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Understanding The Effects of Incorporating Scientific Knowledge on
Neural Network Outputs and Loss Landscapes

Mohannad Elhamod

(ABSTRACT)

While machine learning (ML) methods have achieved considerable success on several main-
stream problems in vision and language modeling, they are still challenged by their lack
of interpretable decision-making that is consistent with scientific knowledge, limiting their
applicability for scientific discovery applications. Recently, a new field of machine learning
that infuses domain knowledge into data-driven ML approaches, termed Knowledge-Guided
Machine Learning (OOO0O), has gained traction to address the challenges of traditional ML.
Nonetheless, the inner workings of LU0 models and algorithms are still not fully under-
stood, and a better comprehension of its advantages and pitfalls over a suite of scientific
applications is yet to be realized. In this thesis, I first tackle the task of understanding the
role OO plays at shaping the outputs of a neural network, including its latent space, and
how such influence could be harnessed to achieve desirable properties, including robustness,
generalizability beyond training data, and capturing knowledge priors that are of importance
to experts. Second, I use and further develop loss landscape visualization tools to better un-
derstand ML model optimization at the network parameter level. Such an understanding
has proven to be effective at evaluating and diagnosing different model architectures and loss

functions in the field of OO0, with potential applications to a broad class of ML problems.
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Mohannad Elhamod

(GENERAL AUDIENCE ABSTRACT)

My research aims to address some of the major shortcomings of machine learning, namely
its opaque decision-making process and the inadequate understanding of its inner workings
when applied in scientific problems. In this thesis, I address some of these shortcomings
by investigating the effect of supplementing the traditionally data-centric method with hu-
man knowledge. This includes developing visualization tools that make understanding such
practice and further advancing it easier. Conducting this research is critical to achieving
wider adoption of machine learning in scientific fields as it builds up the community’s con-
fidence not only in the accuracy of the framework’s results, but also in its ability to provide

satisfactory rationale.



LUHioouiby

U000 0ooooootoiod o 0ooiboodo 0o 0o dbooboo Cooo oot dorooooo oo dod Doooode oo 000 Odooodo
100 Q000000oo fiditoion bitioor Ooo 0o oo 000 [ioo 0o oboooo (oo Coo0oo O foboooo booloooo
000 100 00QoooioD 0oo loooooo 0o 0ot 0oo 0o Dot OO0

v



LoUDodingdbood

I would like to express my deepest gratitude to my advisor, Prof. Anuj Karpatne, for leading
me through a successful PhD journey with unwavering support, guidance, and mentorship
that have been invaluable to my development as a scholar. I would also like to extend
my thanks to my committee members, Prof. Jia-Bin Huang, Prof. Chris North, Prof.
Naren Ramakrishnan, and Prof. Chandan Reddy, for their insightful feedback and invaluable
expertise that helped shape this dissertation into its final form.

I am also grateful to my lab mates, especially Dr. Jie Bu, Arka Daw, and Md Abdullah
Al Maruf, for all the interesting conversations, brilliant ideas, and fun times that helped me
throughout my research and made the journey memorable and enjoyable.

I would like to acknowledge the constant support of The Department of Computer Science at
Virginia Tech and Prof. Cliff A. Shaffer for their constant support of my endeavors and for
giving me the opportunity to shine. I would also like to acknowledge the Graduate School
at Virginia Tech, Dean Karen P. DePauw, and Dean Aimée M. Surprenant for the programs
they have created and supported, particularly the Global Perspective Program (GPP) and
Virginia Tech’s Academy for Teaching Excellence (VTGrATE), and for bringing out and
shaping my authentic pedagogical persona.

I would like to express my heartfelt gratitude to my family - my mother Rajaa Wahbeh,
my father Ahmad Alhamod, my grandfather M. Said Wahbeh, and my late step-father Riad
Alroumani - for believing in me and for supporting my academic journey since childhood,
envisioning a future where I make them, and myself, proud. Finally, I want to thank my
dear wife, Jonilda Bahja, for pushing me to be my best even at times when I thought less of

myself.



L0opodon

Qioo 00 4idbooo
Qoo 00 Dooioo

0 000C0DO00o0
1.1 Knowledge-Guided Machine Learning (OOOO) . . . . . .. .. ... ... ..
1.2 Limitations and Challenges in OO . . . . .. .. 00000000 L

1.3 Thesis Goals. . . . . .

0 00000 00 bioboooood
2.1 Knowledge-Guided Machine Learning (OOOO) . . . . . ... ... ...
2.2 Model Understanding Through Landscape Visualization . . . .. .. .. ..
2.3 Interpretability and Feature Visualization . . . . .. .. .. ... ... ...

2.4 Image generation and Synthesis . . . . . . . . ... 0L L.

0 0000000000 00 0oibooiit Ooodmoco
3.1 Eigen-decomposition in Physics . . . . . . .. ... ... ... ...
3.2 Taxonomy, Phylogeny, and Image Processing in Biology . . . . . . . . .. ..

3.3 Solving Partial Differential Equations with Physics-Informed Neural Networks

vi

0

i

12

14

0o



0 000000IDo0DY 000 Doobod Do LboboOioooo Ooobiobo tdo Lo Dboboo Qoooooo

Q00boo 0ooo 0o
4.1 Motivation: Failures of Black-box Models in the Output Space . . . . . . .. 23
4.2  The Effect of Knowledge Guidance on Model Generalizability and Robustness 24
4.2.1 TImproving Model Prediction Under Noise . . . . ... ... .. ... 28
4.2.2  Improving Model Prediction Under Limited Data . . . . . ... ... 30
4.3 The Effect of Knowledge Guidance on Learning A Scientifically Meaningful

Latent Space . . . . . . . . . 32
4.3.1 Knowledge-Guided Information Disentanglement . . . . .. .. . .. 38
4.3.2 Knowledge-Guided Image Synthesis . . . . . . . ... ... ... ... 44
4.3.3 Generalizing on Unseen Classes . . . . . . . . .. ... ... ..... 46
0 D00 Oooo 00 000000000 Ooioiboo bbd 000 0000 000000000 0000 0o
5.1 Challenges and Solutions to Optimizing Multiple Physics Objectives . . . . . 51
5.1.1  Solving Competing Physics-Guided Losses for Figen-equation Problems 52
5.2 The Uses and Challenges of Landscape Visualization in OO0 . . . . . . . . 59

5.2.1 Demonstrating O O’s Improved Optimization Through Existing Loss
Landscape Visualization Methods . . . . . . . . ... ... ... ... 59
5.2.2  Limitations of Existing Landscape Visualization Methods . . . . . . 60
5.3 Neuro-Visualizer: A New Non-linear Loss Landscape Visualization Method . 63
5.3.1 Method Formulation . . . . . . ... ... ... . L. 63

vii



5.3.2

0 boodood

Qioouoooooo

R njnn|nnEy

Qooooold O

Qooooold o

Qoooooid O

Dooodoid g

Qoooooig g

QooDoom o

Qooogoig o

Qoooooim g

Lo0oobid O

Applications and Results . . . . . .. ... ... ... ... ...

giipibobooooiit Looduooiiod 0oh LooOon buooood

Qoooion Joobdbitt Ubo 000 toiob tobn 4oood

I v o

(0 {0

I I o N M N A A

000ooibo bod dobioboobooooe oo oo Lootooo

pooiboood Doibodoooood

Qiibboodol Ooooooo

goiooiot 0 oo Qiobboouoo

viil

0o

0o

ogd

ood

ogd

ood

ood

ogd

ood

ogd

ood

ogd



Lob i Oidbood

1.1

2.1

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

A visual breakdown of the goals of this thesis. . . . . . . ... ... ... ..

Saliency maps of different fish images. Colored pixels denote image regions
with high saliency scores, indicating their high importance for the fish classi-

fication task as perceived by the model. Figure adopted from [38]. . . . . . .

Schematic diagram of OOOO. . . . . . ... .. o o o

An example of the alignment between taxonomic and anatomic similarities in

fishes. Figureis from [38] . . . . . . . ... ..o
Saliency maps showing the effect of adversarial occlusions. . . . . . .. . ..

OO0OO’s vs. black-box’s classification performance across different subsets of

the GLIN dataset. . . . . . . . .

0000000 converts images to discrete Phylo-sequences where different seg-
ments of the sequence (shown in distinct colors) capture evolutionary infor-

mation at different levels of the phylogenetic tree (L1 to L4). . . . . . . . ..
Overview of UO0I0OO model architecture. . . . . . . . . ... ... ..
Detailed view of the Phylo-Encoder block in OO0IOOCICI. . . . . . . o oL L.

Comparing embedding distance matrices of methods with morphological and

phylogenetic ground-truths . . . . . . . . ... o L

t-SNE plots of the images generated by DOIIOIOO and vanilla VQGAN. . . .

X

26

43



4.10 Comparing species-to-species image translations from a Carassius Auratus

5.1

5.2

2.3

5.4

2.5

5.6

5.7

2.8

I.1

[.2

specimen to a Lepomis Cyanellus specimen . . . . . . . . . ... .. ... .. 45

The relative eigen-equation error of JIUUI-PGNN compared to baseline models 58

A comprehensive landscape comparison between UIOUI-PGNN and different

baselines. . . . . . . 61

A comparison of PCA and Neuro-Visualizer in terms of consistency w.r.t
UO0O0O-PGNN’s Train-MSE loss values between the trajectory and the grid.

The bottom row is a zoomed-in view of the top row. . . . . . ... ... .. 71

A comparison of PCA and Neuro-Visualizer, showing UOOUO-PGNN’s Train-MSE
landscape visualization in terms of errors between the trajectory and the grid

in loss values and distances in the parameter space. . . . . . . . . ... ... 72

The loss landscapes of OUUUO-PGNN and Black-box NN for different loss

terms using PCA (left) and Neuro-Visualizer (right) . . . . . . ... .. ... 75

Plotting the loss landscapes of multiple Convection PDE solving models using

PCA (left) and Neuro-Visualizer (right) . . . ... ... ... .. ... ... 79

A series of Neuro-Visualizer landscape visualizations of Liesy with different

constraintS . . . . . . oL 81

A progression of Neuro-Visualizer DOUUIID landscape visualizations with dif-

ferent values of the L hyper-parameter within the Lgriq constraint. As can be

seen, higher L values generally lead to higher grid densities. . . . . . . . .. 82
U0000000 0000000+« v e e e e e e e e e e e e e e 128
U0000000 DODO0R0TE00  « « o v o e e e e e e e e e e e e e e e e e 129



[.3 0000000 Oodfodoooo

x1



Lob bi upioo

4.1

4.2

4.3

4.4

4.5

4.6

5.1

5.2

2.3

Statistics of the GLIN dataset and its subsets, which are used for training
and evaluating OO, . . . 0. 0000000000 28

Average probability of the correct species class predicted by black-box and

0000 as a function of the number of adversarial occlusions applied to every

JS-diveregence of the phylogenetic codes at the species level between unseen

and seen SPeCcies . . . . .. ... Lo 48

JS-diveregence of the phylogenetic codes at the earliest ancestral level between

unseen and Seen SPECIES . . . . ... L. .o 48

JS-diveregence of the non-phylogenetic codes between unseen and seen species 49

A quantitative comparison of PCA and Neuro-Visualizer by calculating OO0
U00-PGNN’s Train-MSE errors between the trajectory and the grid in terms

of loss values and distances in the parameter space. . . . . . . . .. ... .. 70

A list of the loss balancing algorithms considered in this section. More details

on each algorithm can be found in [94] . . . .. ... ... ... .. 76

A quantitative comparison of PCA and Neuro-Visualizer by calculating Liest
errors between the trajectory and the grid in terms of loss values and distances

in the parameter space. . . . . . . . . .. L Lo 78

xii



BE.1

G.1

G.2

The monophyly of the genera used in studing OO0, . . . ... . ... ...

