes [ALCS03][SWI97]. These
techniques are classified mainly in the domain of inverse il-
lumination as the emphasis was placed on this aspect in the
referenced papers. Although these techniques are designed
for small objects they can be used to build extremely useful
and strong methods for illumination in MR but they will not
be further discussed in this paper.

This report discusses the state of the art of those tech-
niques that strive to solve the problem of illumination in MR
environments and gives an objective evaluation of their qual-
ity. Section 2 describes in more detail the context of this re-
view and the assessment of the criteria on which the clas-
sification is based. Section 3 gives a structured overview of
all the illumination methods that were developed for MR.
A further qualitative evaluation and discussion of the differ-
ent techniques is given in section 4. Finally section 5 gives
conclusions and presents the necessary future work for illu-
mination methods for MR.

2. Problem Assessment

2.1. Objective and difficulties

The classes described above are not necessarily designed to
lure the users into believing that what they see is real. For
instance VR often aims at trying to create the perception of
a real world, without necessarily using convincing real im-
agery. Some AR systems merely add data displays to real
scenes, making no attempt to mix the two seamlessly. This
report considers MR scenes that do try to convince the users
of believing that a real world is surrounding them and will
use this as a measure to assess the quality of the method.

An MR is convincingly real when it is impossible to sepa-
rate the virtual elements from the real elements in the result-
ing environment. Four critical success factors were identified
that need to be present in the MR in order to be convincingly
real:

• After including the virtual object(s), the resulting
scene needs to have a consistent shadow configura-
tion[SUC95]. The main difficulty to obeye this require-
ment is to find the correct appearance of the new shadows:
their position in the scene, shape and colour. Sometimes
these are estimated, but they can be calculated exactly if
the geometry of the scene, the illumination characteristics
and the material properties of all objects in the scene are
known.

• The virtual object(s) must look natural. A cartoon-like
virtual object is easily detectable and therefore efforts
have been made to model objects that look realistic. One
successful technique is image-based modelling, in which
objects are rendered with textures based on real images.

• The illumination of the virtual object(s) needs to re-
semble the illumination of the real objects. There are
two possible methodologies to achieve this requirement.
Either the illumination pattern of the real scene is known,
which in turn is used to illuminate the virtual object or all
material properties of all objects in the scene are known
or estimated, which allows the entire scene to be relighted
with a consistent known illumination pattern.

• If the user can interact with the MR environment, it is
clearly important that all update computations occur
in real-time. Any delay in the interaction will remind the
user of the fact that what is seen is unreal [MW93]. The
requirement of a real-time system is one of the most diffi-
cult to achieve, especially when no pre-processing time is
allowed.

2.2. Assessment of existing techniques

The ultimate objective of the aforementioned techniques is
defined by the amount of realism perceived by the user. This
inherent subjectivity complicates an objective assessment of
the various techniques. In this section a few quality criteria
are listed that will be used in section 4 to assess the presented
methods:

• Amount of realism. In some cases it is impossible to eval-
uate the amount of realism without using a statistical mea-
sure. For instance, a test audience can evaluate the tech-
nique, if the test group is large enough, a statistical value
can be derived from the group evaluation. Alternatively,
if the inserted virtual object is an exact replica of an ex-
isting real object, it is possible to give an exact value of
the amount of realism in the produced scene. It suffices
to compare the generated scene with an image of the real
object in the same scene. The difference between the two
gives a measure of the level of realism.

• Input requirements. It is expected that the more input
data is available, the higher the quality of the end result
will be. On the other hand, the usability of the system
reduces with the complexity of the input data. Possible
input data are: the geometry, the light position, the illu-
mination pattern and the material properties. This report
gives a classification of the various techniques based on
their input requirement.

• Processing time. the time needed to create the end re-
sult is another important characteristic of the method. To
offer the user a highly realistic interactive environment,
the computations need to be done in real-time. Unfortu-
nately, this is very hard to achieve. If geometric and mate-
rial properties of a scene need to be known, it is unavoid-
able that some pre-processing time needs to be incorpo-
rated. In general the usability of the proposed techniques
depends on the amount of pre-processing time needed and
the computation speed of the illumination technique.

• Level of automation: if the technique under considera-
tion requires a considerable amount of manual interaction
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Figure 2: Results for Sato et al. [SSI99]. The top row shows results for an indoor scene, the bottom row for an outdoor scene.
The images on the left are the input images, the images on the right illustrate the resulting MR. Soft shadows are produced using
local common illumination. Courtesy of Sato et al.

while processing the input data, the technique is less in-
teresting than one that is automated.

• Level of interaction: a technique can be judged based on
its dynamic character: the possibility to change the view-
point of the camera, or the possibility to let the user inter-
act with the environment for instance by moving around
objects. A higher degree of interaction gives a greater us-
ability of the method.

2.3. Methodology

The various existing techniques can be grouped into three
different classes, based on the methodology used to solve the
problem. They were already listed in the introduction and are
further discussed in this section:

1. Common illumination: to this category belong all meth-
ods that provide a certain level of illumination blending,
like the addition of shadows projected from real objects
on virtual objects and shadows cast by virtual objects on
real objects. These techniques do not allow any modifi-
cation of the current illumination of the scene. Two dif-
ferent types of common illumination can be considered:
local and global common illumination, referring to the
type of illumination simulated. For local common illu-
mination, there is usually no requirement of any BRDF
information. For global illumination, it is often important
to have an estimate of the material properties of the real

objects. The accuracy of this type of techniques depends
on the accuracy of the known geometric model of the real
scene. In Figure 2 an example is given of a rendering us-
ing global common illumination [SSI99].

2. Relighting after light removal: relighting techniques
make it possible to change the illumination of the scene
in two steps. Firstly, the current illumination effects of the
real scene are analysed and possibly removed. Secondly,
new illumination effects (shadows, intensity changes, ad-
dition of a new light, indirect lighting effects, etc.) are
generated based on a new illumination pattern. These
methods do not necessarily require an exact knowledge
of the BRDF values of the real scene objects as for
some methods the focus lies on generating a scene that
looks realistic. These techniques require in general a de-
tailed geometric model of the real scene. An example
of a relighted scene using global illumination techniques
[LDR00] is given in Figure 3.

3. Physically based illumination: this last category en-
closes those methods that make an attempt to retrieve
the photometric properties of all objects in the scene of-
ten referred to by the term inverse illumination. These
methods estimate BRDF values as correctly as possible
as well as the emittance and positions of the light sources
in the real scene. The BRDF values can be estimated us-
ing a goniometer [War92] or can be calculated based on
the photometric equilibrium equations [Mar98] [SWI97].
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Figure 3: Results for Loscos et al. [LDR00]. The image on the left hand side represents the real scene. The image on the right
hand side shows the relighted synthetic scene for which real light sources have been virtually turned off and a virtual light
source is inserted. Global common illumination updates are performed at interactive rates using an adapted version of [DS97].
Courtesy of Loscos et al.

