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Abstract 
Encrypted Deep Learning Services is a great solution for those who work in the AI 

field but limited in resources. While avoiding expensive investment and providing flexibility 
on scaling, encrypted deep learning services also provide the privacy and confidentiality of 
the data for its users. However, this study will show that it may cost users more than what 
they can save due to the loss of up to 18% of accuracy on the trained model. Also, this study 
examines possible vulnerabilities.  
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1. INTRODUCTION 
Deep learning service (DLS) is getting more popular every day in our computing world. It 

is a great solution for small companies, researchers, and individuals to avoid an expensive 

investment on the high-performance computing system for the AI field.  Deep learning services 

provide users fast and stable needed infrastructure. By using DLS, it is fairly easy to scale up the 

system without worrying about all the aspects of scaling, and users only have to pay for what they 

use. It is also a great deal for all short-term users. 

Orthogonal encryption is one of many methods that are invented to use in DLS to protect 

the privacy and confidentiality of the data when using DLS, which is called Encrypted Deep 

Learning Services (EDLS). EDLS encrypts rows of data before sharing for the training process. 

This means that we can use EDLS to train, predict, and validate our models without losing the 

confidentiality of the data. 

This study designed an experiment to evaluate the accuracy of a deep learning model 

trained on encrypted data and the strength of orthogonal encryption technique by applying the 

orthogonal encryption technique on two datasets, MINST and CIFAR10. It turns out that the 

accuracy of trained models and the strength of this orthogonal encryption technique depend heavily 

on the characteristic on the dataset it is applied to rather than the crypto algorithm itself.  

 

2. DEEP LEARNING SERVICES AND ORTHOGONAL ENCRYPTION 
2.1 Deep Learning Services 
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Generally, every machine learning model involves three phrases: configuration, training, 
and deploying. The training process of any machine learning model requires high computing 
power, so hardware configuration including high-end CPUs, GPUs, or FPGAs is normally used to 
accelerate the training process. However, the cost of such a system is an expensive investment that 
is not affordable to many people. Therefore, machine learning/deep learning as services is a good 
solution. Deep learning service (DLS) is a set of services that provide machine learning tools as 
part of cloud computing services offered by many big cloud providers such as Microsoft, Amazon, 
and IBM. DLS providers will host everything and be responsible for all aspects of scaling, then 
provide all the necessary assets to the users and the users only have to pay for the resources that 
they use. By utilizing these services, users can save time, money, and resources that would have 
been invested into hosting their own system. This makes DLS one of the fastest growing cloud 
services. According to Industry Research, DLS will grow with the compound annual growth rate 
of over 38 percent during the period of 2019-2023[1].  

One of the benefits of DLS is that it provides users fast and stable needed infrastructure. 
DLS will free small companies, organizations, and even individuals from the burden of building 
their own in-house infrastructure from scratch. By using DLS, it is fairly easy to scale up the 
system without worrying about all the aspects of scaling. Since users only have to pay for what 
they use, DLS is also a great deal for all short-term users. However, when it comes to 
confidentiality, it is hard for DLS to guarantee this. Traditionally, to ensure data confidentiality, 
data owners need to host an in-house or private deep learning service. An in-house deep learning 
service may not be a viable option for many people and is often an expensive solution. Ensuring 
confidentiality of the data is a big challenge in DLS because in many cases, it is very important on 
who can get access to the training data, especially when the data is sensitive. For example, when 
a group of researchers want to train a model to detect a new disease, they would not want any third 
party to have access to their training data because it may contain information about patients, and 
it may be illegal for them to share. Hence, Encrypted Deep Learning Services (EDLS) was 
introduced as a solution. In EDLS only encrypted rows of data are shared for the training process. 
This means that we can use EDLS to train, predict, and validate our models without any revealing 
of the original data. This enables researchers to get access to more sensitive data for researching 
and still ensures the confidentiality of the data. Figure 1 shows a sample architecture of an EDLS. 
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There have been quite a few encryption techniques introduced in EDLS such as Homomorphic 
Encryption and Orthogonal Encryption. This study will focus on investigating Orthogonal 
Encryption in EDLS. 
 

2.2 Orthogonal Transformation based Encryption 
Orthogonal transformation is a linear transformation that preserves the length of vectors. 

Let T be a linear transformation; if ||T(v)|| = ||v|| where v is a vector, then T is called an orthogonal 
transformation. If T(v) = A(v) then A is called an orthogonal matrix; matrix A columns and rows 
are orthogonal vectors [8]. Orthogonal transformation can use the transformational properties of 
the orthogonal matrix to transform an image into a new image that contains no information and 
usability of the original image. The original image can be retrieved by performing the dot product 
of the new image with the inverse of the orthogonal matrix. Orthogonal transformation has been 
applied to many areas such as in design of a feedforward neural network with optimum number of 
links and input nodes, design of a neural network operating with orthogonalized data for periodic 
process, and convergence assessment of networks [9].  

Some researchers proposed to use orthogonal transformation as an encryption technique. 
They named this type of encryption as orthogonal encryption. Based on the properties of 
orthogonal transformation, orthogonal encryption can use an orthogonal matrix to encrypt a clear 
image (plain image) into a new image (cipher image) that has no information and usability of the 
plain image. The cipher image can be decrypted by the decryption key which is the inverse of the 
orthogonal matrix. A good orthogonal encryption method must be able to provide reduction in 
image size and the ability to be compressed after the encryption process. 

This study investigates a specific orthogonal encryption technique introduced in patent 
US20190087689A1: METHODS AND PROCESSES OF ENCRYPTED DEEP LEARNING 
SERVICES [2]. There are many ways to retrieve an orthogonal matrix; the introduced schema 
performs a QR decomposition on an image to obtain the orthogonal matrix. Specifically, the 
operation decomposes an image as matrix A into a product A=Q*R where Q is an orthogonal 
matrix and R is an upper triangular matrix. Orthogonal matrix Q is then used as an encryption key 
to perform matrix multiplication with plain images to calculate cipher images. The inverse of Q 
will be used as the decryption key to decrypt cipher images by performing matrix multiplication 
with cipher images to obtain the corresponding plain image. According to [2], the proposed 
orthogonal encryption technique not only ensures the confidentiality of the data but also uses less 
memory and has faster prediction speed. The proposed orthogonal encryption technique uses 15 
times less memory and significantly faster prediction speed than Crypto Net, a Neural Networks 
over data encrypted with Homomorphic Encryption. Figure 2 shows an image A decomposed into 
R (upper triangular matrix) and Q (orthogonal matrix used as encryption key).   The decryption, 
Q-1, is the inverse of Q. The cipher image is the product of the plain image from the MNIST dataset 
and encryption key Q. The decrypted image is the product of the cipher image and the decryption 
key Q-1.   
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3. GOAL AND EXPERIMENTAL DESIGN 

This section describes the experiments and the goals of this study. This study will use a 
convolutional neural network as a deep learning model to train on original versions and encrypted 
versions of both MNIST and CIFAR10 datasets, then measure the accuracy on models trained on 
encrypted data compared to clean data and analyze the strength of orthogonal encryption 
algorithms. 

 
3.1 Goals 

When it comes to machine learning, the cost of errors on any machine learning model can 

be really huge. For example, a false positive cancer diagnosis will cost both patient and hospital 

financially and mentally. Optimizing the accuracy of a machine learning model can mitigate that 

cost. Therefore, model accuracy is important. When it comes to cryptography, strength of a crypto 
algorithm is the most important characteristic because it ensures the privacy and confidentiality 

of the data. 

The accuracy of a deep learning model depends heavily on the dataset it has been trained 

on. Training the same deep neural network on both un-encrypted and encrypted versions of two 

popular datasets in machine learning classification, MNIST and CIFAR10, will result in more 

reasonable accuracy evaluation. Since it involves encryption, the encryption key could be a factor 

that affects the training data and the accuracy of the model. Training models on datasets that are 

encrypted by different keys will add more reliability to the measurement process. Datasets 

encrypted by different keys also provide a better detail to analyze the strength of the crypto 

algorithm. This study has two main goals: 
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1. measure and compare the accuracy of convolutional neural network models on clean 
data and encrypted data. 

2. evaluate the strength of the orthogonal encryption technique by analyzing encrypted 
images' patterns and possible vulnerabilities. 

Trained models will be evaluated to report accuracies for analysis by answering questions 
such as, will encrypted datasets reduce the accuracy of deep learning models? If so, what could be 
the reason? If not, why encrypting data with orthogonal encryption does not change the accuracy 
of deep learning models? Will encryption keys affect the accuracy of models trained on the datasets 
they encrypted? If so, why do encryption keys affect model accuracy? The strength of orthogonal 
encryption method then will be analyzed by describing the observation of apparent patterns of 
encrypted images by different dimensions such as the same image encrypted by different keys and 
different images encrypted by the same key. Known plaintext attack vulnerability will also be 
analyzed to measure the strength of the orthogonal encryption method since it is a critical attack 
that every crypto algorithm has to protect against.  
 

3.2 Experimental Design 
This section will describe in detail the datasets used in the experiment, MNIST and 

CIFAR10.  The structure of convolutional neural networks used in the experiment will also be 
described in this section. Lastly, specific training processes will be proved in this section. 

 
3.2.1 Datasets and Tasks 

MNIST and CIFAR10 are the two datasets used in this study. MNIST is a handwritten 
digits dataset that contains 70,000 image samples of 10 digits from 0 to 9. All the images are in 
gray scale and have a size of 28x28 pixel. The MNIST dataset was constructed by the National 
Institute of Standards and Technology (NIST) in 1999[3]. According to NIST [3], the dataset 
contains 70,000 digit images from 500 different writers taken from Census Bureau employees and 
American high school students. This is one of the most popular datasets that has been used for 
training in many image processing systems and also the dataset that is used in the patent mentioned 
above [2] to demonstrate the orthogonal encryption technique.  

The CIFAR10 dataset is a subset of an 80 million tiny images dataset constructed by Alex 
Krizhevsky, Vinod Nair, and Geoffrey Hinton from the University of Toronto. The CIFAR10 
dataset contains 60,000 color images of size 32x32 pixel divided equally into 10 classes of 
completely mutually exclusive objects: airplane, automobile, bird, cat, deer, dog, frog, horse, ship, 
and truck [4].  

 
3.2.2 Convolutional Neural Network (CNN) Model 

A Convolutional Neural Network (CNN) is a deep learning algorithm commonly applied 
to computer vision. CNN models can take in an input image, assign importance to various 
aspects/objects in the image and then be able to differentiate one from the other [10]. CNNs are 
the advanced version of fully connected deep learning networks that can reduce overfitting by 
taking advantage of the hierarchical pattern in data and using smaller and simpler patterns to 
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assemble more complex patterns. CNN reduces images into a form that is easier to process but still 
retains all the features of the images to result in a good prediction. Therefore, CNN required much 
lower pre-processing than other classification algorithms [10]. CNNs are widely used for image 
classification and recognition because of their high accuracy and low computing cost. Figure 6 
shows a sample of a CNN structure.  

 
There are many choices for CNN architecture; this experiment used a typical CNN model 

with feature extraction by alternating convolution layers with subsampling layers. A subsampling 
layer is also called a Pooling which is a function that normally immediately follows a convolution 
layer in a CNN model to down sample the spatial size of output height and width. By doing this, 
the subsampling layer will reduce the number of parameters to be learned by the network to avoid 
overfitting during the training process. Therefore, implementing subsampling layers will help 
minimize the computational complexity of the CNN networks and give higher accuracy.  

 
3.2.3 The Designed Experiments 

This experiment will first train CNN models with clean images of MNIST and CIFAR10 
datasets and then evaluate the models to get accuracies later used as the base to compare with 
accuracies from models trained by encrypted datasets.  In the second task, MNIST and CIFAR10 
datasets will be encrypted by 10 different keys using orthogonal encryption, then CNN models 
will be trained on them, and the accuracies will be analyzed. In the third task, encrypted images 
will be displayed for observation and analysis to focus on patterns of encrypted images. The last 
task in this experiment will discuss and demonstrate a possibility of known plaintext attack on 
orthogonal encryption.  

 
(1) Accuracy on classifying clean examples. 

In order to verify CNN models and get the accuracy on clean datasets, both clean MNIST 
and CIFAR10 datasets are used to train CNN models in this task. The MNIST dataset will be 
trained with three different CNN models: model C-PX1 is trained with one subsampling layer, 
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model C-PX2 is trained with two subsampling layers, and model C-PX3 is trained with three 
subsampling layers. These models will be trained on 60,000 train images size 28x28x1 (gray scale 
images size 28x28 pixels), and each model will be tested with 10,000 test images which have the 
same size as train images. Max Pooling [5] is used as subsampling layers for CNNs in this 
experiment. Figure 3 shows an example of Max Pooling implementation on CNN structure. 

   
The CIFAR10 dataset will be also trained on the Convolutional Neural Network that has 

the same architecture as models trained on the MNIST dataset but will be trained on 60,000 images 

of size 32x32x3 (color images size 32x32) and tested on 10,000 images having the same size as 

train images. The accuracy of each model will be then reported.  

(2) Accuracy on classifying encrypted examples. 
One goal of this study is to evaluate the accuracies of orthogonal encrypted datasets on 

deep learning models compared to clean datasets. This task will generate ten encrypted datasets 
from each MNIST and CIFAR10 dataset with ten different encryption keys, and then use them to 
train on the exact CNN models that trained un-encrypted datasets. The first five keys will be 
derived from QR decomposition of five randomly selected pictures. The other five keys will be 
generated by creating 32x32 matrices using the ortho_group class in a python library, SciPy. There 
are differences in size of images in MNIST and CIFAR10 datasets; images in MNIST are size of 
28x28 and images in CIFAR10 are size of 32x32.  So, the size of encryption keys for MNIST and 
CIFAR10 datasets also need to be 28x28 and 32x32 respectively because they have to match with 
the size of the images in order to perform the encryption calculation. Therefore, the five randomly 
selected pictures will be resized into 28x28 and 32x32 before performing QR decompositions to 
get five 28x28 Q matrices for MNIST dataset encryption and five 32x32 Q matrices for CIFAR10 
dataset encryption. For the generated encryption matrices, five 32x32 random orthogonal matrices 
will be generated. For these five matrices, they will be kept the same size for CIFAR10 dataset 
encryptions and then be resized into five 28x28 matrices for MNIST dataset encryption. Figure 4 
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shows 5 selected pictures to use as the key and their corresponding encryption matrices size of 
28x28 and 32x32. Figure 5 demonstrates the process of generating 28x28 matrices from 32x32 
matrices to use as encryption keys for the MNIST dataset.  

 

 
The reason for processing the key like this is to keep the keys that are used to encrypt 

MNIST and CIFAR10 datasets as similar as possible even if the keys have to be different in size. 
This will ensure that all the images are performed by the same transformation during the encryption 
process.  

After finishing encrypting, the datasets then are used to train on CNN deep neural networks 
that have the same architectures as networks used to train un-encrypted datasets. The training 
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process will end up with 20 trained models: ten are trained with encrypted MNIST datasets and 
ten are trained with encrypted CIFAR10 datasets. The accuracy of each model will be reported.  
 
(3) Visual analysis of encrypted examples. 

Even with encrypted images, the patterns appearing on them can still provide a lot of 

information. Analyzing samples of encrypted images may show some patterns and characteristics 

related to the strength of orthogonal encryption. This section will use some sample encrypted 

images to perform some comparison and analysis. 

The first task will analyze encrypted images from the same object that are encrypted by 10 

different keys. Specifically, each digit in the MNIST dataset and each object in the CIFAR10 

dataset will be encrypted with 10 different encryption keys and then displayed for comparison. 

The second task will analyze encrypted images from different objects that are encrypted 

by the same key. In this task, each encryption key will be used to encrypt 10 different digits in the 

MNIST dataset and 10 different objects in the CIFAR10 dataset.  

The third task in this section will analyze encrypted images from different objects that are 

encrypted by different keys. Each digit in the MNIST dataset will be encrypted by one of the 10 

keys and the same process will be applied to the CIFAR10 dataset. The result then will be displayed 

for analysis.  

(4) Possibility of known plaintext attacks  
 A known plaintext attack is a type of cryptanalysis in which the attacker knows at least one 
pair of clear images (plain images) and encrypted images (cipher images) then uses this to reveal 
secret information such as an encryption key. Encrypted archive ZIP files are a well-known 
example that is prone to known plaintext attacks. There are many types of software available on 
the internet that help determine the key needed to decrypt the archived files [11]. In image 
encryption (digital encryption), various cryptanalysis attacks have been introduced such as in 
[12][13][14][15][16]. According to the schema introduced in [11], a single-pixel encrypted system 
is totally vulnerable to known plaintext attack.  

Known plaintext attacks are critical to any crypto algorithms. According to previous works 
on digital encryption, known plaintext attacks succeed on many digital encryption methods. This 
task will perform some analysis of the Orthogonal Encryption to find possible vulnerabilities. The 
orthogonal encryption technique being investigated in this study works based on the following 
function: C = P * K where C is the cipher image, P is the plain image, and K is the orthogonal 
matrix used as the encryption key. The decryption key D will be the inverse of K. Theoretically, it 
is possible to derive the encryption key K if C and P are known. K can be derived by the equation 
K = C * P-1 where K is the encryption key, C is the cipher image, and P-1 is the inverse of the plain 
image. We may not be able to directly find P-1 from P if P is a singular matrix because the singular 
matrix does not have any inverse [6]. According to [7], any singular matrix could be converted to 
a non-singular matrix. Matrices P are the presentation of images, so the singular characteristic of 
matrix P depends heavily on the image that it represents. If the dataset contains matrices that 
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represent gray scale images, there will be more singular matrices P than in the dataset that contains 
matrices representing color images. To test these hypotheses, the first task in this section will use 
a python script to analyze and report the number of singular and non-singular matrices contained 
on MNIST and CIFAR10 datasets. The second task will use some found non-singular matrices to 
derive the key by using the equation K = C * P-1. Encryption key K' will then be reversed to find 
the decryption key D' to decrypt some images and compare resulting images with images decrypted 
by decryption key D. 
 

4. EXPERIMENTAL RESULTS AND ANALYSIS 
This section will present the results of the experiment designed in section 4.2. Specifically, 

section 5.1 will present the results of the experiment performed on MNIST dataset; section 5.2 will 
present the results of the experiment on the CIFAR10 dataset; lastly section 5.3 will give a brief 
comparison, analysis and summary of all results. 

 
4.1 Results on the MNIST dataset 

(1) Accuracy on classifying clean examples 
As mentioned in section 3.2.3(1), the clear MNIST dataset is trained with three versions of 

CNN networks (one subsampling layer, two subsampling layers, and three subsampling layers). 
Table 1 below shows the models’ accuracies trained on 50,000 images and tested on 10,000 images 
from MNIST dataset. Overall, all three versions got 99% on accuracy; Two and three 
subsampling layer models got approximately 0.3% higher in accuracy compared to one 
subsampling layer model. This occurs because the two subsampling layer and three subsampling 
layer models can reduce overfitting during the training process. 

 
Table 1: Accuracy on classifying clean MNIST dataset. 

One subsampling layer Two subsampling layers Three subsampling layers 

0.9900 0.9930 0.9937 

 
(2) Accuracy on classifying encrypted examples 

Table 2 below shows the accuracies of ten CNN models trained on ten encrypted MNIST 
datasets that are encrypted by ten different encryption keys. Key1 to key5 are retrieved from 
performing QR decompositions on five randomly selected images; key6 to key10 are retrieved by 
orthogonal matrix generating using SciPy library in Python. Overall, the two and three 
subsampling layer models have higher accuracy than the one subsampling layer model. This is the 
same as the model trained on unencrypted data. The two and three subsampling layer models have 
approximately 0.2% higher accuracy than the one subsampling layer models. On average, models 
trained on datasets encrypted by QR decomposition keys have higher accuracy than those trained 
on datasets encrypted by orthogonal matrix generating keys (approximately 0.2%). The average 
accuracy of models trained on encrypted datasets is approximately 1% lower than models trained 
on a clean MNIST dataset. Because orthogonal encryption works based on matrix multiplication, 
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in each 28x28 pixel encrypted image there are 43,120 multiplication and addition operations 
performed. Each pixel on an encrypted image is determined by 28 multiplications and 27 additions; 
each image contains 28x28=784 pixel, so each encrypted image will need 43,120 operations 
([28	 + 	27] ∗ 784	 = 	43,120). Since all images in the dataset are encrypted by the same key, the 
more operations are performed, the more they make cipher images of the dataset closer to each 
other. This is a reasonable explanation for why the accuracy of models trained on encrypted 
datasets are a little bit lower than those models trained on clean datasets.  

 
Table 2: Accuracy on classifying encrypted MNIST datasets. 

Five QR keys One subsampling 
layer 

Two subsampling 
layers 

Three subsampling 
layers 

Key 1 0.9867 0.9885 0.9897 

Key 2 0.9887 0.9883 0.9887 

Key 3 0.9881 0.9904 0.989 

Key 4 0.9873 0.9892 0.9893 

Key 5 0.9869 0.9867 0.9903 

QR Keys avg 0.98754 0.98862 0.9894 

 

Five random keys One subsampling 
layer 

Two subsampling 
layers 

Three subsampling 
layers 

Key 6 0.9863 0.9887 0.9853 

Key 7 0.9846 0.9878 0.9828 

Key 8 0.9844 0.9878 0.9883 

Key 9 0.9855 0.9881 0.9873 

Key 10 0.9854 0.9854 0.9872 

Randomly generated 
orthogonal keys avg 

0.98524 0.98756 0.98618 

 

Overall average 
 over the 10 keys 

0.98639 0.98809 0.98779 
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(3) Visual analysis of encrypted examples 
❖ Same object encrypted by different keys 

This task uses three sample digits from MNIST dataset. Figure 7 shows a clean image of digit 2. 
Figure 8 shows the encrypted images of digit 2 using 10 different keys designed for use in this 
experiment. Figure 9 and Figure 10 show un-encrypted and encrypted images of digit 3. Figure 11 
and Figure 12 are the representations of digit 8. These samples show that the same object 
encrypted by different keys produces different cipher images, but there are still patterns of the 
un-encrypted images passed on those cipher images. Focusing on those yellow pixels of cipher 
images in Figure 8, the shape of digit 2 is still presented in cipher images of digit 2 in Figure 10. 
This characteristic is also presented on cipher images of digit 3 and digit 8. The cipher images 2, 
3, 4, 5, and 8 in Figure 10 show 2 shapes of digit 3 represented by yellow pixels; this could be 
generated during the orthogonal transformation process. The same characteristic and pattern are 
also presented in the cipher images of digit 8 in Figure 12. More demonstrations of other digits are 
presented in Appendix C. This shows that the orthogonal encryption technique does not 
completely hide all the information of the original image; There are common patterns from 
cipher images of the same object even if they are encrypted by different keys presented.  
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❖ Different objects encrypted by the same key 

Figure 13, 14, and 15 show three examples of different objects being encrypted by the same key. 
Specifically, these figures show digit 0, 1, 2, 3, and 4 being encrypted by key2, key5 and key7. 
Key2 and key5 are derived from performing QR decomposition; key7 is retrieved from generating 
a random orthogonal matrix using SciPy library in Python. Although encrypted by the same key, 
each example clearly shows that different objects will have different cipher images when they 
are encrypted by the same key. This provides a possibility of categorizing cipher images when an 
attacker can obtain a large number of cipher data which is obviously easy for the attacker.  Being 



Page 15 of 26 
 

able to categorize cipher images will give the attacker a lot of valuable information for 
cryptanalysis. Combining the cipher images from these three figures also proves the conclusion 
in the above section that cipher images of the same object have common patterns even when 
they are encrypted by different encryption keys. More demonstrations of different objects 
encrypted by the same keys are presented in Appendix C. 
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❖ Different objects encrypted by different keys 

Figure 17 shows a picture of ten original digits in the MNIST dataset. Figure 18 contains the 
corresponding cipher images of digits in Figure 17; each digit is encrypted by a different key. It 
seems like when different objects are encrypted by different keys the orthogonal encryption 
technique can hide the most information from the original images. However, some patterns from 
the original images are still presented if we compare between the original image and its cipher 
image. 
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(4) Possibility of known plaintext attacks 

As described in section 3.2.3(4), it is theoretically possible to derive the encryption key 
when both the cipher image and plain image are known. The encryption key can be derived by 
calculating the product of the cipher image and the inverse of the plain image. However, if the 
plain image is a singular matrix then its inverse cannot be directly derived from the plain image. 
This task will use a Python script to first check all the images on MNIST dataset to see if they are 
invertible. The result was that none of the images in the entire MNIST dataset (including train 
and test sets) is invertible. This means that the inverse of a plain image cannot be derived directly 
from a plain image. According to [6], it is possible to convert a singular matrix to a non-singular 
matrix, but this will be performed via shifting and transformation, so the derived key won’t be 
absolutely the same as the real key. The similarity of the derived key and the real key depends on 
how much shifting we performed to convert the singular matrix to non-singular. Unfortunately, 
this task was not able to derive any key from any plain and cipher image pair in the dataset. 

 
4.2 Results on the CIFAR10 

From the experiment on MNIST dataset, CNN models with two and three subsampling 
layers produce better accuracies. Since the difference in accuracy between these two structures are 
very small, CIFAR10 datasets will be only trained on two subsampling layers models to save time 
on the training process.  
(1) Accuracy on classifying clean examples. 

The result shows that the accuracy of the model trained on the clean CIFAR10 dataset is 
73.51%; this is lower than the model trained on the clean MNIST dataset. This is reasonable due 
to the difference in complexity of images in MNIST and CIFAR10 datasets. Specifically, the 
MNIST dataset is the set of gray scale images that only size 28x28 pixel, and images from the 
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CIFAR10 dataset are three channel (color) images, sized 32x32 pixel. Each image in the CIFAR10 
dataset will have 240 pixels more than an image in the MNIST dataset. 
 
(2) Accuracy on classifying encrypted examples 

Table 3 shows the accuracy of ten different models trained on ten encrypted CIFAR10 

datasets. The overall accuracy of these ten models is approximately 18% lower than the accuracy 
of the model trained on the clean CIFAR10 dataset. This is a huge difference in accuracy between 

models trained on un-encrypted and encrypted datasets. The difference in this experiment is a lot 

higher than the difference of the experiment on the MNIST dataset. However, considering the size 

of images in the CIFAR10 dataset, each image is the size of 32x32x3 pixel, so there will be 193,536 

multiplication and addition operations performed on each encrypted image 

([(32	multiplication + 31	addition) ∗ (32x32) ∗ 3]). This is 150,416 more operations needed 

than an encrypted image in the MNIST dataset. This means that more information of the original 

image is transformed, and this could cause confusion between cipher images of different objects 

during the training process. Confusion between cipher images is a good feature to have in crypto 

algorithms, but it may not be good for training data used in deep learning. 

 
Table 3: Accuracy on classifying encrypted CIFAR10 datasets. 

 
Keys 

QR decomposition keys Randomly generated orthogonal keys 

1 2 3 4 5 6 7 8 9 10 

Accuracy 0.58
51 

0.624
8 

0.588
6 

0.620
2 

0.597
2 

0.534
1 

0.506
1 

0.516 0.511
2 

0.473
1 

Overall 
average 

0.55564 

 
(3) Visual analysis of encrypted examples 

❖ Same object encrypted by different keys 
Figures 19 and 21 show clean images of an airplane and cat from the CIFAR10 dataset; 

figures 20 and 22 show their corresponding encrypted images encrypted by ten different keys. Not 
like MNIST dataset, the cipher images of an object that is encrypted by different keys show fewer 
common patterns than what is shown in MNIST dataset. However, the color pixels presented 

still show some imagination shape of the original object, but the cipher image hides a lot more 

information of the original image than in the MNIST dataset. Other sample objects encrypted by 

different keys are presented in Appendix C. 
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❖ Different objects encrypted by the same key 

Figures 23, 24, and 25 below show the sample of a dog, frog, horse, ship, and truck encrypted by 
key2, key4 and key8. Key2 and key4 are derived by performing QR decomposition; key8 is from 
orthogonal matrix generating. These samples show the same characteristic shown in the MNIST 
dataset, a common characteristic between cipher images of the same object and a difference in 
cipher images of different objects encrypted by the same key. 



Page 21 of 26 
 



Page 22 of 26 
 

 
❖ Different objects encrypted by different keys 

Figure 26 shows original images of all ten objects from the CIFAR10 dataset, and figure 27 shows 

their corresponding cipher images. The cipher image of each object is encrypted by a different key. 

Similar to the MNIST dataset, when different objects are encrypted by different keys, the cipher 

images seem to hide more information of the original images than the same object with different 

keys or the same key for different objects.   
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(4) Possibility of known plaintext attacks 

The same python script used in 4.1(4) is used to check if a matrix representing a plain 
image of images in the dataset is invertible. Since CIFAR10 is a set of 3 channel(color) images, 
this task will check for an invertible matrix on each channel. 50000 images from the train dataset 
were checked; there are 49,187 black channel matrices that are invertible, 63 red channel 
matrices that are invertible, and 18 green channel matrices that are invertible. This means that 
there is a very high possibility that the known plaintext attack could succeed on this dataset. A few 
demonstration attacks were performed in this task. Figure 28 below shows an example of the image 
derived by a known plaintext attack and its corresponding original image. Even the derived image 
and original image are not absolutely the same due to some shifting that may occur during the 
transformation and calculation processes, but the patterns of these two images are absolutely the 
same. Performing enough data analysis on the derived image could convert it to one that is more 
similar to the original image.  
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4.3 Summary of the Results. 

In summary, the accuracies of models trained on encrypted datasets are generally lower 
than those models trained on unencrypted datasets. The difference will vary from the size and 
quality of images that are encrypted. For example, the difference between accuracies of deep 
learning models trained on encrypted and unencrypted gray scale 28x28 pixel images from the 
MNIST dataset will be smaller than the different accuracies between models trained on encrypted 
and unencrypted 32x32 pixel color images from CIFAR10 dataset. This also ratios with the 
information each cipher image can hide from its original image. The higher information the cipher 
images can hide, the lower accuracy the deep learning model trained on it will have. The average 
accuracy of models trained on encrypted MNIST datasets is approximately 1% lower than the 
model that trained on unencrypted datasets. Moreover, those models trained on encrypted 
CIFAR10 datasets have an average of 18% lower accuracy than the model trained on unencrypted 
data.   
 It appears that different datasets present different strengths of the orthogonal encryption 
technique. In the MNIST dataset, encrypted images are passed on many patterns of the original 
images; this shows the weakness of the orthogonal encryption algorithm. Nevertheless, due to the 
characteristic of the images in the dataset, it is harder to perform a known plaintext attack since all 
the plain images in the dataset are represented by singular matrices which are uninvertible. On the 
other hand, the CIFAR10 dataset has higher resolution images which are represented by larger 
dimension matrices; this helps the cipher images because they can hide more information of the 
original images due to more transformation operators being performed.  It will reduce the accuracy 
of the model train on them. Most of the images in the CIFAR10 dataset are represented by non-
singular matrices, so it is fairly easy to derive their inverse for known plaintext attacks. So 
orthogonal encryption on the CIFAR10 dataset is more vulnerable to known plaintext attacks than 
the MNIST dataset.    
 

5. CONCLUSION AND FUTURE WORK 
Overall, the orthogonal encryption method will reduce the accuracy of the model trained 

on the encrypted data. Depending on the characteristics of each dataset, the reducing accuracy will 
vary. This study shows that the MNIST dataset with orthogonal encryption will reduce 
approximately 1% in accuracy compared to the unencrypted datasets, and the encrypted CIFAR10 
datasets will reduce up to 18% accuracy compared to its unencrypted dataset. This result is affected 
by multiple factors; the biggest factor is the resolution of images in the dataset. The higher 
resolution image will require a higher pixel to represent; therefore, a higher number of 
transformation operations will be performed when the image is encrypted. This will make the 
cipher image contain no information of the original image that it represents, and the crypto 
algorithm is more secure. However, it will also reduce the accuracy of the model that is trained on 
this data. According to this study, accuracy and crypto algorithm strength are inverse ratios. 
Comparing MNIST and CIFAR10 dataset, MNIST is less secure, as it has a higher accuracy. 
CIFAR10, on the other hand, seems more secure than MNIST but has a lower accuracy. 
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Both MNIST and CIFAR10 datasets only contain 10 classes of objects. In the future, I 
would like to experiment more with the orthogonal encryption technique with a dataset that 
contains a larger number of classes. This study shows that the resolution of images in the dataset 
has significantly impacted the accuracy of deep learning models trained on encrypted data. It 
would give more confidence and reliability on that conclusion if a larger dataset with higher 
resolution images were used to experiment on orthogonal encryption. Nonetheless, this will also 
require more resources for the experiment. 
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Appendix_A

December 7, 2020

1 MNIST Orthogonal encryption on Convolutional Neural Net-
work(CNN)

In [1]: import pandas as pd
import numpy as np
from sklearn.model_selection import train_test_split
from keras.utils.np_utils import to_categorical
from keras.models import Sequential
from keras.layers import Dense, Dropout, Flatten, Conv2D, MaxPool2D, AvgPool2D, BatchNormalization, Reshape
from keras.preprocessing.image import ImageDataGenerator
from keras.callbacks import LearningRateScheduler
import matplotlib.pyplot as plt
from keras.datasets import mnist
from PIL import Image
import scipy
from scipy.stats import ortho_group

Using TensorFlow backend.

In [2]: #Load MNIST data
(x_train, y_train), (x_test, y_test) = mnist.load_data()
print("Done loading data!")

Done loading data!