Phylogenetic groupings of the species included in the O00I00OO work . . . .

Phylogenetic groupings of the species included in this study at different an-

cestral levels (continued) . . . . ...

xiil



Lioh b L ouoioiboigoo

AE  Auto-encoder

CoPhy-PGNN Competing Physics PGNN
CV  Computer Vision

GAN Generative Adversarial Networks
HGNN Hierarchy-Guided Neural Networks
KGML Knowledge-Guided Machine Learning
ML  Machine Learning

MLP Multi-Layer Perceptron

MSE Mean-Squared Error

PG Physics Guided

PGNN Physics-Guided Neural Networks
PhyloNN Phylogeny-Guided Neural Networks
PINN Phyiscs-Informed Neural Networks

VQ-GAN Vector-Quantized Generative Adversarial Networks

Xiv



Looooot O

NN NN

In recent years, Machine Learning (ML) has pervaded all aspects of life, and helped auto-
mate many laborious tasks in domains that traditionally required specialized human exper-
tise. One prominent application is the use of deep learning algorithms to enhance medical
diagnosis. Estava at al. [40] demonstrated that a convolutional neural network was able
to identify skin cancer with a level of competence comparable to that of dermatologists,
effectively revolutionizing the early detection of the disease. In the financial sector, machine
learning has been employed to detect fraudulent transactions, thereby enhancing security
measures. For instance, Carcillo et al. [16] proposed a hybrid model combining deep learn-
ing and traditional machine learning algorithms to detect credit card fraud with a high
degree of accuracy. Additionally, machine learning has also found its way into the realm of
environmental conservation. Collins et al. [25] showcased how machine learning algorithms
can be utilized to monitor endangered species, such as the North Atlantic right whale, by
analyzing acoustic data to identify their presence and protect their habitats. These real-
world applications attest to the transformative potential of machine learning across various

domains.

This success in deep learning methods has been primarily fueled by the availability of massive
volumes (in the order of millions) of labeled training data (e.g., in Imagenet [30]). However,
existing deep learning models do not generally learn features that map to human knowledge.

Since most off-the-shelf deep learning models are DI00000C00 (i.e., it is hard to understand
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their inner workings), they lack the ability to provide useful explanations to end-users in a
manner consistent with existing scientific knowledge. In many applications, including those
in scientific domains, understanding the decision-making process can be as important as the
decision itself so that the method is trustworthy and reliable. Moreover, black-box models
don’t necessarily comply with existing domain understanding, and hence are susceptible
to showing poor performance when presented with out-of-distribution data (i.e., lack of

generalizability) [49] even when they produce accurate predictions on in-distribution data.

Also, since current standards of black-box ML solely rely on data-driven supervision, they
are not fully equipped to discover novel knowledge in the form of interpretable features or
attributes, despite being successful on benchmark problems. This is exacerbated by the fact
that, unlike industrial and commercial applications, scientific domains still struggle with
achieving good generalization performance of deep learning models due to the paucity of
labeled data [31, 157]. For example, in the biological problems of species classification and
trait detection, generating training labels (in the form of annotations) is labor-intensive and
requires subjective human expertise. However, unlabeled data is easier to obtain (e.g., gen-
erating partial differential equations without solving them). This paucity of representative
training data is one of the biggest impediments in the standardization of deep learning in

science.

L0 OobUinbitiuitid ooditd goboditt tdo oo

To remedy the shortcomings of black-box ML mentioned above, namely its lack of ex-
plainability and generalizability, the emerging field of OOIOINDO0IOIOIOOD 00000 O0000CO0O
(ODO0O0O) [71] attempts to bridge the gap between data-only and conventional science-only

approaches, by informing the ML frameworks with scientific knowledge available in different
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forms in various disciplines (e.g., principles of energy and mass conservation in physics, or
tree-based structured knowledge in biology). For example, a model that predicts the location
of two particles after collision could also benefit from optimizing its parameters to uphold the
law of conservation of energy. Such constraints could be enforced by imposing additional,

usually label-free, regularization that is informed by domain knowledge.

OO0 seeks a radical departure from data-only and science-only methods by using scientific
knowledge and data at an equal footing for learning generalizable models even in the paucity
of representative training labels. For example, in addition to labeled data, Daw et. al.
[28] enforce the depth-density relationship on unlabeled data to improve the performance of
lake temperature modeling. Alternatively, instead of using unlabeled data, other researchers
modify black-box architecture of neural networks such that the model is informed by specific
domain knowledge. For example, Carranza-Rojas et. al. [17] improve image classification
performance by adding an unsharp masking layer to vanilla ConvNets to inject prior image-
enhancement knowledge. These are just examples of the growing interest in OO0, which

is reflected in a series of planning reports and thought articles on this topic [44, 143]

B o B N A Y

While initial explorations in the nascent field of OO0 have shown that “infusing” ma-
chine learning models with domain knowledge leads to improved performance, a complete
understanding of this framework is still missing. More specifically, there has been little re-
search concerning the effects of integrating domain knowledge into model architecture and

optimization beyond simply measuring the improvement in predictive accuracy.

While a more detailed and mathematical understanding of machine learning modeling in

general is still desired, the research community has applied several practical and emperical
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techniques to study black-box machine learning models in more depth. For example, in
terms of understanding model prediction and information extraction, researchers have used
tools such as saliency maps [138] and Class Activation Maps (CAMs) [180] for model inter-
pretability, as well as other tools such as t-SNE [65]. The use of these tools is wide-spread
in the community, especially in computer vision. On the other hand, there has been little
work in OO0 that attempts to understand the advantages of knowledge guidance in the
model output space. For example, an important question to answer is: OOU00 00000 000
KGML 00000000 1000 00 0000 too0o0 0000000 0000 Do0 00;oocoo 00 Doioo 000 00000000000
000000000, This and other questions are important to understand the full impact of using

the framework.

In addition to studying the output space, very little work has been conducted to understand
the influence of knowledge guidance on model optimization. For black-box models, in ad-
dition to theoretical machine learning research, visualization tools, such as loss landscape
visualizations [91] and disconnectivity graphs [161] have gained attention in recent years,
and have been used to investigate the effects of different hyper-parameters, such as batch
size and model architecture, on model optimization. This line of research is mostly absent
in the OOO0 framework research. As such, questions such as 0000 0000 000OI0OOO 0O0OD
0000 (0000000 000 OO0000 00oiOiiomoo 000oo0C 0oo Dooo 0o 000 100000000000 have not been
fully answered. Bridging this research gap is of great importance as it helps researchers and

practitioners better understand the best practices for designing OO0 solutions.

00 Oooiio doooo

In this thesis, I aim to understand the impact of knowledge-guidance in machine learning

through the following two lenses:
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1. Achieving O 000000 0000000COCOCC OO OO0 000000 KGML 00000 00 000 000! 00oboo booodo

J00I0DI00 000 [00000 DOoooo More specifically, T aim to investigate and understand the
advantages of using OO over black-box models through several perspectives. One
such perspective is robustness to noise and adversarial occlusion, and generalizability
under paucity of samples. Another perspective is achieving meaningfulness and con-
sistency with scientific knowledge at the model outputs. This research goal is explored

through an application in biology.

2. 00000000 000 0000100boto boo 1000 100000000 biobopoooo 0000 Ooiol0 KGML such that

the advantages and pitfalls of its models are better understood. The aim here is to
demonstrate the usefulness of novel visualization tools and their feasibility for inves-
tigating model optimization when incorporating scientific knowledge as different loss
functions. Ultimately, this research would promote a wider adoption of loss landscape
visualization for investigating, diagnosing, and developing machine learning models.

This research goal is explored through applications in physics.

A visual breakdown of the goals of this thesis can also be found in Fig. 1.1.

The following list outlines the organization of this thesis:

o Chapter 2 gives a comprehensive overview of the concepts discussed across this docu-

ment.

o Chapter 3 gives an overall description of the major applications within which the

experiments are conducted.

o Chapter 4 focuses on demonstrating and understanding the benefits of using U0 at
improving the characteristics of model output, constraining it with desired properties

such that it is grounded to established knowledge.
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Figure 1.1: A visual breakdown of the goals of this thesis.

o Chapter 5 focuses on applying and developing novel loss landscape visualization tools
to better understand OO0 models and their different properties, including challenges

in the optimization process.

o Chapter 6 gives a brief summary of the work in this thesis.
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In this literature review, I survey some of the previous work done in areas relevant to my
thesis. These areas are Knowledge-Guided Machine Learning (OOO0O), loss landscape visu-

alizations, and some background on trait visualization in ML and biology

L0 OobUinbitiuitid ooditd goboditt tdo oo

In spite of the impressive progress achieved by ML in diverse scientific disciplines [4, 51],
most research has only focused on purely labeled-data-driven approaches (i.e., black-box
models). However, as was explained in Chapter 1, the ML community has recognized the
advantage of imposing additional, often label-free, regularization techniques inspired from
domain knowledge and its rich supervision to achieve better generalization and scientific
consistency. This has been applied to and shown to be true in a range of application domains
including chemistry, physics, biology, climate science, security, healthcare, transportation,
and many other areas [71, 119, 169]. This emerging field comes by many names, including
physics-guided machine learning (PGML), science-guided machine learning (SGML), and
knowledge-guided machine learning OOO0[28, 29, 71, 72, 115, 122, 163].

For example, one of the promising lines of research in this direction is to modify the objective
function of neural networks by adding loss functions that measure the violations of ANN

outputs with physical equations, termed as O000I0000CI0C00 000D 1000 000000000 |71, 144]. An

7
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M2r i 2M/ ? b /2p2HQT2/X _ i?2 i? M 2tT2+iBM; 'B;Q Qmb T QQ7-
QM [m HBi iBp2Hv bb2bbBM; ?B;? /BK2MbBQM H /22T H2 "MBM; K
bm 7 +2 QM HQr2 /BK2MbBQM H ; 83X bQYM Z XHHIQR ZiBXX bHX T2 b i
QM i?Bb K2i?Q/QHQ;vX PM2 Q7 i?2 b2KBM H T T2 b BNIR® BAtM/B " 2 +i
i?2B  rQ F-i?2 mi?Q'b+ HH 7Q  mbBM; T QD2+iBQM QM ~ M/QK
i?2 [m HBivQ7i?2HQbbbm 7 +2 "QmM/ KQ/2HX h?Bb HHQrb iQ /2
Bb BHH@ 2;mH "Bx2/ M/ 7BHH2/ rBi? HQ+ HKBMBK - Q  Bi Bb KQb]
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g?BH2 mbBM; ~ M/QK T'QD2+iBQMb rQ Fb r2HH 7Q° pBbm HBXxBM;
KQ/2H U2X:;X- 7i2  KQ/2H i BMBM; +QMp2 ;2bV- Bi /Q2b MQi ;Bp2
i* BMBM; T°Q+2bb BM Bib2H7 Bb iQ #2 2t KBM2/X AMi? i Mf2- b bm
S* +QmH/ #2 mb2/iQ 2ti> +ii?2 k. T'QD2+iBQM i? i #2bi 7Bib i?2 Q
MQi?2" K2i?Q/i? i ? b #22M bm;;2bi2/ Bb +?QQbBM; i?2 k. T°QD 2+
irQ 2B;2Mp2+iQ b rBi? i?2 ?B;RNXi 2B;2Mp Hm2b (

h?2Qm;? [m HBi iBp2 BM M im 2-i?2 M HvbBb Q7 i?2 HQbb H M/b+ T
(NR M/ Bb #2+QKBM; KQ 2 +QKKQM T9j+R BRRBRMM ? 2\ BRil2/ M iBp2

iQbQK2[m MiBi iBp2 K2i?Q/bbm+? bi?26Bb?2 BMVMQ>KRLEBBRMK i’
M HVIBBBI XX 6Q 2t KTH2-i?2 "2H iBQMb?BT #2ir22M KQ/2Hdb ;2N
iQTQHQ:;v "QmM/ Bi KBMBK ? b #22M bim/B&8 Rd)8b 202 Bt “"2DDRB+ ? 2
Q7 /2# i2X PM QM2 ? M/-#v mbBM; /i b2i TQBbQMBM; iQ 7BM/ KBME
/i ->m M; 2iXegHXQM+HmM/2 i? i 7H i KBMBK +Q "2H i2 rBi? #2ii2"
avT?2 /| 2RHMW(bBBKBH "Hv-b?Qri? ii?2 "2H iBQMb?BT #2ir22M ;2M2°
M2bb Bb BMp2 b2HVv T'QTQ iBQM H- H#2Bi 7Q  HBM2 °~ "2;°2bbBQM
PMi?2 Qi?2 2 M/-u MRAQEX;m2Xi? i Bi Bbi?2 ;HQ# H- MQi HQ+ H- bi’
H M/b+ T2i? i +ib b MBM/B+ iQ Q7 ;QQ/;2M2" HBx iBQMc i?2v 71
Q++mb i HQ+ HHv 7H i M/ ;HQ# HHvVv r2ZHH@+QMM2+RReHQbb H
mB Qv 2B)HXM/ sm 2IREAXHbQ + bi/Qm#i QM i?2 "2H iBQMb?BT #2ir.
M/ ;2M2° HBx iBQMX