Figure 4: Results for Yu et al. [YDMH99]. Left: the original input scene. Right: the result of illuminating the original scene
using a different illumination pattern. The specular and diffuse parameters of the real objects are calculated. Courtesy of Yu et
al.

The BRDF information can be used for both common il-
lumination or relighting methods. The accurate BRDF es-
timation often permits to perform a complete and realistic
relighting, which takes both reflections and global illumi-
nation techniques into account. Patow et al. [PP03] give
an in-depth overview of inverse illumination techniques.
An example of inverse global illumination [YDMH99] is
illustrated in Figure 4.

3. Classification of Illumination Methods for Mixed
Reality

MR brings together those applications that create a new en-
vironment, around or in front of a user, containing both real
and virtual elements. Sections 2.1 and 2.2 formulated the
objectives, the difficulties encountered and the assessment
criteria of the MR systems. One of these criteria, the type
of input requirements, regulates the accessibility and accu-
racy of the technique. This criteria will be used to classify
the different methods. An overview of the input information
needed to calculate a common illumination, relighting or in-
verse illumination solution is given in Figure 5.

The classification put forward firstly takes into account
the required geometric model of the real scene, starting with
the techniques that require no geometric model and ending
with techniques that require a precise geometric model. In
this report a geometric model is defined as a reconstruction
of a part of the (or the entire) real scene with significant de-
tail. The pre-processing workload for techniques that extract
a basic geometric model, e.g. the depth at a low resolution,
is significantly lower than those methods that do require a
high-level geometric model. Therefore techniques using ba-
sic geometric information are classified under that group of
methods that do not require a geometric model, as this will
give a better indication of the amount of pre-processing time
required for each different class.

Two different approaches exist to reconstruct a geometric
model of the real scene. Either the scene is scanned with a
scanning device [Nyl] [MNP∗99] [3Ds] or it is reconstructed
using stereovision [HGC92][Har97][Fau92][Fau93]. The
first option of using a scanning device gives a precise geo-
metric model but is expensive and tedious. Often the model
will capture too much detail, which is not always necessary
and is difficult to manage for real-time applications. Ob-
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Figure 5: An overview of the dataflow in illumination calculation for MR. Three input sources are considered: the scene
geometry, the scene radiance and information about the to be inserted object(s). These are used to calculate the illumination
solution. The accuracy of the integration depends on the amount of input information available.

jects such as trees and objects with a highly specular surface
are for some scanning techniques difficult to model accu-
rately. Instead of using a scanning device, modelling tech-
niques based on stereovision can be used to reconstruct the
geometry of a scene. Most methods described in this sur-
vey requiring a 3D model of the scene make use of this
low cost solution. In general, the 3D reconstruction requires
at least two images from two different viewpoints. How-
ever, the entire geometry of a scene cannot be captured
with one image pair only, this would create gaps in the
known geometry. Usually more than one image pair is re-
quired for a complete geometric reconstruction. The ease

at which this reconstruction can take place depends on the
amount of information that is available for the camera(s)
used. If the internal and external camera parameters are
known, the reconstruction is easier. Internal parameters can
be estimated in a relatively simple way. Recording the exter-
nal parameters is more difficult and involves a precise and
tedious capture process. Fortunately, the fundamental ma-
trix of the stereovision system can be estimated based on
the internal parameters only, if at least eight corresponding
points are known [HGC92][Har97]. This was reduced to six
known points [Fau92][Fau93] for a calibration relative to a
scale factor, which is often sufficient. Having the fundamen-
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tal matrix can ease the reconstruction but does not make
it trivial. Research led to different types of systems: non
constraint systems [FRL∗98][SWI97] and constraint sys-
tems [POF98][DTM96][DBY98][MYTG94]. Good com-
mercial reconstruction software [Rea][Met][Eos][Int] exists,
but most of them lack the option of reconstructing complex
shapes and large environments. In general, we can conclude
that systems requiring geometric information demand a long
pre-processing time, and are not guaranteed to get an ac-
curate geometric model. It is really important to recognize
the geometric acquisition as a difficult problem, that still re-
quires much more research efforts.

Our classification of methods is, parallel with the classi-
fication based on the geometric information, based on this
amount of image data needed to reconstruct a MR environ-
ment. Hereby excluding the image data needed for retriev-
ing geometric information. More precisely, the classification
will use the amount of different input images used for the
rendering or calculation process. These processes might use
more than one image (or texture containing radiance infor-
mation) for the same point in the real scene, for instance for
the BRDF estimation.

Some projects adopted the concepts of High Dynamic
Range Images (HDR images) [Lar91] which can be com-
puted using techniques such as [DM97][MN99]. Each HDR
image is generated based on a set of images taken from the
same viewpoint of the same scene, but with a different expo-
sure. The end-result is one image containing radiance values
instead of ordinary RGB values. In other words, radiance
values are not clamped in the RGB space. It may be argued
that methods using HDR images should be classified under
that class with methods that use more than one image for
each point of the scene. However, this report considers that
a HDR image provides one radiance value per point, and
methods that use only one HDR image for a certain point of
the scene, are therefore classified as methods requiring only
one input image. Similarly, techniques that require a few or
many HDR images are classified as methods using respec-
tively a few or many images.

The following classification is used throughout the rest of
this section:

1. Model of the real scene unknown, one image known
(section 3.1): this category lists those techniques that do
not require any model of the real scene, except for some
low-level geometry like depth information. Any neces-
sary radiance information of a certain point in the real
scene is extracted from one single image.

2. Model of the real scene known, one image known (sec-
tion 3.2): a geometric model of the real scene is available.
Any necessary radiance information is extracted from
one image only.

3. Model of the real scene known, few images known
(section 3.3): again a geometric model of the scene is re-

quired. For a certain point in the scene, radiance informa-
tion is available from a few different images.

4. Model of the real scene known, many images known
(section 3.4): this class groups those techniques that re-
quire both a detailed geometric model of the real scene
and radiance information from a large set of different im-
ages.

The rest of this section lists the most significant meth-
ods based on the above mentioned classification and briefly
discusses their methodology. A discussion of the techniques
based on the assessment criteria mentioned in section 2.2 is
given in section 4.

3.1. Model of real scene unknown, one image known

To this challenging category, in terms of output quality, be-
long those methods that require very little relevant informa-
tion about the real scene. Since no geometric model of the
scene is available it might be necessary to calculate depth
information of the scene, to allow a correct inclusion of the
virtual objects, or some lighting information. For this group,
all radiance information is extracted from one single image.

Nakamae et al. [NHIN86] were the first to propose a
method for composing photographs with virtual elements.
Input photographs are calibrated and a very simple geomet-
ric model of the real scene is extracted. The viewpoints of
the photograph and the virtual scene are aligned to ensure an
appropriate registration of the virtual objects within the pho-
tographed elements. The sun is positioned within the system
according to the time and date when the picture was taken.
The sun intensity and an ambient term are estimated from
two polygons in the image. The illumination on the virtual
elements is estimated and adjusted to satisfy the illumination
in the original photograph. The composition is done pixel by
pixel and at that stage it is possible to add fog. All parame-
ters are very inaccurate and therefore the results are limited
in accuracy. However, they were one of the first to mention
the importance of using a radiometric model to improve the
image composition. Figure 6 displays gives an example of
the obtained results.