2 Train with clear MNIST dataset

In [59]: # reshape dataset to have a single channel
X_train = x_train / 255.0
X_test = x_test / 255.0
X_train = X_train.reshape(-1,28,28,1)
X_test = X_test.reshape(-1,28,28,1)
# one hot encode target values
Y_train = to_categorical(y_train, num_classes = 10)
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Y_test = to_categorical(y_test, num_classes = 10)

print("X_train shape: ", X_train.shape)
print("X_test shape: ", X_test.shape)
print("Y_train shape: ", Y_train.shape)
print("Y_test shape: ", Y_test.shape)

X_train shape: (60000, 28, 28, 1)
X_test shape: (10000, 28, 28, 1)
Y_train shape: (60000, 10)
Y_test shape: (10000, 10)

Build Convolutional Neural Networks

In [60]: nets = 3
org_model = [0] *nets

for j in range(3):
org_model[j] = Sequential()
org_model[j].add(Conv2D(24,kernel_size=5,padding='same',activation='relu',

input_shape=(28,28,1)))
org_model[j].add(MaxPool2D())
if j>0:

org_model[j].add(Conv2D(48,kernel_size=5,padding='same',activation='relu'))
org_model[j].add(MaxPool2D())

if j>1:
org_model[j].add(Conv2D(64,kernel_size=5,padding='same',activation='relu'))
org_model[j].add(MaxPool2D(padding='same'))

org_model[j].add(Flatten())
org_model[j].add(Dense(256, activation='relu'))
org_model[j].add(Dense(10, activation='softmax'))
#compile
org_model[j].compile(optimizer="adam", loss="categorical_crossentropy", metrics=["accuracy"])

Train Convolutional Neural Networks

In [61]: #Decrease learning rate by 0.95 each epoch
annealer = LearningRateScheduler(lambda x: 1e-3 * 0.95 ** x)

In [62]: # train
org_history = [0] * nets
names = ["(C-P)x1","(C-P)x2","(C-P)x3"]
epochs = 20
for j in range(nets):

org_history[j] = org_model[j].fit(X_train, Y_train, batch_size=80, epochs = epochs,
validation_data = (X_test, Y_test), callbacks=[annealer], verbose=0)

print("CNN {0}: Epochs={1:d}, Train accuracy={2:.5f}, Validation accuracy={3:.5f}".format(
names[j],epochs,max(org_history[j].history['acc']),max(org_history[j].history['val_acc']) ))
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CNN (C-P)x1: Epochs=20, Train accuracy=0.99998, Validation accuracy=0.99000
CNN (C-P)x2: Epochs=20, Train accuracy=0.99985, Validation accuracy=0.99330
CNN (C-P)x3: Epochs=20, Train accuracy=0.99983, Validation accuracy=0.99410

Plot accuracy

In [63]: plt.figure(figsize=(15,5))
for i in range(nets):

plt.plot(org_history[i].history['val_acc'])
plt.title('org_model accuracy')
plt.ylabel('accuracy')
plt.xlabel('epoch')
plt.legend(names, loc='upper left')
axes = plt.gca()
axes.set_ylim([0.98,1])
plt.show()

Test

In [64]: for j in range(nets):
test_loss, test_acc = org_model[j].evaluate(X_test, Y_test, verbose=2)
print('Acc on test dataset: ',test_acc)

Acc on test dataset: 0.99
Acc on test dataset: 0.993
Acc on test dataset: 0.9937

3 Train with encrypted MNIST dataset using key 1

Drive orthogonal matrix to get encryption key Q1 and decryption key D1
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In [140]: #Read key image as RGB
key1 = Image.open("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/key1.png")
#Show RGB key image
plt.imshow(key1)
#gray scale key image
key1 = key1.convert('L')
#resize key image
key1 = np.resize(key1,(28,28))
#convert to 2D array
key1 = np.asarray(key1)
#QR decomposition
Q1, R1 = scipy.linalg.qr(key1)
#Drive the decryption matrix
D1 = np.linalg.inv(Q1)

Encryption key Q1

In [141]: plt.imshow(Q1)

Out[141]: <matplotlib.image.AxesImage at 0x1aa0a5cc0>
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Decryption key D1

In [142]: plt.imshow(D1)

Out[142]: <matplotlib.image.AxesImage at 0x1aa163a58>
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Encrypt the dataset

In [143]: #encrypt train set
enc1_X_train = []
for an_image in x_train:

an_image = np.dot(an_image, Q1)
enc1_X_train.append(an_image)

print("Done encrypting ",len(enc1_X_train),"train images!")
#encrypt test set
enc1_X_test = []
for an_image in x_test:

an_image = np.dot(an_image, Q1)
enc1_X_test.append(an_image)

print("Done encrypting ", len(enc1_X_test), "test images!")

Done encrypting 60000 train images!
Done encrypting 10000 test images!

In [144]: enc1_X_train = np.array(enc1_X_train, dtype='float32') / 255.0
enc1_X_test = np.array(enc1_X_test, dtype='float32') / 255.0
enc1_X_train = enc1_X_train.reshape(-1,28,28,1)
enc1_X_test = enc1_X_test.reshape(-1,28,28,1)
# one hot encode target values
enc1_y_train = to_categorical(y_train, num_classes = 10)
enc1_y_test = to_categorical(y_test, num_classes = 10)

print("enc1_X_train shape", enc1_X_train.shape)
print("enc1_y_train shape", enc1_y_train.shape)
print("enc1_X_test shape", enc1_X_test.shape)
print("enc1_y_test shape", enc1_y_test.shape)

enc1_X_train shape (60000, 28, 28, 1)
enc1_y_train shape (60000, 10)
enc1_X_test shape (10000, 28, 28, 1)
enc1_y_test shape (10000, 10)

Build Convolutional Neural Networks

In [145]: nets = 3
enc1_model = [0] *nets

for j in range(3):
enc1_model[j] = Sequential()
enc1_model[j].add(Conv2D(24,kernel_size=5,padding='same',activation='relu',

input_shape=(28,28,1)))
enc1_model[j].add(MaxPool2D())
if j>0:
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enc1_model[j].add(Conv2D(48,kernel_size=5,padding='same',activation='relu'))
enc1_model[j].add(MaxPool2D())

if j>1:
enc1_model[j].add(Conv2D(64,kernel_size=5,padding='same',activation='relu'))
enc1_model[j].add(MaxPool2D(padding='same'))

enc1_model[j].add(Flatten())
enc1_model[j].add(Dense(256, activation='relu'))
enc1_model[j].add(Dense(10, activation='softmax'))
enc1_model[j].compile(optimizer="adam", loss="categorical_crossentropy", metrics=["accuracy"])

Train Convolutional Neural Networks

In [146]: #Decrease learning rate by 0.95 each epoch
annealer = LearningRateScheduler(lambda x: 1e-3 * 0.95 ** x)

In [147]: # train
enc1_history = [0] * nets
names = ["(C-P)x1","(C-P)x2","(C-P)x3"]
epochs = 20
for j in range(nets):

enc1_history[j] = enc1_model[j].fit(enc1_X_train, enc1_y_train, batch_size=80, epochs = epochs,
validation_data = (enc1_X_test, enc1_y_test), callbacks=[annealer], verbose=0)

print("CNN {0}: Epochs={1:d}, Train accuracy={2:.5f}, Validation accuracy={3:.5f}".format(
names[j],epochs,max(enc1_history[j].history['acc']),max(enc1_history[j].history['val_acc']) ))

CNN (C-P)x1: Epochs=20, Train accuracy=0.99998, Validation accuracy=0.98680
CNN (C-P)x2: Epochs=20, Train accuracy=0.99960, Validation accuracy=0.98970
CNN (C-P)x3: Epochs=20, Train accuracy=0.99998, Validation accuracy=0.98970

Plot accuracy

In [148]: plt.figure(figsize=(15,5))
for i in range(nets):

plt.plot(enc1_history[i].history['val_acc'])
plt.title('enc1_model accuracy')
plt.ylabel('accuracy')
plt.xlabel('epoch')
plt.legend(names, loc='upper left')
axes = plt.gca()
axes.set_ylim([0.98,1])
plt.show()
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Test

In [149]: for j in range(nets):
enc1_test_loss, enc1_test_acc = enc1_model[j].evaluate(enc1_X_test, enc1_y_test, verbose=2)
print('Acc on encrypted test dataset: ',enc1_test_acc)

Acc on encrypted test dataset: 0.9867
Acc on encrypted test dataset: 0.9885
Acc on encrypted test dataset: 0.9897

4 Train with encrypted MNIST dataset using key 2

Drive orthogonal matrix to get encryption key Q2 and decryption key D2

In [77]: #Read key image as RGB
key2 = Image.open("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/key2.png")
#Show RGB key image
plt.imshow(key2)
#gray scale key image
key2 = key2.convert('L')
#resize key image
key2 = np.resize(key2,(28,28))
#convert to 2D array
key2 = np.asarray(key2)
#QR decomposition
Q2, R2 = scipy.linalg.qr(key2)
#Drive the decryption matrix
D2 = np.linalg.inv(Q2)
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Encryption key Q2

In [78]: plt.imshow(Q2)

Out[78]: <matplotlib.image.AxesImage at 0x13ee7cef0>

Decryption key D2

In [79]: plt.imshow(D2)
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Out[79]: <matplotlib.image.AxesImage at 0x148f95dd8>

Encrypt the dataset

In [80]: #encrypt train set
enc2_X_train = []
for an_image in x_train:

an_image = np.dot(an_image, Q2)
enc2_X_train.append(an_image)

print("Done encrypting ",len(enc2_X_train),"train images!")
#encrypt test set
enc2_X_test = []
for an_image in x_test:

an_image = np.dot(an_image, Q2)
enc2_X_test.append(an_image)

print("Done encrypting ", len(enc2_X_test), "test images!")

Done encrypting 60000 train images!
Done encrypting 10000 test images!

In [81]: enc2_X_train = np.array(enc2_X_train, dtype='float32') / 255.0
enc2_X_test = np.array(enc2_X_test, dtype='float32') / 255.0
enc2_X_train = enc2_X_train.reshape(-1,28,28,1)
enc2_X_test = enc2_X_test.reshape(-1,28,28,1)
# one hot encode target values
enc2_y_train = to_categorical(y_train, num_classes = 10)
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enc2_y_test = to_categorical(y_test, num_classes = 10)

print("enc2_X_train shape", enc2_X_train.shape)
print("enc2_y_train shape", enc2_y_train.shape)
print("enc2_X_test shape", enc2_X_test.shape)
print("enc2_y_test shape", enc2_y_test.shape)

enc2_X_train shape (60000, 28, 28, 1)
enc2_y_train shape (60000, 10)
enc2_X_test shape (10000, 28, 28, 1)
enc2_y_test shape (10000, 10)

Build Convolutional Neural Networks

In [82]: nets = 3
enc2_model = [0] *nets

for j in range(3):
enc2_model[j] = Sequential()
enc2_model[j].add(Conv2D(24,kernel_size=5,padding='same',activation='relu',

input_shape=(28,28,1)))
enc2_model[j].add(MaxPool2D())
if j>0:

enc2_model[j].add(Conv2D(48,kernel_size=5,padding='same',activation='relu'))
enc2_model[j].add(MaxPool2D())

if j>1:
enc2_model[j].add(Conv2D(64,kernel_size=5,padding='same',activation='relu'))
enc2_model[j].add(MaxPool2D(padding='same'))

enc2_model[j].add(Flatten())
enc2_model[j].add(Dense(256, activation='relu'))
enc2_model[j].add(Dense(10, activation='softmax'))
enc2_model[j].compile(optimizer="adam", loss="categorical_crossentropy", metrics=["accuracy"])

Train Convolutional Neural Networks

In [83]: #Decrease learning rate by 0.95 each epoch
annealer = LearningRateScheduler(lambda x: 1e-3 * 0.95 ** x)

In [84]: # train
enc2_history = [0] * nets
names = ["(C-P)x1","(C-P)x2","(C-P)x3"]
epochs = 20
for j in range(nets):

enc2_history[j] = enc2_model[j].fit(enc2_X_train, enc2_y_train, batch_size=80, epochs = epochs,
validation_data = (enc2_X_test, enc2_y_test), callbacks=[annealer], verbose=0)

print("CNN {0}: Epochs={1:d}, Train accuracy={2:.5f}, Validation accuracy={3:.5f}".format(
names[j],epochs,max(enc2_history[j].history['acc']),max(enc2_history[j].history['val_acc']) ))
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CNN (C-P)x1: Epochs=20, Train accuracy=0.99998, Validation accuracy=0.98890
CNN (C-P)x2: Epochs=20, Train accuracy=0.99998, Validation accuracy=0.98880
CNN (C-P)x3: Epochs=20, Train accuracy=0.99970, Validation accuracy=0.98960

Plot accuracy

In [85]: plt.figure(figsize=(15,5))
for i in range(nets):

plt.plot(enc2_history[i].history['val_acc'])
plt.title('enc2_model accuracy')
plt.ylabel('accuracy')
plt.xlabel('epoch')
plt.legend(names, loc='upper left')
axes = plt.gca()
axes.set_ylim([0.98,1])
plt.show()

Test

In [86]: for j in range(nets):
enc2_test_loss, enc2_test_acc = enc2_model[j].evaluate(enc2_X_test, enc2_y_test, verbose=2)
print('Acc on encrypted test dataset: ',enc2_test_acc)

Acc on encrypted test dataset: 0.9887
Acc on encrypted test dataset: 0.9883
Acc on encrypted test dataset: 0.9887

5 Train with encrypted MNIST dataset using key 3

Drive orthogonal matrix to get encryption key Q3 and decryption key D3
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In [87]: #Read key image as RGB
key3 = Image.open("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/key3.png")
#Show RGB key image
plt.imshow(key3)
#gray scale key image
key3 = key3.convert('L')
#resize key image
key3 = np.resize(key3,(28,28))
#convert to 2D array
key3 = np.asarray(key3)
#QR decomposition
Q3, R3 = scipy.linalg.qr(key3)
#Drive the decryption matrix
D3 = np.linalg.inv(Q3)

Encryption key Q3

In [88]: plt.imshow(Q3)

Out[88]: <matplotlib.image.AxesImage at 0x14ec234e0>

13



Decryption key D3

In [89]: plt.imshow(D3)

Out[89]: <matplotlib.image.AxesImage at 0x14ef50320>
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Encrypt the dataset

In [90]: #encrypt train set
enc3_X_train = []
for an_image in x_train:

an_image = np.dot(an_image, Q3)
enc3_X_train.append(an_image)

print("Done encrypting ",len(enc3_X_train),"train images!")
#encrypt test set
enc3_X_test = []
for an_image in x_test:

an_image = np.dot(an_image, Q3)
enc3_X_test.append(an_image)

print("Done encrypting ", len(enc3_X_test), "test images!")

Done encrypting 60000 train images!
Done encrypting 10000 test images!

In [91]: enc3_X_train = np.array(enc3_X_train, dtype='float32') / 255.0
enc3_X_test = np.array(enc3_X_test, dtype='float32') / 255.0
enc3_X_train = enc3_X_train.reshape(-1,28,28,1)
enc3_X_test = enc3_X_test.reshape(-1,28,28,1)
# one hot encode target values
enc3_y_train = to_categorical(y_train, num_classes = 10)
enc3_y_test = to_categorical(y_test, num_classes = 10)

print("enc3_X_train shape", enc3_X_train.shape)
print("enc3_y_train shape", enc3_y_train.shape)
print("enc3_X_test shape", enc3_X_test.shape)
print("enc3_y_test shape", enc3_y_test.shape)

enc3_X_train shape (60000, 28, 28, 1)
enc3_y_train shape (60000, 10)
enc3_X_test shape (10000, 28, 28, 1)
enc3_y_test shape (10000, 10)

Build Convolutional Neural Networks

In [93]: nets = 3
enc3_model = [0] *nets

for j in range(3):
enc3_model[j] = Sequential()
enc3_model[j].add(Conv2D(24,kernel_size=5,padding='same',activation='relu',

input_shape=(28,28,1)))
enc3_model[j].add(MaxPool2D())
if j>0:
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enc3_model[j].add(Conv2D(48,kernel_size=5,padding='same',activation='relu'))
enc3_model[j].add(MaxPool2D())

if j>1:
enc3_model[j].add(Conv2D(64,kernel_size=5,padding='same',activation='relu'))
enc3_model[j].add(MaxPool2D(padding='same'))

enc3_model[j].add(Flatten())
enc3_model[j].add(Dense(256, activation='relu'))
enc3_model[j].add(Dense(10, activation='softmax'))
enc3_model[j].compile(optimizer="adam", loss="categorical_crossentropy", metrics=["accuracy"])

Train Convolutional Neural Networks

In [115]: #Decrease learning rate by 0.95 each epoch
annealer = LearningRateScheduler(lambda x: 1e-3 * 0.95 ** x)

In [116]: # train
enc3_history = [0] * nets
names = ["(C-P)x1","(C-P)x2","(C-P)x3"]
epochs = 20
for j in range(nets):

enc3_history[j] = enc3_model[j].fit(enc3_X_train, enc3_y_train, batch_size=80, epochs = epochs,
validation_data = (enc3_X_test, enc3_y_test), callbacks=[annealer], verbose=0)

print("CNN {0}: Epochs={1:d}, Train accuracy={2:.5f}, Validation accuracy={3:.5f}".format(
names[j],epochs,max(enc3_history[j].history['acc']),max(enc3_history[j].history['val_acc']) ))

CNN (C-P)x1: Epochs=20, Train accuracy=0.99998, Validation accuracy=0.98810
CNN (C-P)x2: Epochs=20, Train accuracy=0.99998, Validation accuracy=0.99080
CNN (C-P)x3: Epochs=20, Train accuracy=0.99937, Validation accuracy=0.98920

Plot accuracy

In [117]: plt.figure(figsize=(15,5))
for i in range(nets):

plt.plot(enc3_history[i].history['val_acc'])
plt.title('enc3_model accuracy')
plt.ylabel('accuracy')
plt.xlabel('epoch')
plt.legend(names, loc='upper left')
axes = plt.gca()
axes.set_ylim([0.98,1])
plt.show()
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Test

In [118]: for j in range(nets):
enc3_test_loss, enc3_test_acc = enc3_model[j].evaluate(enc3_X_test, enc3_y_test, verbose=2)
print('Acc on encrypted test dataset: ',enc3_test_acc)

Acc on encrypted test dataset: 0.9881
Acc on encrypted test dataset: 0.9904
Acc on encrypted test dataset: 0.989

6 Train with encrypted MNIST dataset using key 4

Drive orthogonal matrix to get encryption key Q4 and decryption key D4

In [94]: #Read key image as RGB
key4 = Image.open("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/key4.png")
#Show RGB key image
plt.imshow(key4)
#gray scale key image
key4 = key4.convert('L')
#resize key image
key4 = np.resize(key4,(28,28))
#convert to 2D array
key4 = np.asarray(key4)
#QR decomposition
Q4, R4 = scipy.linalg.qr(key4)
#Drive the decryption matrix
D4 = np.linalg.inv(Q4)
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Encryption key Q4

In [95]: plt.imshow(Q4)

Out[95]: <matplotlib.image.AxesImage at 0x15256f080>
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Decryption key D4

In [96]: plt.imshow(D4)

Out[96]: <matplotlib.image.AxesImage at 0x151c096a0>

Encrypt the dataset

In [97]: #encrypt train set
enc4_X_train = []
for an_image in x_train:

an_image = np.dot(an_image, Q4)
enc4_X_train.append(an_image)

print("Done encrypting ",len(enc4_X_train),"train images!")
#encrypt test set
enc4_X_test = []
for an_image in x_test:

an_image = np.dot(an_image, Q4)
enc4_X_test.append(an_image)

print("Done encrypting ", len(enc4_X_test), "test images!")

Done encrypting 60000 train images!
Done encrypting 10000 test images!

In [98]: enc4_X_train = np.array(enc4_X_train, dtype='float32') / 255.0
enc4_X_test = np.array(enc4_X_test, dtype='float32') / 255.0
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enc4_X_train = enc4_X_train.reshape(-1,28,28,1)
enc4_X_test = enc4_X_test.reshape(-1,28,28,1)
# one hot encode target values
enc4_y_train = to_categorical(y_train, num_classes = 10)
enc4_y_test = to_categorical(y_test, num_classes = 10)

print("enc4_X_train shape", enc4_X_train.shape)
print("enc4_y_train shape", enc4_y_train.shape)
print("enc4_X_test shape", enc4_X_test.shape)
print("enc4_y_test shape", enc4_y_test.shape)

enc4_X_train shape (60000, 28, 28, 1)
enc4_y_train shape (60000, 10)
enc4_X_test shape (10000, 28, 28, 1)
enc4_y_test shape (10000, 10)

Build Convolutional Neural Networks

In [99]: nets = 3
enc4_model = [0] *nets

for j in range(3):
enc4_model[j] = Sequential()
enc4_model[j].add(Conv2D(24,kernel_size=5,padding='same',activation='relu',

input_shape=(28,28,1)))
enc4_model[j].add(MaxPool2D())
if j>0:

enc4_model[j].add(Conv2D(48,kernel_size=5,padding='same',activation='relu'))
enc4_model[j].add(MaxPool2D())

if j>1:
enc4_model[j].add(Conv2D(64,kernel_size=5,padding='same',activation='relu'))
enc4_model[j].add(MaxPool2D(padding='same'))

enc4_model[j].add(Flatten())
enc4_model[j].add(Dense(256, activation='relu'))
enc4_model[j].add(Dense(10, activation='softmax'))
enc4_model[j].compile(optimizer="adam", loss="categorical_crossentropy", metrics=["accuracy"])

Train Convolutional Neural Networks

In [100]: #Decrease learning rate by 0.95 each epoch
annealer = LearningRateScheduler(lambda x: 1e-3 * 0.95 ** x)

In [119]: # train
enc4_history = [0] * nets
names = ["(C-P)x1","(C-P)x2","(C-P)x3"]
epochs = 20
for j in range(nets):

enc4_history[j] = enc4_model[j].fit(enc4_X_train, enc4_y_train, batch_size=80, epochs = epochs,

20



validation_data = (enc4_X_test, enc4_y_test), callbacks=[annealer], verbose=0)
print("CNN {0}: Epochs={1:d}, Train accuracy={2:.5f}, Validation accuracy={3:.5f}".format(

names[j],epochs,max(enc4_history[j].history['acc']),max(enc4_history[j].history['val_acc']) ))

CNN (C-P)x1: Epochs=20, Train accuracy=0.99998, Validation accuracy=0.98740
CNN (C-P)x2: Epochs=20, Train accuracy=0.99990, Validation accuracy=0.98960
CNN (C-P)x3: Epochs=20, Train accuracy=0.99982, Validation accuracy=0.98930

Plot accuracy

In [120]: plt.figure(figsize=(15,5))
for i in range(nets):

plt.plot(enc4_history[i].history['val_acc'])
plt.title('enc4_model accuracy')
plt.ylabel('accuracy')
plt.xlabel('epoch')
plt.legend(names, loc='upper left')
axes = plt.gca()
axes.set_ylim([0.98,1])
plt.show()

Test

In [121]: for j in range(nets):
enc4_test_loss, enc4_test_acc = enc4_model[j].evaluate(enc4_X_test, enc4_y_test, verbose=2)
print('Acc on encrypted test dataset: ',enc4_test_acc)

Acc on encrypted test dataset: 0.9873
Acc on encrypted test dataset: 0.9892
Acc on encrypted test dataset: 0.9893
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7 Train with encrypted MNIST dataset using key 5

Drive orthogonal matrix to get encryption key Q5 and decryption key D5

In [101]: #Read key image as RGB
key5 = Image.open("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/key5.png")
#Show RGB key image
plt.imshow(key5)
#gray scale key image
key5 = key5.convert('L')
#resize key image
key5 = np.resize(key5,(28,28))
#convert to 2D array
key5 = np.asarray(key5)
#QR decomposition
Q5, R5 = scipy.linalg.qr(key5)
#Drive the decryption matrix
D5 = np.linalg.inv(Q5)

Encryption key Q5

In [102]: plt.imshow(Q5)

Out[102]: <matplotlib.image.AxesImage at 0x151da8710>
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Decryption key D5

In [103]: plt.imshow(D5)

Out[103]: <matplotlib.image.AxesImage at 0x15492dd30>
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Encrypt the dataset

In [104]: #encrypt train set
enc5_X_train = []
for an_image in x_train:

an_image = np.dot(an_image, Q5)
enc5_X_train.append(an_image)

print("Done encrypting ",len(enc5_X_train),"train images!")
#encrypt test set
enc5_X_test = []
for an_image in x_test:

an_image = np.dot(an_image, Q5)
enc5_X_test.append(an_image)

print("Done encrypting ", len(enc5_X_test), "test images!")

Done encrypting 60000 train images!
Done encrypting 10000 test images!

In [105]: enc5_X_train = np.array(enc5_X_train, dtype='float32') / 255.0
enc5_X_test = np.array(enc5_X_test, dtype='float32') / 255.0
enc5_X_train = enc5_X_train.reshape(-1,28,28,1)
enc5_X_test = enc5_X_test.reshape(-1,28,28,1)
# one hot encode target values
enc5_y_train = to_categorical(y_train, num_classes = 10)
enc5_y_test = to_categorical(y_test, num_classes = 10)

print("enc5_X_train shape", enc5_X_train.shape)
print("enc5_y_train shape", enc5_y_train.shape)
print("enc5_X_test shape", enc5_X_test.shape)
print("enc5_y_test shape", enc5_y_test.shape)

enc5_X_train shape (60000, 28, 28, 1)
enc5_y_train shape (60000, 10)
enc5_X_test shape (10000, 28, 28, 1)
enc5_y_test shape (10000, 10)

Build Convolutional Neural Networks

In [106]: nets = 3
enc5_model = [0] *nets

for j in range(3):
enc5_model[j] = Sequential()
enc5_model[j].add(Conv2D(24,kernel_size=5,padding='same',activation='relu',

input_shape=(28,28,1)))
enc5_model[j].add(MaxPool2D())
if j>0:
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enc5_model[j].add(Conv2D(48,kernel_size=5,padding='same',activation='relu'))
enc5_model[j].add(MaxPool2D())

if j>1:
enc5_model[j].add(Conv2D(64,kernel_size=5,padding='same',activation='relu'))
enc5_model[j].add(MaxPool2D(padding='same'))

enc5_model[j].add(Flatten())
enc5_model[j].add(Dense(256, activation='relu'))
enc5_model[j].add(Dense(10, activation='softmax'))
enc5_model[j].compile(optimizer="adam", loss="categorical_crossentropy", metrics=["accuracy"])

Train Convolutional Neural Networks

In [107]: #Decrease learning rate by 0.95 each epoch
annealer = LearningRateScheduler(lambda x: 1e-3 * 0.95 ** x)

In [123]: # train
enc5_history = [0] * nets
names = ["(C-P)x1","(C-P)x2","(C-P)x3"]
epochs = 20
for j in range(nets):

enc5_history[j] = enc5_model[j].fit(enc5_X_train, enc5_y_train, batch_size=80, epochs = epochs,
validation_data = (enc5_X_test, enc5_y_test), callbacks=[annealer], verbose=0)

print("CNN {0}: Epochs={1:d}, Train accuracy={2:.5f}, Validation accuracy={3:.5f}".format(
names[j],epochs,max(enc5_history[j].history['acc']),max(enc5_history[j].history['val_acc']) ))

CNN (C-P)x1: Epochs=20, Train accuracy=0.99998, Validation accuracy=0.98690
CNN (C-P)x2: Epochs=20, Train accuracy=0.99967, Validation accuracy=0.98930
CNN (C-P)x3: Epochs=20, Train accuracy=0.99998, Validation accuracy=0.99030

Plot accuracy

In [124]: plt.figure(figsize=(15,5))
for i in range(nets):

plt.plot(enc5_history[i].history['val_acc'])
plt.title('enc5_model accuracy')
plt.ylabel('accuracy')
plt.xlabel('epoch')
plt.legend(names, loc='upper left')
axes = plt.gca()
axes.set_ylim([0.98,1])
plt.show()
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Test

In [125]: for j in range(nets):
enc5_test_loss, enc5_test_acc = enc5_model[j].evaluate(enc5_X_test, enc5_y_test, verbose=2)
print('Acc on encrypted test dataset: ',enc5_test_acc)

Acc on encrypted test dataset: 0.9869
Acc on encrypted test dataset: 0.9867
Acc on encrypted test dataset: 0.9903

8 Generate Keys

#generate a random 32x32 matrices to use as the orthogonal matix for encryption.
f1 = ortho_group.rvs(dim=32) np.save(“/Users/thienngole/Desktop/MINES/3Fall2020/MS-

project/keys/f1”, f1)
f2 = ortho_group.rvs(dim=32) np.save(“/Users/thienngole/Desktop/MINES/3Fall2020/MS-

project/keys/f2”, f2)
f3 = ortho_group.rvs(dim=32) np.save(“/Users/thienngole/Desktop/MINES/3Fall2020/MS-

project/keys/f3”, f3)
f4 = ortho_group.rvs(dim=32) np.save(“/Users/thienngole/Desktop/MINES/3Fall2020/MS-

project/keys/f4”, f4)
f5 = ortho_group.rvs(dim=32) np.save(“/Users/thienngole/Desktop/MINES/3Fall2020/MS-

project/keys/f5”, f5)

9 Train with encrypted MNIST dataset using fixed key 1

In [3]: #load key f1
F1 = np.load("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/f1.npy")
F1 = np.resize(F1, (28,28))
#Drive the decryption matrix from the fixed encryption key.
DF1 = np.linalg.inv(F1)
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Encryption key F1

In [4]: plt.imshow(F1)

Out[4]: <matplotlib.image.AxesImage at 0x113293358>

Decryption key DF1

In [5]: plt.imshow(DF1)

Out[5]: <matplotlib.image.AxesImage at 0x13b10f550>
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Encrypt the dataset

In [6]: #encrypt train set
encf1_X_train = []
for an_image in x_train:

an_image = np.dot(an_image, F1)
encf1_X_train.append(an_image)

print("Done encrypting ",len(encf1_X_train),"train images with F1")
#encrypt test set
encf1_X_test = []
for an_image in x_test:

an_image = np.dot(an_image, F1)
encf1_X_test.append(an_image)

print("Done encrypting ", len(encf1_X_test), "test images with F1")

Done encrypting 60000 train images with F1
Done encrypting 10000 test images with F1

In [7]: # reshape encrypted dataset to have a single channel
encf1_X_train = np.array(encf1_X_train, dtype='float32') / 255.0
encf1_X_test = np.array(encf1_X_test, dtype='float32') / 255.0
encf1_X_train = encf1_X_train.reshape(-1,28,28,1)
encf1_X_test = encf1_X_test.reshape(-1,28,28,1)
# one hot encode target values
encf1_y_train = to_categorical(y_train, num_classes = 10)
encf1_y_test = to_categorical(y_test, num_classes = 10)
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print("encf1_X_train shape: ", encf1_X_train.shape)
print("encf1_X_test shape: ", encf1_X_test.shape)
print("encf1_y_train shape: ", encf1_y_train.shape)
print("encf1_y_test shape: ", encf1_y_test.shape)

encf1_X_train shape: (60000, 28, 28, 1)
encf1_X_test shape: (10000, 28, 28, 1)
encf1_y_train shape: (60000, 10)
encf1_y_test shape: (10000, 10)

Build Convolutional Neural Networks

In [8]: nets = 3
encf1_model = [0] *nets

for j in range(3):
encf1_model[j] = Sequential()
encf1_model[j].add(Conv2D(24,kernel_size=5,padding='same',activation='relu',

input_shape=(28,28,1)))
encf1_model[j].add(MaxPool2D())
if j>0:

encf1_model[j].add(Conv2D(48,kernel_size=5,padding='same',activation='relu'))
encf1_model[j].add(MaxPool2D())

if j>1:
encf1_model[j].add(Conv2D(64,kernel_size=5,padding='same',activation='relu'))
encf1_model[j].add(MaxPool2D(padding='same'))

encf1_model[j].add(Flatten())
encf1_model[j].add(Dense(256, activation='relu'))
encf1_model[j].add(Dense(10, activation='softmax'))
encf1_model[j].compile(optimizer="adam", loss="categorical_crossentropy", metrics=["accuracy"])

WARNING:tensorflow:From /Library/Frameworks/Python.framework/Versions/3.6/lib/python3.6/site-packages/tensorflow/python/framework/op_def_library.py:263: colocate_with (from tensorflow.python.framework.ops) is deprecated and will be removed in a future version.
Instructions for updating:
Colocations handled automatically by placer.