Pi?2° "2b2 “+?2°b ? p2 /QM2 KQ 2 'B;:Q°Qmb M HvbBb Q7 i?2 ;2QK
iQ #2ii2° mM/2 bi M/ Bib BKT +i QM KQ/2H QTiBKBxXx iBQMX h?Bb ?
BM i?2 rQ'F i? i bim/B2b i?2 ?B2" “+?B+ H bi'm+im' 2 Q7 i?2 HQbb
+QKTQb2/ Q7 KBMBK i? i + M #2 +QMM2+i2/ M/ :°QmT2/ BMiQ b2T
@8NNX 6m i?2 KQ 2- bQK2 rQ FRu)jDPMrBii ?HX (Q+? biB+ ;" /B2Mi /2]
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Ua:.V Bb #H2 iQ DmKT Qp2  i?2 # B2 b #2ir22M i?2b2 # bBMbX F
BMpQHp2 bim/vBM; i?2 HQbb H M/b+ T2 BM+Hm/2 bb2bbBM; i?2 ;2
JMHIB@i bF G2 "MBE)-UJQIGWQBb2 bKQQi?2Mb b? "T KBMBK M/ H
2M2° HBXREBQMI [ ?Qr bFBT +QMM2+iBQMb ?22HT KQ/2H QTiBKBX il
p HH2vb i? i +QMi BM bm#@R®KBK H KBMBK (

GQbb H M/b+ T2 pBbm HBx iBQM? b HbQ #22M mb2/iQ BMp2biB; i
iB+ H [mM2biBQMb “2; “/BM; i?2 i BMBM; T Q+2bbXJ &Qm 2t KJH2- E;
H ;2  # i+22b H2 /iQ 7H ii2° KBMBK M/ b //H2 TQBMib r?2°2 ;2M2
Qi?2° BMi2 2biBM; bim/v b?Qrb i? i ;> /B2Mi /2b+2Mi Bb [mBi2 ;QQ/
R9YX Pi?2 /22T M2m > H M2irQ F T'QT2 iB2b i? i ? p2 #22M bim/B2,
HBx iBQMb BM+Hm/2- #mi "2 MQi HBKBi2/ iQ- i?2 /IB77TRd@Mi T? b2
M/ ?2Qri?2?B;?2@/BK2MbBQM HBivQ7 KQ/2H T ~ K2i2 b #B b2b QTi
egXx

g?BH2 i?72 KQbi +QKKQMHVY mb2/ K2i?Q/ 7Q°  HQbb H M/b+ T2 pBbm
k. bHB+2 Q7 i?2 ?B;? /IBK2MbBQM H bT +2- Qi?2'b ? p2 mb2/ bQK?2 |
1J S M/i@alLd8 M/ Qi?2 K2i?Q/bi? i "2BMbTB 2/ #v i?Rj®- bm+?
M/ S> hle®X >Qr2p2'-i?2b2 K2i?Q/b "2 KQ 2 bmBi #H2 7Q  pBbm H
#2ir22M KQ/2Hb BM MQM@HBM2 " k. K MB7QH/ b QTTQb2/iQ pBbr
i7Qb2 TQBMib QM i?2 k. ;" B/X

q?BH2 Qi?2 KQ'2 7Q°K H M/ "B;Q Qmb K2i?Q/b 7Q  /2b+ B#BM; i
bm 7 +2 2 p2 #22M /QTi2/-bm+? b M HvVbBM; i?2bT2+i mK Q7 i?2 >
Rde A7Q+mb BM i?Bb i?2bBb QM BKT QpBM; i?2 HQbb H M/b+ T2 pB
TQr2 7mH M/ BMbB;?i7mHX
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kXj AMi2 T 2i #BHBiv M/ 62 im 2 oBbm HBx il

AM +QKTmi2°  pBbBQM U*oV-i?2"2 Bb TH2i?Q° Q7 pBbm HBx iBQ!
? p2 #22M /2p2HQT2/-r?B+? 2 +QKKQMHV mb2/ 7Q  mM/2 bi M/BN
"2 bQM #Qmi BMTmi BK ;2bX h?Bb b2+iBQM Bb M Qp2 'pB2r Q7 bmH+

PM2 pBbm HBx iBOMiQQHi? iBbKQbi +QKKQMHvV mb2/Bbb HB2M+
RjBX a HB2M+v K Tb 2?2 iK Tb/2TB+iBM;i?2; /B2Mib Q7 M2m"
BibBMTmiX AM Qi?2 rQ ' /b- b HB2M+v K Tb?Qrb?Qrbi " QM;Hv/Q +
i?72 QmiTmi +H bb T Q# #BHBiv- i?mb ?B;?HB;?iBM; i?2 T ib Q7 i?2
7Q i?2 +H bbB7B+ iBQMXR?Q#BIDIQKBRBRtXKTH2b Q7 b HB2M+v K Th Q
i?72bT2+B2b +H bbB7B+ iBQM TTHB+ iBJXMX/BbB+MB#H2DbR2INM- BNHB 21
K Th + M#2 M 2772+iBp2 iQQH i? i/2i2+ib i?2 BK ;2 ii B#mi2biQr
b2MbBiBp2 U2X;X- # "#2HbXRNMV/7BND2BM B XOBAXIQ 2 BKTQ i MiHvV-
b HB2M+v K Tbh "2 HbQ ;QQ//2#m;;BM; iQQH i? i T QpB/2b BMbB;
Bb6+?2 iBM;0 Q" HQQFBM; iB "2H2p Mi72 im 2bX M2t KTH2 Q7 b
kXR#?2°2 i?2 KQ/2H Bb BM+Q "2+iHv TB+FBM; mT QM i?2 H #2H T T
+ M#2 mb2/ 7Q  6BMi2 T 2iBM;d *o KQ/2HbX

MQi?2° 7 KBHv Q7 rB/2Hv mb2/ pBbm HBx iBQM iQQHbMIy*H bb +
M/ Bibp B MibX * Jb;2M2" HHv ii'B#mi2 BKTQ'i M+2 # b2/ QM i?2
i?72 H2 "M2/ +QMpQHMIiBQM H 72 im 2bX h?2b2 rRR)Rib +BMRAT ° k
# b2/ U2X;X " /@FKIQI T2 im # iBQM@# b2/ UREK-GBR2 DAQHBIW & v
K Tb-* Jb ?B;?HB;?ii?2b HB2Mi T ib Q7 M BK ;2X >Qr2p2 X r?BH
ii"B#mi2 BKTQ i M+2 ii?2 TBt2H H2p2H- K FBM; i?2K KQ" 2 /2i BH?2
* Jb ?B;?HB;?2i #°Q /2" "2:BQMb /m2 iQ i?2 M22/ 7Q"  mTb KTHBM; Q
K TbiQ Ki+? BMTmi BK ;2 "2bQHmMiBQMX h?mb- * Jb i2M/ iQ #2 #Q
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Uuv?" #2Hb M/ 7BMb U#V 1v2 U+V G #2H T T2°

6B;m 2 kKXR, a HB2M+v K Th Q7 /B772 2Mi 7Bb? BK ;2bX *QHQ 2/
rBi? ?B;? b HB2M+v b+Q 2b- BM/B+ iBM; i?2B" ?B;? BKTQ i M+2 7Q
T2 +2Bp2/ #vi?22 KQ/2HX 6B;m3pX/QTi2/ 7" QK (

M Q BR g)kK

q?BH2 KQbi BMi2 T 2i #BHBiviQQHb BM *o bm772° 7°QK TT QtBK
bT2+B7B+iQ bBM;H2BMTmi i iBK2-bQK2 2b2 “+22°b? p27Q+mhb
Biv K2i?Q/bX 6Q" 2t KTHRARTTINQ MX2(i?2 i bF i?2 Qm#QiM2H2AIMb Q
BKTQ imbRM; 72 im 2 Q++HmbBQMX am+? "2b2 "+? /B 2+iBQM Bb B
?QHBbiB+ mM/2 bi M/BM; M/ 2tTH BM #BHBiv Q7 /22T *o KQ/2HbX

AM //BiBQM iQ BMi2 T 2iBM; KQ/2H QmiTmi mbBM; i?2 7Q 2K2Mil
T +iBiBQM2'b "2 HbQ BMi2 2bi2/ BM 2ti° +iBM; M/ mM/2 bi M/B
BMi2M HHv H2 "Mb M/ # b2/ QM r?B+? Bi K F2b Bib T ' 2/B+iBQMX
i?72 H2 "M2/ +QMpQHmMiBQM H F2°'M2Hb UQ" 7BHi2 bV +i b 72 im 2
2ti° +i2/ 72 im2b+Q "2bTQM/iQ K2 MBM;7mHT 'ibQ7i?2BK ;2i7? i
/12+BbBQM iQ ?mK MbX >Qr2p2 - i? i Bb MQi Hr vb i?2 + b2X AM 7
H2 "MbTm BQmb 72 im2bi? iH2 /iQ+ i bi QT?B+7 BHmMm 2b-bm+?
ON+ b2X

aQK2 2b2 “+?2°b :m2i? ii?2+Q "2+i TT'Q +? iQ H2 "MBM: i?2b2
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i? i "2 BMi'BMbB+ HHRIMNTHVBM KRB I Q7 bm+? KQ/2Hb Bb *?2M 2i
iQivIB+ HS i L2irQ F UBYQiQB122i¥2(KQ/2H /Bbb2+ib i?2 BK :2 M/
T QiQivIB+ HT 'ibi? i +Q "2bTQM/iQ T i+?2b 7°QK i° BMBM; BK ;.
iQ T2'7Q K i?2 +H bbB7B+ iBQM i bFX "v mbBM; +im H T i+?2b 7°
H vb Bib2H7 b M BMi'BMbB+ HHv BMi2 T 2i #HRK)QT20IKQHRK BIH
BMi2 T 2i #H2 *QMpL2i i? i Tmb?2b 2 +? 7BHi2  iQ H2 "M bT2+B7I
i BMBM: #v K bFBM; i?2 BMTmi BK ; RO-RMNNb 2 bi22MiBROM@ # b2/ K2
Q/bX >2M/ ' B+FBRDP2MXQ 7m i?2° M/ T QTQb2 KQ/2H i? i H2 "Mk
BK :2i2°Qm;? H M:m ;2 > i?2" i? M pBbm H i  Bib- M/ TTHv i?2B"
+H bbB7B+ iBQM Q7 #B/ #v QmiTmiBM; M 1M;HBDb? b2Mi2M+2 i? |