Techniques exist in computer graphics that use envi-
ronment maps to render objects in a scene. They were
introduced to approximate reflections for interactive ren-
dering [BN76][Gre86][VF94]. These techniques can also
be used to assist the rendering of glossy reflections
[CON99][HS99][KM00] by pre-filtering a map with a fixed
reflection model or a BRDF. At this moment, graphics cards
extensions support the real-time use of environment maps,
this encourages its use even more. Graphics cards now
support cube maps [NVi]; ATI [ATI02] presented at SIG-
GRAPH 2003 a demonstration of a real-time application for
high resolution. Environment maps can be used to represent
the real scene in a MR environment as a panorama and the
information from these images can be used to simulate re-
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Figure 6: Results for Nakamae et al. [NHIN86]. The first image depicts the background scene, the second image shows the
augmented scene where the illumination of the augmented objects are matched to their surroundings and the shadows are cast
accordingly. Courtesy of Nakamae et al.

flections on a vertical object positioned at the center of the
environment map [Che95].

Agusanto et al. [ALCS03] exploited the idea of environ-
ment maps to provide reflections in AR. They use HDR im-
ages of the environment captured by a light probe to cre-
ate the environment map. These maps are filtered off-line
to decompose the diffuse from the glossy components. The
rendering is then performed with a multi-pass rendering al-
gorithm that exploits hardware capabilities. After some pre-
processing, like the inclusion of shadows, they present re-
sults for MR environments rendered on a desktop. An im-
pressive aspect of their work is that the method also works
for real-time AR. The implementation of their method works
with ARToolKit [KBBM99] and the results show interactive
reflections from the real scene on virtual objects at interac-
tive frame rate. An example of such a projection is given in
Figure 7. Although it should be feasible, they have not yet
provided a shadow algorithm for the AR application.

Sato et al. [SSI99] adopt a technique that extends the use
of environment maps to perform common illumination. In
their method, it is assumed that no geometry is known a-
priori. However, at least a few images are known from dif-
ferent but very restricted and known viewpoints, which can
be used to estimate a very simple geometry of the scene and
the position of the light sources. The obtained geometry does
not offer a reliable occlusion detection and the positions of
the virtual object are therefore restricted to lie in front of
all real objects in the real scene. After this low-level geo-
metric reconstruction, a set of omni-directional images are
captured with varying shutter speed. From these images, a
radiance distribution is calculated, which in turn is mapped
onto the geometry. To calculate the shadows and the local il-
lumination a ray casting technique is adopted. The radiance
values of the virtual objects are calculated using the informa-
tion known about the light sources, the radiance values of the
real scene, the geometry and the BRDF values of the virtual

Figure 7: Results for Agusanto et al. [ALCS03]. The vir-
tual objects are rendered with skin textures. The left object
is blended with a diffuse map and no soft shadows. The right
objects is blended with a glossy map and with soft shadows.
Courtesy of Agusanto et al.

objects. To simulate the shadows cast by virtual objects on
real objects, the radiance values of those points in the scene
that lie in shadow are scaled. The simulated soft shadows
look realistic, see Figure 2. Their geometric estimate is poor
and therefore usability of the method is limited and the po-
sitions of the virtual objects are restricted. Nevertheless the
method produces convincing local common illumination.

3.2. Model of real scene known, one image known

Most of the existing illumination methods assume that a geo-
metric model of the scene is available. The more detailed the
geometric model is, the more reliable the occlusion detec-
tion will be. Although not all techniques explain where this
model should come from, it is doubtful that a perfect geo-
metric model can ever be acquired and this should be taken
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into account when evaluating a specific method. In this sec-
tion a discussion is given of those methods that take a certain
3D geometric model of the real scene as input and extract ra-
diance information from one single image. All methods that
belong to this category are further divided into three groups
based on the type of illumination they produce:

• local illumination for AR applications: 3.2.2
• common illumination: 3.2.1
• relighting: 3.2.3

3.2.1. Local illumination for AR

As mentioned before, AR has long been an area wherein
people focused on registration and calibration as these are
still difficult problems to solve in that area. However, a few
papers tried to introduce shadows in their systems, to show
how well the registration was done and to improve the ren-
dering quality. Recent improvements in graphics hardware
for rendering shadows made it possible to perform real-time
rendering of shadows on well-registered systems where the
geometry is known. Early work was presented by State et
al. [SHC∗94] in which virtual objects are inserted in the
see-through real scene. A real light source is moved around
and tracked, and shadows of the virtual object due to this
real light source are virtually cast onto real objects by us-
ing the shadow mapping technique [Bli88]. In this case, the
light source is assumed to be a point light source. It was
very promising that some researchers in AR were interested
in using local common illumination in their systems, but it
was followed by a long period in which no innovative ma-
terial emerged. Only recently, additional work of Haller et
al. [HDH03] and Jacobs et al. [JAL∗05] was carried out to
add shadows from a virtual object onto real objects. Both
methods use shadow volumes, and in order to get good qual-
ity results knowledge about the scene geometry is essen-
tial. However, Jacobs et al. start from a rough approxima-
tion of the geometry and use image processing techniques to
compensate for approximation errors. Other methods exist
[BGWK03] that we will not discuss here, since they will not
be applicable in general MR systems because these systems
would require the capture of a large environment.

3.2.2. Common illumination

Jancene et al. [JNP∗95] use a different approach to illumi-
nate the virtual objects, they base their method, called RES
(Reality Enriched by Synthesis), on the principle of com-
position. The objective is to add virtual animated objects in
a calibrated video sequence. The final video is a composi-
tion of the original video sequence with a virtual video se-
quence that contains both virtual objects and a representa-
tion of the real objects. The geometry of the real object is
reconstructed a-priori so that for each frame in the video the
geometry is known. The rendering in the virtual sequence is
performed using ray tracing. It is possible to modify the re-
flectance properties of real objects. Shadows are simulated

in the virtual sequence, the impact of the shadows in the fi-
nal video is acquired by modifying the original video with an
attenuation factor. An occlusion mask is created to reflect oc-
clusion between virtual and real objects. This method came
quite early in the history of common illumination and video
composition. Even though it is not applicable for real-time
applications, it allows local common illumination and virtual
modification of the reflectance properties of real objects. The
images on the left in Figure 8 illustrate the original scene, the
images on the right illustrate the composition.