Train

In [9]: #Decrease learning rate by 0.95 each epoch
annealer = LearningRateScheduler(lambda x: 1e-3 * 0.95 ** x)
# train
encf1_history = [0] * nets
names = ["(C-P)x1","(C-P)x2","(C-P)x3"]
epochs = 20
for j in range(nets):

encf1_history[j] = encf1_model[j].fit(encf1_X_train, encf1_y_train, batch_size=80, epochs = epochs,
validation_data = (encf1_X_test, encf1_y_test), callbacks=[annealer], verbose=0)
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print("CNN {0}: Epochs={1:d}, Train accuracy={2:.5f}, Validation accuracy={3:.5f}".format(
names[j],epochs,max(encf1_history[j].history['acc']),max(encf1_history[j].history['val_acc']) ))

WARNING:tensorflow:From /Library/Frameworks/Python.framework/Versions/3.6/lib/python3.6/site-packages/tensorflow/python/ops/math_ops.py:3066: to_int32 (from tensorflow.python.ops.math_ops) is deprecated and will be removed in a future version.
Instructions for updating:
Use tf.cast instead.
CNN (C-P)x1: Epochs=20, Train accuracy=0.99998, Validation accuracy=0.98730
CNN (C-P)x2: Epochs=20, Train accuracy=0.99998, Validation accuracy=0.98830
CNN (C-P)x3: Epochs=20, Train accuracy=0.99960, Validation accuracy=0.98720

Plot accuracy

In [10]: # PLOT ACCURACIES
plt.figure(figsize=(15,5))
for i in range(nets):

plt.plot(encf1_history[i].history['val_acc'])
plt.title('model accuracy')
plt.ylabel('accuracy')
plt.xlabel('epoch')
plt.legend(names, loc='upper left')
axes = plt.gca()
axes.set_ylim([0.98,1])
plt.show()

Test result

In [11]: for j in range(nets):
encf1_test_loss, encf1_test_acc = encf1_model[j].evaluate(encf1_X_test, encf1_y_test, verbose=2)
print('Accuracy on test dataset: ',encf1_test_acc)

Accuracy on test dataset: 0.9869
Accuracy on test dataset: 0.9876
Accuracy on test dataset: 0.9861

In [ ]:
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10 Train with encrypted MNIST dataset using fixed key 2

In [12]: #load key f2
F2 = np.load("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/f2.npy")
F2 = np.resize(F2, (28,28))
#Drive the decryption matrix from the fixed encryption key.
DF2 = np.linalg.inv(F2)

Encryption key F2

In [13]: plt.imshow(F2)

Out[13]: <matplotlib.image.AxesImage at 0x149eb65f8>

Decryption key DF2

In [14]: plt.imshow(DF2)

Out[14]: <matplotlib.image.AxesImage at 0x149d99240>
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Encrypt the dataset

In [15]: #encrypt train set
encf2_X_train = []
for an_image in x_train:

an_image = np.dot(an_image, F2)
encf2_X_train.append(an_image)

print("Done encrypting ",len(encf2_X_train),"train images with F2")
#encrypt test set
encf2_X_test = []
for an_image in x_test:

an_image = np.dot(an_image, F2)
encf2_X_test.append(an_image)

print("Done encrypting ", len(encf2_X_test), "test images with F2")

Done encrypting 60000 train images with F2
Done encrypting 10000 test images with F2

In [16]: # reshape encrypted dataset to have a single channel
encf2_X_train = np.array(encf2_X_train, dtype='float32') / 255.0
encf2_X_test = np.array(encf2_X_test, dtype='float32') / 255.0
encf2_X_train = encf2_X_train.reshape(-1,28,28,1)
encf2_X_test = encf2_X_test.reshape(-1,28,28,1)
# one hot encode target values
encf2_y_train = to_categorical(y_train, num_classes = 10)
encf2_y_test = to_categorical(y_test, num_classes = 10)
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print("encf2_X_train shape: ", encf2_X_train.shape)
print("encf2_X_test shape: ", encf2_X_test.shape)
print("encf2_y_train shape: ", encf2_y_train.shape)
print("encf2_y_test shape: ", encf2_y_test.shape)

encf2_X_train shape: (60000, 28, 28, 1)
encf2_X_test shape: (10000, 28, 28, 1)
encf2_y_train shape: (60000, 10)
encf2_y_test shape: (10000, 10)

Build Convolutional Neural Networks

In [17]: nets = 3
encf2_model = [0] *nets

for j in range(3):
encf2_model[j] = Sequential()
encf2_model[j].add(Conv2D(24,kernel_size=5,padding='same',activation='relu',

input_shape=(28,28,1)))
encf2_model[j].add(MaxPool2D())
if j>0:

encf2_model[j].add(Conv2D(48,kernel_size=5,padding='same',activation='relu'))
encf2_model[j].add(MaxPool2D())

if j>1:
encf2_model[j].add(Conv2D(64,kernel_size=5,padding='same',activation='relu'))
encf2_model[j].add(MaxPool2D(padding='same'))

encf2_model[j].add(Flatten())
encf2_model[j].add(Dense(256, activation='relu'))
encf2_model[j].add(Dense(10, activation='softmax'))
encf2_model[j].compile(optimizer="adam", loss="categorical_crossentropy", metrics=["accuracy"])

Train

In [18]: #Decrease learning rate by 0.95 each epoch
annealer = LearningRateScheduler(lambda x: 1e-3 * 0.95 ** x)
# train
encf2_history = [0] * nets
names = ["(C-P)x1","(C-P)x2","(C-P)x3"]
epochs = 20
for j in range(nets):

encf2_history[j] = encf2_model[j].fit(encf2_X_train, encf2_y_train, batch_size=80, epochs = epochs,
validation_data = (encf2_X_test, encf2_y_test), callbacks=[annealer], verbose=0)

print("CNN {0}: Epochs={1:d}, Train accuracy={2:.5f}, Validation accuracy={3:.5f}".format(
names[j],epochs,max(encf2_history[j].history['acc']),max(encf2_history[j].history['val_acc']) ))

CNN (C-P)x1: Epochs=20, Train accuracy=0.99998, Validation accuracy=0.98710
CNN (C-P)x2: Epochs=20, Train accuracy=0.99998, Validation accuracy=0.98950
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CNN (C-P)x3: Epochs=20, Train accuracy=0.99995, Validation accuracy=0.98970

Plot accuracy

In [19]: # PLOT ACCURACIES
plt.figure(figsize=(15,5))
for i in range(nets):

plt.plot(encf2_history[i].history['val_acc'])
plt.title('model accuracy')
plt.ylabel('accuracy')
plt.xlabel('epoch')
plt.legend(names, loc='upper left')
axes = plt.gca()
axes.set_ylim([0.98,1])
plt.show()

Test result

In [20]: for j in range(nets):
encf2_test_loss, encf2_test_acc = encf2_model[j].evaluate(encf2_X_test, encf2_y_test, verbose=2)
print('Accuracy on test dataset: ',encf2_test_acc)

Accuracy on test dataset: 0.9867
Accuracy on test dataset: 0.9888
Accuracy on test dataset: 0.9852

11 Train with encrypted MNIST dataset using fixed key 3

In [21]: #load key f3
F3 = np.load("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/f3.npy")
F3 = np.resize(F3, (28,28))
#Drive the decryption matrix from the fixed encryption key.
DF3 = np.linalg.inv(F3)
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Encryption key F3

In [22]: plt.imshow(F3)

Out[22]: <matplotlib.image.AxesImage at 0x150bd39b0>

Decryption key DF3

In [23]: plt.imshow(DF3)

Out[23]: <matplotlib.image.AxesImage at 0x14d901828>
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Encrypt the dataset

In [24]: #encrypt train set
encf3_X_train = []
for an_image in x_train:

an_image = np.dot(an_image, F3)
encf3_X_train.append(an_image)

print("Done encrypting ",len(encf3_X_train),"train images with F3")
#encrypt test set
encf3_X_test = []
for an_image in x_test:

an_image = np.dot(an_image, F3)
encf3_X_test.append(an_image)

print("Done encrypting ", len(encf3_X_test), "test images with F3")

Done encrypting 60000 train images with F3
Done encrypting 10000 test images with F3

In [25]: # reshape encrypted dataset to have a single channel
encf3_X_train = np.array(encf3_X_train, dtype='float32') / 255.0
encf3_X_test = np.array(encf3_X_test, dtype='float32') / 255.0
encf3_X_train = encf3_X_train.reshape(-1,28,28,1)
encf3_X_test = encf3_X_test.reshape(-1,28,28,1)
# one hot encode target values
encf3_y_train = to_categorical(y_train, num_classes = 10)
encf3_y_test = to_categorical(y_test, num_classes = 10)
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print("encf3_X_train shape: ", encf3_X_train.shape)
print("encf3_X_test shape: ", encf3_X_test.shape)
print("encf3_y_train shape: ", encf3_y_train.shape)
print("encf3_y_test shape: ", encf3_y_test.shape)

encf3_X_train shape: (60000, 28, 28, 1)
encf3_X_test shape: (10000, 28, 28, 1)
encf3_y_train shape: (60000, 10)
encf3_y_test shape: (10000, 10)

Build Convolutional Neural Networks

In [26]: nets = 3
encf3_model = [0] *nets

for j in range(3):
encf3_model[j] = Sequential()
encf3_model[j].add(Conv2D(24,kernel_size=5,padding='same',activation='relu',

input_shape=(28,28,1)))
encf3_model[j].add(MaxPool2D())
if j>0:

encf3_model[j].add(Conv2D(48,kernel_size=5,padding='same',activation='relu'))
encf3_model[j].add(MaxPool2D())

if j>1:
encf3_model[j].add(Conv2D(64,kernel_size=5,padding='same',activation='relu'))
encf3_model[j].add(MaxPool2D(padding='same'))

encf3_model[j].add(Flatten())
encf3_model[j].add(Dense(256, activation='relu'))
encf3_model[j].add(Dense(10, activation='softmax'))
encf3_model[j].compile(optimizer="adam", loss="categorical_crossentropy", metrics=["accuracy"])

Train

In [27]: #Decrease learning rate by 0.95 each epoch
annealer = LearningRateScheduler(lambda x: 1e-3 * 0.95 ** x)
# train
encf3_history = [0] * nets
names = ["(C-P)x1","(C-P)x2","(C-P)x3"]
epochs = 20
for j in range(nets):

encf3_history[j] = encf3_model[j].fit(encf3_X_train, encf3_y_train, batch_size=80, epochs = epochs,
validation_data = (encf3_X_test, encf3_y_test), callbacks=[annealer], verbose=0)

print("CNN {0}: Epochs={1:d}, Train accuracy={2:.5f}, Validation accuracy={3:.5f}".format(
names[j],epochs,max(encf3_history[j].history['acc']),max(encf3_history[j].history['val_acc']) ))

CNN (C-P)x1: Epochs=20, Train accuracy=0.99997, Validation accuracy=0.98660
CNN (C-P)x2: Epochs=20, Train accuracy=0.99998, Validation accuracy=0.99040
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CNN (C-P)x3: Epochs=20, Train accuracy=0.99983, Validation accuracy=0.98790

Plot accuracy

In [28]: # PLOT ACCURACIES
plt.figure(figsize=(15,5))
for i in range(nets):

plt.plot(encf3_history[i].history['val_acc'])
plt.title('model accuracy')
plt.ylabel('accuracy')
plt.xlabel('epoch')
plt.legend(names, loc='upper left')
axes = plt.gca()
axes.set_ylim([0.98,1])
plt.show()

Test result

In [29]: for j in range(nets):
encf3_test_loss, encf3_test_acc = encf3_model[j].evaluate(encf3_X_test, encf3_y_test, verbose=2)
print('Accuracy on test dataset: ',encf3_test_acc)

Accuracy on test dataset: 0.9858
Accuracy on test dataset: 0.9898
Accuracy on test dataset: 0.9875

12 Train with encrypted MNIST dataset using fixed key 4

In [30]: #load key f4
F4 = np.load("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/f4.npy")
F4 = np.resize(F4, (28,28))
#Drive the decryption matrix from the fixed encryption key.
DF4 = np.linalg.inv(F4)
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Encryption key F4

In [31]: plt.imshow(F4)

Out[31]: <matplotlib.image.AxesImage at 0x160cc5da0>

Decryption key DF4

In [32]: plt.imshow(DF4)

Out[32]: <matplotlib.image.AxesImage at 0x1618e2ba8>
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Encrypt the dataset

In [33]: #encrypt train set
encf4_X_train = []
for an_image in x_train:

an_image = np.dot(an_image, F4)
encf4_X_train.append(an_image)

print("Done encrypting ",len(encf4_X_train),"train images with F4")
#encrypt test set
encf4_X_test = []
for an_image in x_test:

an_image = np.dot(an_image, F4)
encf4_X_test.append(an_image)

print("Done encrypting ", len(encf4_X_test), "test images with F4")

Done encrypting 60000 train images with F4
Done encrypting 10000 test images with F4

In [34]: # reshape encrypted dataset to have a single channel
encf4_X_train = np.array(encf4_X_train, dtype='float32') / 255.0
encf4_X_test = np.array(encf4_X_test, dtype='float32') / 255.0
encf4_X_train = encf4_X_train.reshape(-1,28,28,1)
encf4_X_test = encf4_X_test.reshape(-1,28,28,1)
# one hot encode target values
encf4_y_train = to_categorical(y_train, num_classes = 10)
encf4_y_test = to_categorical(y_test, num_classes = 10)
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print("encf4_X_train shape: ", encf4_X_train.shape)
print("encf4_X_test shape: ", encf4_X_test.shape)
print("encf4_y_train shape: ", encf4_y_train.shape)
print("encf4_y_test shape: ", encf4_y_test.shape)

encf4_X_train shape: (60000, 28, 28, 1)
encf4_X_test shape: (10000, 28, 28, 1)
encf4_y_train shape: (60000, 10)
encf4_y_test shape: (10000, 10)

Build Convolutional Neural Networks

In [35]: nets = 3
encf4_model = [0] *nets

for j in range(3):
encf4_model[j] = Sequential()
encf4_model[j].add(Conv2D(24,kernel_size=5,padding='same',activation='relu',

input_shape=(28,28,1)))
encf4_model[j].add(MaxPool2D())
if j>0:

encf4_model[j].add(Conv2D(48,kernel_size=5,padding='same',activation='relu'))
encf4_model[j].add(MaxPool2D())

if j>1:
encf4_model[j].add(Conv2D(64,kernel_size=5,padding='same',activation='relu'))
encf4_model[j].add(MaxPool2D(padding='same'))

encf4_model[j].add(Flatten())
encf4_model[j].add(Dense(256, activation='relu'))
encf4_model[j].add(Dense(10, activation='softmax'))
encf4_model[j].compile(optimizer="adam", loss="categorical_crossentropy", metrics=["accuracy"])

Train

In [36]: #Decrease learning rate by 0.95 each epoch
annealer = LearningRateScheduler(lambda x: 1e-3 * 0.95 ** x)
# train
encf4_history = [0] * nets
names = ["(C-P)x1","(C-P)x2","(C-P)x3"]
epochs = 20
for j in range(nets):

encf4_history[j] = encf4_model[j].fit(encf4_X_train, encf4_y_train, batch_size=80, epochs = epochs,
validation_data = (encf4_X_test, encf4_y_test), callbacks=[annealer], verbose=0)

print("CNN {0}: Epochs={1:d}, Train accuracy={2:.5f}, Validation accuracy={3:.5f}".format(
names[j],epochs,max(encf4_history[j].history['acc']),max(encf4_history[j].history['val_acc']) ))

CNN (C-P)x1: Epochs=20, Train accuracy=0.99998, Validation accuracy=0.98570
CNN (C-P)x2: Epochs=20, Train accuracy=0.99998, Validation accuracy=0.98850
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CNN (C-P)x3: Epochs=20, Train accuracy=0.99942, Validation accuracy=0.98820

Plot accuracy

In [37]: # PLOT ACCURACIES
plt.figure(figsize=(15,5))
for i in range(nets):

plt.plot(encf4_history[i].history['val_acc'])
plt.title('model accuracy')
plt.ylabel('accuracy')
plt.xlabel('epoch')
plt.legend(names, loc='upper left')
axes = plt.gca()
axes.set_ylim([0.98,1])
plt.show()

Test result

In [38]: for j in range(nets):
encf4_test_loss, encf4_test_acc = encf4_model[j].evaluate(encf4_X_test, encf4_y_test, verbose=2)
print('Accuracy on test dataset: ',encf4_test_acc)

Accuracy on test dataset: 0.9857
Accuracy on test dataset: 0.9882
Accuracy on test dataset: 0.9858

13 Train with encrypted MNIST dataset using fixed key 5

In [39]: #load key f5
F5 = np.load("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/f5.npy")
F5 = np.resize(F5, (28,28))
#Drive the decryption matrix from the fixed encryption key.
DF5 = np.linalg.inv(F5)
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Encryption key F5

In [40]: plt.imshow(F5)

Out[40]: <matplotlib.image.AxesImage at 0x16465dba8>

Decryption key DF5

In [41]: plt.imshow(DF5)

Out[41]: <matplotlib.image.AxesImage at 0x165101208>
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Encrypt the dataset

In [42]: #encrypt train set
encf5_X_train = []
for an_image in x_train:

an_image = np.dot(an_image, F5)
encf5_X_train.append(an_image)

print("Done encrypting ",len(encf5_X_train),"train images with F5")
#encrypt test set
encf5_X_test = []
for an_image in x_test:

an_image = np.dot(an_image, F5)
encf5_X_test.append(an_image)

print("Done encrypting ", len(encf5_X_test), "test images with F5")

Done encrypting 60000 train images with F5
Done encrypting 10000 test images with F5

In [43]: # reshape encrypted dataset to have a single channel
encf5_X_train = np.array(encf5_X_train, dtype='float32') / 255.0
encf5_X_test = np.array(encf5_X_test, dtype='float32') / 255.0
encf5_X_train = encf5_X_train.reshape(-1,28,28,1)
encf5_X_test = encf5_X_test.reshape(-1,28,28,1)
# one hot encode target values
encf5_y_train = to_categorical(y_train, num_classes = 10)
encf5_y_test = to_categorical(y_test, num_classes = 10)
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print("encf5_X_train shape: ", encf5_X_train.shape)
print("encf5_X_test shape: ", encf5_X_test.shape)
print("encf5_y_train shape: ", encf5_y_train.shape)
print("encf5_y_test shape: ", encf5_y_test.shape)

encf5_X_train shape: (60000, 28, 28, 1)
encf5_X_test shape: (10000, 28, 28, 1)
encf5_y_train shape: (60000, 10)
encf5_y_test shape: (10000, 10)

Build Convolutional Neural Networks

In [44]: nets = 3
encf5_model = [0] *nets

for j in range(3):
encf5_model[j] = Sequential()
encf5_model[j].add(Conv2D(24,kernel_size=5,padding='same',activation='relu',

input_shape=(28,28,1)))
encf5_model[j].add(MaxPool2D())
if j>0:

encf5_model[j].add(Conv2D(48,kernel_size=5,padding='same',activation='relu'))
encf5_model[j].add(MaxPool2D())

if j>1:
encf5_model[j].add(Conv2D(64,kernel_size=5,padding='same',activation='relu'))
encf5_model[j].add(MaxPool2D(padding='same'))

encf5_model[j].add(Flatten())
encf5_model[j].add(Dense(256, activation='relu'))
encf5_model[j].add(Dense(10, activation='softmax'))
encf5_model[j].compile(optimizer="adam", loss="categorical_crossentropy", metrics=["accuracy"])

Train

In [45]: #Decrease learning rate by 0.95 each epoch
annealer = LearningRateScheduler(lambda x: 1e-3 * 0.95 ** x)
# train
encf5_history = [0] * nets
names = ["(C-P)x1","(C-P)x2","(C-P)x3"]
epochs = 20
for j in range(nets):

encf5_history[j] = encf5_model[j].fit(encf5_X_train, encf5_y_train, batch_size=80, epochs = epochs,
validation_data = (encf5_X_test, encf5_y_test), callbacks=[annealer], verbose=0)

print("CNN {0}: Epochs={1:d}, Train accuracy={2:.5f}, Validation accuracy={3:.5f}".format(
names[j],epochs,max(encf5_history[j].history['acc']),max(encf5_history[j].history['val_acc']) ))

CNN (C-P)x1: Epochs=20, Train accuracy=0.99998, Validation accuracy=0.98770
CNN (C-P)x2: Epochs=20, Train accuracy=0.99998, Validation accuracy=0.98780
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CNN (C-P)x3: Epochs=20, Train accuracy=0.99988, Validation accuracy=0.98670

Plot accuracy

In [46]: # PLOT ACCURACIES
plt.figure(figsize=(15,5))
for i in range(nets):

plt.plot(encf5_history[i].history['val_acc'])
plt.title('model accuracy')
plt.ylabel('accuracy')
plt.xlabel('epoch')
plt.legend(names, loc='upper left')
axes = plt.gca()
axes.set_ylim([0.98,1])
plt.show()

Test result

In [47]: for j in range(nets):
encf5_test_loss, encf5_test_acc = encf5_model[j].evaluate(encf5_X_test, encf5_y_test, verbose=2)
print('Accuracy on test dataset: ',encf5_test_acc)

Accuracy on test dataset: 0.9877
Accuracy on test dataset: 0.9876
Accuracy on test dataset: 0.9849

https://www.kaggle.com/cdeotte/how-to-choose-cnn-architecture-mnist
jupyter nbconvert –to PDF /Users/thienngole/Desktop/MINES/3Fall2020/MS-

project/CNN_MNIST.ipynb
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8yyyyf8yyyy (444444444444444444444444444444) @ kRdb 9Kbfbi2T @ HQbb, RXyy99 @
�++, yXe9d8 @ p�HnHQbb, yXNk3d @ p�Hn�++, yXedde
1TQ+? NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kR8b 9Kbfbi2T @ HQbb, yXNeed @

j



�++, yXeekR @ p�HnHQbb, yXNe3k @ p�Hn�++, yXee8R
1TQ+? RyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kjRb 8Kbfbi2T @ HQbb, yXNj98 @
�++, yXedj9 @ p�HnHQbb, yX3Ndy @ p�Hn�++, yXeNR8
1TQ+? RRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k88b 8Kbfbi2T @ HQbb, yXNyy9 @
�++, yXe3eR @ p�HnHQbb, yX3e8k @ p�Hn�++, yXdyy8
1TQ+? RkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ keRb 8Kbfbi2T @ HQbb, yX3dNj @
�++, yXeNkd @ p�HnHQbb, yX39ed @ p�Hn�++, yXdyjk
1TQ+? RjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kkeb 8Kbfbi2T @ HQbb, yX3eRd @
�++, yXeN3k @ p�HnHQbb, yX3d3j @ p�Hn�++, yXdyj8
1TQ+? R9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, yX39R8 @
�++, yXdyek @ p�HnHQbb, yX3RR9 @ p�Hn�++, yXdRd8
1TQ+? R8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, yX3kRR @
�++, yXdR8y @ p�HnHQbb, yX3ky8 @ p�Hn�++, yXdReR
1TQ+? RefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RdRb jKbfbi2T @ HQbb, yX3RyR @
�++, yXdky8 @ p�HnHQbb, yXddy3 @ p�Hn�++, yXdj8e
1TQ+? RdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rd9b jKbfbi2T @ HQbb, yXdN3j @
�++, yXdkk3 @ p�HnHQbb, yXdeNj @ p�Hn�++, yXdj9e
1TQ+? R3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ReNb jKbfbi2T @ HQbb, yXd3dR @
�++, yXdkNk @ p�HnHQbb, yXd8de @ p�Hn�++, yXd9ye
1TQ+? RNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RNRb 9Kbfbi2T @ HQbb, yXdded @
�++, yXdjkd @ p�HnHQbb, yXde38 @ p�Hn�++, yXdjde
1TQ+? kyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Re9b jKbfbi2T @ HQbb, yXdedj @
�++, yXdjjd @ p�HnHQbb, yXd9yk @ p�Hn�++, yXd9ej
1TQ+? kRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ReNb jKbfbi2T @ HQbb, yXd8Nk @
�++, yXd9ye @ p�HnHQbb, yXd998 @ p�Hn�++, yXd98R
1TQ+? kkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Reeb jKbfbi2T @ HQbb, yXd9Nd @
�++, yXd9j8 @ p�HnHQbb, yXdje3 @ p�Hn�++, yXd8RR
1TQ+? kjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ReNb jKbfbi2T @ HQbb, yXd93y @
�++, yXd9d9 @ p�HnHQbb, yXdjk3 @ p�Hn�++, yXd8eR
1TQ+? k9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rejb jKbfbi2T @ HQbb, yXd9ey @
�++, yXd99d @ p�HnHQbb, yXd93y @ p�Hn�++, yXd99N
1TQ+? k8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ReNb jKbfbi2T @ HQbb, yXdj9N @
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�++, yXd8yy @ p�HnHQbb, yXd8Nd @ p�Hn�++, yXd98R
1TQ+? kefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8jb jKbfbi2T @ HQbb, yXdkNj @
�++, yXd8jN @ p�HnHQbb, yXdyNR @ p�Hn�++, yXd83d
1TQ+? kdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Re8b jKbfbi2T @ HQbb, yXdkej @
�++, yXd8k8 @ p�HnHQbb, yXdRRy @ p�Hn�++, yXdekk
1TQ+? k3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rdkb jKbfbi2T @ HQbb, yXdkj9 @
�++, yXd88j @ p�HnHQbb, yXdk93 @ p�Hn�++, yXd8jN
1TQ+? kNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rdyb jKbfbi2T @ HQbb, yXdR88 @
�++, yXd8d3 @ p�HnHQbb, yXdkNd @ p�Hn�++, yXd8ye
1TQ+? jyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ReRb jKbfbi2T @ HQbb, yXdRR3 @
�++, yXd8dN @ p�HnHQbb, yXdyRd @ p�Hn�++, yXddRk
1TQ+? jRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R3jb 9Kbfbi2T @ HQbb, yXdy39 @
�++, yXd8Nk @ p�HnHQbb, yXe3eN @ p�Hn�++, yXdeNk
1TQ+? jkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R3yb 9Kbfbi2T @ HQbb, yXdyde @
�++, yXdeRe @ p�HnHQbb, yXeNNe @ p�Hn�++, yXdedj
1TQ+? jjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R3db 9Kbfbi2T @ HQbb, yXdyke @
�++, yXdeje @ p�HnHQbb, yXeNdj @ p�Hn�++, yXdeeN
1TQ+? j9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RN3b 9Kbfbi2T @ HQbb, yXdy9R @
�++, yXdejj @ p�HnHQbb, yXdkjN @ p�Hn�++, yXddjk
1TQ+? j8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kRdb 9Kbfbi2T @ HQbb, yXeN8j @
�++, yXdeey @ p�HnHQbb, yXeddR @ p�Hn�++, yXdeN8
1TQ+? jefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R3kb 9Kbfbi2T @ HQbb, yXeNRk @
�++, yXde8N @ p�HnHQbb, yXe3j8 @ p�Hn�++, yXddRR
1TQ+? jdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kyjb 9Kbfbi2T @ HQbb, yXe399 @
�++, yXdedN @ p�HnHQbb, yXeNk9 @ p�Hn�++, yXddyk
1TQ+? j3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RNRb 9Kbfbi2T @ HQbb, yXe38R @
�++, yXdedj @ p�HnHQbb, yXed9d @ p�Hn�++, yXddjk
1TQ+? jNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k89b 8Kbfbi2T @ HQbb, yXe38y @
�++, yXddRe @ p�HnHQbb, yXdRN9 @ p�Hn�++, yXde9e
1TQ+? 9yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kRjb 9Kbfbi2T @ HQbb, yXedNR @
�++, yXddjy @ p�HnHQbb, yXeded @ p�Hn�++, yXdd8R
1TQ+? 9RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kkeb 8Kbfbi2T @ HQbb, yXedek @
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�++, yXddk3 @ p�HnHQbb, yXdjdk @ p�Hn�++, yXdek3
1TQ+? 9kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kykb 9Kbfbi2T @ HQbb, yXeeNd @
�++, yXdd8d @ p�HnHQbb, yXdR8y @ p�Hn�++, yXdeRN
1TQ+? 9jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kkdb 8Kbfbi2T @ HQbb, yXeeR8 @
�++, yXddd3 @ p�HnHQbb, yXed9j @ p�Hn�++, yXdd8N
1TQ+? 99fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Re3b jKbfbi2T @ HQbb, yXeeN3 @
�++, yXdd8d @ p�HnHQbb, yXe8e8 @ p�Hn�++, yXddNj
1TQ+? 98fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rd9b jKbfbi2T @ HQbb, yXeekN @
�++, yXdd3j @ p�HnHQbb, yXed88 @ p�Hn�++, yXddey
1TQ+? 9efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rdjb jKbfbi2T @ HQbb, yXeeee @
�++, yXddd8 @ p�HnHQbb, yXeeeN @ p�Hn�++, yXdd8R
1TQ+? 9dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R3db 9Kbfbi2T @ HQbb, yXeej3 @
�++, yXddek @ p�HnHQbb, yXeNN8 @ p�Hn�++, yXddjy
1TQ+? 93fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RNjb 9Kbfbi2T @ HQbb, yXeek9 @
�++, yXdd3R @ p�HnHQbb, yXeNj9 @ p�Hn�++, yXd3ye
1TQ+? 9NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rd8b jKbfbi2T @ HQbb, yXeeyR @
�++, yXddd3 @ p�HnHQbb, yXdkdR @ p�Hn�++, yXdeyj
1TQ+? 8yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R39b 9Kbfbi2T @ HQbb, yXe8e3 @
�++, yXd3yd @ p�HnHQbb, yXeN8R @ p�Hn�++, yXdd3N
1TQ+? 8RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R3eb 9Kbfbi2T @ HQbb, yXe8d8 @
�++, yXd3kR @ p�HnHQbb, yXd9jd @ p�Hn�++, yXdd8N
1TQ+? 8kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kkdb 8Kbfbi2T @ HQbb, yXe8j3 @
�++, yXd3Rk @ p�HnHQbb, yXe9jR @ p�Hn�++, yXd3jR
1TQ+? 8jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RN9b 9Kbfbi2T @ HQbb, yXe9eR @
�++, yXd3kR @ p�HnHQbb, yXeNNR @ p�Hn�++, yXddyR
1TQ+? 89fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rd8b 9Kbfbi2T @ HQbb, yXe8ke @
�++, yXd3R8 @ p�HnHQbb, yXedkR @ p�Hn�++, yXd3j8
1TQ+? 88fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rekb jKbfbi2T @ HQbb, yXe8k9 @
�++, yXd3j8 @ p�HnHQbb, yXdRd8 @ p�Hn�++, yXd839
1TQ+? 8efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rekb jKbfbi2T @ HQbb, yXe8R8 @
�++, yXd39R @ p�HnHQbb, yXedj3 @ p�Hn�++, yXdd3R
1TQ+? 8dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ReNb jKbfbi2T @ HQbb, yXe9NN @

e



�++, yXd3kR @ p�HnHQbb, yXdykd @ p�Hn�++, yXddjy
1TQ+? 83fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rdjb jKbfbi2T @ HQbb, yXe9dd @
�++, yXd3k3 @ p�HnHQbb, yXeNyN @ p�Hn�++, yXddR9
1TQ+? 8NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R33b 9Kbfbi2T @ HQbb, yXe938 @
�++, yXd39j @ p�HnHQbb, yXe83y @ p�Hn�++, yXd3e3
1TQ+? eyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RdNb 9Kbfbi2T @ HQbb, yXe9jy @
�++, yXd39N @ p�HnHQbb, yXe3kj @ p�Hn�++, yXdd99
1TQ+? eRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R3Rb 9Kbfbi2T @ HQbb, yXe93e @
�++, yXd3k9 @ p�HnHQbb, yXdkyR @ p�Hn�++, yXddy9
1TQ+? ekfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R38b 9Kbfbi2T @ HQbb, yXe93y @
�++, yXd3ek @ p�HnHQbb, yXeddR @ p�Hn�++, yXd3k9
1TQ+? ejfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RN8b 9Kbfbi2T @ HQbb, yXe99e @
�++, yXd383 @ p�HnHQbb, yXe88R @ p�Hn�++, yXd3eR
1TQ+? e9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kydb 9Kbfbi2T @ HQbb, yXe9Rj @
�++, yXd383 @ p�HnHQbb, yXe8Ne @ p�Hn�++, yXd3ee
1TQ+? e8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k8yb 8Kbfbi2T @ HQbb, yXe9yk @
�++, yXd3N3 @ p�HnHQbb, yXdR9j @ p�Hn�++, yXddkR
1TQ+? eefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kReb 9Kbfbi2T @ HQbb, yXe9yj @
�++, yXd3ek @ p�HnHQbb, yXdyRj @ p�Hn�++, yXdd98
1TQ+? edfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Redb jKbfbi2T @ HQbb, yXe9yj @
�++, yXd3dy @ p�HnHQbb, yXdRRR @ p�Hn�++, yXde9R
1TQ+? e3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R83b jKbfbi2T @ HQbb, yXe9yN @
�++, yXd383 @ p�HnHQbb, yXed9N @ p�Hn�++, yXdd8j
1TQ+? eNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, yXe9kj @
�++, yXd38k @ p�HnHQbb, yXejee @ p�Hn�++, yXdNyd
1TQ+? dyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, yXe9j8 @
�++, yXd389 @ p�HnHQbb, yXejjR @ p�Hn�++, yXdNR9
1TQ+? dRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, yXej8k @
�++, yXdNyR @ p�HnHQbb, yXe93d @ p�Hn�++, yXd3e8
1TQ+? dkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, yXej3y @
�++, yXd3dd @ p�HnHQbb, yXdR3k @ p�Hn�++, yXddd9
1TQ+? djfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, yXejN3 @

d



�++, yXd3dj @ p�HnHQbb, yXdjyy @ p�Hn�++, yXdeN8
1TQ+? d9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, yXejNj @
�++, yXd3dd @ p�HnHQbb, yXeNR9 @ p�Hn�++, yXdd9R
1TQ+? d8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, yXejN3 @
�++, yXd33R @ p�HnHQbb, yXeddN @ p�Hn�++, yXd3e9
1TQ+? defRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, yXe9RR @
�++, yXd3ej @ p�HnHQbb, yXe3Rj @ p�Hn�++, yXd3y9
1TQ+? ddfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, yXe9kR @
�++, yXd3de @ p�HnHQbb, yXej39 @ p�Hn�++, yXdNkR
1TQ+? d3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, yXe9Ry @
�++, yXd339 @ p�HnHQbb, yXe8ee @ p�Hn�++, yXd3ee
1TQ+? dNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, yXej3R @
�++, yXd3dR @ p�HnHQbb, yXdRky @ p�Hn�++, yXde9d
1TQ+? 3yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, yXe9kN @
�++, yXd3eN @ p�HnHQbb, yXdk8d @ p�Hn�++, yXdedk
1TQ+? 3RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, yXe9jR @
�++, yXd39d @ p�HnHQbb, yXee9d @ p�Hn�++, yXd3k8
1TQ+? 3kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, yXe9eR @
�++, yXd39y @ p�HnHQbb, yXe39N @ p�Hn�++, yXd3RR
1TQ+? 3jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, yXe9ej @
�++, yXd3eN @ p�HnHQbb, yXeeNk @ p�Hn�++, yXd399
1TQ+? 39fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, yXe9jN @
�++, yXd3dd @ p�HnHQbb, yXdk8j @ p�Hn�++, yXddyk
1TQ+? 38fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, yXe9kR @
�++, yXd338 @ p�HnHQbb, yXeNe9 @ p�Hn�++, yXde3N
1TQ+? 3efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, yXe9y3 @
�++, yXd3de @ p�HnHQbb, yXdye3 @ p�Hn�++, yXdd9y
1TQ+? 3dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, yXejN9 @
�++, yXd3N9 @ p�HnHQbb, yXdNdj @ p�Hn�++, yXd839
1TQ+? 33fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, yXe9kR @
�++, yXd33R @ p�HnHQbb, yX3yRy @ p�Hn�++, yXd93R
1TQ+? 3NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, yXe9jR @
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�++, yXd339 @ p�HnHQbb, yXdRkd @ p�Hn�++, yXde9d
1TQ+? NyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, yXe9jN @
�++, yXd3e9 @ p�HnHQbb, yXdkjj @ p�Hn�++, yXdd9k
1TQ+? NRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, yXe9jN @
�++, yXd3dR @ p�HnHQbb, yXeNek @ p�Hn�++, yXddeN
1TQ+? NkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, yXe9ej @
�++, yXd338 @ p�HnHQbb, yXd9y3 @ p�Hn�++, yXde9N
1TQ+? NjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, yXe9d8 @
�++, yXd339 @ p�HnHQbb, yXdRek @ p�Hn�++, yXdd8y
1TQ+? N9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, yXe8Rj @
�++, yXd39N @ p�HnHQbb, yXdRR9 @ p�Hn�++, yXd383
1TQ+? N8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, yXe9dN @
�++, yXd3e8 @ p�HnHQbb, yXdyd9 @ p�Hn�++, yXd3y8
1TQ+? NefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, yXe9e8 @
�++, yXd33R @ p�HnHQbb, yXdydk @ p�Hn�++, yXd38y
1TQ+? NdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, yXe8yk @
�++, yXd39k @ p�HnHQbb, yXeddN @ p�Hn�++, yXd3kk
1TQ+? N3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, yXe8y3 @
�++, yXd3eR @ p�HnHQbb, yXdk8e @ p�Hn�++, yXdekR
1TQ+? NNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, yXe8y8 @
�++, yXd3ej @ p�HnHQbb, yXdRNy @ p�Hn�++, yXdd9k
1TQ+? RyyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, yXe89k @
�++, yXd399 @ p�HnHQbb, yX3e83 @ p�Hn�++, yXdj8R