kX9 AK ;2 ;2M2 iBQM M/ avMi?2bBb

h?2°2 2tBbib H ;2 #Q/v Q7 rQ ' F BM i?2 7B2H/ Q7 /22T H2 "MBM; i~
“'H M2irQ Fb 7Q" ;2M2" iBM; BK ;2bX 6Q 2t KTH2- miQ@2M+Q/2" |
iQ H2 "M HQr@/BK2MbBQM H 2K#2//BM; bT +2 i? i Bb +QMiBMmQ
K2MbBQM H BK ;2 bT +2X AM i?2 + b2 Q7 0 "B iB@NM?H HRi Q@B+ Q/:
2K#2//BM: bT +2 Bb T ° K2i'Bx2/ b : mbbB M /Bbi'B#miBQM- K FI
bi'm+im 2/ M/ /Bb2Mi M;H2/- M/ #2ii2° bmBiR9)XQ MBK?:2 ;RQIZHiB
mb2/ 7Q° BK ;2 ;2M2" iBQM Bb :2M2" iBp2 /p2D3XB: H h 2QMFBHbY: L
Q7 irQ M2m" H M2irQ Fb, ;2M2° iQ M/ /Bb+ BKBM iQ X h?2 ;2M?
/i BMi2M/2/iQ KBKB+ 2 H/ i -r?BH2i?2/Bb+ BKBM iQ  /BbiBM;m|
2M2° i2// 0 X h?2irQ M2irQ Fb "2 i  BM2/iQ;2i?2° M/ +QKT2i2- mt
'2M2° iQ  T°Q/m+2 "2 HBbiB+ /i iQ 7TQQH i?2 /Bb+ BKBM iQ X h?2
K2Mib Qp2  i?2 Q'B;BM H: L T°QTQb HX aQK2 Q7 i?2 H i2bi: L "2bz
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PM2 Q7 i?2KQ 2bi i2@Q7@i?2@ i K2i?Q/bi? i? p2: BM2/: 2 i KQ
M2irQ Feb8JX h?2 +Q 2 B/2 #2?BM/ i?2 i° Mb7Q K2  “+?2Bi2+im 2 E
K2+? MBbK- r?B+? HHQrb i?2 KQ/2H iQ ii2M/iQ /B772 2Mi T “ib Q
r?BH2 +QKTmiBM; i?2 QmiTmi i 2 +? TQbBiBQM- M/ KmHiB@?2 /

KQ/2H iQ ii2M/iQ /B772 2Mi T ib Q7 i?2 BMTmi 72 im2K TBM T °

q?BH2 +QMp2MiBQM Ho 1b 2K#2/ BK ;2bBM +QMiBMmQmb 72 im" 2 |
01i2 K2/ 02+iQ @Zm MiBx2/ o RRPmODRZAVBb+ 2i2 72 im 2 bT +2b [m
mMbBM; H2 M2/ +Q/2#QQF Q7 72 im 2 p2+iQ b UQ" RPPKEM2M/ 2K T
7Q b KTHBM; BM i?2 /IBb+2i2 72 im 2 bT +2X h?2  iBQM H2 7Q +
“2T°2b2Mi iBQMb Bb iQ HHQr 7Q° 2 bB2° M/ KQ 2 +QKTH2t K MBTn
im 2bX h?Bb rQ F r b 2jtN2iN)/ T/ @B Mn(#2 0Z: L- r?B+? Bb /B772 2Mi 7°Q
BM irQ bT2+ibX 6B bi- Bi //b /Bb+ BKBM iQ  iQ Bib 7" K2rQ F iQC
i?72 ;2M2° i2/ BK ;2bX a2+QM/- Bi mb2b h’ Mb7Q K2 KQ/2H- M K21
RR3iQ ;2M2 i2 BK ;2b 7' QK i?2 [m MiBx2/ H i2Mi bT +2 BMbi2 / Q7
Bb bii2@Q7@i?2@ i K2i?Q/ i? i ;2M2" i2b BK ;2b Q7 #2ii2  [m F
"2bQHMIBQMb i? M Qi?2° +QmMi2"Td3% bM/nmBd BHQMvIH2MBB@XK2 b (



*2 Ti2" ]

" +F:'QmM/ QM a+B2MiB7B+ S Q

AM i?Bb +? Ti2'- ABMi'Q/m+2 +QKT 2?2MbBp2 Qp2 pB2r Q7 i?2
2K BM/2° Q7 i?Bb i?2bBbX h?2 +QM+2Tib M/ 2tT2 ' BK2Mib BM i?2 M
biQQ/ M/ /Bb+mbb2/ rBi?BM i?2 +QMi2ti Q7 i?2b2 TTHB+ iBQMbX

i XR 1B:2M@/2+QKTQbBiBQM BM S?vbB+b

h?2 ;2M2° H7Q K Q7 M 2B;:2MAD 2yQ K TDRBIB N BMTmibkBh Bt-

M 2B;2Mp Hm2 Q7 i?2 BNMTB®iiR248Q MbTQM/BM; 2B;2M@p2+iQ X >
iQ bQHp2 M 2B;2M@2[m iBQM 7Q° bT2+B7B+ 2B;2M@bQHmMiBQMX
TTHB+ iBQMb BM T?vbB+bX h?2 7B bi Bb 7BM/BM; i?2 ?B;?2bi 2B
T'QT ; iBQM b ;Qp2 M2/ #v J tr2HHO6b 2[m iBQMb- M/i?2 b2+QM/ BI
bQHMIBQM 7Q° M AbBM; KQ/2H b ;Qp2 M2/ #vi?2a+? °/BM;2" 2[m |
MbBM; 2t +i MmMK2 B+ H i2+?MB[m2b U2X;X- /B ;QM HBx iBQM K2i-
2tT2MbBp2- 2bT2+B HHv 7Q " H ;2 T?vbB+ H bvbi2KbX PM i?2 Qi?:
i° BM2/- + M #2 TTHB2/ QM i2biBM; b+2M "BQb iQ T 2/B+i i?2B" 21
bK HH2  "mMMBM; iBK2bX 6Q  KQ 2 /2i BHb QM i?2 T?vbB+b Q7 i?2b
iQ TT2M/B#H2BX

6°QK MJG T2 bT2+iBp2-r2 2 ;Bp2M +QHBR+BA,W QIg, BMBM; T
r?2 @;;h) Bb ;2M2" i2/ #v /B ;QM HBx iBQM bQHp2 b U+QMbB/2 2/ |

Re
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g2 +QMbB/2  i?2 T'Q#H2K Q7 H2 "MBM; M “iB7B+B Kgipm  H L2irC
fun (A )= 0?2 i+ M T /B+7Q° Mv BMTmKK ri?Bt2 "2 i?2 H2 "M #H2 T @
" K2i2'b Q7 LLX g2 "2 HbQ :Bp2M b2i Q7DmMH AP H2 2B HPTH2b-
rBHH #2 mb2/ 7Q  i2biBM;X g2 +QMbB/2° bBKTHRN7BE @A QMY -
7Q°KmH iBQMbX

j Xk htQMQKv- S?vHQ;2Mv- M/ AK ;2 S Q+2bb]

QHQ;vV

aT2+B2b BK ;2T Q+2bbBM; BM #BQHQ;vBb M BKTQ i Mii bFi? i Bl
+QKK2 +B H-2+QHQ;B+ H- M/b+B2MiB7B+ TTHB+ iBQMbBMpQHpPp
/IvM KB+b- M/ 2pQHmiBQMX

AK ;2 +H bbB7B+ iBQMBM 2 H@rQ H/ #BQHQ;B+ H T Q#H2Kb bm+"
rBi? b2p2° H +? HH2M;2b i? i HBKBi i?2 mb27mHM2bb Q7 bi i2@Q7
i BM2/ QM #2M+?K "F /i b2ibX 6B bi- "2 H@rQ H/ BK ;2b Q7 bT2+
/i [m HBivBbbm2b bm+? b/ K ;2/bT2+BK2Mb M/ Q++HmbBQMb Q7
OR-r?B+? + M+ m+B HHv BKT +i +H bbB7B+ iBQM T2 7Q K M+2X &
+H bbB7B+ iBQM "2 HBKBi2/ BM i?2B b+ H2 BM +QKT "BbQM iQ #:
2T 2b2Mi iBp2 TQr2® BM i2°Kb Q7jMkeKit-B3Q Yy PRRKBR I Q°
MmK#2 Q7 BK ;2b T2NPKX +B?22b(Bb 2bT2+B HHvV i nRB)BKQh?B 2-bT 2+
i?72?B2° "+?2v Q772 im 2b 2ti° +i2/#v+QMp2MiBQM H /22T H2 "MBM:
T 2/B+iBQM-/QMQi+QM7Q KiQFMQrM #BQHQ:B+ H?B2" “+?B2b M
iQ /p M+BM; b+B2MiB7B+ FMQrH2/;2- r?B+? Bb Q7i2M KQ 2 BKT
T'2/B+iBp2 T2 ' 7Q K M+2d®X' b+B2MiBbi (
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AM i?Bb i?2bBb-rBi?BM iE2JG- KBQPpRKAB; i2 1?2 mb27mHM2bb Q7 /C
2/;2- BM i?2 7Q K Q7 i tQMQKv M/ T?vHQ;2Mv- iQ BKT ' Qp2 i?2 T2
BM #BQHQ;vX .2TB+iBM; i?2 # M+?BM; T ii2M Q7 it-T?vHQ;2Mv
2pQHmMIBQM v "2H iBQMb?BTb # b2/ QM b? "2/ bBKBH "B)E2b /2 By
Ai+? ° +i2'Bx2bi?2 2pQHmiBQM ‘v /Bbi M+2b KQM; bT2+B2b M/ i?
b2Mi2/ b MQ/2b Q7 i?2i°22X AMi?Bb i22-i?2H2M;i? Q7 2p2'v 2/;2
IBbi M+2 #2ir22MirQ MQ/2b UK2 bm 2/ BMiBK2BMi2'p Hb Q7 i?Qmb
p2° ;2- HQM;2" 2/;2b ++mKmH i2 ?B;?2  H2p2Hb Q7 ;2M2iB+ Q" T+
b?Q i2" 2/;2b- M/ bT2+B2b i? i "2 "2+2MiHv /Bp2 ;2/ rBHH #2 KQ 2
M2iB+b M/ T?2MQivTB+ i BibX 6°QK +QMb2 p iBQM iQ xQQHQ;v- T
+ BiB+ H7Q BMi2 T 2iBM; bim/v "2bmHib M/ BKTHB+ iBQMb BM i~
i?Bb ?B2° "+?B+ HBM7Q K iBQM ? bv2iiQ#2 7TmHHVBM+Q TQ i2/
BK ;2 +H bbB7B+ iBQMX

AM *? TB2A 7Q+mb QM irQ T Q#H2Kb BM i2 Kb Q7 KQ/2H QmiTmi bT
T Q#H2K Q7 +H bbB7vBM; i?2 bT2+B2b Q7 7Bb? bT2+BK2M :Bp2N
7Bb?2b "2 b2H2+i2/ #2+ mb2 i?2v 2 ?B;?Hv /Bp2'b2- r2HH@bim/
MBK Hb i? i +QKT Bb2 HKQbi ? H7 Q78 HHMp2?2¥ T H2vb T BHB2bH ~Q
BM1 'i? 2+QbRFRRBK(6Bb?22b "2 HbQ i?2i *;2Bp-QFm 2-m B iiB Q@MN/

7Bb?2NB2bM/ +QMb2 epXiBRMQE- T?VHQ;2M2iB+ "2H iBQMIRRBTb "2 r2|
M/ i?2B i tQMQKB+ +H bbB7B+ iBQM Bb ;2M2° HHv HB;M2/ rBi? T
MB/2 H#2M+?K "F- M/ Amb2i?2K BM M 2ti2MbBp2 MmK#2 Q7 2t