Gibson and Murta [GM00] present a common illumina-
tion method, using images taken from one viewpoint that
succeeds in producing MR images at interactive rates, by us-
ing hardware accelerated rendering techniques. Apart from
constructing the geometry of the scene, the pre-processing
involves creating a set of radiance maps based on an omni-
directional HDR image of the entire scene. New virtual ob-
jects are rendered via a spherical mapping algorithm, that
maps the combination of these radiance maps onto the vir-
tual object under consideration. Later shadows are added us-
ing a two step algorithm. To simulate the shadows, a set of
M light sources are identified, which imitate the true, un-
known illumination in the scene. Each light source is as-
signed a position and two parameters αi and Ii, which define
the colour of the shadow. For each light source, a shadow
map is calculated using efficient hardware calculations (z-
buffer). Shadow mapping is an intensively technique sup-
ported by the graphics hardware that helps to create shad-
ows in a fast and efficient way. The shadows created with
shadow maps are in nature hard shadows and therefore un-
suitable for realistic shadow generation. Gibson and Murta
combine the M shadow maps in a specific way, using the
above-mentioned parameters and now the system succeeds
in simulating soft shadows, looking almost identical to the
solutions obtained with a more computational and tradi-
tional ray-casting algorithm, see Figure 9. The system of
M light sources needs to be defined so that it represents a
close replica to the current illumination system, an increase
in number of light sources affects the rendering time. To
demonstrate their method, Gibson and Murta used eight light
sources to simulate an indoor environment. The position and
the parameters of the light sources are defined via an optimi-
sation algorithm, which needs to be executed only once for
each different scene.

Debevec [Deb98] presents a more advanced common il-
lumination technique that estimates the BRDF values for a
small part of the scene. It is argued that if a virtual object is
inserted into the scene, only a small fraction of the scene ex-
periences an influence from that inclusion. Relighting tech-
niques using inverse illumination therefore only require the
BRDF values of those points that lie in this fraction. Since
for most applications it is possible to know the position of
the virtual objects, Debevec uses this position to divide the
entire scene into two parts: the local scene and the distant
scene. The local scene is that fraction of the scene whose
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Figure 8: Results for Jancene et al. [JNP∗95]. The images on the left hand side show the original scene and the registration
of the cardboard box within this scene. The images on the right hand side show two screen shots from the video sequence in
which a virtual dynamic green ball and static pink cube have been added to the original scene. The reflection of the green ball
is visible on the board behind it. Courtesy of Jancene et al.

Figure 9: Results for Gibson et al. [GM00]. Comparison of a ray-traced (left) and a hardware generated image (right). The ray-
traced image was generated using RADIANCE [War94], the hardware generated image made use of the rendering method
described in [GM00]. The generation of the ray-traced image took approximately 2 hours, the generation of the hardware
rendered image took place at nearly 10 frames-per-second. Courtesy of Gibson et al.

appearance might alter after inclusion and the BRDF of the
materials in that part need to be estimated. On the other hand,
the distant scene is that part of the scene that undergoes no
physical alteration after inclusion. A schematic overview of
the division in local and distant scene and their correspond-
ing influences is presented in Figure 10. The local scene is
restricted to be diffuse only; the distant scene has no restric-
tions. An omni-directional HDR image is captured using a
mirrored ball. The resulting light probe image is used to
present the illumination in the real scene. Based on the geo-
metric model, the light probe image and the division into lo-
cal and distant scene, the BRDF values in the local scene are
estimated. The calculations are straightforward, since only
diffuse BRDF values are considered. A differential render-
ing technique was developed to reduce the possible incon-
sistencies in the geometric model and the (specular) error
on the BRDF estimates to an acceptable level. The render-
ing is a two pass mechanism. First, the augmented scene is
rendered using a global illumination technique, the result is

denoted by LSob j . Next the scene is rendered using the same
global illumination technique, without including the virtual
objects, denoted by LSnoob j . If the input scene is represented
by LSb, than the difference between LSb and LSnoob j is ex-
actly the error that results from an incorrect BRDF estima-
tion. The differential rendering therefore calculates the final
output rendering LS f inal as:

LS f inal = LSb +(LSob j −LSnoob j)

This differential rendering technique removes most of the
inaccuracies and in a certain way it is similar to the one of
Jancene et al. [JNP∗95] presented above. The results of this
technique are promising, see Figure 10, but it still suffers
from a few deficiencies. Firstly, only diffuse parameters of
the local scene are estimated, this introduces an error that
should be compensated by the differential rendering. Sec-
ondly, the viewpoint can be altered but the technique is too
slow to work at interactive rates. If the rendering could be
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Figure 10: Debevec et al. [Deb98]. Left: a diagram illustrating the relation between the different components presented in
[Deb98]. The real scene is divided into a local scene and a distant scene. The illumination from the distant scene influences
the local scene and the virtual objects. The virtual objects influence the local scene. The local scene and the virtual objects do
not have an influence on the distant scene. Middle: an image of the real scene. Right: an example of the differential rendering
technique for an indoor scene after inserting virtual objects. Diffuse effects are simulated. Courtesy of Debevec et al.

accelerated using low cost graphics hardware, it could be
possible to achieve interactive update rates for the MR.

Gibson et al. [GCHH03] developed a method to create soft
shadows using a set of shadow maps. They created a rapid
shadow generation algorithm to calculate and visualize the
shadows in a scene after the material properties of the scene
are calculated. A proper estimate of both the geometry and
the radiance information in the real scene needs to be avail-
able. It is assumed that the BRDF for all materials is diffuse.
This diffuse BRDF is estimated using geometry and radi-
ance information (one radiance image per 3D point). In their
method, the scene is divided into two parts: one part contains
all patches in a scene that are visible from the camera, called
the receiver patches and another part contains those patches
in the scene that have a significant radiance, called the source
patches. Then they organize these patches to build a shaft hi-
erarchy between the receiver patches and the source patches.
The shaft hierarchy contains information on which patches
block receiver patches from other source patches. Next they
render the scene from a certain viewpoint. This rendering
is a two-pass mechanism. In a first pass, they go through
the shaft hierarchy to see which source patches partially or
completely illuminate a receiver patch. Once these source
patches are identified, they set the radiance of each receiver
patch to the sum of all irradiance coming from these source
patches, without taking occlusions into account. The second
rendering pass, takes the shadows in consideration. To cal-
culate the portion of blocked light, they use the shadow map-
ping technique. In fact, they create a shadow map for each
source patch. At each receiver patch, these maps are then
combined and subtracted from the radiance value that was
rendered in the first pass. This technique is capable of pro-
ducing soft shadows in a fast and efficient way. In Figure 11
examples are given of synthetic scenes rendered using the
above described method. Renderings of the same synthetic
scenes using a ray tracing method are given as well. The im-
ages in the last column are photographic reference images.