(j8N), /27 �++nHQbbn;`�T?B+UKQ/2Hn?BbiQ`v- iBiH2V,
7B; 4 THiX7B;m`2UV
THiXbm#THQiUk-R-kV
THiXTHQiUKQ/2Hn?BbiQ`vX?BbiQ`v(^�++^)- H�#2H 4 ^i`�BMMBM; �++m�`�+v^V
THiXTHQiUKQ/2Hn?BbiQ`vX?BbiQ`v(^p�Hn�++^)- H�#2H 4 ^i2bi �++m�`�+v^V
THiXTHQiUKQ/2Hn?BbiQ`vX?BbiQ`v(^HQbb^)- H�#2H 4 ^i`�BMMBM; HQbb^V
THiXTHQiUKQ/2Hn?BbiQ`vX?BbiQ`v(^p�HnHQbb^)- H�#2H 4 ^i2bi HQbb^V
THiXiBiH2UiBiH2V
THiXvH�#2HU^HQbbf�++m`�+v^V
THiXtH�#2HU^2TQ+?^V
THiXH2;2M/U##QtniQn�M+?Q`4UR-RV- HQ+4^mTT2` H27i^- M+QH 4RV

N



(jey), �++nHQbbn;`�T?B+U?BbiQ`v- ^Q`; KQ/2H HQbb �M/ �++m�`�+v^V

h2bi
(jeR), O a+Q`2 i`�BM2/ KQ/2HX

b+Q`2b 4 KQ/2HX2p�Hm�i2Usni2bi- uni2bi- p2`#Qb24RV
T`BMiU^h2bi HQbb,^- b+Q`2b(y)V
T`BMiU^h2bi �++m`�+v,^- b+Q`2b(R)V

O K�F2 T`2/B+iBQMX
T`2/ 4 KQ/2HXT`2/B+iUtni2biV

RyyyyfRyyyy (444444444444444444444444444444) @ eb ekdmbfbi2T
h2bi HQbb, yX3e8dej89e393kNdR
h2bi �++m`�+v, yXdj8R

k h`�BM rBi? 2M+`vTi2/ *A6�_Ry /�i�b2i mbBM; F2v R
.`Bp2 Q`i?Q;QM�H K�i`Bt iQ ;2i 2M+`vTiBQM F2v ZR �M/ /2+`vTiBQM F2v .R

(988), O_2�/ F2v BK�;2 �b _:"
F2vR 4 AK�;2XQT2MU]flb2`bfi?B2MM;QH2f.2bFiQTfJAL1afj6�HHkykyfJa@T`QD2+ifF2vbf
↪→F2vRXTM;]V

Oa?Qr _:" F2v BK�;2
THiXBKb?QrUF2vRV
O;`�v b+�H2 F2v BK�;2
F2vR 4 F2vRX+QMp2`iU^G^V
O`2bBx2 F2v BK�;2
F2vR 4 MTX`2bBx2UF2vR-Ujk-jkVV
O+QMp2`i iQ k. �``�v
F2vR 4 MTX�b�``�vUF2vRV
OZ_ /2+QKTQbBiBQM
ZR- _R 4 b+BTvXHBM�H;X[`UF2vRV
O.`Bp2 i?2 /2+`vTiBQM K�i`Bt
.R 4 MTXHBM�H;XBMpUZRV

Ry



1M+`vTiBQM F2v ZR

(98e), THiXBKb?QrUZRV

(98e), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytR3+993ky3=

.2+`vTiBQM F2v .R

RR



(98d), THiXBKb?QrU.RV

(98d), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytR3+j2jee3=

1M+`vTi i?2 /�i�b2i

(983), 2M+Rnsni`�BM 4 ()
7Q` �MnBK�;2 BM tni`�BM,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+Rn# 4 MTX/QiU#- ZRV
2M+Rn; 4 MTX/QiU;- ZRV
2M+Rn` 4 MTX/QiU`- ZRV
2M+Rn`;# 4 +pkXK2`;2UU2M+Rn#-2M+Rn;-2M+Rn`VV
2M+Rnsni`�BMX�TT2M/U2M+Rn`;#V

T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+Rnsni`�BMV-]i`�BM BK�;2b5]V
2M+Rnsni2bi 4 ()
7Q` �MnBK�;2 BM tni2bi,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+Rn# 4 MTX/QiU#- ZRV
2M+Rn; 4 MTX/QiU;- ZRV
2M+Rn` 4 MTX/QiU`- ZRV
2M+Rn`;# 4 +pkXK2`;2UU2M+Rn#-2M+Rn;-2M+Rn`VV
2M+Rnsni2biX�TT2M/U2M+Rn`;#V

T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+Rnsni2biV-]i2bi BK�;2b5]V

.QM2 2M+`vTiBM; 8yyyy i`�BM BK�;2b5

Rk



.QM2 2M+`vTiBM; Ryyyy i2bi BK�;2b5

(98N), O LQ`K�HBx2 i?2 /�i�X
2M+Rnsni`�BM 4 MTX�``�vU2M+Rnsni`�BMV
2M+Rnsni2bi 4 MTX�``�vU2M+Rnsni2biV

2M+Rnsni`�BM 4 2M+Rnsni`�BMX�bivT2U^7HQ�ijk^V
2M+Rnsni2bi 4 2M+Rnsni2biX�bivT2U^7HQ�ijk^V
2M+Rnsni`�BM f4 k88
2M+Rnsni2bi f4 k88

O *QMp2`i +H�bb p2+iQ`b iQ #BM�`v +H�bb K�i`B+2bUQM2 ?Qi 2M+Q/BM;VX
2M+Rnvni`�BM 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni`�BM- MmKn+H�bb2bV
2M+Rnvni2bi 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni2bi- MmKn+H�bb2bV

(9ey), T`BMiU^2M+Rntni`�BM b?�T2,^- 2M+Rnsni`�BMXb?�T2V
T`BMiU^2M+Rnvni`�BM b?�T2,^- 2M+Rnvni`�BMXb?�T2V
T`BMiU^2M+Rntni2bi b?�T2,^- 2M+Rnsni2biXb?�T2V
T`BMiU^2M+Rnvni2bi b?�T2,^- 2M+Rnvni2biXb?�T2V

2M+Rntni`�BM b?�T2, U8yyyy- jk- jk- jV
2M+Rnvni`�BM b?�T2, U8yyyy- RyV
2M+Rntni2bi b?�T2, URyyyy- jk- jk- jV
2M+Rnvni2bi b?�T2, URyyyy- RyV

(9eR), O/27BM2 i?2 +QMpM2i
2M+RnKQ/2H 4 a2[m2MiB�HUV
O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+RnKQ/2HX�//U*QMpk.Ujk- Uj- jV- T�//BM;4^b�K2^-BMTminb?�T2 4 2M+Rnsni`�BMX
↪→b?�T2(R,)VV

2M+RnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+RnKQ/2HX�//U*QMpk.Ujk- Uj- jVVV
2M+RnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+RnKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
2M+RnKQ/2HX�//U.`QTQmiUyXk8VV

O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+RnKQ/2HX�//U*QMpk.Ue9- Uj- jV- T�//BM;4^b�K2^VV
2M+RnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+RnKQ/2HX�//U*QMpk.Ue9- Uj- jVVV
2M+RnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+RnKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
2M+RnKQ/2HX�//U.`QTQmiUyXk8VV

O 6G�hh1_L 4= .1La1 4= _1Gl 4= ._PSPlh
2M+RnKQ/2HX�//U6H�ii2MUVV
2M+RnKQ/2HX�//U.2Mb2U8RkVV

Rj



2M+RnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+RnKQ/2HX�//U.`QTQmiUyX8VV
O � bQ7iK�t +H�bbB7B2`
2M+RnKQ/2HX�//U.2Mb2UMmKn+H�bb2bVV
2M+RnKQ/2HX�//U�+iBp�iBQMU^bQ7iK�t^VV

(jeN), O BMBiB�i2 _JaT`QT QTiBKBx2`
QTi 4 F2`�bXQTiBKBx2`bX_JaT`QTUH`4yXyyyR- /2+�v4R2@eV

O *QKTBH2
2M+RnKQ/2HX+QKTBH2UHQbb4^+�i2;Q`B+�Hn+`Qbb2Mi`QTv^-

QTiBKBx2`4QTi-
K2i`B+b4(^�++m`�+v^)V

(jdy), Oh`�BM KQ/2H
2M+Rn?BbiQ`v 4 2M+RnKQ/2HX7BiU2M+Rnsni`�BM- 2M+Rnvni`�BM-

#�i+?nbBx24#�i+?nbBx2-
2TQ+?b42TQ+?b-
p�HB/�iBQMn/�i�4U2M+Rnsni2bi- 2M+Rnvni2biV-
b?m77H24h`m2V

LQi mbBM; /�i� �m;K2Mi�iBQMX
h`�BM QM 8yyyy b�KTH2b- p�HB/�i2 QM Ryyyy b�KTH2b
1TQ+? RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXN9RN @
�++, yXkN9d @ p�HnHQbb, RXee39 @ p�Hn�++, yX9Ryk
1TQ+? kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rj3b jKbfbi2T @ HQbb, RXekN9 @
�++, yX9Rek @ p�HnHQbb, RX8N8y @ p�Hn�++, yX9jjd
1TQ+? jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RX8kyN @
�++, yX98jd @ p�HnHQbb, RX9ykR @ p�Hn�++, yX9Ndd
1TQ+? 9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RX993k @
�++, yX93jj @ p�HnHQbb, RXj8dN @ p�Hn�++, yX8Ry8
1TQ+? 8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXjNke @
�++, yX8yjN @ p�HnHQbb, RXjj8j @ p�Hn�++, yX8RNj
1TQ+? efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXj9dd @
�++, yX8kye @ p�HnHQbb, RXkdyk @ p�Hn�++, yX89N9
1TQ+? dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXjRj9 @
�++, yX8jje @ p�HnHQbb, RXkkdk @ p�Hn�++, yX88Nk
1TQ+? 3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXk3yR @
�++, yX89dd @ p�HnHQbb, RXk9j8 @ p�Hn�++, yX889d

R9



1TQ+? NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, RXk89N @
�++, yX888y @ p�HnHQbb, RXkR9e @ p�Hn�++, yX8e8d
1TQ+? RyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXkjyR @
�++, yX8eey @ p�HnHQbb, RXRdjR @ p�Hn�++, yX83jR
1TQ+? RRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXkyed @
�++, yX8dj3 @ p�HnHQbb, RXR8ye @ p�Hn�++, yX8Ny3
1TQ+? RkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXRN8j @
�++, yX83y3 @ p�HnHQbb, RXR93R @ p�Hn�++, yX8N8N
1TQ+? RjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXRd3k @
�++, yX83ed @ p�HnHQbb, RXRjye @ p�Hn�++, yX8N3e
1TQ+? R9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXRekk @
�++, yX8NyR @ p�HnHQbb, RXR98j @ p�Hn�++, yX8NeR
1TQ+? R8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXR9dd @
�++, yX8N9N @ p�HnHQbb, RXRRkN @ p�Hn�++, yXeyjd
1TQ+? RefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXRjde @
�++, yX8NN9 @ p�HnHQbb, RXRyeN @ p�Hn�++, yXey9N
1TQ+? RdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXRk3R @
�++, yXey9j @ p�HnHQbb, RXRyN8 @ p�Hn�++, yXeyRN
1TQ+? R3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXRky8 @
�++, yXeye9 @ p�HnHQbb, RXRy98 @ p�Hn�++, yXeRR9
1TQ+? RNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXRydk @
�++, yXeRyN @ p�HnHQbb, RXRR9j @ p�Hn�++, yXeyR8
1TQ+? kyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RXyNNk @
�++, yXeRR3 @ p�HnHQbb, RXRyk9 @ p�Hn�++, yXeR8j
1TQ+? kRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RXyNj8 @
�++, yXeRNy @ p�HnHQbb, RXyd8j @ p�Hn�++, yXekyN
1TQ+? kkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyNyy @
�++, yXeR3R @ p�HnHQbb, RXy8ej @ p�Hn�++, yXek9e
1TQ+? kjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXyd3k @
�++, yXekye @ p�HnHQbb, RXy888 @ p�Hn�++, yXek8y
1TQ+? k9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyded @
�++, yXekkd @ p�HnHQbb, RXydje @ p�Hn�++, yXeRNk

R8



1TQ+? k8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXyeN3 @
�++, yXekey @ p�HnHQbb, RXyN3y @ p�Hn�++, yXeR3N
1TQ+? kefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXyedR @
�++, yXekde @ p�HnHQbb, RXy9ek @ p�Hn�++, yXekdN
1TQ+? kdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXy83d @
�++, yXekNj @ p�HnHQbb, RXyek3 @ p�Hn�++, yXekeR
1TQ+? k3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXy8eN @
�++, yXejk8 @ p�HnHQbb, RXye83 @ p�Hn�++, yXek9y
1TQ+? kNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXy8k9 @
�++, yXejky @ p�HnHQbb, RXye39 @ p�Hn�++, yXekNj
1TQ+? jyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXy9ej @
�++, yXej9N @ p�HnHQbb, RXyeej @ p�Hn�++, yXekdy
1TQ+? jRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXy9e8 @
�++, yXej8k @ p�HnHQbb, RXRkR3 @ p�Hn�++, yXejy9
1TQ+? jkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXy988 @
�++, yXejej @ p�HnHQbb, RXy9Ny @ p�Hn�++, yXek33
1TQ+? jjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXy9kN @
�++, yXej9j @ p�HnHQbb, RXydR9 @ p�Hn�++, yXejyk
1TQ+? j9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXy9je @
�++, yXej88 @ p�HnHQbb, RXy8jR @ p�Hn�++, yXejRd
1TQ+? j8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXyje8 @
�++, yXejd9 @ p�HnHQbb, RXy8y8 @ p�Hn�++, yXejkR
1TQ+? jefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyjj8 @
�++, yXe9k9 @ p�HnHQbb, RXye89 @ p�Hn�++, yXejy8
1TQ+? jdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXyj9e @
�++, yXejNR @ p�HnHQbb, RXyjjd @ p�Hn�++, yXejej
1TQ+? j3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyj9k @
�++, yXe9yk @ p�HnHQbb, RXyeNd @ p�Hn�++, yXejje
1TQ+? jNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXykNe @
�++, yXejN3 @ p�HnHQbb, RXyeRk @ p�Hn�++, yXej83
1TQ+? 9yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXyk3k @
�++, yXe9Ry @ p�HnHQbb, RXyN8y @ p�Hn�++, yXejjj

Re



1TQ+? 9RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXykeN @
�++, yXe98j @ p�HnHQbb, RXy8jj @ p�Hn�++, yXej9y
1TQ+? 9kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyk8N @
�++, yXe98k @ p�HnHQbb, RXy3Rd @ p�Hn�++, yXekNy
1TQ+? 9jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXykk8 @
�++, yXe99y @ p�HnHQbb, RXkeyy @ p�Hn�++, yXekdy
1TQ+? 99fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8jb jKbfbi2T @ HQbb, RXykk8 @
�++, yXe9ee @ p�HnHQbb, RXy3kN @ p�Hn�++, yXejyj
1TQ+? 98fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RXyR3d @
�++, yXe9dd @ p�HnHQbb, RXyd9y @ p�Hn�++, yXej3k
1TQ+? 9efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RXykee @
�++, yXe998 @ p�HnHQbb, RXy3k8 @ p�Hn�++, yXejj9
1TQ+? 9dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8db jKbfbi2T @ HQbb, RXykRe @
�++, yXe989 @ p�HnHQbb, RXRj38 @ p�Hn�++, yXejj3
1TQ+? 93fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RXyRN3 @
�++, yXe99e @ p�HnHQbb, RXyekk @ p�Hn�++, yXe9yN
1TQ+? 9NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8kb jKbfbi2T @ HQbb, RXyRd3 @
�++, yXe98e @ p�HnHQbb, RXyj3R @ p�Hn�++, yXejd8
1TQ+? 8yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Rb jKbfbi2T @ HQbb, RXyR38 @
�++, yXe93e @ p�HnHQbb, RXyj83 @ p�Hn�++, yXej99
1TQ+? 8RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXyRd9 @
�++, yXe9e9 @ p�HnHQbb, RXy3R8 @ p�Hn�++, yXejdN
1TQ+? 8kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, RXyRdj @
�++, yXe9ej @ p�HnHQbb, RXRRdk @ p�Hn�++, yXej8e
1TQ+? 8jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, RXyRkk @
�++, yXe9NR @ p�HnHQbb, RXy339 @ p�Hn�++, yXej9j
1TQ+? 89fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RXyReN @
�++, yXe93d @ p�HnHQbb, RXR8jN @ p�Hn�++, yXejk8
1TQ+? 88fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RXyR8j @
�++, yXe9dy @ p�HnHQbb, RXyd8y @ p�Hn�++, yXejde
1TQ+? 8efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXyyNd @
�++, yXe8y3 @ p�HnHQbb, RXyd38 @ p�Hn�++, yXek99

Rd



1TQ+? 8dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RXyRey @
�++, yXe9e3 @ p�HnHQbb, RXydRR @ p�Hn�++, yXekN8
1TQ+? 83fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXyRjd @
�++, yXe8yR @ p�HnHQbb, RXyNN3 @ p�Hn�++, yXejyR
1TQ+? 8NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyRky @
�++, yXe8Rk @ p�HnHQbb, RXydNd @ p�Hn�++, yXek83
1TQ+? eyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXyRkN @
�++, yXe8kk @ p�HnHQbb, RXyNN9 @ p�Hn�++, yXejR3
1TQ+? eRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyR9j @
�++, yXe9NN @ p�HnHQbb, RXReRR @ p�Hn�++, yXejyk
1TQ+? ekfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RXyRjR @
�++, yXe8yd @ p�HnHQbb, RXR8dj @ p�Hn�++, yXek39
1TQ+? ejfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RXyRyy @
�++, yXe9N9 @ p�HnHQbb, RXy9R3 @ p�Hn�++, yXe9jk
1TQ+? e9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RXyyd3 @
�++, yXe8R8 @ p�HnHQbb, RXyjd9 @ p�Hn�++, yXe9ye
1TQ+? e8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RdNb 9Kbfbi2T @ HQbb, RXyyNN @
�++, yXe8k3 @ p�HnHQbb, RXR9yy @ p�Hn�++, yXekd3
1TQ+? eefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rekb jKbfbi2T @ HQbb, RXyyNe @
�++, yXe8Ry @ p�HnHQbb, RXy3eR @ p�Hn�++, yXej8N
1TQ+? edfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8kb jKbfbi2T @ HQbb, RXyRyk @
�++, yXe8ky @ p�HnHQbb, RXy3yd @ p�Hn�++, yXekNN
1TQ+? e3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXykRy @
�++, yXe9Nj @ p�HnHQbb, RXRe8d @ p�Hn�++, yXek3j
1TQ+? eNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyRj3 @
�++, yXe9Nj @ p�HnHQbb, RXR33y @ p�Hn�++, yXekdy
1TQ+? dyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyRjy @
�++, yXe8Rj @ p�HnHQbb, RXR8k3 @ p�Hn�++, yXe9R8
1TQ+? dRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyRyN @
�++, yXe8yN @ p�HnHQbb, RXy3Re @ p�Hn�++, yXej38
1TQ+? dkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyRyN @
�++, yXe8jR @ p�HnHQbb, RXy8je @ p�Hn�++, yXej3R

R3



1TQ+? djfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyRjy @
�++, yXe8yd @ p�HnHQbb, RXy9jd @ p�Hn�++, yXejNN
1TQ+? d9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyyN3 @
�++, yXe8ye @ p�HnHQbb, RXR83d @ p�Hn�++, yXekN8
1TQ+? d8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXyRe9 @
�++, yXe8yN @ p�HnHQbb, RXye8d @ p�Hn�++, yXe9ke
1TQ+? defRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyR99 @
�++, yXe8yy @ p�HnHQbb, RXRyed @ p�Hn�++, yXekeR
1TQ+? ddfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXyRde @
�++, yXe9eN @ p�HnHQbb, RXk9j3 @ p�Hn�++, yXekky
1TQ+? d3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, RXyR9y @
�++, yXe8Rj @ p�HnHQbb, RXyede @ p�Hn�++, yXeke8
1TQ+? dNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RXyRdy @
�++, yXe9Nj @ p�HnHQbb, RXRy33 @ p�Hn�++, yXejk8
1TQ+? 3yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXykR9 @
�++, yXe9dj @ p�HnHQbb, RXRe3R @ p�Hn�++, yXeRdj
1TQ+? 3RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8kb jKbfbi2T @ HQbb, RXyR3e @
�++, yXe93j @ p�HnHQbb, RXRjR8 @ p�Hn�++, yXekN8
1TQ+? 3kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RXyRNk @
�++, yXe93k @ p�HnHQbb, RXkN98 @ p�Hn�++, yXeyR9
1TQ+? 3jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Nb jKbfbi2T @ HQbb, RXykyy @
�++, yXe9de @ p�HnHQbb, RXk3ky @ p�Hn�++, yXeRyj
1TQ+? 39fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R83b jKbfbi2T @ HQbb, RXykkj @
�++, yXe8Rd @ p�HnHQbb, RXR33j @ p�Hn�++, yXeRNd
1TQ+? 38fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Nb jKbfbi2T @ HQbb, RXykyN @
�++, yXe8yN @ p�HnHQbb, RXRy98 @ p�Hn�++, yXej8k
1TQ+? 3efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RXyRdj @
�++, yXe9Ny @ p�HnHQbb, RXRkNe @ p�Hn�++, yXek39
1TQ+? 3dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8jb jKbfbi2T @ HQbb, RXyk8y @
�++, yXe9ej @ p�HnHQbb, RXye3e @ p�Hn�++, yXejk9
1TQ+? 33fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RXykRd @
�++, yXe93R @ p�HnHQbb, RXRek9 @ p�Hn�++, yXekR3

RN



1TQ+? 3NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, RXykjj @
�++, yXe9ej @ p�HnHQbb, RXRk8e @ p�Hn�++, yXekk9
1TQ+? NyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, RXyk93 @
�++, yXe9N9 @ p�HnHQbb, RXk93e @ p�Hn�++, yX8N98
1TQ+? NRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, RXykky @
�++, yXe9ey @ p�HnHQbb, RXRy88 @ p�Hn�++, yXejk3
1TQ+? NkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, RXyjjk @
�++, yXe939 @ p�HnHQbb, RXRkkk @ p�Hn�++, yXeke3
1TQ+? NjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RXyk8N @
�++, yXe9d8 @ p�HnHQbb, RXy9NN @ p�Hn�++, yXejk3
1TQ+? N9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXyjkk @
�++, yXe99R @ p�HnHQbb, RXyeky @ p�Hn�++, yXekd9
1TQ+? N8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXyj9d @
�++, yXe99N @ p�HnHQbb, RXkRNk @ p�Hn�++, yXeR3j
1TQ+? NefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RXyj9k @
�++, yXe9jN @ p�HnHQbb, RXye93 @ p�Hn�++, yXej8y
1TQ+? NdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Reyb jKbfbi2T @ HQbb, RXyjy3 @
�++, yXe999 @ p�HnHQbb, RXkRkd @ p�Hn�++, yXeRyk
1TQ+? N3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyjNd @
�++, yXe99k @ p�HnHQbb, RXyNe3 @ p�Hn�++, yXekd8
1TQ+? NNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyje3 @
�++, yXe9je @ p�HnHQbb, RXk383 @ p�Hn�++, yXeRky
1TQ+? RyyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXy9y3 @
�++, yXe9ky @ p�HnHQbb, RX99Rk @ p�Hn�++, yX838R

(jdR), /27 �++nHQbbn;`�T?B+UKQ/2Hn?BbiQ`v- iBiH2V,
7B; 4 THiX7B;m`2UV
THiXbm#THQiUk-R-kV
THiXTHQiUKQ/2Hn?BbiQ`vX?BbiQ`v(^�++^)- H�#2H 4 ^i`�BMMBM; �++m�`�+v^V
THiXTHQiUKQ/2Hn?BbiQ`vX?BbiQ`v(^p�Hn�++^)- H�#2H 4 ^i2bi �++m�`�+v^V
THiXTHQiUKQ/2Hn?BbiQ`vX?BbiQ`v(^HQbb^)- H�#2H 4 ^i`�BMMBM; HQbb^V
THiXTHQiUKQ/2Hn?BbiQ`vX?BbiQ`v(^p�HnHQbb^)- H�#2H 4 ^i2bi HQbb^V
THiXiBiH2UiBiH2V
THiXvH�#2HU^HQbbf�++m`�+v^V
THiXtH�#2HU^2TQ+?^V

ky



THiXH2;2M/U##QtniQn�M+?Q`4UR-RV- HQ+4^mTT2` H27i^- M+QH 4RV

(jdk), �++nHQbbn;`�T?B+U2M+Rn?BbiQ`v- ^ 2M+nKQ/2H HQbb �M/ �++m�`�+v^V

(jdj), O a+Q`2 i`�BM2/ 2M+nKQ/2HX
2M+Rnb+Q`2b 4 2M+RnKQ/2HX2p�Hm�i2U2M+Rnsni2bi- 2M+Rnvni2bi- p2`#Qb24RV
T`BMiU^h2bi HQbb,^- 2M+Rnb+Q`2b(y)V
T`BMiU^h2bi �++m`�+v,^- 2M+Rnb+Q`2b(R)V

O K�F2 T`2/B+iBQMX
2M+nT`2/ 4 2M+RnKQ/2HXT`2/B+iU2M+Rnsni2biV

RyyyyfRyyyy (444444444444444444444444444444) @ eb 8N3mbfbi2T
h2bi HQbb, RX99Rkjeykjjjye338
h2bi �++m`�+v, yX838R

j h`�BM rBi? 2M+`vTi2/ *A6�_Ry /�i�b2i mbBM; F2v k
.`Bp2 Q`i?Q;QM�H K�i`Bt iQ ;2i 2M+`vTiBQM F2v Zk �M/ /2+`vTiBQM F2v .k

(jd9), O_2�/ F2v BK�;2 �b _:"
F2vk 4 AK�;2XQT2MU]flb2`bfi?B2MM;QH2f.2bFiQTfJAL1afj6�HHkykyfJa@T`QD2+ifF2vbf
↪→F2vkXTM;]V

Oa?Qr _:" F2v BK�;2
THiXBKb?QrUF2vkV
O;`�v b+�H2 F2v BK�;2
F2vk 4 F2vkX+QMp2`iU^G^V
O`2bBx2 F2v BK�;2
F2vk 4 MTX`2bBx2UF2vk-Ujk-jkVV
O+QMp2`i iQ k. �``�v
F2vk 4 MTX�b�``�vUF2vkV
OZ_ /2+QKTQbBiBQM
Zk- _k 4 b+BTvXHBM�H;X[`UF2vkV
O.`Bp2 i?2 /2+`vTiBQM K�i`Bt

kR



.k 4 MTXHBM�H;XBMpUZkV

1M+`vTiBQM F2v Zk

(jd8), THiXBKb?QrUZkV

(jd8), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytReykRRj+3=

kk



.2+`vTiBQM F2v .k

(jde), THiXBKb?QrU.kV

(jde), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytReRjN9#�3=

1M+`vTi i?2 /�i�b2i

(jdd), 2M+knsni`�BM 4 ()
7Q` �MnBK�;2 BM tni`�BM,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+kn# 4 MTX/QiU#- ZkV
2M+kn; 4 MTX/QiU;- ZkV
2M+kn` 4 MTX/QiU`- ZkV
2M+kn`;# 4 +pkXK2`;2UU2M+kn#-2M+kn;-2M+kn`VV
2M+knsni`�BMX�TT2M/U2M+kn`;#V

T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+knsni`�BMV-]i`�BM BK�;2b5]V
2M+knsni2bi 4 ()
7Q` �MnBK�;2 BM tni2bi,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+kn# 4 MTX/QiU#- ZkV
2M+kn; 4 MTX/QiU;- ZkV
2M+kn` 4 MTX/QiU`- ZkV
2M+kn`;# 4 +pkXK2`;2UU2M+kn#-2M+kn;-2M+kn`VV
2M+knsni2biX�TT2M/U2M+kn`;#V

T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+knsni2biV-]i2bi BK�;2b5]V

kj



.QM2 2M+`vTiBM; 8yyyy i`�BM BK�;2b5

.QM2 2M+`vTiBM; Ryyyy i2bi BK�;2b5

(jd3), O LQ`K�HBx2 i?2 /�i�X
2M+knsni`�BM 4 MTX�``�vU2M+knsni`�BMV
2M+knsni2bi 4 MTX�``�vU2M+knsni2biV

2M+knsni`�BM 4 2M+knsni`�BMX�bivT2U^7HQ�ijk^V
2M+knsni2bi 4 2M+knsni2biX�bivT2U^7HQ�ijk^V
2M+knsni`�BM f4 k88
2M+knsni2bi f4 k88

O *QMp2`i +H�bb p2+iQ`b iQ #BM�`v +H�bb K�i`B+2bUQM2 ?Qi 2M+Q/BM;VX
2M+knvni`�BM 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni`�BM- MmKn+H�bb2bV
2M+knvni2bi 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni2bi- MmKn+H�bb2bV

(jdN), T`BMiU^2M+kntni`�BM b?�T2,^- 2M+knsni`�BMXb?�T2V
T`BMiU^2M+knvni`�BM b?�T2,^- 2M+knvni`�BMXb?�T2V
T`BMiU^2M+kntni2bi b?�T2,^- 2M+knsni2biXb?�T2V
T`BMiU^2M+knvni2bi b?�T2,^- 2M+knvni2biXb?�T2V

2M+kntni`�BM b?�T2, U8yyyy- jk- jk- jV
2M+knvni`�BM b?�T2, U8yyyy- RyV
2M+kntni2bi b?�T2, URyyyy- jk- jk- jV
2M+knvni2bi b?�T2, URyyyy- RyV

(j3y), O/27BM2 i?2 +QMpM2i
2M+knKQ/2H 4 a2[m2MiB�HUV
O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+knKQ/2HX�//U*QMpk.Ujk- Uj- jV- T�//BM;4^b�K2^-BMTminb?�T2 4 2M+knsni`�BMX
↪→b?�T2(R,)VV

2M+knKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+knKQ/2HX�//U*QMpk.Ujk- Uj- jVVV
2M+knKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+knKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
2M+knKQ/2HX�//U.`QTQmiUyXk8VV

O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+knKQ/2HX�//U*QMpk.Ue9- Uj- jV- T�//BM;4^b�K2^VV
2M+knKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+knKQ/2HX�//U*QMpk.Ue9- Uj- jVVV
2M+knKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+knKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
2M+knKQ/2HX�//U.`QTQmiUyXk8VV

O 6G�hh1_L 4= .1La1 4= _1Gl 4= ._PSPlh
2M+knKQ/2HX�//U6H�ii2MUVV

k9



2M+knKQ/2HX�//U.2Mb2U8RkVV
2M+knKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+knKQ/2HX�//U.`QTQmiUyX8VV
O � bQ7iK�t +H�bbB7B2`
2M+knKQ/2HX�//U.2Mb2UMmKn+H�bb2bVV
2M+knKQ/2HX�//U�+iBp�iBQMU^bQ7iK�t^VV