AM //BiBQM iQ bim/vBM; bT2+B2b +H bbB7B+ iBQM- A HbQ bim/v
i Bibi? i "27?2°Bi #H2 + Qbb bT2+B2b QM i?2i'22 Q7 HB72 U HbQ
.Bb+Qp2 BM; i?2b2 i’ Bib Bb Q7 ;"2 i BMi2 2bi iQ #BQHQ;Bbib iQ |
/B772°2Mi Q' ; MBbKbX h?Bb i bF Bb T "iB+mH "Hv +? HH2M;BM; iQ
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Q7 i’ Bib Bb Q7i2M bm#D2+iBp2 M/ H #Q i@ BMIBHbBPB P HV+2bb-
H #2H@b+ “+2 T'Q#H2KX HbQ-i?2b2 i’ Bib "2 BM7HmM2M+2/ #v ;2N
MQi HH 72 im 2b 2ti> +i2/ #v /22T H2 "MBM; KQ/2Hb rBHH b?Qr 2pQ
+ m+B HiQ b2T " i2 2pQHmMIiBQM 'vBM7Q K iBQM 7' QK mM 2H i2/ 7
#BQHQ;B+ HHv K2 MBM;7mH i> Bib + M ?22HT BM MmK#2 Q7 /QrM|
BK :2:2M2° iBQM M/ bT2+B2b@iQ@bT2+B2b BK ;2 i° MbH iBQMX

jX] aQHpBM;S 'iB H.B772 2MiB H1[m iBQMD

AM7Q K2/ L2m™ H L2irQ Fb USALLDbV

aQHpPBM; T iB H/B772 2MiB H 2[m iBQMb US.1bV Bb 7mM/ K2Mi
b+B2M+2 M/ 2M;BM22 BM:X h' /BiBQM H MmK2 B+ H K2i?Q/b- bm-
/B772 2M+2 K2i?Q/b- "2[mB 2 /Bb+ 2iBx iBQM Q7 i?2 /QK BM M/ i
?B;?@/BK2MbBQM H M/ +QKTmi iBQM HHv 2tT2MbBp2 bvbi2KbX S7
USALLBNRKYRKRRKKk? p2 2K2';2/ b M Hi2 "M iBp2 TT ' Q +? iQ bQF
H2p2  ;BM;i?2 2T 2b2Mi iBQM HTQr2 Q7 M2m" HM2irQ Fb M/ i?2
T?vbB+b iQ H2 "M bQHMIBQM rBi?Qmi /Bb+"2iBx iBQMX

SALLDb? p2b?QrM;: 2 iT'"QKBb2BMbQHpPBM;p 'BQmbivTi2bQ7S.1b
M/ ?2vT2 #QHB+ T Q#H2KbX h?2 K BM B/2 #2?BM/ SALLbBbiQ T °
S.1rBi? M2m  HM2irQ'F M/2M7Q +2i?2 :Qp2 "MBM; 2[m iBQMb b
BM; T°'Q+2bbX h?Bb Bb +?B2p2/ #v BM+Q ' TQ  iBM;i?2S.1b b HQb
/m BM; i° BMBM;- HQM: rBi? /i @/'Bp2M HQbb i2 ' Ki? i BM+Q ' TQ"

SALLbS QTiBKBx iBQM Q#D2+iBp2 +QK2b BM MmK#2 Q7 /B772°2
i272°2 "2i?°22K BMHQDDb2bi? i "2 T 2b2Mix-BRi?2bB0Orh i B KD bi- M
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i2°’K M/ 2Mbm 2b i? ii?2 M2m™ H M2irQ F b iBb7B2b i?2 S.1 i2p2"
Ai Bb + H+mH i2/ b i?2 K2 M b[m "2/ /B772 2M+2 #2ir22M i?2 2bB,
QmiTmi Q7 i?2M2m" HM2irQ F2MDm?2DBbQABMiIiX2 M2m™ H M2irQ F b iB
S.1 ii?2 BMBiB H+QM/BiBQMX Ai Bb + H+mH i2/ b i?2 K2 M b[m °
QmiTmi Q7 i?2 M2m" H M2irQ F ii?2 BMBiB H iBK2LM2M2m M2 BMI
i? ii?2M2m> HM2irQ ' Fb iBb7B2bi?2S.1 ii?2#QmM/ 'v+QM/BiBQ
K2 Mb[m "2/ /B772 2M+2 #2ir22M i?2QmiTmi Q7 i?2 M2m~ H M2irQ"
M/i?2i'm2 #QmM/ v +QM/BiBQMX hQ;2i?2-i?2b2i? 22 HQbb i2 K
TT'Q +?2 iQ i BMBM; SALLb iQ bQHpP2 S.1bX "v# H M+BM; i?2b2 i2
+ MH2 Mi?2 mM/2 HvBM; T?vbB+b Q7 i?2 T Q#H2K M/ T QpB/2 +-

SALLb ? p2#22Mb?QrMiQ #22772+iBp2BMbQHpPBM; rB/2  M;2Q7
US.1bVX 6Q 2t KTH2-BM 7HmMB/ K2+? MB+b- SALLb ? p2#22M mb2/
BM+QKT 2bbB#H2 L pB2 @3 Q&BKRBRHM HRQBALLb ? p2 HbQ #22M m
i?72 a+? °/BM;2 2[m iBQM BM [MNMXmK K2+? MB+b (

AM *? T82A i “;2i +2°i BMivT2 Q7 S.1b + HH2/i?2 6+QMp2+iBQM 2]
i?2 mb27mHM2bb Q7 HQbb H M/b+ T2 pBbm HBx iBQMb BM bim/vBM
T Q#H2K Bb ivTI2 Q7 T 'iB H /B772 2MiB H 2[m iBQM i? i 'Bb2b B
i° Mb72 X Ai KQ/2Hb i?2 i MbTQ'i Q7 [m MiBivUbm+? b K bb-2M
KQpBM; 7THMB/- r?B+? + M BM/m+2 M2i 7THQr BM i?2 /B 2+iBQM Q7
2[m iBQM Bb,

f=u uy UjXRV

r?2°2 1?22 T  K2Bd i?2 +QMp2+iBQM +Q277B+B2Mi r?B+? 2T 2b2Mi
bm#bi M+2 iQ KQp2 rBi? i?2 7THmB/ 7THQrX
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g?BH2 SALLb ? p2 #22M mb27mH i bQHpBM; S.1b-i?2 TTHB+ iBQ
+? HH2RleBbe)X AMi2° Kb Q7i?2 +QMp2+iBOQM T Q#H2K- QM2 K DQ" +
Q7i?2+QMp2+iBBQM?2 }Qp2 MBM; 2[m iBQMb-r?B+? Bb ?B;?Hv MQMN
BM QTiBKBx iBQM /B77B+mHiB2b- 2bT2+B HHv 7Q" ?B;?2 p Hm2b:
Q7 KmHIiBTH2 b+ H2b BM +QMp2+iBQM T Q#H2Kb- r?B+? + M H2 / iC
+QMp2 ;2M+2X



*?2 Ti2 9

AMp2biB; IBM; h?2 1772+1 Q7 EN
mB/ M+2 7 QK h?2 L2m H L2irC
PmiTmi G2Mb

AMi?2 HBi2  im 2-i?2K BM7Q+mb ? b #2:216 7Q K20Q+FbR ?i@rim B " H\
b?BM2b BM i2 Kb Q7 ++m’ +vBKT Qp2K2MiX AM i?Bb +? Ti2 - A 7Q
E:JG7 K2rQ F BM7HM2M+2Db i?2 KQ/2HG6b QmiTmi bT +2- BM+Hm/
Qi?2  BKTQ'i Mi M;H2b- M/ ?2Qr Bi + M vB2H/ KQ/2Hb rBi? /2bB 2/
iQ BKTQ i Mi +QMbi> BMib b b2i #v /QK BM 2tT2 ibX 1t KTH2b Q7 b
"2bBHB2M+v iQ +Q "mTi2/ BMTmi M/ #BQHQ;B+ HHV@TH mbB#H2

AMi?2 M2ti b2+iBQMb- A +QM/m+i Kv BMp2biB; iBQM BM i?2 +QMi2ti
/QK BM FMQrH2/;2 2M+Q/2/ bi tQMQKB2b M/ T?vHQ;2MB2bX JQ 2
Kv rQ F rBi?BM i?2 TTHB+ iBQMb Q7 bT2+B2b +H bbB7B+ iBQM M
i72b2 TTHB+ iBQMbIGAL/QHBIBQMb i? ii F2 /p Mi ;2 Q7 i?2 p BH
FMQrH2/;2 M//2KQMbi® i2i?2 #2M27B+B H2772+ib Q7 i?Bb 7> K2rQ
M HvbBb b r2HH b bQK2 pBbm HBx iBQM M/ BMi2 T i #BHBiv iQQ

6Q° KQ 2BM7Q K iBQM #Qmii?2 TTHB+ iBQMb 272 2M+2/BM i?Bh
i XX

k k



:YSY KA O0&7 Ofé-720a ¢ AA#az«aA2i, Kin27a O0é NTQ Kj byz«f
O9XR JQiBp iBQM, 6 BHmM 2b Q7 "H +F@#Qt J(

PmiTmi aT +2

*QMpP2MiBQM H TT'Q +?22biQ BK ;2 mM/2 bi M/BM; BMb+B2M+2 M/
K +?BM2 H2 "MBM; UJGV K2i?Q/b bm+? b 2tBbiBM; *QMpQHMIBQM
"+?Bi2+im 2bX .22T M2m™  H M2irQ Fb ? p2 7QmM/ BKK2Mb2 bm++
T Q#H2Kb rBi? bi i2@Q7@i?2@ i *QMpL2i KW/ 2HRtUZX{XM/QQ;H2
o::L2i RjYV "2 +?BM; mMT 2+2/2Mi2/ T2 7Q K M+2QMH ";2@b+ H2:;
b AK ;2Lj2) (M/ *A6 3§X

22T *0 KQ/2Hb 7mM+iBQM #v 2ti° +iBM; ?B2° “+?2v Q7 bBKTH2" iC
#bi> +iBQM BM ?B//2M H v2'b bBKTH2 72 im 2b i HQr2 /2Ti?b U2
MQM@HBM2 "Hv +QKTQb2/iQ 7Q K +QKTH2t 72 im'2b i ?2B;?2" /2Ti
? b KQiBp i2/ b2p2° H 2+2Mi “+?Bi2+im> HBMMQp iBQM®BBM /22T
_2bL2sR@k M/ .2Mb2d@ii® i ? p2 2M #H2/ i?2 H2 "MBM; Q7 /22T N
?B2° “+?v Q7 ?B//2M 72 im 2bX