Another set of methods were built to exploit the structure
of a radiosity method. Fournier et al. made pioneering work
in this direction [FGR93]. When this method was developed,
facilities for modelling a geometric model from a real scene
were not available. To overcome this issue, Fournier et al.
decided to replace the geometry of the objects in the real
scene by their bounding box, and an image of the object was
applied on each of the faces of the box. An example of such
a model is shown in Figure 12. To set up the scene for global
common illumination computation, faces of the boxes rep-
resenting the real objects are divided into patches. Using the
information contained in the radiance textures, a diffuse lo-
cal reflectance is computed by averaging pixels covered by
each patch. Light source exitances are estimated and the ra-
diosity of the patches are set as an average of the per pixel
radiance covered by each patch. After insertion of the virtual
objects and the virtual light sources in the model of the real
scene, new radiosity values are computed for the elements in
the scene using progressive radiosity [CCWG88]. The ren-
dering is carried out by modifying the intensity of each patch
with the ratio obtained by dividing the new radiosity by the
original one. In Figure 12 an illustration of the result of this
method is given. The results of this technique look promising
but it suffers from the lack of a detailed geometry. This leads
to misaligned shadows and other types of mismatching be-
tween real and virtual objects. The technique is slow and will
not allow real-time interaction. Nevertheless, this pioneering
method has influenced subsequent research work, e.g. Dret-
takis et al. [DRB97] and Loscos et al. [LDR00] as presented
in the remainder of this section.

Drettakis et al. [DRB97] present a method that builds
on Fournier et al. [FGR93], but uses a finer model of the
real scene. The same equations are used to estimate the
light sources emittance, the reflectance of the patches and
the original radiosity. Drettakis et al. make use of the more
recent hierarchical radiosity method hierarchical [HSA91]
accelerated by using clustering [RPV93][Sil95][SAG94].
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Figure 11: Results for Gibson et al. [GCHH03]. A comparison of the rendering quality for three different scenes. The images
in the left column are produced using the system presented in [GCHH03]. The images in the middle column are rendered using
ray tracing. The images in the right column are photographic reference images. Courtesy of Gibson et al.

Based on [DS97] a hierarchy of shafts is built from the real
scene model, which allows a local understanding when vir-
tual objects are added. This permits an easy identification
of all patches that need to undergo a radiosity alteration due
to the influence of the newly added object. The advantage
of this shaft hierarchy is that it permits interactive updates of
the illumination in the augmented scene when virtual objects
move. The final display is made similarly to the method of
Fournier et al. [FGR93]: the intensity of the patches is mod-
ified with the ratio defined by the modified radiosity divided
by the original radiosity. This type of rendering is fast, com-
pared to a ray tracing method, as it uses the hardware ca-
pability to render textured polygons. This method provides
global common illumination with possible interaction. Un-
fortunately, the technique does not allow changing either the
current illumination or the current viewpoint. In Figure 13 a

screen shot is given of the 3D reconstruction and an example
of the resulting MR using the above explained method.

3.2.3. Relighting

In Loscos et al. [LDR00], relighting is made possible, while
keeping the framework set by Fournier et al. [FGR93] and
Drettakis et al. [DRB97]. The scene parameters are extracted
in the same way but all calculations are extended to the use
of HDR images [Los99] as well. Since this technique fo-
cuses on relighting, a specific subdivision of the real scene
is made to detect as much direct shadows as possible. The ra-
diosity of each element is modified to simulate non-blocked
radiosity, in other words, to erase the shadows from the tex-
tures. A factor is computed using the radiosity method with-
out taking the visibility in consideration. Then the new ra-
diosity value is used to update the texture. Approximations
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Figure 12: Results for Fournier et al. [FGR93]. Left: wire-frame image, all objects in the scene are represented by a box, that
narrowly fits the object. Middle: Image information is mapped on the boxes (note that for the ball, a more complex shape was
used). Right: an example of a MR, the book on top of another book, lying on a table is virtual. Also a virtual light source is
added. The global common illumination effects are generated with an adaptive progressive radiosity algorithm. Courtesy of
Fournier et al.

Figure 13: Results for Drettakis et al. [DRB97]. In the left image a screen shot is given of the 3D reconstruction of the real
scene. The right image gives an example of the MR, the floating box is the virtual object. The virtual objects can be moved at
interactive rate while keeping the global illumination effects. This is carried out by using an adaptation of hierarchical shafts
for hierarchical radiosity [DS97]. Courtesy of Drettakis et al.

of the estimation and of the input data lead to an inexact
modification of the texture. In a second step, another fac-
tor is applied to automatically correct the imprecisions. This
is done by using a reference patch that reflects the desired
result. Once this is done, the new textures are used instead
of the original ones, and reflectance and original radiosity
values are updated accordingly. Shadows can be simulated
using the factor of the newly computed radiosity solution
divided by the original radiosity (without shadows). This
technique also extends the method presented in [DS97] for
the insertion of virtual lights. In the system of Loscos et al.
[LDR00], it is possible to virtually modify the intensity of

real light sources, to insert virtual objects that can be dynam-
ically moved and to insert virtual light sources. The prob-
lem that comes with inserting new lights or increasing light
source intensity is that the value of the factor computed be-
tween the new radiosity value, divided by the original radios-
ity, may be greater than one. In that case, multi-pass render-
ing is used to enable the visualisation of brighter illumina-
tion. This method allows interactivity and is fairly rapid in
the pre-processing computation. However, the obtained re-
sults are inaccurate as the illumination of the real scene is
not fully estimated. Firstly, because lit areas are not altered
at all, and secondly, because it concentrates on the diffuse
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Figure 14: Results for Boivin et al. [BG01]. The top left image illustrates the original scene. The top right image is a relighted
synthetic image. Diffuse and specular effects are simulated using an optimisation algorithm. The bottom left image illustrates
the possibility of changing the viewpoint by grouping objects with similar properties. The bottom right image illustrates the
relighting of the original scene with a different illumination pattern. Courtesy of Boivin et al.

component only. An example of the results is shown in Fig-
ure 3 using HDR images as an input.

Although it doesn’t seem feasible to estimate specular
components of the BRDF from one single image, Boivin et
al. [BG01] present a technique that re-renders diffuse and
specular effects based on radiance information from one sin-
gle image and a full geometric model of the scene, includ-
ing the light source positioning and the camera properties.
With a hierarchical and iterative technique they estimate the
reflectance parameters in the scene. In this method, the re-
flectance model of Ward [War92] is used, which presents
the entire BRDF with either 3 (isotropic materials) or 5
(anisotropic materials) different parameters. The BRDF esti-
mation process starts by assuming that the BRDF values are
all diffuse. A synthetic scene is rendered using the geome-
try, the current BRDF estimate and global illumination tech-
niques. If the difference between the real scene and the syn-

thetic scene is too large, the BRDF values are re-estimated
using a more complex BRDF model. First specular effects
are added and a roughness factor is estimated using an time-
consuming optimisation process. Later anisotropic effects
are introduced and the optimisation continues until a reason-
able synthetic scene is acquired. This is very similar to the
way parameters are estimated in [YDMH99]. However, in
this case, only one input image is used, and anisotropic pa-
rameters are estimated as well. The method of Boivin et al.
relies on one single image to capture all photometric infor-
mation. The advantage of such an approach is that the image
capturing is relatively easy; the disadvantage is that only par-
tial geometric information is available: there is no informa-
tion for those surfaces that are not visible in the image. Nev-
ertheless,the proposed technique allows changing the view-
point. If a sufficiently large portion of a certain object is
visible in the image, the reflectance properties of the miss-
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ing parts of the object are calculated based on this portion.
Grouping objects with similar reflectance properties makes
this process more robust. On the other hand, this requires
that not only the geometry needs to be known, but also a
partitioning of the scene into objects with similar reflectance
properties, which greatly compromises the operatability of
this technique. Although optimised, the rendering algorithm
is computationally expensive and therefore only a non real-
time solution can be obtained. In Figure 14 an illustration is
given of the output results of the described method.