(j3R), O BMBiB�i2 _JaT`QT QTiBKBx2`
QTi 4 F2`�bXQTiBKBx2`bX_JaT`QTUH`4yXyyyR- /2+�v4R2@eV

O *QKTBH2
2M+knKQ/2HX+QKTBH2UHQbb4^+�i2;Q`B+�Hn+`Qbb2Mi`QTv^-

QTiBKBx2`4QTi-
K2i`B+b4(^�++m`�+v^)V

(j3k), Oh`�BM KQ/2H
2M+kn?BbiQ`v 4 2M+knKQ/2HX7BiU2M+knsni`�BM- 2M+knvni`�BM-

#�i+?nbBx24#�i+?nbBx2-
2TQ+?b42TQ+?b-
p�HB/�iBQMn/�i�4U2M+knsni2bi- 2M+knvni2biV-
b?m77H24h`m2V

LQi mbBM; /�i� �m;K2Mi�iBQMX
h`�BM QM 8yyyy b�KTH2b- p�HB/�i2 QM Ryyyy b�KTH2b
1TQ+? RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXN8j3 @
�++, yXkNyk @ p�HnHQbb, RXe39d @ p�Hn�++, yX9y98
1TQ+? kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXekNN @
�++, yX9R3e @ p�HnHQbb, RX8j9j @ p�Hn�++, yX989k
1TQ+? jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RX8y3y @
�++, yX9eRR @ p�HnHQbb, RX9yj9 @ p�Hn�++, yX9N3N
1TQ+? 9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RX9j3y @
�++, yX93ey @ p�HnHQbb, RXj9ey @ p�Hn�++, yX8kRN
1TQ+? 8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXjNy8 @
�++, yX8yRj @ p�HnHQbb, RXk3ej @ p�Hn�++, yX8j3N
1TQ+? efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXj9d9 @
�++, yX8kyR @ p�HnHQbb, RXk8jR @ p�Hn�++, yX88yR
1TQ+? dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjRRj @
�++, yX8jRy @ p�HnHQbb, RXk8yR @ p�Hn�++, yX889d
1TQ+? 3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXk3k8 @

k8



�++, yX89jj @ p�HnHQbb, RXkRRR @ p�Hn�++, yX8eky
1TQ+? NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXk8e9 @
�++, yX88jj @ p�HnHQbb, RXRddj @ p�Hn�++, yX8deR
1TQ+? RyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXkj8k @
�++, yX8ekd @ p�HnHQbb, RXR38j @ p�Hn�++, yX8d3k
1TQ+? RRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXkRdd @
�++, yX8e3N @ p�HnHQbb, RXReyN @ p�Hn�++, yX839y
1TQ+? RkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXRNdN @
�++, yX8d3j @ p�HnHQbb, RXR9jN @ p�Hn�++, yX8Nky
1TQ+? RjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXRd3R @
�++, yX83kR @ p�HnHQbb, RXReN8 @ p�Hn�++, yX83ek
1TQ+? R9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXRee9 @
�++, yX833R @ p�HnHQbb, RXRk9N @ p�Hn�++, yXey3R
1TQ+? R8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXR93N @
�++, yX8Njd @ p�HnHQbb, RXRyR8 @ p�Hn�++, yXey9d
1TQ+? RefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXR9jy @
�++, yX8N8y @ p�HnHQbb, RXyNj9 @ p�Hn�++, yXeRRe
1TQ+? RdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXRjRk @
�++, yXeyRj @ p�HnHQbb, RXyNy3 @ p�Hn�++, yXeyNy
1TQ+? R3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXRRN8 @
�++, yXeyed @ p�HnHQbb, RXyddj @ p�Hn�++, yXeRRe
1TQ+? RNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXRRyR @
�++, yXeyNj @ p�HnHQbb, RXydkR @ p�Hn�++, yXeRNN
1TQ+? kyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXRyy8 @
�++, yXeRy8 @ p�HnHQbb, RXyey3 @ p�Hn�++, yXekj3
1TQ+? kRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXyN83 @
�++, yXeR89 @ p�HnHQbb, RXyekj @ p�Hn�++, yXekR9
1TQ+? kkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rdyb jKbfbi2T @ HQbb, RXyNye @
�++, yXeRd9 @ p�HnHQbb, RXyd8R @ p�Hn�++, yXek9y
1TQ+? kjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R3kb 9Kbfbi2T @ HQbb, RXy3dy @
�++, yXeRdk @ p�HnHQbb, RXy98j @ p�Hn�++, yXejRR
1TQ+? k9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Redb jKbfbi2T @ HQbb, RXyd3R @

ke



�++, yXekke @ p�HnHQbb, RXy93j @ p�Hn�++, yXekdN
1TQ+? k8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Re9b jKbfbi2T @ HQbb, RXyd3e @
�++, yXek98 @ p�HnHQbb, RXye3N @ p�Hn�++, yXejyd
1TQ+? kefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rekb jKbfbi2T @ HQbb, RXydy3 @
�++, yXekjj @ p�HnHQbb, RXyek8 @ p�Hn�++, yXekNR
1TQ+? kdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R83b jKbfbi2T @ HQbb, RXydjd @
�++, yXek83 @ p�HnHQbb, RXRyjk @ p�Hn�++, yXejjy
1TQ+? k3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8db jKbfbi2T @ HQbb, RXy8N9 @
�++, yXek33 @ p�HnHQbb, RXy3Nj @ p�Hn�++, yXek3N
1TQ+? kNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R89b jKbfbi2T @ HQbb, RXy8Ne @
�++, yXekNd @ p�HnHQbb, RXy8dN @ p�Hn�++, yXek3y
1TQ+? jyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8jb jKbfbi2T @ HQbb, RXy8Re @
�++, yXejjy @ p�HnHQbb, RXyjd8 @ p�Hn�++, yXejeN
1TQ+? jRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Rb jKbfbi2T @ HQbb, RXy8ye @
�++, yXejkk @ p�HnHQbb, RXy83k @ p�Hn�++, yXek9d
1TQ+? jkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXy8ke @
�++, yXejkR @ p�HnHQbb, RXy9y9 @ p�Hn�++, yXej3y
1TQ+? jjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RXy98k @
�++, yXejk3 @ p�HnHQbb, RXy99j @ p�Hn�++, yXejN9
1TQ+? j9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, RXy99N @
�++, yXejed @ p�HnHQbb, RXyjNy @ p�Hn�++, yXejkR
1TQ+? j8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXy9ke @
�++, yXejd3 @ p�HnHQbb, RXyde9 @ p�Hn�++, yXe9Rd
1TQ+? jefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R83b jKbfbi2T @ HQbb, RXyjde @
�++, yXej9d @ p�HnHQbb, RXyRR3 @ p�Hn�++, yXe98R
1TQ+? jdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R83b jKbfbi2T @ HQbb, RXyjdd @
�++, yXe9yk @ p�HnHQbb, RXy9e9 @ p�Hn�++, yXej8k
1TQ+? j3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Reyb jKbfbi2T @ HQbb, RXyj89 @
�++, yXej33 @ p�HnHQbb, RXyk9d @ p�Hn�++, yXe9jy
1TQ+? jNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RXyjk3 @
�++, yXe9R8 @ p�HnHQbb, RXyj8R @ p�Hn�++, yXej38
1TQ+? 9yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kRyb 9Kbfbi2T @ HQbb, RXyjkR @

kd



�++, yXejN9 @ p�HnHQbb, RXyjRj @ p�Hn�++, yXejk9
1TQ+? 9RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k9yb 8Kbfbi2T @ HQbb, RXykd8 @
�++, yXe9kj @ p�HnHQbb, RXy3kR @ p�Hn�++, yXej8y
1TQ+? 9kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k93b 8Kbfbi2T @ HQbb, RXykee @
�++, yXe9jj @ p�HnHQbb, RXy3yR @ p�Hn�++, yXe9yR
1TQ+? 9jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Reyb jKbfbi2T @ HQbb, RXyk3e @
�++, yXe9RN @ p�HnHQbb, RXy8dk @ p�Hn�++, yXe9R3
1TQ+? 99fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8db jKbfbi2T @ HQbb, RXykR3 @
�++, yXe9jy @ p�HnHQbb, RXyjk8 @ p�Hn�++, yXe9y9
1TQ+? 98fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R83b jKbfbi2T @ HQbb, RXyk9y @
�++, yXe98R @ p�HnHQbb, RXykNN @ p�Hn�++, yXe9Rj
1TQ+? 9efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k9yb 8Kbfbi2T @ HQbb, RXyRN9 @
�++, yXe9e9 @ p�HnHQbb, RXyNRR @ p�Hn�++, yXe9R8
1TQ+? 9dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k9kb 8Kbfbi2T @ HQbb, RXyReN @
�++, yXe9e9 @ p�HnHQbb, RXykky @ p�Hn�++, yXe98k
1TQ+? 93fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kRRb 9Kbfbi2T @ HQbb, RXyRNN @
�++, yXe988 @ p�HnHQbb, RXRNeR @ p�Hn�++, yXej98
1TQ+? 9NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8jb jKbfbi2T @ HQbb, RXykR8 @
�++, yXe9eR @ p�HnHQbb, RXykdk @ p�Hn�++, yXe989
1TQ+? 8yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8kb jKbfbi2T @ HQbb, RXyRee @
�++, yXe9dR @ p�HnHQbb, RXyekj @ p�Hn�++, yXejRd
1TQ+? 8RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kjyb 8Kbfbi2T @ HQbb, RXyR93 @
�++, yXe8yR @ p�HnHQbb, RXRkjd @ p�Hn�++, yXej3k
1TQ+? 8kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k9yb 8Kbfbi2T @ HQbb, RXyRke @
�++, yXe9N8 @ p�HnHQbb, RXyNke @ p�Hn�++, yXej9d
1TQ+? 8jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kRyb 9Kbfbi2T @ HQbb, RXyRd3 @
�++, yXe93N @ p�HnHQbb, RXRedN @ p�Hn�++, yXejde
1TQ+? 89fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ky8b 9Kbfbi2T @ HQbb, RXyyNR @
�++, yXe8yk @ p�HnHQbb, RXRk8d @ p�Hn�++, yXe9kd
1TQ+? 88fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RNeb 9Kbfbi2T @ HQbb, RXyRRe @
�++, yXe8y9 @ p�HnHQbb, RXRejN @ p�Hn�++, yXekdj
1TQ+? 8efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RNRb 9Kbfbi2T @ HQbb, RXyRke @

k3



�++, yXe93R @ p�HnHQbb, RXRy93 @ p�Hn�++, yXejjy
1TQ+? 8dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RN8b 9Kbfbi2T @ HQbb, RXyRy9 @
�++, yXe9d9 @ p�HnHQbb, RXyN93 @ p�Hn�++, yXe9eR
1TQ+? 83fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RNjb 9Kbfbi2T @ HQbb, RXyykj @
�++, yXe8Re @ p�HnHQbb, RXy3jy @ p�Hn�++, yXejdR
1TQ+? 8NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R3Nb 9Kbfbi2T @ HQbb, RXyRRy @
�++, yXe93d @ p�HnHQbb, RXkeyy @ p�Hn�++, yXej9N
1TQ+? eyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RN8b 9Kbfbi2T @ HQbb, RXyy3j @
�++, yXe8ye @ p�HnHQbb, RXRRN3 @ p�Hn�++, yXe9y3
1TQ+? eRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RN8b 9Kbfbi2T @ HQbb, RXyy9e @
�++, yXe8RN @ p�HnHQbb, RXy88j @ p�Hn�++, yXe9kR
1TQ+? ekfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ky3b 9Kbfbi2T @ HQbb, RXyy39 @
�++, yXe8R8 @ p�HnHQbb, RXRk38 @ p�Hn�++, yXe9yN
1TQ+? ejfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ky3b 9Kbfbi2T @ HQbb, RXyyj3 @
�++, yXe8j3 @ p�HnHQbb, RXye9e @ p�Hn�++, yXe9ke
1TQ+? e9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rdyb jKbfbi2T @ HQbb, RXyykd @
�++, yXe8j9 @ p�HnHQbb, RXyN93 @ p�Hn�++, yXe9d8
1TQ+? e8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, RXyy3k @
�++, yXe9Ne @ p�HnHQbb, RXkke9 @ p�Hn�++, yXej88
1TQ+? eefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXyyR8 @
�++, yXe8j9 @ p�HnHQbb, RXyd8d @ p�Hn�++, yXejRd
1TQ+? edfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Rb jKbfbi2T @ HQbb, RXyy9R @
�++, yXe8k9 @ p�HnHQbb, RXyk3d @ p�Hn�++, yXe98R
1TQ+? e3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Rb jKbfbi2T @ HQbb, RXyyyk @
�++, yXe889 @ p�HnHQbb, RXRk8N @ p�Hn�++, yXeRed
1TQ+? eNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8jb jKbfbi2T @ HQbb, RXyyNN @
�++, yXe8R8 @ p�HnHQbb, RXR9Nk @ p�Hn�++, yXeje8
1TQ+? dyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R89b jKbfbi2T @ HQbb, RXyykd @
�++, yXe89e @ p�HnHQbb, RXy9ke @ p�Hn�++, yXe9ye
1TQ+? dRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RXyyee @
�++, yXe8kN @ p�HnHQbb, RXRyd9 @ p�Hn�++, yXej83
1TQ+? dkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8db jKbfbi2T @ HQbb, RXyyj9 @

kN



�++, yXe8jR @ p�HnHQbb, RXyRyy @ p�Hn�++, yXe8yy
1TQ+? djfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Nb jKbfbi2T @ HQbb, RXyRky @
�++, yXe8RR @ p�HnHQbb, RXydNj @ p�Hn�++, yXe9kd
1TQ+? d9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Reyb jKbfbi2T @ HQbb, RXyy8d @
�++, yXe8jj @ p�HnHQbb, RXyejy @ p�Hn�++, yXejkk
1TQ+? d8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Nb jKbfbi2T @ HQbb, RXyyej @
�++, yXe8eR @ p�HnHQbb, RXkRR8 @ p�Hn�++, yXekNd
1TQ+? defRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RXyyy3 @
�++, yXe88k @ p�HnHQbb, RXRykj @ p�Hn�++, yXe9R9
1TQ+? ddfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RXyRRN @
�++, yXe898 @ p�HnHQbb, RXyRN8 @ p�Hn�++, yXe93d
1TQ+? d3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXyRyj @
�++, yXe8Re @ p�HnHQbb, RXRyye @ p�Hn�++, yXejjk
1TQ+? dNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RXyyNk @
�++, yXe8RN @ p�HnHQbb, RXy839 @ p�Hn�++, yXejjN
1TQ+? 3yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, RXyy38 @
�++, yXe8Re @ p�HnHQbb, RXRjdR @ p�Hn�++, yXeR3R
1TQ+? 3RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RXyR8j @
�++, yXe9N9 @ p�HnHQbb, RXye9e @ p�Hn�++, yXej99
1TQ+? 3kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXyRj8 @
�++, yXe8RR @ p�HnHQbb, RXRNyk @ p�Hn�++, yXek33
1TQ+? 3jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXyRek @
�++, yXe8R9 @ p�HnHQbb, RXR9jk @ p�Hn�++, yXek8d
1TQ+? 39fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyRk9 @
�++, yXe8yR @ p�HnHQbb, RXR3e9 @ p�Hn�++, yXejyN
1TQ+? 38fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyRRd @
�++, yXe8kN @ p�HnHQbb, RXy88j @ p�Hn�++, yXejdN
1TQ+? 3efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXyRNd @
�++, yXe9N9 @ p�HnHQbb, RXRd8R @ p�Hn�++, yXeky9
1TQ+? 3dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXyRjN @
�++, yXe93y @ p�HnHQbb, RXy83e @ p�Hn�++, yXejy8
1TQ+? 33fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyky3 @

jy



�++, yXe9NR @ p�HnHQbb, RXRy8e @ p�Hn�++, yXek38
1TQ+? 3NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXykkd @
�++, yXe93j @ p�HnHQbb, RXkedj @ p�Hn�++, yXeyeN
1TQ+? NyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXykR9 @
�++, yXe9N9 @ p�HnHQbb, RXy98y @ p�Hn�++, yXejeR
1TQ+? NRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXyR3d @
�++, yXe8Rd @ p�HnHQbb, RXyekN @ p�Hn�++, yXejdd
1TQ+? NkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXykk8 @
�++, yXe93j @ p�HnHQbb, RXRyd9 @ p�Hn�++, yXej88
1TQ+? NjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXykRk @
�++, yXe93e @ p�HnHQbb, RXRkje @ p�Hn�++, yXej3d
1TQ+? N9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXykkj @
�++, yXe9Nj @ p�HnHQbb, RXydd3 @ p�Hn�++, yXejjR
1TQ+? N8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyk3d @
�++, yXe98d @ p�HnHQbb, RXRd3d @ p�Hn�++, yXejee
1TQ+? NefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXyk33 @
�++, yXe9dy @ p�HnHQbb, RXR3N9 @ p�Hn�++, yXeRR9
1TQ+? NdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXyj8j @
�++, yXe9Rj @ p�HnHQbb, RXRkjj @ p�Hn�++, yXej89
1TQ+? N3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXyjR9 @
�++, yXe9e8 @ p�HnHQbb, RXRkke @ p�Hn�++, yXekke
1TQ+? NNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyk3k @
�++, yXe9ej @ p�HnHQbb, RXydy8 @ p�Hn�++, yXejk3
1TQ+? RyyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXyj89 @
�++, yXe98j @ p�HnHQbb, RXRkyN @ p�Hn�++, yXek93

(j3j), �++nHQbbn;`�T?B+U2M+kn?BbiQ`v- ^ 2M+nKQ/2H HQbb �M/ �++m�`�+v^V

jR



(j39), O a+Q`2 i`�BM2/ 2M+nKQ/2HX
2M+knb+Q`2b 4 2M+knKQ/2HX2p�Hm�i2U2M+knsni2bi- 2M+knvni2bi- p2`#Qb24RV
T`BMiU^h2bi HQbb,^- 2M+knb+Q`2b(y)V
T`BMiU^h2bi �++m`�+v,^- 2M+knb+Q`2b(R)V

O K�F2 T`2/B+iBQMX
2M+nT`2/ 4 2M+knKQ/2HXT`2/B+iU2M+knsni2biV

RyyyyfRyyyy (444444444444444444444444444444) @ eb eyNmbfbi2T
h2bi HQbb, RXRkyNRdyky9Rek8Nd
h2bi �++m`�+v, yXek93

9 h`�BM rBi? 2M+`vTi2/ *A6�_Ry /�i�b2i mbBM; F2v j
.`Bp2 Q`i?Q;QM�H K�i`Bt iQ ;2i 2M+`vTiBQM F2v Zj �M/ /2+`vTiBQM F2v .j

(j38), O_2�/ F2v BK�;2 �b _:"
F2vj 4 AK�;2XQT2MU]flb2`bfi?B2MM;QH2f.2bFiQTfJAL1afj6�HHkykyfJa@T`QD2+ifF2vbf
↪→F2vjXTM;]V

Oa?Qr _:" F2v BK�;2
THiXBKb?QrUF2vjV
O;`�v b+�H2 F2v BK�;2
F2vj 4 F2vjX+QMp2`iU^G^V
O`2bBx2 F2v BK�;2
F2vj 4 MTX`2bBx2UF2vj-Ujk-jkVV
O+QMp2`i iQ k. �``�v
F2vj 4 MTX�b�``�vUF2vjV
OZ_ /2+QKTQbBiBQM
Zj- _j 4 b+BTvXHBM�H;X[`UF2vjV
O.`Bp2 i?2 /2+`vTiBQM K�i`Bt
.j 4 MTXHBM�H;XBMpUZjV

jk



1M+`vTiBQM F2v Zj

(j3e), THiXBKb?QrUZjV

(j3e), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytReR+3y2#3=

jj



.2+`vTiBQM F2v .j

(j3d), THiXBKb?QrU.jV

(j3d), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytRe#eRdd93=

1M+`vTi i?2 /�i�b2i

(j33), 2M+jnsni`�BM 4 ()
7Q` �MnBK�;2 BM tni`�BM,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+jn# 4 MTX/QiU#- ZjV
2M+jn; 4 MTX/QiU;- ZjV
2M+jn` 4 MTX/QiU`- ZjV
2M+jn`;# 4 +pkXK2`;2UU2M+jn#-2M+jn;-2M+jn`VV
2M+jnsni`�BMX�TT2M/U2M+jn`;#V

T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+jnsni`�BMV-]i`�BM BK�;2b5]V
2M+jnsni2bi 4 ()
7Q` �MnBK�;2 BM tni2bi,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+jn# 4 MTX/QiU#- ZjV
2M+jn; 4 MTX/QiU;- ZjV
2M+jn` 4 MTX/QiU`- ZjV
2M+jn`;# 4 +pkXK2`;2UU2M+jn#-2M+jn;-2M+jn`VV
2M+jnsni2biX�TT2M/U2M+jn`;#V

j9



T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+jnsni2biV-]i2bi BK�;2b5]V

.QM2 2M+`vTiBM; 8yyyy i`�BM BK�;2b5

.QM2 2M+`vTiBM; Ryyyy i2bi BK�;2b5

(j3N), O LQ`K�HBx2 i?2 /�i�X
2M+jnsni`�BM 4 MTX�``�vU2M+jnsni`�BMV
2M+jnsni2bi 4 MTX�``�vU2M+jnsni2biV

2M+jnsni`�BM 4 2M+jnsni`�BMX�bivT2U^7HQ�ijk^V
2M+jnsni2bi 4 2M+jnsni2biX�bivT2U^7HQ�ijk^V
2M+jnsni`�BM f4 k88
2M+jnsni2bi f4 k88

O *QMp2`i +H�bb p2+iQ`b iQ #BM�`v +H�bb K�i`B+2bUQM2 ?Qi 2M+Q/BM;VX
2M+jnvni`�BM 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni`�BM- MmKn+H�bb2bV
2M+jnvni2bi 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni2bi- MmKn+H�bb2bV

(jNy), T`BMiU^2M+jntni`�BM b?�T2,^- 2M+jnsni`�BMXb?�T2V
T`BMiU^2M+jnvni`�BM b?�T2,^- 2M+jnvni`�BMXb?�T2V
T`BMiU^2M+jntni2bi b?�T2,^- 2M+jnsni2biXb?�T2V
T`BMiU^2M+jnvni2bi b?�T2,^- 2M+jnvni2biXb?�T2V

2M+jntni`�BM b?�T2, U8yyyy- jk- jk- jV
2M+jnvni`�BM b?�T2, U8yyyy- RyV
2M+jntni2bi b?�T2, URyyyy- jk- jk- jV
2M+jnvni2bi b?�T2, URyyyy- RyV

(jNR), O/27BM2 i?2 +QMpM2i
2M+jnKQ/2H 4 a2[m2MiB�HUV
O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+jnKQ/2HX�//U*QMpk.Ujk- Uj- jV- T�//BM;4^b�K2^-BMTminb?�T2 4 2M+jnsni`�BMX
↪→b?�T2(R,)VV

2M+jnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+jnKQ/2HX�//U*QMpk.Ujk- Uj- jVVV
2M+jnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+jnKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
2M+jnKQ/2HX�//U.`QTQmiUyXk8VV

O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+jnKQ/2HX�//U*QMpk.Ue9- Uj- jV- T�//BM;4^b�K2^VV
2M+jnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+jnKQ/2HX�//U*QMpk.Ue9- Uj- jVVV
2M+jnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+jnKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
2M+jnKQ/2HX�//U.`QTQmiUyXk8VV

j8



O 6G�hh1_L 4= .1La1 4= _1Gl 4= ._PSPlh
2M+jnKQ/2HX�//U6H�ii2MUVV
2M+jnKQ/2HX�//U.2Mb2U8RkVV
2M+jnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+jnKQ/2HX�//U.`QTQmiUyX8VV
O � bQ7iK�t +H�bbB7B2`
2M+jnKQ/2HX�//U.2Mb2UMmKn+H�bb2bVV
2M+jnKQ/2HX�//U�+iBp�iBQMU^bQ7iK�t^VV

(jNk), O BMBiB�i2 _JaT`QT QTiBKBx2`
QTi 4 F2`�bXQTiBKBx2`bX_JaT`QTUH`4yXyyyR- /2+�v4R2@eV

O *QKTBH2
2M+jnKQ/2HX+QKTBH2UHQbb4^+�i2;Q`B+�Hn+`Qbb2Mi`QTv^-

QTiBKBx2`4QTi-
K2i`B+b4(^�++m`�+v^)V

(jNj), Oh`�BM KQ/2H
2M+jn?BbiQ`v 4 2M+jnKQ/2HX7BiU2M+jnsni`�BM- 2M+jnvni`�BM-

#�i+?nbBx24#�i+?nbBx2-
2TQ+?b42TQ+?b-
p�HB/�iBQMn/�i�4U2M+jnsni2bi- 2M+jnvni2biV-
b?m77H24h`m2V

LQi mbBM; /�i� �m;K2Mi�iBQMX
h`�BM QM 8yyyy b�KTH2b- p�HB/�i2 QM Ryyyy b�KTH2b
1TQ+? RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXNy3R @
�++, yXjy3k @ p�HnHQbb, RXeR99 @ p�Hn�++, yX9jR8
1TQ+? kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXeyRj @
�++, yX9k9y @ p�HnHQbb, RX9ejR @ p�Hn�++, yX9ddk
1TQ+? jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RX9N8j @
�++, yX9ejy @ p�HnHQbb, RXj333 @ p�Hn�++, yX8y99
1TQ+? 9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RX9kky @
�++, yX9NkR @ p�HnHQbb, RXjk9N @ p�Hn�++, yX8k9R
1TQ+? 8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjdyN @
�++, yX8RjR @ p�HnHQbb, RXj883 @ p�Hn�++, yX8kk3
1TQ+? efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjk3N @
�++, yX8kd8 @ p�HnHQbb, RXk9de @ p�Hn�++, yX88ee
1TQ+? dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXkNRN @
�++, yX89Re @ p�HnHQbb, RXk9Rk @ p�Hn�++, yX88dy

je



1TQ+? 3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXkek3 @
�++, yX888j @ p�HnHQbb, RXkk83 @ p�Hn�++, yX8e9N
1TQ+? NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXkjek @
�++, yX8ej8 @ p�HnHQbb, RXReee @ p�Hn�++, yX839d
1TQ+? RyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXkR9R @
�++, yX8eN8 @ p�HnHQbb, RXRejd @ p�Hn�++, yX839e
1TQ+? RRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXRN9R @
�++, yX8ddR @ p�HnHQbb, RXR9k3 @ p�Hn�++, yX8N93
1TQ+? RkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXReNN @
�++, yX83dk @ p�HnHQbb, RXRjRd @ p�Hn�++, yX8Nek
1TQ+? RjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXR883 @
�++, yX8Njd @ p�HnHQbb, RXRy9e @ p�Hn�++, yXeyje
1TQ+? R9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXR9jR @
�++, yXeyyk @ p�HnHQbb, RXRR8d @ p�Hn�++, yXey8y
1TQ+? R8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXRjy9 @
�++, yXeykk @ p�HnHQbb, RXyNj3 @ p�Hn�++, yXeyN3
1TQ+? RefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXRkRN @
�++, yXey8e @ p�HnHQbb, RXyNke @ p�Hn�++, yXeR98
1TQ+? RdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXRRyk @
�++, yXeRR3 @ p�HnHQbb, RXy3R3 @ p�Hn�++, yXeReN
1TQ+? R3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyNN8 @
�++, yXeR9R @ p�HnHQbb, RXyde8 @ p�Hn�++, yXeR93
1TQ+? RNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyN8d @
�++, yXeRe9 @ p�HnHQbb, RXRy9e @ p�Hn�++, yXekRR
1TQ+? kyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyNyy @
�++, yXeRNN @ p�HnHQbb, RXyej8 @ p�Hn�++, yXekej
1TQ+? kRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXydNR @
�++, yXekjR @ p�HnHQbb, RXRyk8 @ p�Hn�++, yXeRe9
1TQ+? kkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXydRR @
�++, yXeke9 @ p�HnHQbb, RXye88 @ p�Hn�++, yXeR3j
1TQ+? kjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXydjj @
�++, yXek89 @ p�HnHQbb, RXydeN @ p�Hn�++, yXekdy

jd



1TQ+? k9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyeyd @
�++, yXejR8 @ p�HnHQbb, RXyeyj @ p�Hn�++, yXejRd
1TQ+? k8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXy8NR @
�++, yXejRR @ p�HnHQbb, RXy8dd @ p�Hn�++, yXek9R
1TQ+? kefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXy9NN @
�++, yXej98 @ p�HnHQbb, RXydek @ p�Hn�++, yXej3N
1TQ+? kdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXy8ej @
�++, yXejkR @ p�HnHQbb, RXy8jj @ p�Hn�++, yXejeR
1TQ+? k3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXy8yj @
�++, yXej8j @ p�HnHQbb, RXy8ee @ p�Hn�++, yXejRk
1TQ+? kNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RXy9dR @
�++, yXejdN @ p�HnHQbb, RXy398 @ p�Hn�++, yXekNe
1TQ+? jyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Rb jKbfbi2T @ HQbb, RXy993 @
�++, yXej3R @ p�HnHQbb, RXy88d @ p�Hn�++, yXejd3
1TQ+? jRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8kb jKbfbi2T @ HQbb, RXy99R @
�++, yXejNR @ p�HnHQbb, RXy83N @ p�Hn�++, yXejk9
1TQ+? jkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R89b jKbfbi2T @ HQbb, RXy9kd @
�++, yXejNy @ p�HnHQbb, RXyeNN @ p�Hn�++, yXekeN
1TQ+? jjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8jb jKbfbi2T @ HQbb, RXyjNk @
�++, yXe9y9 @ p�HnHQbb, RXy88d @ p�Hn�++, yXeje8
1TQ+? j9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8db jKbfbi2T @ HQbb, RXyjed @
�++, yXejN3 @ p�HnHQbb, RXRk9d @ p�Hn�++, yXekkd
1TQ+? j8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RXyjRk @
�++, yXe9jk @ p�HnHQbb, RXRkyR @ p�Hn�++, yXejyd
1TQ+? jefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RXyk39 @
�++, yXe98k @ p�HnHQbb, RXydjy @ p�Hn�++, yXejR8
1TQ+? jdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8db jKbfbi2T @ HQbb, RXyk3y @
�++, yXe993 @ p�HnHQbb, RXyNdy @ p�Hn�++, yXek3y
1TQ+? j3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R83b jKbfbi2T @ HQbb, RXykd3 @
�++, yXe99N @ p�HnHQbb, RXydNR @ p�Hn�++, yXe9yN
1TQ+? jNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Nb jKbfbi2T @ HQbb, RXyke3 @
�++, yXe9e9 @ p�HnHQbb, RXyd3j @ p�Hn�++, yXejdk

j3



1TQ+? 9yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Reyb jKbfbi2T @ HQbb, RXykd9 @
�++, yXe9j9 @ p�HnHQbb, RXRyd9 @ p�Hn�++, yXe9kj
1TQ+? 9RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RXyk8N @
�++, yXe98j @ p�HnHQbb, RXRykR @ p�Hn�++, yXejNe
1TQ+? 9kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Rb jKbfbi2T @ HQbb, RXykkk @
�++, yXe988 @ p�HnHQbb, RXyjke @ p�Hn�++, yXejdR
1TQ+? 9jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXykRy @
�++, yXe939 @ p�HnHQbb, RXy98k @ p�Hn�++, yXe9y9
1TQ+? 99fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RXykR9 @
�++, yXe9dj @ p�HnHQbb, RXkyeR @ p�Hn�++, yXejRd
1TQ+? 98fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, RXyRNj @
�++, yXe9dR @ p�HnHQbb, RXyNjd @ p�Hn�++, yXej33
1TQ+? 9efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RXyRek @
�++, yXe933 @ p�HnHQbb, RXyedN @ p�Hn�++, yXe9ky
1TQ+? 9dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, RXyky8 @
�++, yXe8yk @ p�HnHQbb, RXy8jy @ p�Hn�++, yXe9y9
1TQ+? 93fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXyRe9 @
�++, yXe8ye @ p�HnHQbb, RXy8eR @ p�Hn�++, yXejjd
1TQ+? 9NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXykyd @
�++, yXe93y @ p�HnHQbb, RXkdy3 @ p�Hn�++, yXek9e
1TQ+? 8yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyR3R @
�++, yXe8y3 @ p�HnHQbb, RXyjN3 @ p�Hn�++, yXe9yk
1TQ+? 8RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyRyN @
�++, yXe8jR @ p�HnHQbb, RXy9ek @ p�Hn�++, yXejdk
1TQ+? 8kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyR9y @
�++, yXe8ye @ p�HnHQbb, RXk93N @ p�Hn�++, yXeR83
1TQ+? 8jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyRkk @
�++, yXe8Rj @ p�HnHQbb, RXy389 @ p�Hn�++, yXekNe
1TQ+? 89fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXyyNj @
�++, yXe8k8 @ p�HnHQbb, RXR98j @ p�Hn�++, yXejek
1TQ+? 88fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyRyR @
�++, yXe8jy @ p�HnHQbb, RXy8R8 @ p�Hn�++, yXe9jj