>Qr2p2 -i?2BMM i2 ?B2° "+?v 2ti +i2/#v M2m H M2irQ Fb 7 QK / i
iQ FMQrM ?B2° "+?B+ H "2H iBQMb?BTb BM "2 H@rQ H/ TTHB+ iBQ
+ M 2t?B#Bi + i bi QT?B+ 7 BHm 2b r?2M +QKT 2/ iQ ?mK M pBbB
IBb+ 2T M+v #2ir22M i?2 irQ bvbi2Kb Bb ?2Qr 2 bBHv /22T KQ/2Hb + N
ii +tFOYX "v K FBM; bm#iH2 BK ;2 +? M;2b i? i "2 BKT2 +2TiB#H2
*o KQ/2H + M #2 i B+F2/ BMiQ 2MiB 2Hv +? M;BM; Bib +H bbB7B+ il
bm+? /p2°'b "B H2t KTH2b BKTHB2b i? ii?2 BK ;2 ii B#mi2b + Tim"
mbm HHv HB;M rBi? i?Qb2 Q7 ?mKRWBHXpRMnb2@r2iXi ;2X12"° iBM; bn
2t KTH2b + M #2 2 bBHv miQK i2/ mbBM; ;" /IB2Mi b+2MiX MQi?2"°
72 im 2 bBKBH 'Biv? b #22M BHHMbR X 2AM\?RBQro EiXBi B b?Qr N
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2p2M bi i2@Q7@i?2@ i KQ/2Hb + M #2 2 bBHv i B+F2/ #v TTHvVBM;

am+? 7 BHM 2b ? p2 KQiBp i2/ KIG +QMHBBP2HRQMHH2pB i2i?22 T Q#
"2+QM+BHBM; i?2 "2H2p Mi ?2mK M FMQrH2/;2- b 2M+ ThbhmH i2/ BM
/1 @/ " Bp2M 72 im 2b + Tim 2/ #vi?2 /22T KQ/2HX AMi?2 7TQHHQrBM
THB+ iBOQM Q7 bT2+B2b +H bbB7B+ iBQM M/ i jBkBti b2i@® Mn/BRb E
7Q0°BM+Q'TQ  iBM; /QK BM FMQrH2/;2- T 2b2Mi BM i?2 7Q K Q7 i?2
BMiQ i?2 KQ/2H QTiBKBxXx iBQM T ' Q+2bbX IHiBK i2Hv- A T°QTQb2 i
2Hb i? i bm++2bb7mHHV K ""v /QK BM FMQrH2/;2 M/ K +?BM2 H2 |
#H +F@#Qt KQ/2Hb b /2KQMbOXK/BM a2+iBQMb

O9Xk h?21772+i Q7 EMQrH2/:2 :mB/ M+2 QM JC

2  HBx #BHBiv M/ _Q#mbiM2bb

hQ "2+QM+BH2 ?mK M EFMQrH2/:2 rBi? K +?BM2 H2 "MBM; BM i?2 +Q
Ua22 a2 +XMOM ? p2 /2p2HQT2/ /22T KQ/2H- M K2/ >B2" "+?2v@:mB/!
B:LLVj@ X IbBM; i tQMQKB+ " 2HLIB BKbB2RTBM+Q TQ  i2 ?B2" “+2v |
T Qp2 i?22 T'QT2'iB2b Q7 KQ/2H QmLLMB M +ar T«B 7iRb AMQrM ?2B2"
KQM; +H bb2b U p BH #H2 b irQ@H2p2H i tQMQKv, :2Mmb M/ bT
Q7 72 im 2b ii?2 ?B//2M H v2'b Q7 i?2 M2m" H M2irQ FX h?Bb rQ
KmHIiB@H #2H M/ ?B2° “+?B+ H +H bbB7B+ iBQM i2R7&FRBlj&2b mbB
q?BH2 mMbBM; i tQMQKB+ BM7Q K iBQM 7Q° miQK i2/ BRW2482b +H &
Kv FMQrH2/;2- i?2 QMHV #Q/v Q7 rQ F i? i 2 b "2b2 +22/ Bi #27Q 2
H2 "MBM: Bb #v /Qb aj®)QbQiXpHX Bb /BbiBM;mBb?2/ BM irQ r vbX
r?BH2 i?2v ? p2 mb2/i?2 7 KBHv M/ Q' /2 BM7Q K iBQM- A mb2 i?2
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QM Kv 2tT2 ' BK2Mib- A 7BM/BM+Q TQ  iBM;i?2:2Mmb vB2H/b KQ 2 |
KQ 2 /Bb+ BKBM iBp2 72 im 2b i? Mi?2 Q /2" M/ 7 KBHVX a2+QM/-
i tQMQKB+ BM7Q K iBQM BM i?2 H bi 7 m+H Ll @b+ QMNHDH /T2 WB b- i1
Bi i +QMpPQHMIBQM HH2p2H Q7 i?2M2irQ ' F bi? i HHQrb 7Q" + Ti
i? i "2i tQMQKB+ HHvV TH mbB#H2X

6B; ¥ XR?Qrb i?72 "+?Bi2>tilnL’2rQB+? +QMbBbib Q7 irQ bm#@KQ/mH
#QiiQK "QrbV Q7 2bL2i KQ/2Hb QT2  iBM;BM T > HH2HX _2bL2i
Bb+m " 2MiHv KQM;i?2KQbirB/2Hv@mb2/ M/ #2bi@T2 7Q KBM; *Q
+QKTmi2 pBbBQM T Q#H2KDb- BM+ HjnkBiM 3 R B)&?>BJ MpEABBbiBQM (
'2M2'B+ M/ + MrQ FrBi? Mv /22T H2 "MBMO9XR?B i mQR X 2/M BiB ; n
T 2/B+ibi?2 bT2:@B2b?2HB RO mi 7BO?BK2;2?22 #QiiQK "Qr T 2/B+ib i?2
+H pb h?2b2 2bL2ibH2 "M ?B2 "+2v Q772 im2bU7 QKbBKTH2 i
Hv2'bmb27mH 7Q  i?2i bFb Q7 bT2+B2b M/ ;2Mmb +H bbB7B+ iBQ
bm#@KQ/mH2b + M #2 pB2r2/ b H2 "MBM; b2T " i2 72 im 2b-r2 FM
H2 M2/ BMi?2 #QiiQK/_20L2bPMib 72 im 2b i ?B;?2 H2p2H Q7 #
"2 /B 2+iHVv mMb27mH 7Q  i?2i bF Q7 bT2+B2b +H bbB7B+ iBQMX "m
T QTQHA/L 7" K2rQ F-i?2 ;2Mmb 72 im 2b H2 M2/ iHM@MIi22K2/B i
;2Mmb bm#@KQ/mH2 "2 ? "M2bb2/ M/ ;;°2; i2 i?2KwBR?iIM2/bT2+E
i i?7M /2Ti? Q7 i?2 bT2+B2b bm#@KQ/mMH2bX h?2 +QK#BM iBQM Q
72 im 2b Bb i?2M mb2/ 7Q i?2i bF Q7 bT2+B2b T 2/B+iBQMX

h?Bb "+?Bi2+im 2 Bb KQiBp i2/ #v i?2 bbmKTiBQM i? i ?B2" "+?B+
bT2+B2b +H bb2b+ Tim 2b MQIiBQM Q7 /2 'Bp2/ bBKBH "BivBMi2 K
B+ H72 im 2b Q7 2p2 v +H bbX h?Bb Bb i B M iBPRHMQMI2it2 /Q/M7 BE
+H bbB7B+ iBQM #2+ mb2 bT2+B2b +H bb2bi? i #2HQM; iQ i?2 b K2
T?vHQ;2M2iB+ HHv i? M bT2+B2b +H bbB7B2/ BM /B772 2Mi ;2M2"
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Hg

Gy

\5

6B;m 2 9XR, a+?2K iB*: /B X K Q7

6B;m 2 9Xk, M 2t KTH2 Q7 i?2 HB;MK2Mi #2ir22M i tQMQKB+ M/
7Bb?2bX 6B;mj3)Bb 7 QK (

;2M2° M Hvx2/ ?2°2-rBi? QMHv 72r 2t+2TiBQMb-1i?PBQpBB2IR2 + I
KQ'2BM7Q K iBQMBM i? i 2; /X b "2bmHi-bT2+B2b1Q@mHK/T iQ i
;2M2° HHv b? "2 bBKBH ~ 72 im 2b ii?2 BMi2 M H 2T 2b2Mi iBQM
7BHi2°bH2 "M2/ ii?2 +QMpQHMIBOM HH v2'bVX h?Bb Q#b2 p iBQI
rQ  HE Ry a2+QM/- r?BH2 i?2 Koilk BM;GMQRRIQ@QM2- i?2 BMp2 bz
7 QKiQbBb MQi mMMB[m2X >2M+2- HQM; rBi? i?2b? "2+72 ithbQb H2 °
M22/iQ H2 "M mMB[m2 72biiM@ 2B77Q " 2MPBVi2 #2ir22M bT2+B2b #2HC
b K2 ;2MmbX

h?mb- b b?QrM BM i?2 “+?Bi2+im xR QRTQAA B MBHX#HQ +F Q7 H
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2ti° +i ?B//2M 72 iMi2b2 mb27mH 7Q: UI2/RAIBM22 7TmM+GBQ-M H #H QG
br2a2HHWXbth?2 +QKTH2i2 +? BM Q7 7mM+iBQ® +QWFRQbBTBZONM 2 Q K
Fo(t)- r?2F2= Gy, Hy, M/ 2T 2b2Mibi?2 7TmM+iBQM +QKTQbBIiBQM QT2"
72 im 2bHL,  QKH, "2 +QK#BM2/ mbBM; K i"Bt //BiBQM M/ 72/iQ MQ
#HQ+F Q7G4 iw2iF-2/B+ibi?2 i *; 20XbA22BRKTQbBIiBQM Q7 7TmM+iBQI
tiQb+ M i?mb #2 ;Bp2Mr22 F2= Gs (Hg+ Hg) X

hQ i° BM i?2 7mM+iBQM H #HQx* AW BM ?PBA24QK TH2i22 7QHHQrBM: Q
7mM+iBQM Bb KBMBKBx2/,
KBM oL bty+ L,(;t) U9XRV

Hs;Hg;Gs;Gg

r?2°2, ML. "2HQbbUQ 2 "Q'V7mM+iBQMb /27BM2/ QM i?2bT +2Q
H #2Hb- "2bT2+iBp2Hv- QM i?2 i° BMBM; b2iX aT2+B7B+ HHv-i?2b
Q7 i?2 /B772 2M+2 #2ir22M i?2 +6, N #.ivV+~HM/IbIR 2B+ 2 BEXVBIOYM U

QM i?2 i° BMBM; b KTH2b- "2bT2+iBp2HVX *'Qbb@2Mi'QTv 7mM+iB
6m i?2,-M/ . 210 [2@Q77 ?vT2 @T ~ K2i2 ' b# H M+BM; L2 2H iBg
ML.- "2bT2+iBp2Hvc i?2B  p Hm2b "2 miQK iB+ HHv bbB;M2/ mbeE
H;Q Bi?K T QTR /"BN?(i?2 bQ7iK t2/bQW/iTmidT Q# #BHBiv p2+iQ
r2Q0b2 2Mi"B2b " M;2 7°'QKYiIiQRT QTQ iBQM HiQi?2 KQ/2HG6b + 2/
;2Mmb +H bb- "2bT2+iBp2HvVvX

7i2° bQK2 2tT2 BK2Mi iBQM- A ?2 p2 7QmM/ i? i i?2 #2bi TQBMi iQ |
;2Mmb 72 im 2b UBX2X %R TOBM BRiiB2M #27Q 2 i?2 7BM H K t@
Hv2 X h?2b K2 TQBMi BMi?2 Qi?2  _2bL2iBbmb2/iQ +QK#BM2 i?2
h> Mb72  H2ZRHNBM2KTHQV2/ mbBM; _2bL2iT'2@i° BM2/ QM i?2 AK
h?Bb _2bL2i Bbi?2M 7BM2@imM2/ #v QTiBKBxBM3XMRD MQDD 7EHP+iE
i BMBM: / i b2i Q7 BMi2 2biX
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h?2/ i b2ib mb2ABIMi2ZT2 ' BK2Mi +QKT ' Bb2 Q7 BK :2b +QMi B#mi2/ #

i?7 1T "iB+BT i2/ BMi?2 :°2 i G F2b AMp bBp2b L2irQ'F S QD2+i U:G

QM i?2 +m’ iBQM M/ T 2T Q+2bbBM; Q7 i?2b2/ i b2ilRjBM+Mm/BM;

#2 7QmM/ BM BX hMHBRBp2b bi iBbiB+ HbmKK "v Q7 i?2b2 /i b2ib

h #H4H2 9XR, ai iBbiB+b Q7 i?2 :GAL /i b2i M/ Bib bm#b2ib- r?B+?