3.3. Model of real scene known, few images known

If more information about the radiance of the points in the
scene is available, a better BRDF estimate can be acquired.
The radiance perceived at a certain point depends on the
viewing angle, on the angle of incident light and the BRDF.
Hence, it is possible to gain more information about the
BRDF of a certain point in the scene if radiance information
is available from images captured from a different viewing
angle. Alternatively, if the viewpoint is kept the same but the
position of the light sources is changed, extra BRDF infor-
mation is captured as well. In this section, the methods are
discussed that make use of this extra information.

Loscos et al. [LFD∗99] developed a system that allows
relighting, as well as virtual light source insertion, dynamic
virtual objects inclusion and real object removal. They iden-
tified that it is difficult to estimate reflectance values in
shadow regions due to saturation and because this estimate
depends on the quality of the indirect light estimation. This
is compensated for by adding extra photographs captured
under different lighting. The geometry of the real scene is
modelled from photographs. This geometric model is tex-
tured using one of the images, taken from the different view-
points. A set of pictures is then taken from this chosen view-
point while a light source is moved around the scene to mod-
ify the illumination. These pictures can be HDR images as
used in [Los99]. Loscos et al. decided to mix a ray-casting
approach to compute the local illumination and a radiosity
approach to compute the indirect lighting. Two sets of re-
flectances are thus computed. First diffuse reflectance values
are computed for each pixel of the viewing window. This is
done with a weighted average of the reflectance evaluated
with each input image differently lit. The applied weight is
based on whether the 3D point associated to the pixel is in
shadow relative to the light source position, and also whether
the radiance value captured is saturated. The reflectance val-
ues are then used to initialise a radiosity system similar to
those in [DRB97][LDR00]. This reflectance can be refined
by an iterative algorithm [LFD∗99]. With this reflectance,
Loscos et al. are able to relight the scene using global il-
lumination. Pixel values are updated by adding the local il-
lumination value, computed by ray casting, to the indirect
illumination value, computed by hierarchical radiosity using
a rough subdivision of the scene. Local modifications are

made after the insertion or moving of virtual objects by se-
lecting the area of the window where local illumination will
be affected. Indirect illumination is modified by adapting the
technique of [DS97]. Similarly, virtual light sources can be
added, and intensity of real light sources can be modified. A
very interesting application of this method is the removal of
real objects. The unknown information previously masked
by the object is filled using automatic texture synthesis of a
sample of the image of the reflectance values of the previ-
ously hidden object. The results show that the relighting and
the interaction with virtual objects can be achieved in an in-
teractive time. Image examples of the results are shown in
Figure 15. The produced results are good but could be im-
proved by considering specular effects. Due to the nature of
the image capture process, it would be very difficult to apply
this technique on real outdoor scenes.

A different approach taken by Gibson et al. [GHH01] re-
sults in another relighting method, in which the reflectance
of the material is roughly estimated based on a restricted
amount of geometry and radiance information of the scene.
In theory, only geometry and radiance information is needed
for those parts of the scene that will be visible in the final
relighted MR. In their approach a photometric reconstruc-
tion algorithm is put forward, that is capable of estimating
reflectance and illumination for a scene if only incomplete
information is available. To achieve this the direct illumi-
nation is modeled as coming from unknown light sources
using virtual light sources, see Figure 16. The aim is not to
produce an accurate illumination model, but rather a model
that produces a similar illumination as in the original scene.
The model used is a spherical illumination surface: a set of
small area light sources that surrounds the known geometry.
The parameters of this surface, the position and emission of
the light sources, are estimated using an iterative minimiza-
tion algorithm. Based on this model, the reflectance of the
materials in the scene are estimated. The MR scene is ren-
dered using a ray tracing algorithm. User interaction is im-
possible at real-time update rate but nevertheless the method
illustrates the possibility of getting fairly realistic mixed re-
alities, without limiting input requirements. This method is
original, interesting and very practical to adapt to many situ-
ations where information on a real scene is partially known.
Imprecisions and ambiguities are compensated for, result-
ing in a more accurate simulation of the existing illumina-
tion. An example of a rendered scene and its comparable
real scene are given in Figure 17.

3.4. Model of real scene known, many images known

This category collects those techniques that require the most
input information. Not only the geometry is known but also
radiance information under many different geometric set-
ups. Two significant methods could be identified that belong
to this category of MR methods. They were selected from
a broad set of techniques on inverse illumination because
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Figure 15: Results for Loscos et al. [LFD∗99]. The left image is one of the input images of the real scene. The middle image is
a relighted image of the real scene, using the calculated BRDF values. The left image illustrates the removal of an object (the
door), the insertion of a new virtual object (the chair) and the insertion of a virtual light source. All manipulations are carried
out at interactive update rates. The illumination is updated locally with ray casting. The consistency of the indirect illumination
is kept using an adaptation of [DS97]. Courtesy of Loscos et al.

Figure 17: Results for Gibson et al. [GHH01]. The left images illustrates the reconstructed scene from a novel viewpoint. The
image in the middle is a synthetic image illuminated with virtual light sources. The right image illustrates the addition of virtual
objects. Both specular and diffuse effects are simulated. Courtesy of Gibson et al.

they provide a solution for a large group of objects, which
is essential for MR. The first inverse illumination method
[YDMH99] focuses on the BRDF estimation, using many
HDR images from different viewpoints. The second [YM98]
allows to relight outdoor scenes. The remainder of this sec-
tion briefly discusses these two techniques.

Yu et al. [YDMH99] use a low parametric reflectance
model, which allows the diffuse reflectance to vary arbitrar-
ily across the surface while non-diffuse characteristics re-
main constant across a certain region. The input to their sys-
tem is the geometry of the scene, a set of HDR images and
the position of the direct light sources. An inverse radiosity
method is applied to recover the diffuse albedo. The other
two parameters in the reflectance model of Ward [War92],
the roughness and the specular component, are estimated by
a non-linear optimisation. For the estimation of the specular
BRDF, it is assumed that many HDR images are available
from a different set of viewpoints. The estimation makes use
of the position of the light sources and the possible high-
lights they may produce on a surface due to specular effects.
It is therefore helpful to capture images of the scene with a
various number of light sources, since this might increase the
number of specular highlights. This precise estimate of the

BRDF values in the scene allows to remove all illumination
in the scene and a new illumination pattern can be applied.
To render the scene they make use of Ward’s RADIANCE sys-
tem [War94]. No further steps were taken to speed up the
rendering process. Figure 4 illustrates the results obtained
for augmented images compared to photographs of the real
scene. This technique is interesting for MR because it pro-
vides an algorithm to estimate an accurate complex BRDF of
a complex real scene, resulting in an accurate representation
of the illumination.