jN



1TQ+? 8efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyR8R @
�++, yXe8R3 @ p�HnHQbb, RXRkNj @ p�Hn�++, yXejRe
1TQ+? 8dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyRRd @
�++, yXe8R9 @ p�HnHQbb, RXjjd3 @ p�Hn�++, yXejy9
1TQ+? 83fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyyNy @
�++, yXe899 @ p�HnHQbb, RXRyj9 @ p�Hn�++, yXej9d
1TQ+? 8NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyRkN @
�++, yXe8Re @ p�HnHQbb, RXy3R8 @ p�Hn�++, yXejke
1TQ+? eyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyRk9 @
�++, yXe93N @ p�HnHQbb, RXj99N @ p�Hn�++, yXek8e
1TQ+? eRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyRky @
�++, yXe8RN @ p�HnHQbb, RXy3dy @ p�Hn�++, yXekN8
1TQ+? ekfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyRkd @
�++, yXe8je @ p�HnHQbb, RXy89k @ p�Hn�++, yXe9Rd
1TQ+? ejfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyRk3 @
�++, yXe8k9 @ p�HnHQbb, RXR9R9 @ p�Hn�++, yXekdR
1TQ+? e9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyRk9 @
�++, yXe8jj @ p�HnHQbb, RXy83e @ p�Hn�++, yXej3R
1TQ+? e8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyR8N @
�++, yXe8j9 @ p�HnHQbb, RXydRj @ p�Hn�++, yXej3y
1TQ+? eefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXyy39 @
�++, yXe88j @ p�HnHQbb, RXkRNe @ p�Hn�++, yXek8k
1TQ+? edfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyRRe @
�++, yXe89d @ p�HnHQbb, RXRNyN @ p�Hn�++, yXekje
1TQ+? e3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyRdj @
�++, yXe8Ry @ p�HnHQbb, RXR3yR @ p�Hn�++, yXejk3
1TQ+? eNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyRdj @
�++, yXe8Rk @ p�HnHQbb, RXR93d @ p�Hn�++, yXek9e
1TQ+? dyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyyNk @
�++, yXe883 @ p�HnHQbb, RXRjk3 @ p�Hn�++, yXeRNN
1TQ+? dRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyRkN @
�++, yXe8ke @ p�HnHQbb, RXyej9 @ p�Hn�++, yXejek
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1TQ+? dkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyy33 @
�++, yXe88R @ p�HnHQbb, RXkkyN @ p�Hn�++, yXek3N
1TQ+? djfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyReN @
�++, yXe8Re @ p�HnHQbb, RXRkej @ p�Hn�++, yXej3R
1TQ+? d9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyRkj @
�++, yXe88d @ p�HnHQbb, RXRNjR @ p�Hn�++, yXejyk
1TQ+? d8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyReN @
�++, yXe899 @ p�HnHQbb, RXRRk8 @ p�Hn�++, yXeRN3
1TQ+? defRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyRk3 @
�++, yXe8j3 @ p�HnHQbb, RXjRk3 @ p�Hn�++, yXeky9
1TQ+? ddfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyRNN @
�++, yXe8jd @ p�HnHQbb, RXRdNe @ p�Hn�++, yXej83
1TQ+? d3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXykyR @
�++, yXe9NN @ p�HnHQbb, RXRR9R @ p�Hn�++, yXejR9
1TQ+? dNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXykjk @
�++, yXe8yy @ p�HnHQbb, RXRRkR @ p�Hn�++, yXekyR
1TQ+? 3yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyjyy @
�++, yXe9d8 @ p�HnHQbb, RXR3N9 @ p�Hn�++, yXejyR
1TQ+? 3RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXykRd @
�++, yXe9NR @ p�HnHQbb, RXy3Rj @ p�Hn�++, yXej9e
1TQ+? 3kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXykRe @
�++, yXe8yj @ p�HnHQbb, RXR9dd @ p�Hn�++, yXekd8
1TQ+? 3jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXykd3 @
�++, yXe938 @ p�HnHQbb, RXRR83 @ p�Hn�++, yXekNy
1TQ+? 39fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyjyj @
�++, yXe9ed @ p�HnHQbb, RXR8yy @ p�Hn�++, yXeRN9
1TQ+? 38fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXyk8j @
�++, yXe8Rk @ p�HnHQbb, RX9yj3 @ p�Hn�++, yXeRRd
1TQ+? 3efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXyjy8 @
�++, yXe9Nd @ p�HnHQbb, RXRyRk @ p�Hn�++, yXekRN
1TQ+? 3dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXyjjN @
�++, yXe9Nk @ p�HnHQbb, RXy399 @ p�Hn�++, yXek99
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1TQ+? 33fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXyj88 @
�++, yXe9d8 @ p�HnHQbb, RX98je @ p�Hn�++, yXey3e
1TQ+? 3NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXyjdN @
�++, yXe9dj @ p�HnHQbb, RXR998 @ p�Hn�++, yXekdy
1TQ+? NyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8jb jKbfbi2T @ HQbb, RXyjdR @
�++, yXe9dk @ p�HnHQbb, RX9k39 @ p�Hn�++, yX8Nee
1TQ+? NRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXy9kR @
�++, yXe998 @ p�HnHQbb, RXRddj @ p�Hn�++, yXey9R
1TQ+? NkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RXyjyk @
�++, yXe9dk @ p�HnHQbb, RXjyjk @ p�Hn�++, yXey39
1TQ+? NjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, RXy989 @
�++, yXe99N @ p�HnHQbb, RXkkyk @ p�Hn�++, yXeRej
1TQ+? N9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXyjdy @
�++, yXe989 @ p�HnHQbb, RXRy9N @ p�Hn�++, yXeky9
1TQ+? N8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXy9k9 @
�++, yXe98R @ p�HnHQbb, RXR8N9 @ p�Hn�++, yXeRRR
1TQ+? NefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXy8Ry @
�++, yXe9Ry @ p�HnHQbb, RXR8d9 @ p�Hn�++, yXeRNR
1TQ+? NdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXy9dk @
�++, yXe998 @ p�HnHQbb, RXRN39 @ p�Hn�++, yXekkR
1TQ+? N3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXy8dR @
�++, yXe9j9 @ p�HnHQbb, RXkyjR @ p�Hn�++, yXekyj
1TQ+? NNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXy9ee @
�++, yXe988 @ p�HnHQbb, RXkjj8 @ p�Hn�++, yXeRy8
1TQ+? RyyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXy8ej @
�++, yXe9Rk @ p�HnHQbb, RX8jNN @ p�Hn�++, yX833e

(jN9), �++nHQbbn;`�T?B+U2M+jn?BbiQ`v- ^ 2M+nKQ/2H HQbb �M/ �++m�`�+v^V
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(jN8), O a+Q`2 i`�BM2/ 2M+nKQ/2HX
2M+jnb+Q`2b 4 2M+jnKQ/2HX2p�Hm�i2U2M+jnsni2bi- 2M+jnvni2bi- p2`#Qb24RV
T`BMiU^h2bi HQbb,^- 2M+jnb+Q`2b(y)V
T`BMiU^h2bi �++m`�+v,^- 2M+jnb+Q`2b(R)V

O K�F2 T`2/B+iBQMX
2M+nT`2/ 4 2M+jnKQ/2HXT`2/B+iU2M+jnsni2biV

RyyyyfRyyyy (444444444444444444444444444444) @ db e8jmbfbi2T
h2bi HQbb, RX8jN3dNRj9je33Ne8
h2bi �++m`�+v, yX833e

( ),

8 h`�BM rBi? 2M+`vTi2/ *A6�_Ry /�i�b2i mbBM; F2v 9
.`Bp2 Q`i?Q;QM�H K�i`Bt iQ ;2i 2M+`vTiBQM F2v Z9 �M/ /2+`vTiBQM F2v .9

(9j3), O_2�/ F2v BK�;2 �b _:"
F2v9 4 AK�;2XQT2MU]flb2`bfi?B2MM;QH2f.2bFiQTfJAL1afj6�HHkykyfJa@T`QD2+ifF2vbf
↪→F2v9XTM;]V

Oa?Qr _:" F2v BK�;2
THiXBKb?QrUF2v9V
O;`�v b+�H2 F2v BK�;2
F2v9 4 F2v9X+QMp2`iU^G^V
O`2bBx2 F2v BK�;2
F2v9 4 MTX`2bBx2UF2v9-Ujk-jkVV
O+QMp2`i iQ k. �``�v
F2v9 4 MTX�b�``�vUF2v9V
OZ_ /2+QKTQbBiBQM
Z9- _9 4 b+BTvXHBM�H;X[`UF2v9V
O.`Bp2 i?2 /2+`vTiBQM K�i`Bt
.9 4 MTXHBM�H;XBMpUZ9V
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1M+`vTiBQM F2v Z9

(9jN), THiXBKb?QrUZ9V

(9jN), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytRd3d93k23=
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.2+`vTiBQM F2v .9

(99y), THiXBKb?QrU.9V

(99y), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytRe7e+d2Ry=

1M+`vTi i?2 /�i�b2i

(99R), 2M+9nsni`�BM 4 ()
7Q` �MnBK�;2 BM tni`�BM,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+9n# 4 MTX/QiU#- Z9V
2M+9n; 4 MTX/QiU;- Z9V
2M+9n` 4 MTX/QiU`- Z9V
2M+9n`;# 4 +pkXK2`;2UU2M+9n#-2M+9n;-2M+9n`VV
2M+9nsni`�BMX�TT2M/U2M+9n`;#V

T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+9nsni`�BMV-]i`�BM BK�;2b5]V
2M+9nsni2bi 4 ()
7Q` �MnBK�;2 BM tni2bi,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+9n# 4 MTX/QiU#- Z9V
2M+9n; 4 MTX/QiU;- Z9V
2M+9n` 4 MTX/QiU`- Z9V
2M+9n`;# 4 +pkXK2`;2UU2M+9n#-2M+9n;-2M+9n`VV
2M+9nsni2biX�TT2M/U2M+9n`;#V
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T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+9nsni2biV-]i2bi BK�;2b5]V

.QM2 2M+`vTiBM; 8yyyy i`�BM BK�;2b5

.QM2 2M+`vTiBM; Ryyyy i2bi BK�;2b5

(99k), O LQ`K�HBx2 i?2 /�i�X
2M+9nsni`�BM 4 MTX�``�vU2M+9nsni`�BMV
2M+9nsni2bi 4 MTX�``�vU2M+9nsni2biV

2M+9nsni`�BM 4 2M+9nsni`�BMX�bivT2U^7HQ�ijk^V
2M+9nsni2bi 4 2M+9nsni2biX�bivT2U^7HQ�ijk^V
2M+9nsni`�BM f4 k88
2M+9nsni2bi f4 k88

O *QMp2`i +H�bb p2+iQ`b iQ #BM�`v +H�bb K�i`B+2bUQM2 ?Qi 2M+Q/BM;VX
2M+9nvni`�BM 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni`�BM- MmKn+H�bb2bV
2M+9nvni2bi 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni2bi- MmKn+H�bb2bV

(99j), T`BMiU^2M+9ntni`�BM b?�T2,^- 2M+9nsni`�BMXb?�T2V
T`BMiU^2M+9nvni`�BM b?�T2,^- 2M+9nvni`�BMXb?�T2V
T`BMiU^2M+9ntni2bi b?�T2,^- 2M+9nsni2biXb?�T2V
T`BMiU^2M+9nvni2bi b?�T2,^- 2M+9nvni2biXb?�T2V

2M+9ntni`�BM b?�T2, U8yyyy- jk- jk- jV
2M+9nvni`�BM b?�T2, U8yyyy- RyV
2M+9ntni2bi b?�T2, URyyyy- jk- jk- jV
2M+9nvni2bi b?�T2, URyyyy- RyV

(999), O/27BM2 i?2 +QMpM2i
2M+9nKQ/2H 4 a2[m2MiB�HUV
O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+9nKQ/2HX�//U*QMpk.Ujk- Uj- jV- T�//BM;4^b�K2^-BMTminb?�T2 4 2M+9nsni`�BMX
↪→b?�T2(R,)VV

2M+9nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+9nKQ/2HX�//U*QMpk.Ujk- Uj- jVVV
2M+9nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+9nKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
2M+9nKQ/2HX�//U.`QTQmiUyXk8VV

O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+9nKQ/2HX�//U*QMpk.Ue9- Uj- jV- T�//BM;4^b�K2^VV
2M+9nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+9nKQ/2HX�//U*QMpk.Ue9- Uj- jVVV
2M+9nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+9nKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
2M+9nKQ/2HX�//U.`QTQmiUyXk8VV
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O 6G�hh1_L 4= .1La1 4= _1Gl 4= ._PSPlh
2M+9nKQ/2HX�//U6H�ii2MUVV
2M+9nKQ/2HX�//U.2Mb2U8RkVV
2M+9nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+9nKQ/2HX�//U.`QTQmiUyX8VV
O � bQ7iK�t +H�bbB7B2`
2M+9nKQ/2HX�//U.2Mb2UMmKn+H�bb2bVV
2M+9nKQ/2HX�//U�+iBp�iBQMU^bQ7iK�t^VV

(998), O BMBiB�i2 _JaT`QT QTiBKBx2`
QTi 4 F2`�bXQTiBKBx2`bX_JaT`QTUH`4yXyyyR- /2+�v4R2@eV

O *QKTBH2
2M+9nKQ/2HX+QKTBH2UHQbb4^+�i2;Q`B+�Hn+`Qbb2Mi`QTv^-

QTiBKBx2`4QTi-
K2i`B+b4(^�++m`�+v^)V

(99e), Oh`�BM KQ/2H
2M+9n?BbiQ`v 4 2M+9nKQ/2HX7BiU2M+9nsni`�BM- 2M+9nvni`�BM-

#�i+?nbBx24#�i+?nbBx2-
2TQ+?b42TQ+?b-
p�HB/�iBQMn/�i�4U2M+9nsni2bi- 2M+9nvni2biV-
b?m77H24h`m2V

LQi mbBM; /�i� �m;K2Mi�iBQMX
h`�BM QM 8yyyy b�KTH2b- p�HB/�i2 QM Ryyyy b�KTH2b
1TQ+? RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXN938 @
�++, yXkNkj @ p�HnHQbb, RXee98 @ p�Hn�++, yX9Rk3
1TQ+? kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXek89 @
�++, yX9R3d @ p�HnHQbb, RX8yj8 @ p�Hn�++, yX9ed3
1TQ+? jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RX8ReR @
�++, yX98Ny @ p�HnHQbb, RX9kj9 @ p�Hn�++, yX9N8d
1TQ+? 9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RX99R3 @
�++, yX93ek @ p�HnHQbb, RXj98y @ p�Hn�++, yX8k89
1TQ+? 8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXj33d @
�++, yX8yej @ p�HnHQbb, RXjyjk @ p�Hn�++, yX8jkN
1TQ+? efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXj999 @
�++, yX8kjk @ p�HnHQbb, RXjkRy @ p�Hn�++, yX8k3j
1TQ+? dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rj3b jKbfbi2T @ HQbb, RXjRy8 @
�++, yX8jje @ p�HnHQbb, RXkk9R @ p�Hn�++, yX8ede
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1TQ+? 3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXk3Ry @
�++, yX89dR @ p�HnHQbb, RXkR3d @ p�Hn�++, yX8ej9
1TQ+? NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXk8Rj @
�++, yX88dR @ p�HnHQbb, RXky9k @ p�Hn�++, yX8e89
1TQ+? RyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rj3b jKbfbi2T @ HQbb, RXkk3j @
�++, yX8ekN @ p�HnHQbb, RXReyj @ p�Hn�++, yX838e
1TQ+? RRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXky38 @
�++, yX8d8e @ p�HnHQbb, RXReee @ p�Hn�++, yX83dj
1TQ+? RkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rj3b jKbfbi2T @ HQbb, RXRNR9 @
�++, yX8dNy @ p�HnHQbb, RXRe9j @ p�Hn�++, yX8Ny8
1TQ+? RjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rj3b jKbfbi2T @ HQbb, RXRdy9 @
�++, yX83e3 @ p�HnHQbb, RXR8y3 @ p�Hn�++, yXeyyy
1TQ+? R9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXR8d9 @
�++, yX8Nkk @ p�HnHQbb, RXRRee @ p�Hn�++, yXeyyj
1TQ+? R8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXR9d3 @
�++, yX8N88 @ p�HnHQbb, RXyN39 @ p�Hn�++, yXeyNy
1TQ+? RefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXRjkR @
�++, yXeykj @ p�HnHQbb, RXRy9y @ p�Hn�++, yXey98
1TQ+? RdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXRkj8 @
�++, yXey9k @ p�HnHQbb, RXRkky @ p�Hn�++, yXeykj
1TQ+? R3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXRyNR @
�++, yXeyNN @ p�HnHQbb, RXydRN @ p�Hn�++, yXeRdR
1TQ+? RNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXRyj8 @
�++, yXeRR8 @ p�HnHQbb, RXydj8 @ p�Hn�++, yXeR9k
1TQ+? kyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXyNe9 @
�++, yXeR8y @ p�HnHQbb, RXydjy @ p�Hn�++, yXeR3e
1TQ+? kRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXy33R @
�++, yXeR3d @ p�HnHQbb, RXRyRe @ p�Hn�++, yXeR8j
1TQ+? kkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXy3k9 @
�++, yXeR3y @ p�HnHQbb, RXyddR @ p�Hn�++, yXekey
1TQ+? kjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXyd88 @
�++, yXekjy @ p�HnHQbb, RXyeNe @ p�Hn�++, yXekek
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1TQ+? k9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXydke @
�++, yXekjd @ p�HnHQbb, RXy88k @ p�Hn�++, yXekkN
1TQ+? k8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXyeeN @
�++, yXek89 @ p�HnHQbb, RXy8d3 @ p�Hn�++, yXekk8
1TQ+? kefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXyeyN @
�++, yXekde @ p�HnHQbb, RXyd8j @ p�Hn�++, yXekk8
1TQ+? kdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXy8d3 @
�++, yXekN3 @ p�HnHQbb, RXyjed @ p�Hn�++, yXek3j
1TQ+? k3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, RXy8ey @
�++, yXejyj @ p�HnHQbb, RXyeRd @ p�Hn�++, yXek98
1TQ+? kNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RXy9e9 @
�++, yXejjN @ p�HnHQbb, RXy8N9 @ p�Hn�++, yXekdk
1TQ+? jyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Rb jKbfbi2T @ HQbb, RXy9ee @
�++, yXejkk @ p�HnHQbb, RXy3R8 @ p�Hn�++, yXejk9
1TQ+? jRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RXyjNj @
�++, yXejd8 @ p�HnHQbb, RXy898 @ p�Hn�++, yXek3y
1TQ+? jkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RXyj3e @
�++, yXeje3 @ p�HnHQbb, RXy8RN @ p�Hn�++, yXejj9
1TQ+? jjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, RXyjdN @
�++, yXej38 @ p�HnHQbb, RXy9N9 @ p�Hn�++, yXekNj
1TQ+? j9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXyje8 @
�++, yXejNk @ p�HnHQbb, RXyN3d @ p�Hn�++, yXeRkj
1TQ+? j8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXyjj8 @
�++, yXej3d @ p�HnHQbb, RXye38 @ p�Hn�++, yXej9d
1TQ+? jefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXykd3 @
�++, yXe9y3 @ p�HnHQbb, RXyN8N @ p�Hn�++, yXekRd
1TQ+? jdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXykNj @
�++, yXe9RR @ p�HnHQbb, RXyedR @ p�Hn�++, yXek88
1TQ+? j3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXyk9k @
�++, yXe998 @ p�HnHQbb, RXy83N @ p�Hn�++, yXej8d
1TQ+? jNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXyk8N @
�++, yXe99N @ p�HnHQbb, RXRRke @ p�Hn�++, yXejdk
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1TQ+? 9yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXykjR @
�++, yXe98N @ p�HnHQbb, RXy8jk @ p�Hn�++, yXejRR
1TQ+? 9RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXyRNR @
�++, yXe98R @ p�HnHQbb, RXyde9 @ p�Hn�++, yXejy9
1TQ+? 9kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXykyR @
�++, yXe98R @ p�HnHQbb, RXy9dy @ p�Hn�++, yXej8y
1TQ+? 9jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXyky8 @
�++, yXe9jj @ p�HnHQbb, RXyRdj @ p�Hn�++, yXe989
1TQ+? 99fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RXyRjk @
�++, yXe9d3 @ p�HnHQbb, RXy38y @ p�Hn�++, yXe98e
1TQ+? 98fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXyy33 @
�++, yXe8y3 @ p�HnHQbb, RXy983 @ p�Hn�++, yXe9ky
1TQ+? 9efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, RXyRy9 @
�++, yXe8y9 @ p�HnHQbb, RXRj8e @ p�Hn�++, yXekjd
1TQ+? 9dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXyReN @
�++, yXe9d3 @ p�HnHQbb, RXy3RR @ p�Hn�++, yXejk8
1TQ+? 93fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXyRRk @
�++, yXe9Ny @ p�HnHQbb, RXRdR3 @ p�Hn�++, yXe9yy
1TQ+? 9NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rjdb jKbfbi2T @ HQbb, RXyRjj @
�++, yXe93e @ p�HnHQbb, RXyjdR @ p�Hn�++, yXe9ye
1TQ+? 8yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rj3b jKbfbi2T @ HQbb, RXyRjy @
�++, yXe939 @ p�HnHQbb, RXRk33 @ p�Hn�++, yXejk3
1TQ+? 8RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXyy3j @
�++, yXe8yj @ p�HnHQbb, RXy888 @ p�Hn�++, yXe9ky
1TQ+? 8kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rj3b jKbfbi2T @ HQbb, RXyRR3 @
�++, yXe9NR @ p�HnHQbb, RXkyyj @ p�Hn�++, yXej9k
1TQ+? 8jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXyRj9 @
�++, yXe9Ne @ p�HnHQbb, RXRyd8 @ p�Hn�++, yXe9ej
1TQ+? 89fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXyRky @
�++, yXe9N9 @ p�HnHQbb, RXRy9j @ p�Hn�++, yXej9R
1TQ+? 88fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXyR9N @
�++, yXe9Ny @ p�HnHQbb, RXyNRR @ p�Hn�++, yXej3k
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1TQ+? 8efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXyR93 @
�++, yXe8yd @ p�HnHQbb, RXjykd @ p�Hn�++, yXek3N
1TQ+? 8dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXyyNR @
�++, yXe8y3 @ p�HnHQbb, RXR8d9 @ p�Hn�++, yXej88
1TQ+? 83fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rj3b jKbfbi2T @ HQbb, RXyRR9 @
�++, yXe9Nj @ p�HnHQbb, RXkj9y @ p�Hn�++, yXejky
1TQ+? 8NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXyyde @
�++, yXe8Rj @ p�HnHQbb, RXyNj3 @ p�Hn�++, yXej8j
1TQ+? eyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXyRR3 @
�++, yXe8k9 @ p�HnHQbb, RXkyy9 @ p�Hn�++, yXek9j
1TQ+? eRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXyRyR @
�++, yXe8yk @ p�HnHQbb, RXR9je @ p�Hn�++, yXey89
1TQ+? ekfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXyRRR @
�++, yXe8R9 @ p�HnHQbb, RXRR8j @ p�Hn�++, yXek3e
1TQ+? ejfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RXyy83 @
�++, yXe8Rd @ p�HnHQbb, RXyk9e @ p�Hn�++, yXe9e3
1TQ+? e9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RXyy3e @
�++, yXe8k9 @ p�HnHQbb, RXkk9N @ p�Hn�++, yXek9R
1TQ+? e8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rd9b jKbfbi2T @ HQbb, RXyydN @
�++, yXe898 @ p�HnHQbb, RXyddR @ p�Hn�++, yXekey
1TQ+? eefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Reeb jKbfbi2T @ HQbb, RXyRje @
�++, yXe8jR @ p�HnHQbb, RXy3kd @ p�Hn�++, yXe9ek
1TQ+? edfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Re9b jKbfbi2T @ HQbb, RXyyde @
�++, yXe89d @ p�HnHQbb, RXkde3 @ p�Hn�++, yXek89
1TQ+? e3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rddb 9Kbfbi2T @ HQbb, RXyyeR @
�++, yXe8jN @ p�HnHQbb, RXyeNk @ p�Hn�++, yXe9R3
1TQ+? eNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R3eb 9Kbfbi2T @ HQbb, RXyyN8 @
�++, yXe8Ry @ p�HnHQbb, RXRj3j @ p�Hn�++, yXe9y9
1TQ+? dyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RN3b 9Kbfbi2T @ HQbb, RXyyN8 @
�++, yXe9NR @ p�HnHQbb, RXyRNk @ p�Hn�++, yXe9RN
1TQ+? dRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R39b 9Kbfbi2T @ HQbb, RXyRjy @
�++, yXe9NN @ p�HnHQbb, RXReRR @ p�Hn�++, yXejR8
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1TQ+? dkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Re9b jKbfbi2T @ HQbb, RXyRyR @
�++, yXe893 @ p�HnHQbb, RXRkeN @ p�Hn�++, yXekj8
1TQ+? djfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R3Nb 9Kbfbi2T @ HQbb, RXyyN9 @
�++, yXe8kk @ p�HnHQbb, RXReNe @ p�Hn�++, yXejjd
1TQ+? d9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R33b 9Kbfbi2T @ HQbb, RXyR9y @
�++, yXe9Nj @ p�HnHQbb, RXkjd8 @ p�Hn�++, yXek8e
1TQ+? d8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rdjb jKbfbi2T @ HQbb, RXyyNe @
�++, yXe8Rd @ p�HnHQbb, RXyddN @ p�Hn�++, yXej9e
1TQ+? defRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RdNb 9Kbfbi2T @ HQbb, RXyyd9 @
�++, yXe8jy @ p�HnHQbb, RXydRd @ p�Hn�++, yXe9ke
1TQ+? ddfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RN3b 9Kbfbi2T @ HQbb, RXyy88 @
�++, yXe8jN @ p�HnHQbb, RXk8k8 @ p�Hn�++, yXekRR
1TQ+? d3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RNRb 9Kbfbi2T @ HQbb, RXyRRN @
�++, yXe8y9 @ p�HnHQbb, RXyjNN @ p�Hn�++, yXej3d
1TQ+? dNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rdkb jKbfbi2T @ HQbb, RXyy3R @
�++, yXe8je @ p�HnHQbb, RXk8jR @ p�Hn�++, yXekky
1TQ+? 3yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R83b jKbfbi2T @ HQbb, RXyy8k @
�++, yXe8kN @ p�HnHQbb, RXyNde @ p�Hn�++, yXejky
1TQ+? 3RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rekb jKbfbi2T @ HQbb, RXyyNk @
�++, yXe8kN @ p�HnHQbb, RXjyN9 @ p�Hn�++, yXek3N
1TQ+? 3kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RdNb 9Kbfbi2T @ HQbb, RXyRyy @
�++, yXe8ke @ p�HnHQbb, RXR3ej @ p�Hn�++, yXejRR
1TQ+? 3jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RXykyR @
�++, yXe9Nk @ p�HnHQbb, RXkjN9 @ p�Hn�++, yXejk9
1TQ+? 39fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RXyRkk @
�++, yXe8Ry @ p�HnHQbb, RXkR9R @ p�Hn�++, yXek8R
1TQ+? 38fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RdRb jKbfbi2T @ HQbb, RXykjy @
�++, yXe93e @ p�HnHQbb, RXRee9 @ p�Hn�++, yXekNN
1TQ+? 3efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ReNb jKbfbi2T @ HQbb, RXykR9 @
�++, yXe9d8 @ p�HnHQbb, RXke3k @ p�Hn�++, yXekky
1TQ+? 3dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rejb jKbfbi2T @ HQbb, RXykke @
�++, yXe9Ne @ p�HnHQbb, RXRjkj @ p�Hn�++, yXekd3
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1TQ+? 33fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ReRb jKbfbi2T @ HQbb, RXykkR @
�++, yXe8yy @ p�HnHQbb, RXR8d9 @ p�Hn�++, yXekR9
1TQ+? 3NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Re3b jKbfbi2T @ HQbb, RXykyN @
�++, yXe8y8 @ p�HnHQbb, RXje8k @ p�Hn�++, yXeR8d
1TQ+? NyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Redb jKbfbi2T @ HQbb, RXykde @
�++, yXe9Nk @ p�HnHQbb, RXRRe3 @ p�Hn�++, yXekke
1TQ+? NRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kReb 9Kbfbi2T @ HQbb, RXyk9R @
�++, yXe9Nd @ p�HnHQbb, RXky99 @ p�Hn�++, yXek8d
1TQ+? NkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kkdb 8Kbfbi2T @ HQbb, RXykRe @
�++, yXe93y @ p�HnHQbb, RXkyN9 @ p�Hn�++, yXeRd9
1TQ+? NjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kk9b 9Kbfbi2T @ HQbb, RXyR33 @
�++, yXe938 @ p�HnHQbb, RXR9yR @ p�Hn�++, yXek9j
1TQ+? N9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kk8b 8Kbfbi2T @ HQbb, RXykd8 @
�++, yXe9ek @ p�HnHQbb, RXke98 @ p�Hn�++, yXekje
1TQ+? N8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kk9b 9Kbfbi2T @ HQbb, RXykN8 @
�++, yXe98N @ p�HnHQbb, RXRej8 @ p�Hn�++, yXekNj
1TQ+? NefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kkNb 8Kbfbi2T @ HQbb, RXyk9y @
�++, yXe8Rk @ p�HnHQbb, RXy9Rd @ p�Hn�++, yXejdj
1TQ+? NdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kkeb 8Kbfbi2T @ HQbb, RXyjRj @
�++, yXe9eR @ p�HnHQbb, RXR8k9 @ p�Hn�++, yXejR8
1TQ+? N3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kkjb 9Kbfbi2T @ HQbb, RXykdj @
�++, yXe9dN @ p�HnHQbb, RXyeRd @ p�Hn�++, yXejR9
1TQ+? NNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kk8b 8Kbfbi2T @ HQbb, RXyjjd @
�++, yXe9dk @ p�HnHQbb, RXkkdd @ p�Hn�++, yXekey
1TQ+? RyyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kReb 9Kbfbi2T @ HQbb, RXyjR9 @
�++, yXe9d3 @ p�HnHQbb, RXRkjj @ p�Hn�++, yXekyk

(99d), �++nHQbbn;`�T?B+U2M+9n?BbiQ`v- ^ 2M+nKQ/2H HQbb �M/ �++m�`�+v^V
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(993), O a+Q`2 i`�BM2/ 2M+nKQ/2HX
2M+9nb+Q`2b 4 2M+9nKQ/2HX2p�Hm�i2U2M+9nsni2bi- 2M+9nvni2bi- p2`#Qb24RV
T`BMiU^h2bi HQbb,^- 2M+9nb+Q`2b(y)V
T`BMiU^h2bi �++m`�+v,^- 2M+9nb+Q`2b(R)V

O K�F2 T`2/B+iBQMX
2M+nT`2/ 4 2M+9nKQ/2HXT`2/B+iU2M+9nsni2biV

RyyyyfRyyyy (444444444444444444444444444444) @ Ryb Nd9mbfbi2T
h2bi HQbb, RXRkjjjyR3yNjRyNR9
h2bi �++m`�+v, yXekyk

e h`�BM rBi? 2M+`vTi2/ *A6�_Ry /�i�b2i mbBM; F2v 8
.`Bp2 Q`i?Q;QM�H K�i`Bt iQ ;2i 2M+`vTiBQM F2v Z8 �M/ /2+`vTiBQM F2v .8

(9Rk), O_2�/ F2v BK�;2 �b _:"
F2v8 4 AK�;2XQT2MU]flb2`bfi?B2MM;QH2f.2bFiQTfJAL1afj6�HHkykyfJa@T`QD2+ifF2vbf
↪→F2v8XTM;]V

Oa?Qr _:" F2v BK�;2
THiXBKb?QrUF2v8V
O;`�v b+�H2 F2v BK�;2
F2v8 4 F2v8X+QMp2`iU^G^V
O`2bBx2 F2v BK�;2
F2v8 4 MTX`2bBx2UF2v8-Ujk-jkVV
O+QMp2`i iQ k. �``�v
F2v8 4 MTX�b�``�vUF2v8V
OZ_ /2+QKTQbBiBQM
Z8- _8 4 b+BTvXHBM�H;X[`UF2v8V
O.`Bp2 i?2 /2+`vTiBQM K�i`Bt
.8 4 MTXHBM�H;XBMpUZ8V
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1M+`vTiBQM F2v Z8

(9Rj), THiXBKb?QrUZ8V

(9Rj), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytRe7d�9#dy=
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.2+`vTiBQM F2v .8

(9R9), THiXBKb?QrU.8V

(9R9), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytRdd�dk#yy=

1M+`vTi i?2 /�i�b2i

(9R8), 2M+8nsni`�BM 4 ()
7Q` �MnBK�;2 BM tni`�BM,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+8n# 4 MTX/QiU#- Z8V
2M+8n; 4 MTX/QiU;- Z8V
2M+8n` 4 MTX/QiU`- Z8V
2M+8n`;# 4 +pkXK2`;2UU2M+8n#-2M+8n;-2M+8n`VV
2M+8nsni`�BMX�TT2M/U2M+8n`;#V

T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+8nsni`�BMV-]i`�BM BK�;2b5]V
2M+8nsni2bi 4 ()
7Q` �MnBK�;2 BM tni2bi,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+8n# 4 MTX/QiU#- Z8V
2M+8n; 4 MTX/QiU;- Z8V
2M+8n` 4 MTX/QiU`- Z8V
2M+8n`;# 4 +pkXK2`;2UU2M+8n#-2M+8n;-2M+8n`VV
2M+8nsni2biX�TT2M/U2M+8n`;#V
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T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+8nsni2biV-]i2bi BK�;2b5]V

.QM2 2M+`vTiBM; 8yyyy i`�BM BK�;2b5

.QM2 2M+`vTiBM; Ryyyy i2bi BK�;2b5

(9Re), O LQ`K�HBx2 i?2 /�i�X
2M+8nsni`�BM 4 MTX�``�vU2M+8nsni`�BMV
2M+8nsni2bi 4 MTX�``�vU2M+8nsni2biV