2p Hm BPBML X

. i b2i

OQ7BK :2b O Q7 bT2+B2b 0O Q7 :2M2°

OQ7BK ;2b T2 bT2+B

ej iQ Ryy

h?2 2MiB 2 :GAL /i b2
S bm#b2i+m’ i2/ 7 QK
b2mKbX SQb2b +7?
iQ i?72 H ;2 MmK#2"
UbT2+B2bV- M/ i?2
i?72 /Bbi'B#miBQM Q7
i72 Kmb2mKbX

" bm#b2i +m” i2/ QMH
Kmb2mK- K FBM; i?2
i B#miBQM bBKTH2"
H2 "Mi2 MX

‘aBKBH “1ilQ0- #mi r
KQ'2 BK ;2b T2  bT2+
i?72 +H bbB7B+ iBQM
2 bB2'X

2b LQi2b

i X
HH7Bp2 Km
HH2M;2 /m2
Q7 H #2Hb
B772 2M+2
BK ;2b KQM

v 7°Q0K QM2
BK ;2 /IBb@
M/ 2 bB2" i

#mi rBi?

B2b- K FBM;
T Q#H2K 2¢

9XkXR AKT QpBM; JQ/2H S 2/B+iBQM IM/2  LQBb?2

AM i?Bb b2+iBMLLWHIBMAU2KQMbi i2 ?2Qr ? pBM; BMi2; i2/ i?2 F

Q7 i tQMQKB+ ;"QmTBM;b U2X;X- #2ir22M bT2+B2b M/ ;2Mmb +H b

i BMBM: b+?2K2- "Q#mbiM2bb iQ

rQ H/ BK ;2b-

/Ip2°b "B HQ++HMbBQMb- r?B+"

"2 bB;MB7B+ MiHv BKT Qp2/ +QKT "2/iQ #H +F@#C

_2bL2i BM i?Bb +QMi2tiX

b?b H2/v#22M /Bb+mbhX|BMB2MitB/QGMTb + M #2

;2

i iQQH i?

KQ/2H BMi2 T 2i #BHBiv M/ ?B;?HB;?ib 2;BQMb Q7 BKTQ i M+2 B

i?72 7Bb? +H bbB7B+ iBQM T Q#H2K- b HB2M+v K Th + M Q772"

M
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7Bb? +QMi'B#mi2 KQbi iQ Bib +H bbB7B+ iBQMX hQ i? i 2M/- A mb2 |
"2bBHB2M+v UQ  "Q#mbiM2bbV Q7 M2m™ H M2irQ Fb iQ /p2'b "B H
UQ T i+?22bV rBi? ?B;? b HB2M+v b+Q 2b BM i?2 BMTmi BK ;2X am+
"2HB #BHBiv i K FBM; +Q "2+i T'2/B+iBQMbX *QMb2[m2MiHv- i?2
bi'2bb@i2bi2/ #v bi "pBM; Bi Q77 BM7Q K iBQM 7°QK b HB2Mi BK ;2

hQ K2 bm 2i?2 "Q#mbiM2bb Q7 KQ/2HiQ /p2'b 'B HQ++HmbBQMb
b HB2M+v b+Q 2 +QMi'B#miBQMb "2 Bi2  iBp2Hv +Qp2 2/- i?mb +(
BM+Q "2+i T'2/B+iBQMbX 1 +? Bi2  iBQM- i?2 T Q# #BHBiv Q7 i?2
KQ/2H QM MBMTBhBKH=2MH i2/ M/i?2M p2° ;2/ QpE;(PHH))iXbi BK ;2
h?2 ?B;?2  i?Bb K2i'B+- i?2 H2bb +QM7mb2/ i?2 KQ/2H Bb #Qmi i?
K2 bm>BM:; /°QTb BM i?Bb K2i'B+ b +QMb2[m2M+2 Q7 b2'B2b Q
[m HBiv Q7 i?2i BibiQr?B+?i?2 KQ/2H Bb b2MbBiBp2 + M #2 2p H1

6B:XXp?Qrb M 2t KTH2 Q7 i?Bb T°Q+2bb QM M BHHmMHUibi@®p2 7Bb?
/i b2iX 6°QK H27iiQ "B;?i-i?2 7B;m 2 b?Qrb T Q; 2bbBQM 7 QK |
iQr /b TTHVBM; KQ 2 T i+?2b Q7 /p2'b "B H Q++HmbBQMb Ub?Qr
QM i?2 b K2 BK ;2X "2HQr 2 +? BK ;2 Bb i?2 KQ/2H6b T 2/B+i2/ T°
KQbi T 'Q# #H2 bT2+B2b bQ i2/ BM /2b» 2IM/B M) TQ Q2 \bladiidx# Q i ?

U#QIiiQK "QrvX g2 K F2 MmK#2 Q7 Q#b2 p iBQMb ?2°2X 6B bi- b H
?B:?HB;?ii?2 72 im 2b Q7 BKTQ'i M+2 7Q" +H bbB7vBM: 7Bb?- M
/Qb H7BMX >Qr2p2 - MQiB+2 i? i»?Rlb HBRHB-? K T bB7AT 2 2Mi 7" QK
QMflack@x- /2KQMbi® iBM; i? ii?2irQ KQ/2Hb "2 MQi HQQFBM; ii?2 |
b K2r v UBX2X-i?2v ? p2 /IBbiBM+ib HB2M+v K ThbVX *QMb2[m2Mik
i?72 T i+?22b 7Q° 2 +? KQ/2H rBHH ? p2 iQ #2 TTHB2/ i /B772 2Mi
r?2M i?2°2 Bb MQ Q + +blaoki@®QW F2BBR2 +Q "2+i T 2/B+iBQM- Bib T
Q7 i?2 +Q "2+i bT2+B2b +H bb Bb bB;MB7:B+6M X MBI 22 KD Mbii? ii 2k
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>:LL6b #BHBiv iQ 2ti° +i KQ 2 mb27mH M/ ;2M2° HBx #H2 72 im 2
irQ T i+?2b Q7 Q++HmMbBQMb UBM i?2 KB//H2 +QHMKMV-r2 MQiB+2
;21 1?72 bT2+Bdlack@®ib b2+QM/ ;m2bb Bb MQi rBi?BM i?2 +Q "2+ ;2N\
KQbi BKTQ i MiHv- 7i2° TTHVBM;7Qm T i+?2b Q7 Q++HmMbBQMb U
i? ir?BH2 #Qi? KQ/2Hb bi i T'2/B+iBMLL?Bbr bQBHH HB6BBM i?2 +Q°
;2Mmb - bREKH@EX Bb MQiX Ai 7QH BIAKi@®KIQ?2H Bb MQi H2 "MBM; T?VHQ
72 im2bi? i +QmH/ #2 mb2/ BM Qi?2 i bFb- bm+? b i’ Bib2;K2Mi i

hQ/'Bp2i?Bb TQBMi?2QK2-A miQK i2i?BHE0Q +2bdi7 @ FXRKMi B2 2

i?72 p2° ;2 T 2/B+i2/ T Q# #BHBiv Q7 i?2 +Q "2+i +H bb + Qbb HH
MmK#2 Q7 /p2°b "B HQ++HmbBQMb TIKRIQ QL?2BK b th 744 2
MmK#2 Q7 T i+?2b " M;BM; 7°QKy UMQ Q++HmbBQMQil BE; 2 + M
p2° ;2 T Q# #BHBiv Q7 i?2 +Q "2+i +H bb +°Qbb HH MmK#2' Q7 °
black@xX h?Bb /2KQMEILLi@h #BHBiv iQ ;2M2° HBx2 M/ ? M/H2 BK ;2 |
#2ii2 - 2bT2+B HHv r?2M i?2 KQbi BM7Q K iBp2 UQ b HB2MiV "2;B(

h #H2 9Xk, p2 ;2 T Q# #BHBiv Q7 i?2 +Q 2 HildtkK@x Bk +lH. bb T 2/B
b 7mM+iBQM Q7 i?2 MmK#2 Q7 /p2'b "B HQ++HmbBQMb TTHB2

LmK#2 Q7 P++HmMbBQM S i+?2b
R k j 9
black @bx 0:473 0355 0291 0232 Q187
>:LL 0:482 Q369 0307 0256 0215

JQI/2H

9XkXk AKT QpBM: JQ/2H S 2/B+iBQM IM/2° GBKBi2/ . i

q?2M i’ BMBM; #H +F@#QtKQ/2H-BiBb +QKKQM iQ Q#b2 p2 ?2B;?2
i?72 KQmMi Q7 i° BMBM:; /i Bb bK HHX AM i?2 +QMi2ti Q7 bT2+B2b
Q7 /i ?BM/2°bi?2bm++2bb7mH TTHBRS&EQGNIQRP20-BRANBH/ HB72 (
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LL

black @bx

6B;m 2 9Xj, a HB2M+v K Tbh b?QrBM; i?2 2772+i Q7 /p2 b "B
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mb2/- Ab?Qri? i#vBM+HmM/BM; #BQHQ;B+ HFMQrH2K/2&BNM B/2/ H
i?2 H2 "MBM; Q#D2+iBp2- "2 bQM #Hv ;QQ/ ;2M2" HBx iBQM T2 7¢
BM bBim iBQMb r?2°2i° BMBM; /i Bbb+ “+2X h?Bb Bb BM HB;MK2|
BM T 2pBQnel XQAM (BB¢OA +QKT "2 i?2 +H bbB7B+ iBRMLTID7Q K M-
i? i Q7 # b2HBM2 #H +F@#Qt M2m > H M2irQ ' F “+?Bi2+im 2 +QKT"
2 +? Q7i?2i?°22/ i bm#b2ib K2BX&RQM27 BRGRByEH2 b2/ iQ K2 bm’2
+H bbB7B+ iBQM T2 '7Q K M+2X "Qt THQib 2 mb2/iQ b?Qr i?2 KQ
" M/QK "mMb Q7 KQ/2H i° BMBM;X aBM+2 i?2 #Qt2b 7Q" i?2 irQ KQ
K2 Mb i?2 2 Bb95MH2 QoM 7 BRARHR2 i(i?2 K2/B M ++m’ +v Q7 QM2 Bb ?B
i?2 Qi?2°6b- BKTHVBM; bi iBbiB+ HHv bB;MB7B+ Mi "2bmHiX

hrQ Q#b2 p iBQMb + M #2 K /2 ?22°2X 6B bi- b /i b2ib #2+QK2 KQ
>/ /i Db2iV M/fQ bm#D2+iiQ H2bb i’ BIMBBOV/- i 20 TR X QKR M+2 Q7
i?72 KQ/2H /2i2°BQ" i2bX a2+QM/- M#:KQod BMTW i MBHVF QMQmM +
2t +iHv r?22M /i Bb b+ “+2 M/ i?2 /i b2i Bb +QKTH2tX h?2 MQM@
#Qt2b 7Q 1#KXG M/> / ?B;?HB>Aib6b #BHBiviQ +QKT2Mb i2 7Q i?2
H+F Q7 /i rBi? 2bT2+iiQ /i b2i +QKTH2tBiv #v BM+Q ' TQ"  iBM; #I

9Xj] h?2 1772+1 Q7 EMQrH2/;2 :mB/ M+2 QM G.
a+B2MiB7B+ HHv J2 MBM:7mH G i2Mi aT +;
7i2° b?QrBM; BM¥RQIiBTMIG7  K2rQ F + M VB2H/ KQ/2H r?2°2i?2 |