Yu and Malik [YM98] present a technique that allows re-
lighting for outdoor scenes based on inverse illumination. As
it is impossible to retrieve the geometry of the entire scene,
they separate the scene into four parts: the local model, the
sun, the sky and the surrounding environment. The illumina-
tion sources are the sun, the sky, and the surrounding envi-
ronment. Luminance due to the sun and the sky are estimated
based on a set of input images. At least two photographs per
surface of the local model are captured, which should show
two different lighting conditions (directly and not directly lit
by the sun). The local model is subdivided into small sur-
faces. Based on these two photographs, two pseudo-BRDF
values are estimated per surface. One relates to the illumina-
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Figure 16: Technique Gibson et al. [GHH01]. The real il-
lumination is approximated by a illumination surface. This
illumination surface is covered by a set of virtual light
sources. The parameters of these virtual light sources are
estimated such that its effect resembles the real illumination.
Courtesy of Gibson et al.

tion from the sun, the other relates to the illumination from
the integrated environment (sky plus surrounding environ-
ment). A least square solution is then used to approximate
the specular term for each surface and for each lighting con-
ditions (from the integrated environment and from the sun).
This approach uses an approximation of the inverse illumi-
nation equation. It illustrates the difficulty of setting up a
parameterised MR system for outdoor scenes. At rendering
time, different positions of the sun are simulated. After ex-
tracting the sun and the local model from the background,
sky regions are identified and they are mapped on a mesh
supported by a hemisphere. Three parameters control the sky
intensity. A first scale factor is applied when simulating sun-
rise and sunset; it is constant otherwise. The second para-
meter adjusts the intensity of the sky depending on the posi-
tion of the mesh on the dome. A last parameter controls the
sky intensity depending on the sun’s position. Next, the ra-
diance values and the pseudo-BRDFs are used to reproduce
the global illumination on the local scene. This method is the
first to present the possibility of relighting outdoor scenes.
Results of these relighted scenes and a comparison image
are shown in Figure 18. Although it is difficult to evaluate
the quality of the relighting from the images provided by the
authors, the images resemble the real conditions, and this
can satisfy most of the MR applications for outdoor environ-
ments.

4. Discussion

In section 2.2 we pointed out that the assessment of the vari-
ous illumination techniques for MR comes with a certain de-
gree of subjectivity. Fortunately there are some aspects that
can be evaluated in a rather objective way. Some of these

measures will be used in this section to assess the meth-
ods from section 3. Section 4.1 discusses the amount of pre-
processing required. In section 4.2 an evaluation of the de-
gree of interactivity is given and in section 4.3, the methods
will be evaluated based on the quality of the results. Section
4.4 explains which methods are suitable for outdoor scenes.
Finally an overview of the discussed methods is given in sec-
tion 4.5.

4.1. Pre-processing time

The term pre-processes refers to those steps, carried out
once, that are required by the method before the merging
of real and virtual objects takes place. The geometry recon-
struction, image capturing and BRDF estimation, are con-
sidered as pre-processing steps.

A few methods do not require a full geometric model of
the real scene: Sato et al. [SSI99], Nakamae et al. [NHIN86]
and Haller et al. [HDH03]. All other methods require a geo-
metric model. Some of these methods do not explain how
this model can be constructed, others assume that it is con-
structed using semi-manual 3D reconstruction software, ex-
amples of such software were given in section 3. Using
reconstruction software usually results in a low resolution
model and is in general error prone, this is due to the fact
that no automatic, accurate 3D reconstruction software is yet
commercially available. Scanning devices give a better res-
olution, but these devices are expensive and while the scan-
ning of a small object might be straightforward, the scanning
of a larger scene is tedious. As a summary we can say that
a perfect geometric model is difficult to acquire and that re-
construction is always a tedious work.

Some methods require radiance information captured
from several viewpoints [YDMH99] [GHH01] or under dif-
ferent types of illumination [LFD∗99] [YM98]. Taking sev-
eral HDR images from different viewpoints and under dif-
ferent illumination delays the image capture time.

Many methods calculate a BRDF estimate, some use
a diffuse model, some allow a more complex model.
Often the calculation of the BRDF needs to be carried out
off-line, due to timing issues and is therefore considered as
pre-processing work. Methods that calculate a diffuse-only
BRDF are: [Deb98][FGR93][DRB97][LDR00][LFD∗99],
methods that allow specular components are:
[GHH01][YDMH99][YM98][BG01].

4.2. Level of interactivity

Interactivity means:

• the possibility of navigating objects or viewpoints in the
scene,

• the effort made to get an interactive rendering,
• the possibility to modify reflectance properties of real ob-

jects in the scene,
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Figure 18: Results for Yu et al. [YM98]. The top row images illustrates the original tower from different viewpoints. The bottom
row are synthetic images of the tower from approximately the same viewpoint. The real images were not used to generate the
synthetic images, nevertheless the synthetic and real images look very similar. Courtesy of Yu and Malik.

• the possibility to modify the illumination sources in the
real scene.

A few methods allow to navigate the virtual objects or
the viewpoints. These techniques have either enough BRDF
information [BG01][YDMH99][FGR93], enough geometry
and illumination information [SSI99][YM98] or use a dif-
ferent approach [ALCS03][SHC∗94][JNP∗95].

Only a few of the methods operate in true real-time (RT)
[ALCS03][SHC∗94][GCHH03], others are near real-time
(near RT) [LDR00][LFD∗99][DRB97] but most of them are
non real-time (NRT). However, it should be noted that some
methods were developed years ago, when computer hard-
ware and software were much slower than nowadays. Also,
it should be pointed out that some methods did not made a
special attempt in producing interactive systems. With a few
modifications, it should be possible to speed up most of the
described systems.

Some methods that specifically tried to speed up the com-
putations are worth mentioning. Agusanto et al. [ALCS03]
exploited the idea of environment mapping while State et al.
[SHC∗94] used shadow mapping and Haller et al. [HDH03]
shadow volumes. Gibson et al. [GM00] developed a new
technique to simulate soft shadows at interactive rates and
Drettakis et al. [DRB97], Loscos et al. [LDR00] and Loscos
et al. [LFD∗99] made use of a hierarchical radiosity algo-

rithm, that decreased the computation time to interactive
rates as well. Gibson et al. [GCHH03] used shadow volumes.

Most methods that calculate the BRDF values are in prin-
ciple capable of changing the BRDF values into something
new. This can be used to modify the appearances of real ob-
jects in the scene. Relighting methods can use this BRDF
information to relight a scene using a different illumination
pattern. Table 1 gives an overview of the various different
types of illumination the discussed methods allow.