2M+8nsni`�BM 4 2M+8nsni`�BMX�bivT2U^7HQ�ijk^V
2M+8nsni2bi 4 2M+8nsni2biX�bivT2U^7HQ�ijk^V
2M+8nsni`�BM f4 k88
2M+8nsni2bi f4 k88

O *QMp2`i +H�bb p2+iQ`b iQ #BM�`v +H�bb K�i`B+2bUQM2 ?Qi 2M+Q/BM;VX
2M+8nvni`�BM 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni`�BM- MmKn+H�bb2bV
2M+8nvni2bi 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni2bi- MmKn+H�bb2bV

(9Rd), T`BMiU^2M+8ntni`�BM b?�T2,^- 2M+8nsni`�BMXb?�T2V
T`BMiU^2M+8nvni`�BM b?�T2,^- 2M+8nvni`�BMXb?�T2V
T`BMiU^2M+8ntni2bi b?�T2,^- 2M+8nsni2biXb?�T2V
T`BMiU^2M+8nvni2bi b?�T2,^- 2M+8nvni2biXb?�T2V

2M+8ntni`�BM b?�T2, U8yyyy- jk- jk- jV
2M+8nvni`�BM b?�T2, U8yyyy- RyV
2M+8ntni2bi b?�T2, URyyyy- jk- jk- jV
2M+8nvni2bi b?�T2, URyyyy- RyV

(9R3), O/27BM2 i?2 +QMpM2i
2M+8nKQ/2H 4 a2[m2MiB�HUV
O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+8nKQ/2HX�//U*QMpk.Ujk- Uj- jV- T�//BM;4^b�K2^-BMTminb?�T2 4 2M+8nsni`�BMX
↪→b?�T2(R,)VV

2M+8nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+8nKQ/2HX�//U*QMpk.Ujk- Uj- jVVV
2M+8nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+8nKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
2M+8nKQ/2HX�//U.`QTQmiUyXk8VV

O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+8nKQ/2HX�//U*QMpk.Ue9- Uj- jV- T�//BM;4^b�K2^VV
2M+8nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+8nKQ/2HX�//U*QMpk.Ue9- Uj- jVVV
2M+8nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+8nKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
2M+8nKQ/2HX�//U.`QTQmiUyXk8VV
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O 6G�hh1_L 4= .1La1 4= _1Gl 4= ._PSPlh
2M+8nKQ/2HX�//U6H�ii2MUVV
2M+8nKQ/2HX�//U.2Mb2U8RkVV
2M+8nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+8nKQ/2HX�//U.`QTQmiUyX8VV
O � bQ7iK�t +H�bbB7B2`
2M+8nKQ/2HX�//U.2Mb2UMmKn+H�bb2bVV
2M+8nKQ/2HX�//U�+iBp�iBQMU^bQ7iK�t^VV

(9RN), O BMBiB�i2 _JaT`QT QTiBKBx2`
QTi 4 F2`�bXQTiBKBx2`bX_JaT`QTUH`4yXyyyR- /2+�v4R2@eV

O *QKTBH2
2M+8nKQ/2HX+QKTBH2UHQbb4^+�i2;Q`B+�Hn+`Qbb2Mi`QTv^-

QTiBKBx2`4QTi-
K2i`B+b4(^�++m`�+v^)V

(9ky), Oh`�BM KQ/2H
2M+8n?BbiQ`v 4 2M+8nKQ/2HX7BiU2M+8nsni`�BM- 2M+8nvni`�BM-

#�i+?nbBx24#�i+?nbBx2-
2TQ+?b42TQ+?b-
p�HB/�iBQMn/�i�4U2M+8nsni2bi- 2M+8nvni2biV-
b?m77H24h`m2V

LQi mbBM; /�i� �m;K2Mi�iBQMX
h`�BM QM 8yyyy b�KTH2b- p�HB/�i2 QM Ryyyy b�KTH2b
1TQ+? RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R33b 9Kbfbi2T @ HQbb, RX3N38 @
�++, yXjyNR @ p�HnHQbb, RX8N3N @ p�Hn�++, yX99RR
1TQ+? kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rd3b 9Kbfbi2T @ HQbb, RX8Nyj @
�++, yX9kdy @ p�HnHQbb, RX938j @ p�Hn�++, yX9e3N
1TQ+? jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rdyb jKbfbi2T @ HQbb, RX9NRR @
�++, yX9eej @ p�HnHQbb, RXjN88 @ p�Hn�++, yX9NNj
1TQ+? 9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R83b jKbfbi2T @ HQbb, RX9jk3 @
�++, yX9Nyy @ p�HnHQbb, RXj8N8 @ p�Hn�++, yX8RRk
1TQ+? 8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXj3yd @
�++, yX8yNk @ p�HnHQbb, RXk3e8 @ p�Hn�++, yX89kR
1TQ+? efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8jb jKbfbi2T @ HQbb, RXjjje @
�++, yX8kdy @ p�HnHQbb, RXkekd @ p�Hn�++, yX88kj
1TQ+? dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Rb jKbfbi2T @ HQbb, RXjyke @
�++, yX8jdN @ p�HnHQbb, RXkjjy @ p�Hn�++, yX8eke
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1TQ+? 3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Nb jKbfbi2T @ HQbb, RXkdyd @
�++, yX88ye @ p�HnHQbb, RXkjjd @ p�Hn�++, yX8eyN
1TQ+? NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXk9e3 @
�++, yX883e @ p�HnHQbb, RXR33j @ p�Hn�++, yX83R8
1TQ+? RyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Rb jKbfbi2T @ HQbb, RXkkyd @
�++, yX8ee8 @ p�HnHQbb, RXRe39 @ p�Hn�++, yX83ee
1TQ+? RRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXRN3y @
�++, yX8d3e @ p�HnHQbb, RXkyR8 @ p�Hn�++, yX8dkN
1TQ+? RkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXR3kk @
�++, yX83k9 @ p�HnHQbb, RXR9jj @ p�Hn�++, yX8NjR
1TQ+? RjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rejb jKbfbi2T @ HQbb, RXRedR @
�++, yX83N9 @ p�HnHQbb, RXRke8 @ p�Hn�++, yXeyjR
1TQ+? R9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXR8yj @
�++, yX8Nj8 @ p�HnHQbb, RXRyNy @ p�Hn�++, yXeydd
1TQ+? R8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kkjb 9Kbfbi2T @ HQbb, RXRjd8 @
�++, yXeyyj @ p�HnHQbb, RXRRk8 @ p�Hn�++, yXeyde
1TQ+? RefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kRNb 9Kbfbi2T @ HQbb, RXRkNR @
�++, yXeykj @ p�HnHQbb, RXRRjy @ p�Hn�++, yXey3N
1TQ+? RdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RN3b 9Kbfbi2T @ HQbb, RXRR3d @
�++, yXey8y @ p�HnHQbb, RXy3dd @ p�Hn�++, yXeRjk
1TQ+? R3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R83b jKbfbi2T @ HQbb, RXRyeR @
�++, yXeyNj @ p�HnHQbb, RXRj8y @ p�Hn�++, yXeyyy
1TQ+? RNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R83b jKbfbi2T @ HQbb, RXyNkN @
�++, yXeRd8 @ p�HnHQbb, RXyNk8 @ p�Hn�++, yXeRej
1TQ+? kyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8jb jKbfbi2T @ HQbb, RXy3dk @
�++, yXeR3R @ p�HnHQbb, RXy33k @ p�Hn�++, yXeRyN
1TQ+? kRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ky9b 9Kbfbi2T @ HQbb, RXy3k3 @
�++, yXeR3y @ p�HnHQbb, RXyeR9 @ p�Hn�++, yXeke9
1TQ+? kkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kkRb 9Kbfbi2T @ HQbb, RXydkk @
�++, yXek99 @ p�HnHQbb, RXyeRj @ p�Hn�++, yXekkk
1TQ+? kjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k8jb 8Kbfbi2T @ HQbb, RXye33 @
�++, yXek8d @ p�HnHQbb, RXydd8 @ p�Hn�++, yXeReR
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1TQ+? k9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kkjb 9Kbfbi2T @ HQbb, RXyey8 @
�++, yXekN9 @ p�HnHQbb, RXyN3R @ p�Hn�++, yXek8e
1TQ+? k8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kjyb 8Kbfbi2T @ HQbb, RXy83k @
�++, yXekNk @ p�HnHQbb, RXy8Ne @ p�Hn�++, yXejRj
1TQ+? kefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kkkb 9Kbfbi2T @ HQbb, RXy8Ry @
�++, yXejk3 @ p�HnHQbb, RXy8yN @ p�Hn�++, yXejRR
1TQ+? kdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kjyb 8Kbfbi2T @ HQbb, RXy98y @
�++, yXejjd @ p�HnHQbb, RXydek @ p�Hn�++, yXejk3
1TQ+? k3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k8yb 8Kbfbi2T @ HQbb, RXy9jy @
�++, yXej9y @ p�HnHQbb, RXyde3 @ p�Hn�++, yXekke
1TQ+? kNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k9Nb 8Kbfbi2T @ HQbb, RXyjd9 @
�++, yXejdk @ p�HnHQbb, RXy8jy @ p�Hn�++, yXejkd
1TQ+? jyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k9jb 8Kbfbi2T @ HQbb, RXyj8k @
�++, yXej3j @ p�HnHQbb, RXyNj9 @ p�Hn�++, yXeR9k
1TQ+? jRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kjRb 8Kbfbi2T @ HQbb, RXyjjk @
�++, yXejNk @ p�HnHQbb, RXydk3 @ p�Hn�++, yXejk9
1TQ+? jkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k9jb 8Kbfbi2T @ HQbb, RXykN9 @
�++, yXejNN @ p�HnHQbb, RXy9Nd @ p�Hn�++, yXekNR
1TQ+? jjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kyeb 9Kbfbi2T @ HQbb, RXyk83 @
�++, yXe9kN @ p�HnHQbb, RXyeyy @ p�Hn�++, yXej8j
1TQ+? j9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RNNb 9Kbfbi2T @ HQbb, RXykek @
�++, yXe9Rk @ p�HnHQbb, RXyj3d @ p�Hn�++, yXej83
1TQ+? j8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RNNb 9Kbfbi2T @ HQbb, RXykyN @
�++, yXe99k @ p�HnHQbb, RXyejj @ p�Hn�++, yXej98
1TQ+? jefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RNNb 9Kbfbi2T @ HQbb, RXykyk @
�++, yXe999 @ p�HnHQbb, RXyj3N @ p�Hn�++, yXejde
1TQ+? jdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RNNb 9Kbfbi2T @ HQbb, RXyRej @
�++, yXe9eR @ p�HnHQbb, RXy8Re @ p�Hn�++, yXej3d
1TQ+? j3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RNNb 9Kbfbi2T @ HQbb, RXyRd9 @
�++, yXe9dj @ p�HnHQbb, RXRRk8 @ p�Hn�++, yXejed
1TQ+? jNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kyRb 9Kbfbi2T @ HQbb, RXyRRe @
�++, yXe93y @ p�HnHQbb, RXy9N8 @ p�Hn�++, yXejkd

ey



1TQ+? 9yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kyRb 9Kbfbi2T @ HQbb, RXyy3d @
�++, yXe9N9 @ p�HnHQbb, RXy8Rj @ p�Hn�++, yXejj3
1TQ+? 9RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kR9b 9Kbfbi2T @ HQbb, RXyyde @
�++, yXe93d @ p�HnHQbb, RXRRNy @ p�Hn�++, yXekN9
1TQ+? 9kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kkRb 9Kbfbi2T @ HQbb, RXyyjj @
�++, yXe8k8 @ p�HnHQbb, RXydjN @ p�Hn�++, yXek3e
1TQ+? 9jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kjRb 8Kbfbi2T @ HQbb, RXyyN9 @
�++, yXe9N3 @ p�HnHQbb, RXRk39 @ p�Hn�++, yXeky8
1TQ+? 99fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kk8b 8Kbfbi2T @ HQbb, RXyy9N @
�++, yXe8k8 @ p�HnHQbb, RXy3ed @ p�Hn�++, yXej38
1TQ+? 98fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k98b 8Kbfbi2T @ HQbb, RXyyeN @
�++, yXe93e @ p�HnHQbb, RXyeNe @ p�Hn�++, yXejkd
1TQ+? 9efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kReb 9Kbfbi2T @ HQbb, RXyy9k @
�++, yXe8k8 @ p�HnHQbb, RXyNjj @ p�Hn�++, yXe9R8
1TQ+? 9dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kkkb 9Kbfbi2T @ HQbb, RXyyy9 @
�++, yXe8R8 @ p�HnHQbb, RXyeyR @ p�Hn�++, yXejNd
1TQ+? 93fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ jj9b dKbfbi2T @ HQbb, yXNNd3 @
�++, yXe8jN @ p�HnHQbb, RXy83y @ p�Hn�++, yXe9yj
1TQ+? 9NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ j93b dKbfbi2T @ HQbb, yXNN8N @
�++, yXe89j @ p�HnHQbb, RXyNk3 @ p�Hn�++, yXejdd
1TQ+? 8yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k33b eKbfbi2T @ HQbb, yXNNeN @
�++, yXe88R @ p�HnHQbb, RXR8d9 @ p�Hn�++, yXej99
1TQ+? 8RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k3kb eKbfbi2T @ HQbb, yXNN9k @
�++, yXe88R @ p�HnHQbb, RXy3eR @ p�Hn�++, yXe9RN
1TQ+? 8kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k3kb eKbfbi2T @ HQbb, yXNNk9 @
�++, yXe88d @ p�HnHQbb, RXy3e8 @ p�Hn�++, yXejj9
1TQ+? 8jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kN9b eKbfbi2T @ HQbb, yXNNkR @
�++, yXe883 @ p�HnHQbb, RXyeR8 @ p�Hn�++, yXej33
1TQ+? 89fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k3db eKbfbi2T @ HQbb, yXNNRR @
�++, yXe83y @ p�HnHQbb, RXR3ey @ p�Hn�++, yXekN3
1TQ+? 88fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ke3b 8Kbfbi2T @ HQbb, yXNNek @
�++, yXe8ed @ p�HnHQbb, RXRR9k @ p�Hn�++, yXej8k
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1TQ+? 8efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k83b 8Kbfbi2T @ HQbb, yXN3N9 @
�++, yXe83d @ p�HnHQbb, RXRkky @ p�Hn�++, yXej9e
1TQ+? 8dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ k8kb 8Kbfbi2T @ HQbb, yXNNj3 @
�++, yXe8eN @ p�HnHQbb, RXy3yd @ p�Hn�++, yXe9Re
1TQ+? 83fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Reeb jKbfbi2T @ HQbb, yXNN3y @
�++, yXe8ej @ p�HnHQbb, RXyekd @ p�Hn�++, yXej3N
1TQ+? 8NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ReNb jKbfbi2T @ HQbb, yXNN9y @
�++, yXe889 @ p�HnHQbb, RXyd93 @ p�Hn�++, yXej98
1TQ+? eyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RdRb jKbfbi2T @ HQbb, yXNNjj @
�++, yXe8eN @ p�HnHQbb, RXyd8y @ p�Hn�++, yXejN8
1TQ+? eRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Reeb jKbfbi2T @ HQbb, yXNN98 @
�++, yXe8jj @ p�HnHQbb, RXRjk9 @ p�Hn�++, yXe9yy
1TQ+? ekfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rdeb 9Kbfbi2T @ HQbb, yXNN88 @
�++, yXe8ed @ p�HnHQbb, RXyeRd @ p�Hn�++, yXejej
1TQ+? ejfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8kb jKbfbi2T @ HQbb, yXNN8d @
�++, yXe888 @ p�HnHQbb, RXy3dd @ p�Hn�++, yXejN8
1TQ+? e9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, yXNNke @
�++, yXe839 @ p�HnHQbb, RXRyed @ p�Hn�++, yXe9y8
1TQ+? e8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rj3b jKbfbi2T @ HQbb, yXN33R @
�++, yXe83e @ p�HnHQbb, RXRekR @ p�Hn�++, yXejRR
1TQ+? eefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, yXNNRj @
�++, yXe839 @ p�HnHQbb, RXkkk3 @ p�Hn�++, yXejyj
1TQ+? edfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, yXNNNd @
�++, yXe8e9 @ p�HnHQbb, RXR9RR @ p�Hn�++, yXek3e
1TQ+? e3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, yXNNkk @
�++, yXe8ek @ p�HnHQbb, RXkj38 @ p�Hn�++, yXekNk
1TQ+? eNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, yXNNd8 @
�++, yXe88k @ p�HnHQbb, RXRkj9 @ p�Hn�++, yXej89
1TQ+? dyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, yXNNN9 @
�++, yXe8dk @ p�HnHQbb, RXk8Ry @ p�Hn�++, yXeRN3
1TQ+? dRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, yXN3ej @
�++, yXeejd @ p�HnHQbb, RXReed @ p�Hn�++, yXejRj

ek



1TQ+? dkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, yXNN3e @
�++, yXe8d9 @ p�HnHQbb, RXy9R3 @ p�Hn�++, yXej3R
1TQ+? djfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, yXNNey @
�++, yXe8dy @ p�HnHQbb, RXjdj8 @ p�Hn�++, yXekje
1TQ+? d9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, yXNNjd @
�++, yXe8Ne @ p�HnHQbb, RXRk9k @ p�Hn�++, yXej9R
1TQ+? d8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, yXNNey @
�++, yXe8dd @ p�HnHQbb, RXy889 @ p�Hn�++, yXe9y8
1TQ+? defRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXyyeN @
�++, yXe88d @ p�HnHQbb, RXyNjk @ p�Hn�++, yXejdy
1TQ+? ddfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, yXNNeR @
�++, yXe83j @ p�HnHQbb, RXRyRy @ p�Hn�++, yXek3j
1TQ+? d3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, yXNNe9 @
�++, yXe83k @ p�HnHQbb, RXRdj3 @ p�Hn�++, yXekey
1TQ+? dNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXyyjj @
�++, yXe89k @ p�HnHQbb, RXRyN3 @ p�Hn�++, yXejdR
1TQ+? 3yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, yXNNdj @
�++, yXe8ey @ p�HnHQbb, RX9Rj3 @ p�Hn�++, yXeRjN
1TQ+? 3RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rj3b jKbfbi2T @ HQbb, RXyy98 @
�++, yXe83e @ p�HnHQbb, RXk9d9 @ p�Hn�++, yXeRNy
1TQ+? 3kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rj3b jKbfbi2T @ HQbb, RXyy9e @
�++, yXe89j @ p�HnHQbb, RXRjed @ p�Hn�++, yXekj3
1TQ+? 3jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rjdb jKbfbi2T @ HQbb, RXyRye @
�++, yXe8j8 @ p�HnHQbb, RXy33R @ p�Hn�++, yXek3N
1TQ+? 39fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rjdb jKbfbi2T @ HQbb, RXyy33 @
�++, yXe88y @ p�HnHQbb, RXyd39 @ p�Hn�++, yXejR3
1TQ+? 38fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rjeb jKbfbi2T @ HQbb, RXyydR @
�++, yXe8jj @ p�HnHQbb, RXRdej @ p�Hn�++, yXeky8
1TQ+? 3efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rj8b jKbfbi2T @ HQbb, RXyR98 @
�++, yXe8k9 @ p�HnHQbb, RXRyey @ p�Hn�++, yXek33
1TQ+? 3dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rjeb jKbfbi2T @ HQbb, RXyRk9 @
�++, yXe8RN @ p�HnHQbb, RXy3ek @ p�Hn�++, yXeke9

ej



1TQ+? 33fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rjeb jKbfbi2T @ HQbb, RXyRke @
�++, yXe8j9 @ p�HnHQbb, RXRR3y @ p�Hn�++, yXekj9
1TQ+? 3NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rj8b jKbfbi2T @ HQbb, RXykkk @
�++, yXe8y3 @ p�HnHQbb, RXkR3j @ p�Hn�++, yXekyN
1TQ+? NyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rjeb jKbfbi2T @ HQbb, RXyRdd @
�++, yXe8Rd @ p�HnHQbb, RXy389 @ p�Hn�++, yXekNR
1TQ+? NRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rjeb jKbfbi2T @ HQbb, RXyRNk @
�++, yXe8R8 @ p�HnHQbb, RXkN83 @ p�Hn�++, yXeRkj
1TQ+? NkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rjeb jKbfbi2T @ HQbb, RXykkR @
�++, yXe9NN @ p�HnHQbb, RXk39d @ p�Hn�++, yXeR8e
1TQ+? NjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rj3b jKbfbi2T @ HQbb, RXyRN3 @
�++, yXe8kd @ p�HnHQbb, RXk889 @ p�Hn�++, yXeydd
1TQ+? N9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXykk3 @
�++, yXe93y @ p�HnHQbb, RXRN38 @ p�Hn�++, yXeRNR
1TQ+? N8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RXykkR @
�++, yXe9Nd @ p�HnHQbb, RXR9ye @ p�Hn�++, yXek3k
1TQ+? NefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R83b jKbfbi2T @ HQbb, RXyjk8 @
�++, yXe9ej @ p�HnHQbb, RXR8yk @ p�Hn�++, yXekkd
1TQ+? NdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, RXyjky @
�++, yXe9Nd @ p�HnHQbb, RXy3RR @ p�Hn�++, yXekN8
1TQ+? N3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Re9b jKbfbi2T @ HQbb, RXyjy8 @
�++, yXe9dR @ p�HnHQbb, RX9jke @ p�Hn�++, yXeyNk
1TQ+? NNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R38b 9Kbfbi2T @ HQbb, RXyj83 @
�++, yXe983 @ p�HnHQbb, RXkjkR @ p�Hn�++, yXeRNy
1TQ+? RyyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R3kb 9Kbfbi2T @ HQbb, RXyj8y @
�++, yXe93N @ p�HnHQbb, RX99je @ p�Hn�++, yX8Ndk

(9kR), �++nHQbbn;`�T?B+U2M+8n?BbiQ`v- ^ 2M+nKQ/2H HQbb �M/ �++m�`�+v^V

e9



(9kk), O a+Q`2 i`�BM2/ 2M+nKQ/2HX
2M+8nb+Q`2b 4 2M+8nKQ/2HX2p�Hm�i2U2M+8nsni2bi- 2M+8nvni2bi- p2`#Qb24RV
T`BMiU^h2bi HQbb,^- 2M+8nb+Q`2b(y)V
T`BMiU^h2bi �++m`�+v,^- 2M+8nb+Q`2b(R)V

O K�F2 T`2/B+iBQMX
2M+nT`2/ 4 2M+8nKQ/2HXT`2/B+iU2M+8nsni2biV

RyyyyfRyyyy (444444444444444444444444444444) @ db dRembfbi2T
h2bi HQbb, RX99jeRejy9jNd83j
h2bi �++m`�+v, yX8Ndk

d h`�BM rBi? 2M+`vTi2/ *A6�_Ry /�i�b2i mbBM; }t2/ F2v 6R

(99N), OHQ�/ F2v 7R
6R 4 MTXHQ�/U]flb2`bfi?B2MM;QH2f.2bFiQTfJAL1afj6�HHkykyfJa@T`QD2+ifF2vbf7RXMTv]V
O.`Bp2 i?2 /2+`vTiBQM K�i`Bt 7`QK i?2 7Bt2/ 2M+`vTiBQM F2vX
.6R 4 MTXHBM�H;XBMpU6RV

1M+`vTiBQM F2v 6R

(98y), THiXBKb?QrU6RV

(98y), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytRde77N#yy=

e8



.2+`vTiBQM F2v .6R

(98R), THiXBKb?QrU.6RV

(98R), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytRddRNy�Ny=

ee



(9ek), 2M+7Rnsni`�BM 4 ()
7Q` �MnBK�;2 BM tni`�BM,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+7Rn# 4 MTX/QiU#- 6RV
2M+7Rn; 4 MTX/QiU;- 6RV
2M+7Rn` 4 MTX/QiU`- 6RV
2M+7Rn`;# 4 +pkXK2`;2UU2M+7Rn#-2M+7Rn;-2M+7Rn`VV
2M+7Rnsni`�BMX�TT2M/U2M+7Rn`;#V

T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+7Rnsni`�BMV-]i`�BM BK�;2b]V
2M+7Rnsni2bi 4 ()
7Q` �MnBK�;2 BM tni2bi,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+7Rn# 4 MTX/QiU#- 6RV
2M+7Rn; 4 MTX/QiU;- 6RV
2M+7Rn` 4 MTX/QiU`- 6RV
2M+7Rn`;# 4 +pkXK2`;2UU2M+7Rn#-2M+7Rn;-2M+7Rn`VV
2M+7Rnsni2biX�TT2M/U2M+7Rn`;#V

T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+7Rnsni2biV-]i2bi BK�;2b]V

.QM2 2M+`vTiBM; 8yyyy i`�BM BK�;2b

.QM2 2M+`vTiBM; Ryyyy i2bi BK�;2b

(9ej), O LQ`K�HBx2 i?2 /�i�X
2M+7Rnsni`�BM 4 MTX�``�vU2M+7Rnsni`�BMV
2M+7Rnsni2bi 4 MTX�``�vU2M+7Rnsni2biV

2M+7Rnsni`�BM 4 2M+7Rnsni`�BMX�bivT2U^7HQ�ijk^V
2M+7Rnsni2bi 4 2M+7Rnsni2biX�bivT2U^7HQ�ijk^V
2M+7Rnsni`�BM f4 k88
2M+7Rnsni2bi f4 k88

O *QMp2`i +H�bb p2+iQ`b iQ #BM�`v +H�bb K�i`B+2bX h?Bb Bb +�HH2/ QM2 ?Qiɚ
↪→2M+Q/BM;X

2M+7Rnvni`�BM 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni`�BM- MmKn+H�bb2bV
2M+7Rnvni2bi 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni2bi- MmKn+H�bb2bV

(9e9), T`BMiU^2M+7Rnsni`�BM b?�T2,^- 2M+7Rnsni`�BMXb?�T2V
T`BMiU^2M+7Rnvni`�BM b?�T2,^- 2M+7Rnvni`�BMXb?�T2V
T`BMiU^2M+7Rnsni2bi b?�T2,^- 2M+7Rnsni2biXb?�T2V
T`BMiU^2M+7Rnvni2bi b?�T2,^- 2M+7Rnvni2biXb?�T2V

2M+7Rnsni`�BM b?�T2, U8yyyy- jk- jk- jV
2M+7Rnvni`�BM b?�T2, U8yyyy- RyV
2M+7Rnsni2bi b?�T2, URyyyy- jk- jk- jV
2M+7Rnvni2bi b?�T2, URyyyy- RyV

ed



(9e8), O/27BM2 i?2 +QMpM2i
2M+7RnKQ/2H 4 a2[m2MiB�HUV
O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+7RnKQ/2HX�//U*QMpk.Ujk- Uj- jV- T�//BM;4^b�K2^-BMTminb?�T2 4 2M+7Rnsni`�BMX
↪→b?�T2(R,)VV

2M+7RnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+7RnKQ/2HX�//U*QMpk.Ujk- Uj- jVVV
2M+7RnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+7RnKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
2M+7RnKQ/2HX�//U.`QTQmiUyXk8VV

O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+7RnKQ/2HX�//U*QMpk.Ue9- Uj- jV- T�//BM;4^b�K2^VV
2M+7RnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+7RnKQ/2HX�//U*QMpk.Ue9- Uj- jVVV
2M+7RnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+7RnKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
2M+7RnKQ/2HX�//U.`QTQmiUyXk8VV

O 6G�hh1_L 4= .1La1 4= _1Gl 4= ._PSPlh
2M+7RnKQ/2HX�//U6H�ii2MUVV
2M+7RnKQ/2HX�//U.2Mb2U8RkVV
2M+7RnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+7RnKQ/2HX�//U.`QTQmiUyX8VV
O � bQ7iK�t +H�bbB7B2`
2M+7RnKQ/2HX�//U.2Mb2UMmKn+H�bb2bVV
2M+7RnKQ/2HX�//U�+iBp�iBQMU^bQ7iK�t^VV

(9ee), O BMBiB�i2 _JaT`QT QTiBKBx2`
QTi 4 F2`�bXQTiBKBx2`bX_JaT`QTUH`4yXyyyR- /2+�v4R2@eV

O G2i^b i`�BM i?2 KQ/2H mbBM; _JaT`QT
2M+7RnKQ/2HX+QKTBH2UHQbb4^+�i2;Q`B+�Hn+`Qbb2Mi`QTv^-

QTiBKBx2`4QTi-
K2i`B+b4(^�++m`�+v^)V

(8ye), Oh`�BM KQ/2H
2M+7Rn?BbiQ`v 4 2M+7RnKQ/2HX7BiU2M+7Rnsni`�BM- 2M+7Rnvni`�BM-

#�i+?nbBx24#�i+?nbBx2-
2TQ+?b42TQ+?b-
p�HB/�iBQMn/�i�4U2M+7Rnsni2bi- 2M+7Rnvni2biV-
b?m77H24h`m2V

h`�BM QM 8yyyy b�KTH2b- p�HB/�i2 QM Ryyyy b�KTH2b
1TQ+? RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rd8b jKbfbi2T @ HQbb, RX33R3 @
�++, yXjydN @ p�HnHQbb, RXdjyN @ p�Hn�++, yXjd3j

e3



1TQ+? kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RXee38 @
�++, yXjNyy @ p�HnHQbb, RXeRyN @ p�Hn�++, yX9R83
1TQ+? jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RX8Nd9 @
�++, yX9R3e @ p�HnHQbb, RXedk8 @ p�Hn�++, yX9ykd
1TQ+? 9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RX88d9 @
�++, yX9j8d @ p�HnHQbb, RX8R3e @ p�Hn�++, yX9e83
1TQ+? 8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX8kjj @
�++, yX9938 @ p�HnHQbb, RX8Rd8 @ p�Hn�++, yX99d9
1TQ+? efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RX9Nd3 @
�++, yX9eRk @ p�HnHQbb, RX9ede @ p�Hn�++, yX9dRN
1TQ+? dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RX9dyN @
�++, yX9eNe @ p�HnHQbb, RX9jj3 @ p�Hn�++, yX93ey
1TQ+? 3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RX98j8 @
�++, yX9dN9 @ p�HnHQbb, RX9j93 @ p�Hn�++, yX93Rk
1TQ+? NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RX9jRd @
�++, yX938N @ p�HnHQbb, RX9kR8 @ p�Hn�++, yX9383
1TQ+? RyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RX9R3j @
�++, yX9Ny3 @ p�HnHQbb, RX9kk3 @ p�Hn�++, yX9Nde
1TQ+? RRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RX9y8e @
�++, yX9NdR @ p�HnHQbb, RXj3yk @ p�Hn�++, yX8y9k
1TQ+? RkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXjNe3 @
�++, yX8yje @ p�HnHQbb, RX983y @ p�Hn�++, yX938e
1TQ+? RjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXj3kj @
�++, yX8y8e @ p�HnHQbb, RXj3kd @ p�Hn�++, yX8yke
1TQ+? R9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RXjdkj @
�++, yX8Ry8 @ p�HnHQbb, RX9jNN @ p�Hn�++, yX93yy
1TQ+? R8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R83b jKbfbi2T @ HQbb, RXjek8 @
�++, yX8RkN @ p�HnHQbb, RXj3ek @ p�Hn�++, yX8R3y
1TQ+? RefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, RXj8Nd @
�++, yX8Rd8 @ p�HnHQbb, RXj89R @ p�Hn�++, yX8kdj
1TQ+? RdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXj8ek @
�++, yX8ReN @ p�HnHQbb, RXjdyd @ p�Hn�++, yX8jyy
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1TQ+? R3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXj9ey @
�++, yX8kkj @ p�HnHQbb, RX9jjj @ p�Hn�++, yX8k8j
1TQ+? RNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXj8y8 @
�++, yX8kjy @ p�HnHQbb, RXjkde @ p�Hn�++, yX8kRN
1TQ+? kyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjjNN @
�++, yX8keN @ p�HnHQbb, RXjdeR @ p�Hn�++, yX8jdy
1TQ+? kRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rj3b jKbfbi2T @ HQbb, RXjj3j @
�++, yX8k8N @ p�HnHQbb, RXj3dk @ p�Hn�++, yX8jy8
1TQ+? kkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXjjje @
�++, yX8kNj @ p�HnHQbb, RXjkeR @ p�Hn�++, yX8jj8
1TQ+? kjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXjj9R @
�++, yX8ke8 @ p�HnHQbb, RXj9dN @ p�Hn�++, yX8jkR
1TQ+? k9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjjjd @
�++, yX8jR3 @ p�HnHQbb, RXjRN8 @ p�Hn�++, yX8jRR
1TQ+? k8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjjj8 @
�++, yX8k3e @ p�HnHQbb, RX9y83 @ p�Hn�++, yX8kkd
1TQ+? kefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjjyd @
�++, yX8jRk @ p�HnHQbb, RXjyej @ p�Hn�++, yX893e
1TQ+? kdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjjy3 @
�++, yX8jkd @ p�HnHQbb, RXj3k9 @ p�Hn�++, yX8k39
1TQ+? k3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjk3d @
�++, yX8jjy @ p�HnHQbb, RXj8ky @ p�Hn�++, yX89k8
1TQ+? kNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjk8j @
�++, yX8j89 @ p�HnHQbb, RX93kj @ p�Hn�++, yX8R9y
1TQ+? jyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjk38 @
�++, yX8j9R @ p�HnHQbb, RXejN3 @ p�Hn�++, yX999e
1TQ+? jRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjk33 @
�++, yX8jjN @ p�HnHQbb, RXjy39 @ p�Hn�++, yX8jNy
1TQ+? jkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjkej @
�++, yX8jed @ p�HnHQbb, RX9y9N @ p�Hn�++, yX8j88
1TQ+? jjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXjjRR @
�++, yX8jjd @ p�HnHQbb, RX9k9j @ p�Hn�++, yX8jdy