Bb "2bBHB2Mi iQ MQBb2 M/i?2 T i?QHQ:B2b Q7 /i b+ +Biv- Aim"
iQ bim/VBM; i?2 /p Mi ;EbJG77 MO M2 T2 bT2+iBp2 Q7 i?2 2K#2//BM

AM i?Bb b2+iBQM- A 2tTHQ 2 i?2 7TQHHQIBM ;i PB BINGi Zb K2MEQB FH [m 21
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6B;m 2 9X9,6b piexkodxdob +H bbB7B+ iBQM T2 7Q K M+2 + Qbb /B77
:GAL /i b2iX

?22HT /2pBb2 K2i?Q/i? i /IBb+Qp2 b #BQHQ;B+ HHv@p HB/ M/ M i
M/- b #v@T Q/m+i- /[2HBp2" #2ii2" ;2M2° HBx iBQM T2 70 K M+2
Mbr2 BM; i?Bb [m2biBQM 2Mi BHb H2 "MBM; bT2+B2b i  Bib b 72 i
T'QT2'iB2b Q7 i?Bb H2 M2/ bT +2 M/ ?2Qr Bi +Q "2bTQM/b iQ /QK E
BMi?Bb TTHB+ iBQMV Bb i?2i ;2i Q7 Kvbim/vX

h FBM; i?2 TTHB+ iBQM Q7 i’ Bi BI6XR/AH A?/2 pIBIZMi bT +2 Q7 r?
BM+Q ' TQ i2bi?2 +QKTH2t #BQHQ;B+ H FMQrH2/:2 p BH #H2 b iB
T?VHQ;2MVv@BM7Q K2/ M2HQH2M2UPQM+27Q  i? "72HQW@HAMDb

2ti +imb27mH 72 im 2 2T 2b2Mi iBQMb Q7 #BQHQ;B+ H BK ;2b i?
h?2b2 72 im 2b + M ?2HT BM BKT QpBM; i?2 T2'7Q 'K M+2 Q7 /QrM
bT2+B2b +H bbB7B+ iBQM M/ i Bib2;K2Mi iBQMX HbQ-i?Bb 277C
Q7 Q' ; MBbKb- i?2B" ;2M2iB+ M/ /[2p2HQTK2Mi H mM/2 " TBMMBM;b
2MpB ' QMK2Mi H b2H2€il®Q MDD +Zod2MBM; (1?2b2 i° Bib Bb HbQ bi i
HBMFBM; i BibiQ mM/2 HvBM; ;2M2iB+ 7 +iQ bX

Ai Bb + m+B H- ?2Qr2p2 - iQ b2T " i2 2pQHmMiBQM v BM7Q K iBQM
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6B:m 2 SXEHQ@QMp2 ib BK ;2biQ /Bb+'2i2 S?VHQ@b2[m2M+2b r?2’
Q7i?2b2[mM2M+2 Ub?QrM BM /BbiBM+i +QHQ bV + Tim 2 2pQHmiBQN\
Q7 i?2 T?VHQ:2M2iB+ i'22 UGR iQ G9VX

bQS?VHQ@MEQ/2b i?2 BK ;2 Q7 M Q ; MBbK BMiQ b2[m2M+2 Q7 [r
iQ'b Q  6+Q/2b6- r?2°2 /B772 2Mi b2:K2Mib Q7 i?2 b2[m2M+2 + Tin
p "VBM; H2p2Hb BM i?2 T?vHQ; ON\Bi 2 Qb22 GR;K2Mb "2 2b2 p2/
MQM@2pQHmMiBQM “v bB;M Hbi? i "2 M2+2bb "viQ '2+QMbi m+ii?:
b2[m2M+2b- i?2b2 BK ;2@/2 Bp2%DR2HQ2Vb2] R VB2 /Bb+Qp2 BM; 2
HmiBQM v i  Bibi? i QM2 bT2+B2b b? “2b rBi? Qi?2 bT2+B2b b /E
i*22X

>2°2- [2+BbBQM Bb K /2 iQ /Bb+ 2iBx2 M24TH2BIH B Myni¥22iPBi2p2°
bT2+B2b +H bb UH2 7 MQ/2 BM MP21i'M22b7Q BX +J€V2 QM i?2 T?2VH(
T 2T Q+2bbBM; TBT2HBM2 + M #X7QmM/ BM TT2M/BtX

6B:m9XE QpB/2b M QpBZDPBR2Q @I/L?Qr Bi QT2 i2b QM i?2 H i2Mi bT
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Mv # +F#QM2 2M+Q/i2  iKiQF2HHBM BK ;2b b BMTmi M/ T ' Q/m+2b 72
QmiTmiX

h?2°2 2 i?°22 +QKTmiBS#? HRQGED?®YVIM BM 6BMnh22 7B bi #HQ +F-
S?VHQ@ 1MsH® /i2F2b M BMTmi BK ;2 M/ ;2M2° i2b [m MiBx2/ 72 im

QmiTmiX h?2b2 b2[m2M+ 2 bBHQRWIT " HbRIXY- inTB+? + Tim ' 2b 2pQHmMiBQ
bB;M Hb BM i?2 T?VHQ;2Mwy UTR+?22TiMI2b MQM@ T?VHQ;2Mv UMT"
i? iBbbiBHHBKTQ'i Mi7Q  BK ;2 '2+QMbi'm+iBQM #mi Bb MQi BM7
h?2 b2+QM/ #HQ+F- S?YHQQ TO+IQ2bY[m2M+2b # +F iQ i?2 Q' B;BM

72 im*2K Thbm+?i? i Bi 2t?B#Bib;QQ/ 2+QMbi'm+iBQMX h?2M- i?
Bb72/BMiQ # +F#QM2 [292Q/2+HQMBRM+ibi?2 Q' B:BM HBK :2X LQ
i?72 # +F#QM2 KQM2HB2 F2Ti 7°Qx2M r?BH2 i’ BMBM;- i?mb “2[mB E
iBK2X 6BM HHv- iQ bvMi?2bBx2 S?VHQ@b2[m2M+2b Q7 bT2+BK2N\
i?2i?B / #HOHIFHWA@ L Mb7Q K2 hKQF2H BM i?2 bT2+B2b +H bb b BN

:2M2" i2b /Bbi'B#miBQM Q7 TH mbB#H2 S?vHQ@b2[m2M+2b +Q "2
h?2b2 b2[m2M+2b + M $2KQ/28 iQ@22M2" i2 /Bbi'B#miBQM Q7 bvMi

6B;mY20W?Qrb i?2 QT2  iBQMb T2 7Q1KRQBMEBYBIi?272 im 2K T Q7
(> g *-i?2+? MM2Hb "2 bTHBi BMiQ*itR BRibX® A22FBiQi M JGS
Hv2 iQH2 M HQ# HDb2i Q77 Tim RM2FPQHOD;2Mv BM7Q K iBQM X
xr Bb F2Ti 2[(MMiQ)- r?2 MBb i?2 MmK#2° Q7 T?vHIQBE M¥2HRp KK B ®
Q772 im 2p2+iQ br2 BMi2M/iQ H2 "M i 2pB T2 HQXK; 2ty BH2N 2HHB i\
72 im 2 p2+iQ bX aBKBH "Hv- i?2 2K BMBM; K Th "2 72/ BMiQ M J
Q772 im 2 pRr*+i@im BM; MOM@T?VHQ:2MV(BM7/R K iBQM Q7 bBx2

"Qi% Mixyr 2 +QMp2 @/ MIBX2[m2M+2b Q7 72 idh MpR+iQbA2+@
iBp2Hv- mbBM: i?2 TT Q Z @p IMHRT H/?BM bB+ B/2 Q7 i?Bb [m MiB
TT'Q +? BbiQ H2 "M b2i UR/BRIRMIQEVI®72 p2+iQ b UQ  +Q/2b\
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6B;m 2 9Xe, PpIZDPBRQA@QRL2H "+?Bi2+im 2X

6B:m 2 9Xd, .2i BH2/ pB2r Q7 i?2 S?2\8PQ@Q@+Q /2" #HQ+F B
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2p2°'v 72 im 2 p2+M/XyBBb "2TH +2/ #v Bib M2 "2bi +QmMi2°T i BM i
h?Bb Bb +?B2p2/ #v KHMBWIBxBN:@G#2HQbYX h?2 /p Mi ;2 Q7 rQ F@
BM; rBi? [m MiBx2/ p2+iQ b Bbi? i 2p& vM/Zim\ $#2+RP@2BM +2/ Dmtk
#v Bib HQ+ iBQM UQ  BM/2tV BM i?2 +Q/2#QQFX h?Bb HHQrb 7Q
1?72 bT +2 Q7 /Bb+ 2i2 +Q/2 TQbBIiBQMb i? M +QMiBMmMQmb 72 im 2

hQ :m ° Mi22xi?M/xyr2t?B#Bi T'QT2 iB2b i? i K F2 i?2K mb27mH 7°Q
TQBMi Q7 pB2r- b2p2° H +QMbi> BMib BM i?2 7Q K 7vHQI@ELLM M +iB

RXbBM; T?VHQ;2M2iB+ FMQIHRBM,2 i? i i?2 [m MiBx2/ 7 im 2 b2]
+QMi BMb T?vHQ:2Mv BM7Q K iBOWH-Qi 2 RvGH |'b BMARNE 19 i 2
i? X +QMi HMD#@Db2[Mm2M+2B-Q7H2Np2 v bm#@b2[m2M+2 +Q "
iQ /B772 2MiH2p2H Q7 i?22 T?2vHQ:2MVv i 228 pPEHERH P2 TBML 2b m
BM7Q K iBQM i? i Bb M2+2bb "v7Q B/2MiB7vBM; M+2biQ  MQ/.
i28, b?2QmH/ +QMi BM //BiBQM HBM7Q K iBGMBB b mZ7Z\B + XM E
iQ B/2MiB7v i?2 +Q "2+i M+2biQ MQ/2 i H2p2H kXDABb;2M2"

B/2MiB7vBM; MQi/ 2 2i2HRB;BMEXX 1 Bi?Bb 72/ iQ M JGS H v2  i? |
T 2/B+ib i?2 +H bb T Q# #BHBiB2b?8FMQ22B2MHR p2M2/ rBi? i?:
+Q " 2+i MQ/2 +H bb ci(tp- #MXBMIBKBXBM: i?2 7TQHHQIGM; T?VHC

XM
G= i *1(J G JDi(t);a(t) U9 XkV

i=0

r?2°2*1 Bb i?2 + Qbb@2M;i BOTI? R QDB ?MBM: 2vT2 @T 1XK2i2  7Q

KXBb2Mi M:HBM: T?VHQ:2M2iB+ M/ MOM@T?vH®2 HB#2B Wi Q@ K
2 b MmK#2' Q7 TT'Q +22b i? i + M #2 mb2/ iQ /Bb2Mi M;H2 i?
H2 "MBM; KQ/2H M/ HB:M i?2K rBi? i *;2i 6+QM+2TibX6 h?Bb B
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6*QM+2Ti r?BiRMBEM202i?2 H i2Mi bT +2 Q7 +H bbB7B+ iBQM K
UBX2X- MQ K HBx2/ M/ /[2+Q "2H i2/V bm+? i? ii?2 72 im 2b
i2Mi bT +2 +Q "2bTQM/b iQ b2T "~ i2 +H bbX MQi?2  TT ' Q +?
G i2Mi aT +2 6 +iQNBx riBQMi?2 H i2Mi bT +2 Q7 M miQ2M+Q/2
i* Mb7Q K2/ mbBM; K i'Bt bm#bT +2 T 'QD2+iBQMbiQT 'iBiBQM
+QM+2Ti ii'B#mi2b M/ i?Qb2i? i+ Tim'2 MQM@ ii'B#mi2 BM7C

hQ 2Mbm Zik7Q@+mb2b QM +QKTH2K2Mi v 72 im'2b M/ /Q2b MQi
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