4.3. Evaluation of the quality

Some of the described methods evaluated the quality of their
method using one or more of the following evaluation meth-
ods:

• a comparison is made between a photograph reference of
the real scene and a synthetic version of the same scene,

• the BRDF is measured using a device and these results are
compared with the calculated BRDF values.

Gibson et al. [GCHH03] compare their shadow rendering
technique with a ray traced rendering and an image of the
real scene, see Figure 11. They are capable of producing re-
alistic and similar shadows as in the real image and at a faster
time than the ray traced rendering. In [GM00] the presented
extended shadow mapping is compared with a ray traced ver-
sion using the same input parameters, see Figure 9. There are
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some differences between the two synthetic scenes, but the
generated shadows look realistic.

Boivin et al. [BG01] extract a full BRDF model and com-
pare their rendering with an original image of the real scene,
see Figure 14. In [YM98] the diffuse and specular com-
ponents are calculated; the resulting rendering is compared
with an original image of the real scene. Likewise, [LDR00]
[LFD∗99] estimate the diffuse BRDF and compare a syn-
thetic rendering with a original image of the real scene (see
Figures 3 and 15). In both methods, the rendering occurs at
interactive update rates.

Similarly, Gibson et al. [GHH01], see Figure 17, compare
an original and synthetic image and find that the error be-
tween the two images decreases drastically in the first three
iterations. Both diffuse and specular reflectances are mod-
elled.

Yu et al. [YDMH99], see Figure 4, estimate diffuse and
specular BRDF values and compare these with measured
BRDF values of objects in the scene. The estimates and the
true values are similar.

We can also compare methods that use both specular and
diffuse BRDF values for the rendering with those that have
a more restrictive understanding of the BRDF. It is under-
stood that systems based on a more complete BRDF model
result in an MR of a higher quality than those based on dif-
fuse BRDF values only or those that do not estimate BRDF
values at all. For some methods, only a subjective user per-
ceptive assessment can be made.

4.4. Usability on indoor and outdoor scenes

The reader may have noticed that most techniques were
tested on indoor scenes. Outdoor scenes are more complex
than indoor scenes. Not only is the geometry more difficult
to model, the illumination is difficult to extract as well. Out-
door illumination is time and weather dependent and diffi-
cult to model and simulate. Only three methods from sec-
tion 3 explicitly used an outdoor scene to test their method
[Deb98][GCHH03][SSI99][YM98] but this does not imply
that the other methods are not suitable for outdoor scenes.
For instance one might argue that all methods that use envi-
ronment maps are capable of capturing the outdoor illumi-
nation. But some caution is in place when interpreting this
statement [JL04]. If HDR images are used to capture the en-
vironment map, which is in general the case, one needs to
bare two things in mind. Firstly, the intensity of the sun is
in general too bright to be captured in a HDR image with-
out saturation, even at very fast shutter speeds. Secondly, if
the sky is clouded and the clouds drift in the sky, there will
inevitable be some movement in the low dynamic images
used to compile the HDR image, making them worthless. It
should be clear, that the extension from indoor to outdoor
scenery is not straightforward. The current state of the art of
MR shows no good solutions for the outdoor scenes.

4.5. Overview

Table 1 gives an overview of all methods discussed in section
3. For each method, the overview discusses the following
aspects:

• Geometric model of the scene: whether or not the
method requires a geometric model of the scene.

• Number of different images: the number of different im-
ages needed per point in the scene, to calculate the MR.

• Methodology: the methodology used to create the MR. In
section 2.3 three different approaches were discussed:

1. common illumination,
2. relighting,
3. inverse Illumination.

Further to this division, a distinction is made between lo-
cal and global illumination techniques.

• Rendering: the rendering method used to compose the
MR. Possible answers are: ray-casting, ray-tracing, ra-
diosity, etc.

• Computation time: the update time of the method is real-
time (RT), non real-time (NRT) or near real-time (near
RT).
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5. Conclusions and Future work

In the past few years research has been motivated to con-
sider a new type of simulation: the simulation of a new real-
ity called mixed reality which refers to the concept of mixing
a real scene with virtual elements. Mixed reality has now be-
come very important for various applications ranging from
entertainment with movie post-production and games, archi-
tecture, cultural heritage, education and training, etc. Sev-
eral problems arise when composing reality with virtual ele-
ments. A first problem is how to automatically calibrate the
relative position and the occlusion of virtual objects with
virtual ones. As mentioned in this report, this has been ad-
dressed successfully in two different ways. One can use a
scanning device or one can use real-time stereovision to ex-
tract depth and shape information. A second problem is how
to illuminate the virtual objects consistently with the original
light conditions in the real scene. Research papers appeared
already in the late eighties to answer this last need of the in-
dustry, but it is only recently, within the last ten years, that
the international community made a more significant effort
to provide more automated solutions for computing the illu-
mination in mixed reality.

Although it is tempting to compare techniques relatively
to the quality of the results achieved, this report classifies
them depending on the context and the goal of the method.
Firstly, it is of course easier to compute illumination for
mixed reality if a 3D model is available. Secondly, it may
be that only a few images of the real scene are available
from different viewpoints, and some available with differ-
ent lighting conditions. The more images are available for
the illumination extraction, the easier the computation pro-
cedure becomes. On the contrary, the fewer images are avail-
able the more difficult it is to perform an accurate estimation
and therefore simulation. Consequently it was decided that it
would be fairer and more interesting to compare techniques
using similar types of data. Four different categories were
identified based on the amount of geometric detail and ra-
diance information available. Different manners to compare
the illumination techniques used for mixed reality were pre-
sented as well. For example, the methods were compared
based on the type of the illumination achieved: local or
global, diffuse or complex illumination effects. It was also
pointed out if relighting was possible and if the user could
interact with the scene.

An ideal conclusion of this report would state which tech-
nique is the most perfect one. However it is impossible to
assess the methods without knowing the application at hand.
It is therefore very difficult to describe the ideal method. It
should be a real-time and automatic method with no pre-
processing requirements. It would allow any type of vir-
tual interaction: modification of lighting, removal of real
objects, modification of material properties of real objects
and addition of virtual elements. And the rendering quality
would perfectly match with the real one. Research is head-

ing towards this, and it is likely that this technology will be-
come more accessible in future years. Progress in stereovi-
sion techniques, in automatic calibration, registration and in
computer graphics will help in the progression in illumina-
tion for mixed reality. More automatic reconstruction meth-
ods of the geometry are needed, that will also model more
complex details. Progress in augmented reality is heading to-
wards systems being able to recognise shape and depth with-
out markers. Computer graphics research needs to provide
more precise description of reflection models and rendering
software needs to be adapted to these more complex materi-
als. Little work has been done in modelling the behaviour of
light sources, which are often assumed diffuse. It will be im-
portant for future work to consider more complex lighting in
order to find a better estimate for the illumination in mixed
reality. Finally, most of the methods have been designed for
indoor environments that are easier to control. Outdoor en-
vironments present a real challenge, both in the capture and
in the simulation. It is expected that more work for outdoor
environments will appear in the near future.
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