dy



1TQ+? j9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjkdR @
�++, yX8j98 @ p�HnHQbb, RXjyk3 @ p�Hn�++, yX88yd
1TQ+? j8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjk9R @
�++, yX8jde @ p�HnHQbb, RX99ee @ p�Hn�++, yX8kkN
1TQ+? jefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rj3b jKbfbi2T @ HQbb, RXjjey @
�++, yX8jjN @ p�HnHQbb, RXkNy8 @ p�Hn�++, yX89dk
1TQ+? jdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXjjyR @
�++, yX8jed @ p�HnHQbb, RXj8de @ p�Hn�++, yX8jd8
1TQ+? j3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXjj9k @
�++, yX8j9y @ p�HnHQbb, RXj93R @ p�Hn�++, yX8jd8
1TQ+? jNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXjj8e @
�++, yX8j98 @ p�HnHQbb, RX983N @ p�Hn�++, yX8Rej
1TQ+? 9yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXj9k3 @
�++, yX8jRe @ p�HnHQbb, RX8eNd @ p�Hn�++, yX9N3k
1TQ+? 9RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXjjj3 @
�++, yX8j9d @ p�HnHQbb, RXkN39 @ p�Hn�++, yX88jN
1TQ+? 9kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rj3b jKbfbi2T @ HQbb, RXjjk9 @
�++, yX8j8N @ p�HnHQbb, RX9key @ p�Hn�++, yX8yRe
1TQ+? 9jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXj9k8 @
�++, yX8jRe @ p�HnHQbb, RX98kk @ p�Hn�++, yX8yRe
1TQ+? 99fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rj3b jKbfbi2T @ HQbb, RXjjNe @
�++, yX8jky @ p�HnHQbb, RXj9ek @ p�Hn�++, yX8keN
1TQ+? 98fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rj3b jKbfbi2T @ HQbb, RXj9jN @
�++, yX8jy9 @ p�HnHQbb, RXk3j9 @ p�Hn�++, yX89e9
1TQ+? 9efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXjjeR @
�++, yX8jkN @ p�HnHQbb, RXjey3 @ p�Hn�++, yX8j39
1TQ+? 9dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXj9k9 @
�++, yX8jjR @ p�HnHQbb, RXkd88 @ p�Hn�++, yX88eR
1TQ+? 93fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXjjjj @
�++, yX8j89 @ p�HnHQbb, RXkNRe @ p�Hn�++, yX89ke
1TQ+? 9NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXj9y9 @
�++, yX8jRj @ p�HnHQbb, RX9k33 @ p�Hn�++, yX8key

dR



1TQ+? 8yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXj9yR @
�++, yX8jjy @ p�HnHQbb, RXj8Nk @ p�Hn�++, yX8R9e
1TQ+? 8RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXj9ke @
�++, yX8j9e @ p�HnHQbb, RXkdeR @ p�Hn�++, yX88j3
1TQ+? 8kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXj9kd @
�++, yX8jRN @ p�HnHQbb, RXj993 @ p�Hn�++, yX898R
1TQ+? 8jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXjjNd @
�++, yX8j8y @ p�HnHQbb, RX9y9e @ p�Hn�++, yX8k8N
1TQ+? 89fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXj99k @
�++, yX8jje @ p�HnHQbb, RXjjj9 @ p�Hn�++, yX8kNy
1TQ+? 88fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXj999 @
�++, yX8jjj @ p�HnHQbb, RXjN3R @ p�Hn�++, yX8RdN
1TQ+? 8efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXj8yj @
�++, yX8jk3 @ p�HnHQbb, RXjkdj @ p�Hn�++, yX899j
1TQ+? 8dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RjNb jKbfbi2T @ HQbb, RXj9de @
�++, yX8jR9 @ p�HnHQbb, RXjNke @ p�Hn�++, yX8R8R
1TQ+? 83fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXj9e8 @
�++, yX8jR8 @ p�HnHQbb, RXk398 @ p�Hn�++, yX893k
1TQ+? 8NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXj99e @
�++, yX8jj8 @ p�HnHQbb, RXjeR3 @ p�Hn�++, yX8jRj
1TQ+? eyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXj9e8 @
�++, yX8jjk @ p�HnHQbb, RXjk9e @ p�Hn�++, yX88yy
1TQ+? eRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXj993 @
�++, yX8jky @ p�HnHQbb, RX9k3d @ p�Hn�++, yX8yjd
1TQ+? ekfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXj8jj @
�++, yX8jye @ p�HnHQbb, RXj3RR @ p�Hn�++, yX8j8j
1TQ+? ejfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXj93j @
�++, yX8kNd @ p�HnHQbb, RXkeyd @ p�Hn�++, yX8ekR
1TQ+? e9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXj8Rd @
�++, yX8jyR @ p�HnHQbb, RXjNkd @ p�Hn�++, yX8kkR
1TQ+? e8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXj98k @
�++, yX8jRd @ p�HnHQbb, RXkN3y @ p�Hn�++, yX88R8

dk



1TQ+? eefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXj89y @
�++, yX8k39 @ p�HnHQbb, RX9y38 @ p�Hn�++, yX8R99
1TQ+? edfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXj8k9 @
�++, yX8kN8 @ p�HnHQbb, RX9yR3 @ p�Hn�++, yX8983
1TQ+? e3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXj8kj @
�++, yX8k3k @ p�HnHQbb, RXj8NR @ p�Hn�++, yX89kj
1TQ+? eNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXj8ek @
�++, yX8kNR @ p�HnHQbb, RXjyR8 @ p�Hn�++, yX8jey
1TQ+? dyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXj8dd @
�++, yX8jRk @ p�HnHQbb, RX9d9y @ p�Hn�++, yX8Rdj
1TQ+? dRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjeRe @
�++, yX8k38 @ p�HnHQbb, RX9e8y @ p�Hn�++, yX8kNR
1TQ+? dkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXj8dd @
�++, yX8jyj @ p�HnHQbb, RX9R8N @ p�Hn�++, yX8y8e
1TQ+? djfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXje89 @
�++, yX8kej @ p�HnHQbb, RXjeee @ p�Hn�++, yX8k9R
1TQ+? d9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXjedd @
�++, yX8ke8 @ p�HnHQbb, RX8j9j @ p�Hn�++, yX938N
1TQ+? d8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXje3j @
�++, yX8k8d @ p�HnHQbb, RXk9eR @ p�Hn�++, yX8ekj
1TQ+? defRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXjeRy @
�++, yX8kdN @ p�HnHQbb, RXj8N8 @ p�Hn�++, yX8jdk
1TQ+? ddfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjd8k @
�++, yX8k9j @ p�HnHQbb, RXj3Ny @ p�Hn�++, yX8k3d
1TQ+? d3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjdj3 @
�++, yX8kej @ p�HnHQbb, RXjyjj @ p�Hn�++, yX89Rk
1TQ+? dNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXj3Rk @
�++, yX8kRy @ p�HnHQbb, RXj3ky @ p�Hn�++, yX8k33
1TQ+? 3yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXjdd8 @
�++, yX8kky @ p�HnHQbb, RXk83j @ p�Hn�++, yX883d
1TQ+? 3RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXjdj9 @
�++, yX8k93 @ p�HnHQbb, RX9k3R @ p�Hn�++, yX8yRy

dj



1TQ+? 3kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXj3kd @
�++, yX8kj8 @ p�HnHQbb, RX9N99 @ p�Hn�++, yX9dj9
1TQ+? 3jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXj3dy @
�++, yX8kRk @ p�HnHQbb, RXjNjy @ p�Hn�++, yX8k9j
1TQ+? 39fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXj39k @
�++, yX8kRk @ p�HnHQbb, RXj3Nj @ p�Hn�++, yX8R8y
1TQ+? 38fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXj39y @
�++, yX8Re9 @ p�HnHQbb, RXjed8 @ p�Hn�++, yX8k3d
1TQ+? 3efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjNRd @
�++, yX8RNy @ p�HnHQbb, RXj9eR @ p�Hn�++, yX8jje
1TQ+? 3dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXjN98 @
�++, yX8R39 @ p�HnHQbb, RXj9ed @ p�Hn�++, yX8jy3
1TQ+? 33fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXjN89 @
�++, yX8Red @ p�HnHQbb, RXjeR9 @ p�Hn�++, yX8ky9
1TQ+? 3NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXjNed @
�++, yX8R88 @ p�HnHQbb, RXjjyk @ p�Hn�++, yX89Re
1TQ+? NyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXjN8k @
�++, yX8R99 @ p�HnHQbb, RXj3R9 @ p�Hn�++, yX8yey
1TQ+? NRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjN3R @
�++, yX8Rj8 @ p�HnHQbb, RXj3eR @ p�Hn�++, yX89d8
1TQ+? NkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RX9y3e @
�++, yX8R8j @ p�HnHQbb, RXjeke @ p�Hn�++, yX8jy9
1TQ+? NjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RX9yd9 @
�++, yX8Rky @ p�HnHQbb, RXj89y @ p�Hn�++, yX8Rj3
1TQ+? N9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RX9yek @
�++, yX8R9N @ p�HnHQbb, RX8k8j @ p�Hn�++, yX98kR
1TQ+? N8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RX9RR3 @
�++, yX8RRR @ p�HnHQbb, RXj3kN @ p�Hn�++, yX8kk3
1TQ+? NefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RX9R8N @
�++, yX8yed @ p�HnHQbb, RX9Rye @ p�Hn�++, yX8Rde
1TQ+? NdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RX9R93 @
�++, yX8Ry9 @ p�HnHQbb, RXedky @ p�Hn�++, yX98y8

d9



1TQ+? N3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RX9RRk @
�++, yX8RRd @ p�HnHQbb, RXjkjy @ p�Hn�++, yX89k3
1TQ+? NNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RX9RyN @
�++, yX8y39 @ p�HnHQbb, RXjyy9 @ p�Hn�++, yX8jdj
1TQ+? RyyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RX9RNy @
�++, yX8ydj @ p�HnHQbb, RXj83R @ p�Hn�++, yX8j9R

(9j8), /27 �++nHQbbn;`�T?B+UKQ/2Hn?BbiQ`v- iBiH2V,
7B; 4 THiX7B;m`2UV
THiXbm#THQiUk-R-kV
THiXTHQiUKQ/2Hn?BbiQ`vX?BbiQ`v(^�++^)- H�#2H 4 ^i`�BMMBM; �++m�`�+v^V
THiXTHQiUKQ/2Hn?BbiQ`vX?BbiQ`v(^p�Hn�++^)- H�#2H 4 ^i2bi �++m�`�+v^V
THiXTHQiUKQ/2Hn?BbiQ`vX?BbiQ`v(^HQbb^)- H�#2H 4 ^i`�BMMBM; HQbb^V
THiXTHQiUKQ/2Hn?BbiQ`vX?BbiQ`v(^p�HnHQbb^)- H�#2H 4 ^i2bi HQbb^V
THiXiBiH2UiBiH2V
THiXvH�#2HU^HQbbf�++m`�+v^V
THiXtH�#2HU^2TQ+?^V
THiXH2;2M/U##QtniQn�M+?Q`4UR-RV- HQ+4^mTT2` H27i^- M+QH 4RV

(9je), �++nHQbbn;`�T?B+U2M+7Rn?BbiQ`v- ^ 2M+7RnKQ/2H HQbb �M/ �++m�`�+v^V

(8RN), O a+Q`2 i`�BM2/ 2M+nKQ/2HX
2M+7Rnb+Q`2b 4 2M+7RnKQ/2HX2p�Hm�i2U2M+7Rnsni2bi- 2M+7Rnvni2bi- p2`#Qb24RV
T`BMiU^h2bi HQbb,^- 2M+7Rnb+Q`2b(y)V
T`BMiU^h2bi �++m`�+v,^- 2M+7Rnb+Q`2b(R)V

O K�F2 T`2/B+iBQMX
2M+7RnT`2/ 4 2M+7RnKQ/2HXT`2/B+iU2M+7Rnsni2biV

RyyyyfRyyyy (444444444444444444444444444444) @ db dy8mbfbi2T
h2bi HQbb, RXj83y8j3eNk9d9je9
h2bi �++m`�+v, yX8j9R

d8



3 h`�BM rBi? 2M+`vTi2/ *A6�_Ry /�i�b2i mbBM; }t2/ F2v 6k

(9e3), OHQ�/ F2v 7k
6k 4 MTXHQ�/U]flb2`bfi?B2MM;QH2f.2bFiQTfJAL1afj6�HHkykyfJa@T`QD2+ifF2vbf7kXMTv]V
O.`Bp2 i?2 /2+`vTiBQM K�i`Bt 7`QK i?2 7Bt2/ 2M+`vTiBQM F2vX
.6k 4 MTXHBM�H;XBMpU6kV

1M+`vTiBQM F2v 6k

(9eN), THiXBKb?QrU6kV

(9eN), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytR3#7R3�ky=

.2+`vTiBQM F2v .6k

(9dy), THiXBKb?QrU.6kV

(9dy), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytR3#793Rk3=

de



1M+`vTi i?2 /�i�b2i

(9dk), 2M+7knsni`�BM 4 ()
7Q` �MnBK�;2 BM tni`�BM,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+7kn# 4 MTX/QiU#- 6kV
2M+7kn; 4 MTX/QiU;- 6kV
2M+7kn` 4 MTX/QiU`- 6kV
2M+7kn`;# 4 +pkXK2`;2UU2M+7kn#-2M+7kn;-2M+7kn`VV
2M+7knsni`�BMX�TT2M/U2M+7kn`;#V

T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+7Rnsni`�BMV-]i`�BM BK�;2b]V
2M+7knsni2bi 4 ()
7Q` �MnBK�;2 BM tni2bi,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+7kn# 4 MTX/QiU#- 6kV
2M+7kn; 4 MTX/QiU;- 6kV
2M+7kn` 4 MTX/QiU`- 6kV
2M+7kn`;# 4 +pkXK2`;2UU2M+7kn#-2M+7kn;-2M+7kn`VV
2M+7knsni2biX�TT2M/U2M+7kn`;#V

T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+7knsni2biV-]i2bi BK�;2b]V

.QM2 2M+`vTiBM; 8yyyy i`�BM BK�;2b

.QM2 2M+`vTiBM; Ryyyy i2bi BK�;2b

(9dj), O LQ`K�HBx2 i?2 /�i�X
2M+7knsni`�BM 4 MTX�``�vU2M+7knsni`�BMV

dd



2M+7knsni2bi 4 MTX�``�vU2M+7knsni2biV

2M+7knsni`�BM 4 2M+7knsni`�BMX�bivT2U^7HQ�ijk^V
2M+7knsni2bi 4 2M+7knsni2biX�bivT2U^7HQ�ijk^V
2M+7knsni`�BM f4 k88
2M+7knsni2bi f4 k88

O *QMp2`i +H�bb p2+iQ`b iQ #BM�`v +H�bb K�i`B+2bX h?Bb Bb +�HH2/ QM2 ?Qiɚ
↪→2M+Q/BM;X

2M+7knvni`�BM 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni`�BM- MmKn+H�bb2bV
2M+7knvni2bi 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni2bi- MmKn+H�bb2bV

(9d9), T`BMiU^2M+7knsni`�BM b?�T2,^- 2M+7knsni`�BMXb?�T2V
T`BMiU^2M+7knvni`�BM b?�T2,^- 2M+7knvni`�BMXb?�T2V
T`BMiU^2M+7knsni2bi b?�T2,^- 2M+7knsni2biXb?�T2V
T`BMiU^2M+7knvni2bi b?�T2,^- 2M+7knvni2biXb?�T2V

2M+7knsni`�BM b?�T2, U8yyyy- jk- jk- jV
2M+7knvni`�BM b?�T2, U8yyyy- RyV
2M+7knsni2bi b?�T2, URyyyy- jk- jk- jV
2M+7knvni2bi b?�T2, URyyyy- RyV

(9d8), O/27BM2 i?2 +QMpM2i
2M+7knKQ/2H 4 a2[m2MiB�HUV
O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+7knKQ/2HX�//U*QMpk.Ujk- Uj- jV- T�//BM;4^b�K2^-BMTminb?�T2 4 2M+7knsni`�BMX
↪→b?�T2(R,)VV

2M+7knKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+7knKQ/2HX�//U*QMpk.Ujk- Uj- jVVV
2M+7knKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+7knKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
2M+7knKQ/2HX�//U.`QTQmiUyXk8VV

O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+7knKQ/2HX�//U*QMpk.Ue9- Uj- jV- T�//BM;4^b�K2^VV
2M+7knKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+7knKQ/2HX�//U*QMpk.Ue9- Uj- jVVV
2M+7knKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+7knKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
2M+7knKQ/2HX�//U.`QTQmiUyXk8VV

O 6G�hh1_L 4= .1La1 4= _1Gl 4= ._PSPlh
2M+7knKQ/2HX�//U6H�ii2MUVV
2M+7knKQ/2HX�//U.2Mb2U8RkVV
2M+7knKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+7knKQ/2HX�//U.`QTQmiUyX8VV
O � bQ7iK�t +H�bbB7B2`
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2M+7knKQ/2HX�//U.2Mb2UMmKn+H�bb2bVV
2M+7knKQ/2HX�//U�+iBp�iBQMU^bQ7iK�t^VV

(9de), O BMBiB�i2 _JaT`QT QTiBKBx2`
QTi 4 F2`�bXQTiBKBx2`bX_JaT`QTUH`4yXyyyR- /2+�v4R2@eV

O G2i^b i`�BM i?2 KQ/2H mbBM; _JaT`QT
2M+7knKQ/2HX+QKTBH2UHQbb4^+�i2;Q`B+�Hn+`Qbb2Mi`QTv^-

QTiBKBx2`4QTi-
K2i`B+b4(^�++m`�+v^)V

(8yd), Oh`�BM KQ/2H
2M+7kn?BbiQ`v 4 2M+7knKQ/2HX7BiU2M+7knsni`�BM- 2M+7knvni`�BM-

#�i+?nbBx24#�i+?nbBx2-
2TQ+?b42TQ+?b-
p�HB/�iBQMn/�i�4U2M+7knsni2bi- 2M+7knvni2biV-
b?m77H24h`m2V

h`�BM QM 8yyyy b�KTH2b- p�HB/�i2 QM Ryyyy b�KTH2b
1TQ+? RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX3jeN @
�++, yXjkRy @ p�HnHQbb, RXe9N8 @ p�Hn�++, yXjNNN
1TQ+? kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXejNe @
�++, yX9yke @ p�HnHQbb, RX8eyd @ p�Hn�++, yX9k3j
1TQ+? jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RX8dy8 @
�++, yX9jyR @ p�HnHQbb, RX8kj8 @ p�Hn�++, yX9939
1TQ+? 9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RX8kNj @
�++, yX99RN @ p�HnHQbb, RX8ky3 @ p�Hn�++, yX98yj
1TQ+? 8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RX9NR3 @
�++, yX983d @ p�HnHQbb, RX8dR8 @ p�Hn�++, yX9jNR
1TQ+? efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX9e3j @
�++, yX9dRy @ p�HnHQbb, RX9jjy @ p�Hn�++, yX939d
1TQ+? dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RX999k @
�++, yX9dNd @ p�HnHQbb, RX9898 @ p�Hn�++, yX93dR
1TQ+? 3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RX9RNd @
�++, yX9NRy @ p�HnHQbb, RX9y89 @ p�Hn�++, yX9N99
1TQ+? NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RX9ye3 @
�++, yX9N83 @ p�HnHQbb, RX9R9R @ p�Hn�++, yX9Ndk
1TQ+? RyfRyy
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8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXj3je @
�++, yX8ye3 @ p�HnHQbb, RX999k @ p�Hn�++, yX93R3
1TQ+? RRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXjdj3 @
�++, yX8y38 @ p�HnHQbb, RXj3y9 @ p�Hn�++, yX8R98
1TQ+? RkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXje9N @
�++, yX8R9e @ p�HnHQbb, RXj93k @ p�Hn�++, yX8R9d
1TQ+? RjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXj89e @
�++, yX8Ree @ p�HnHQbb, RXj8Nk @ p�Hn�++, yX8Rd8
1TQ+? R9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXj98N @
�++, yX8kkj @ p�HnHQbb, RXj89R @ p�Hn�++, yX8R8R
1TQ+? R8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjj3d @
�++, yX8kj8 @ p�HnHQbb, RXjRkR @ p�Hn�++, yX8jj3
1TQ+? RefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RXjjke @
�++, yX8kdk @ p�HnHQbb, RXjj8y @ p�Hn�++, yX8kkR
1TQ+? RdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjkk9 @
�++, yX8jyN @ p�HnHQbb, RXjN9R @ p�Hn�++, yX8kkd
1TQ+? R3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjRdN @
�++, yX8jjk @ p�HnHQbb, RXj8ky @ p�Hn�++, yX8kdj
1TQ+? RNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjRdj @
�++, yX8jjd @ p�HnHQbb, RXjRye @ p�Hn�++, yX8jd8
1TQ+? kyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjR8e @
�++, yX8jde @ p�HnHQbb, RXj9y8 @ p�Hn�++, yX8jey
1TQ+? kRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXjRy9 @
�++, yX8jd9 @ p�HnHQbb, RXk3Rj @ p�Hn�++, yX8jdN
1TQ+? kkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjyej @
�++, yX8jdR @ p�HnHQbb, RXjR38 @ p�Hn�++, yX8kNy
1TQ+? kjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjyRj @
�++, yX8jNk @ p�HnHQbb, RXjjdk @ p�Hn�++, yX8k8R
1TQ+? k9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RXjyj3 @
�++, yX89y9 @ p�HnHQbb, RXjk3e @ p�Hn�++, yX89yN
1TQ+? k8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjykj @
�++, yX899R @ p�HnHQbb, RXje9y @ p�Hn�++, yX8jy9
1TQ+? kefRyy
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8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjyjy @
�++, yX89kj @ p�HnHQbb, RXjy3d @ p�Hn�++, yX8j88
1TQ+? kdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXkNe8 @
�++, yX89R3 @ p�HnHQbb, RXjR9k @ p�Hn�++, yX89dj
1TQ+? k3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjy9y @
�++, yX899R @ p�HnHQbb, RXjdjN @ p�Hn�++, yX8je8
1TQ+? kNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjy8d @
�++, yX899y @ p�HnHQbb, RXje8e @ p�Hn�++, yX893e
1TQ+? jyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjy98 @
�++, yX89y3 @ p�HnHQbb, RXkNde @ p�Hn�++, yX893R
1TQ+? jRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjydj @
�++, yX89Rj @ p�HnHQbb, RXj8Nj @ p�Hn�++, yX8jdR
1TQ+? jkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjye8 @
�++, yX89jN @ p�HnHQbb, RX9Rke @ p�Hn�++, yX8kky
1TQ+? jjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjy89 @
�++, yX89jj @ p�HnHQbb, RXked3 @ p�Hn�++, yX88yR
1TQ+? j9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjy8d @
�++, yX89jR @ p�HnHQbb, RXj9jd @ p�Hn�++, yX89kR
1TQ+? j8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjy3y @
�++, yX89k3 @ p�HnHQbb, RXkNej @ p�Hn�++, yX88R3
1TQ+? jefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjy8d @
�++, yX898j @ p�HnHQbb, RXjdyy @ p�Hn�++, yX898e
1TQ+? jdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjykk @
�++, yX899j @ p�HnHQbb, RXj8k3 @ p�Hn�++, yX8jyN
1TQ+? j3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjyjR @
�++, yX899e @ p�HnHQbb, RX9RjN @ p�Hn�++, yX8RRR
1TQ+? jNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjy88 @
�++, yX89j3 @ p�HnHQbb, RXjR8R @ p�Hn�++, yX88R8
1TQ+? 9yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjy88 @
�++, yX898j @ p�HnHQbb, RX9y89 @ p�Hn�++, yX8jj9
1TQ+? 9RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjyd3 @
�++, yX898d @ p�HnHQbb, RXkdjk @ p�Hn�++, yX883N
1TQ+? 9kfRyy
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8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjyjj @
�++, yX89de @ p�HnHQbb, RXjjNk @ p�Hn�++, yX8j98
1TQ+? 9jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjy8d @
�++, yX89ek @ p�HnHQbb, RXjNej @ p�Hn�++, yX8jRd
1TQ+? 99fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, RXjyyy @
�++, yX8988 @ p�HnHQbb, RXke9j @ p�Hn�++, yX8ejk
1TQ+? 98fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RXjy98 @
�++, yX89ej @ p�HnHQbb, RXjkee @ p�Hn�++, yX8kNd
1TQ+? 9efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Rb jKbfbi2T @ HQbb, RXjRy8 @
�++, yX89je @ p�HnHQbb, RXk333 @ p�Hn�++, yX893j
1TQ+? 9dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, RXjRy8 @
�++, yX89ej @ p�HnHQbb, RX9y83 @ p�Hn�++, yX8jy8
1TQ+? 93fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, RXjy9e @
�++, yX89ey @ p�HnHQbb, RXjRdd @ p�Hn�++, yX89ey
1TQ+? 9NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RXjyke @
�++, yX89dR @ p�HnHQbb, RXkN89 @ p�Hn�++, yX8j3R
1TQ+? 8yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXjRj8 @
�++, yX899j @ p�HnHQbb, RXkNyd @ p�Hn�++, yX89d8
1TQ+? 8RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjy8e @
�++, yX89dj @ p�HnHQbb, RXjk98 @ p�Hn�++, yX89kd
1TQ+? 8kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjRyN @
�++, yX899N @ p�HnHQbb, RXjyjy @ p�Hn�++, yX898j
1TQ+? 8jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjR3j @
�++, yX89ke @ p�HnHQbb, RX988N @ p�Hn�++, yX8kdy
1TQ+? 89fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjkk3 @
�++, yX898y @ p�HnHQbb, RXj3N3 @ p�Hn�++, yX8Rjk
1TQ+? 88fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjkRe @
�++, yX898y @ p�HnHQbb, RXj8N9 @ p�Hn�++, yX8k38
1TQ+? 8efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjkjj @
�++, yX89jR @ p�HnHQbb, RXj9kj @ p�Hn�++, yX88dd
1TQ+? 8dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjk39 @
�++, yX8j38 @ p�HnHQbb, RXj389 @ p�Hn�++, yX8j9j
1TQ+? 83fRyy
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8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjkkd @
�++, yX89kN @ p�HnHQbb, RXk398 @ p�Hn�++, yX8893
1TQ+? 8NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjkN9 @
�++, yX89yR @ p�HnHQbb, RXj3e9 @ p�Hn�++, yX8Rk8
1TQ+? eyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjjje @
�++, yX8j3y @ p�HnHQbb, RX9ey8 @ p�Hn�++, yX8ReR
1TQ+? eRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjjee @
�++, yX8jdd @ p�HnHQbb, RXjyy8 @ p�Hn�++, yX89ky
1TQ+? ekfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjj9k @
�++, yX89y8 @ p�HnHQbb, RXjNy9 @ p�Hn�++, yX8kN3
1TQ+? ejfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjjey @
�++, yX8jdj @ p�HnHQbb, RXjej8 @ p�Hn�++, yX8jNk
1TQ+? e9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXj9yy @
�++, yX8j3j @ p�HnHQbb, RXjRN3 @ p�Hn�++, yX89kj
1TQ+? e8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXj9Rk @
�++, yX8j3e @ p�HnHQbb, RXjjkd @ p�Hn�++, yX893d
1TQ+? eefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXj9je @
�++, yX8j9N @ p�HnHQbb, RX9d9y @ p�Hn�++, yX8R88
1TQ+? edfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXj8y9 @
�++, yX8je9 @ p�HnHQbb, RXjeye @ p�Hn�++, yX8jyk
1TQ+? e3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjeR3 @
�++, yX8jR8 @ p�HnHQbb, RXkd38 @ p�Hn�++, yX88RN
1TQ+? eNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXj8e8 @
�++, yX8kNd @ p�HnHQbb, RX93kN @ p�Hn�++, yX9N9k
1TQ+? dyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXj8d9 @
�++, yX8jkj @ p�HnHQbb, RXjk9j @ p�Hn�++, yX89Re
1TQ+? dRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXj8NN @
�++, yX8jRk @ p�HnHQbb, RXk3yN @ p�Hn�++, yX88dd
1TQ+? dkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Reyb jKbfbi2T @ HQbb, RXje9d @
�++, yX8jRy @ p�HnHQbb, RXkNNd @ p�Hn�++, yX8jd8
1TQ+? djfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Redb jKbfbi2T @ HQbb, RXjedN @
�++, yX8jyj @ p�HnHQbb, RX9ee8 @ p�Hn�++, yX8y3y
1TQ+? d9fRyy
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8yyyyf8yyyy (444444444444444444444444444444) @ R8db jKbfbi2T @ HQbb, RXjed3 @
�++, yX8kNk @ p�HnHQbb, RX93jd @ p�Hn�++, yX8yje
1TQ+? d8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Reeb jKbfbi2T @ HQbb, RXjdRN @
�++, yX8kNj @ p�HnHQbb, RXjRkk @ p�Hn�++, yX8jkR
1TQ+? defRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RdNb 9Kbfbi2T @ HQbb, RXjdye @
�++, yX8keN @ p�HnHQbb, RXjyN9 @ p�Hn�++, yX8989
1TQ+? ddfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RdNb 9Kbfbi2T @ HQbb, RXjdd8 @
�++, yX8kky @ p�HnHQbb, RXjjj8 @ p�Hn�++, yX89R8
1TQ+? d3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RXjdeN @
�++, yX8kde @ p�HnHQbb, RXj3de @ p�Hn�++, yX8k8R
1TQ+? dNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R83b jKbfbi2T @ HQbb, RXj3yd @
�++, yX8k8d @ p�HnHQbb, RXj8yN @ p�Hn�++, yX89k3
1TQ+? 3yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RXjNyN @
�++, yX8ky9 @ p�HnHQbb, RXjRd9 @ p�Hn�++, yX899k
1TQ+? 3RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Nb jKbfbi2T @ HQbb, RXj399 @
�++, yX8k9d @ p�HnHQbb, RXj38R @ p�Hn�++, yX8kee
1TQ+? 3kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RX9y9y @
�++, yX8RNN @ p�HnHQbb, RX9jd9 @ p�Hn�++, yX8kyN
1TQ+? 3jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8db jKbfbi2T @ HQbb, RXjNN8 @
�++, yX8R33 @ p�HnHQbb, RXj89d @ p�Hn�++, yX8jyR
1TQ+? 39fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8db jKbfbi2T @ HQbb, RXjNNk @
�++, yX8RNe @ p�HnHQbb, RX9jek @ p�Hn�++, yX8jyR
1TQ+? 38fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RX9R8e @
�++, yX8R9j @ p�HnHQbb, RXj9NR @ p�Hn�++, yX8R99
1TQ+? 3efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RX9RRy @
�++, yX8R8y @ p�HnHQbb, RX8Ree @ p�Hn�++, yX9NRe
1TQ+? 3dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R89b jKbfbi2T @ HQbb, RX9kj8 @
�++, yX8RR3 @ p�HnHQbb, RXj8Rd @ p�Hn�++, yX8k3N
1TQ+? 33fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8jb jKbfbi2T @ HQbb, RX9RNy @
�++, yX8RRR @ p�HnHQbb, RX8dkR @ p�Hn�++, yX98eN
1TQ+? 3NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ReNb jKbfbi2T @ HQbb, RX9R9N @
�++, yX8RR9 @ p�HnHQbb, RXjyyj @ p�Hn�++, yX899R
1TQ+? NyfRyy
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8yyyyf8yyyy (444444444444444444444444444444) @ R3Rb 9Kbfbi2T @ HQbb, RX9R33 @
�++, yX8RR9 @ p�HnHQbb, RXk33k @ p�Hn�++, yX89eR
1TQ+? NRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RdRb jKbfbi2T @ HQbb, RX9Ree @
�++, yX8RkR @ p�HnHQbb, RXjkdR @ p�Hn�++, yX8jy9
1TQ+? NkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R3yb 9Kbfbi2T @ HQbb, RX9k8j @
�++, yX8yNe @ p�HnHQbb, RX9Nek @ p�Hn�++, yX9Nek
1TQ+? NjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R3kb 9Kbfbi2T @ HQbb, RX9kR9 @
�++, yX8RjR @ p�HnHQbb, RX9838 @ p�Hn�++, yX8yk9
1TQ+? N9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R89b jKbfbi2T @ HQbb, RX9jRe @
�++, yX8yd8 @ p�HnHQbb, RX9ye8 @ p�Hn�++, yX8y83
1TQ+? N8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8db jKbfbi2T @ HQbb, RX9jk9 @
�++, yX8yeR @ p�HnHQbb, RXjj9d @ p�Hn�++, yX8jNy
1TQ+? NefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ReRb jKbfbi2T @ HQbb, RX9j3N @
�++, yX8ye8 @ p�HnHQbb, RXj3N9 @ p�Hn�++, yX8kd3
1TQ+? NdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R83b jKbfbi2T @ HQbb, RX9998 @
�++, yX8yjd @ p�HnHQbb, RXjjNd @ p�Hn�++, yX8989
1TQ+? N3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Re9b jKbfbi2T @ HQbb, RX99Rj @
�++, yX8y8d @ p�HnHQbb, RX9RR3 @ p�Hn�++, yX8jyR
1TQ+? NNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R83b jKbfbi2T @ HQbb, RX99e9 @
�++, yX8yjy @ p�HnHQbb, RX8ekj @ p�Hn�++, yX93ej
1TQ+? RyyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rejb jKbfbi2T @ HQbb, RX99eR @
�++, yX8y9j @ p�HnHQbb, RX9ed8 @ p�Hn�++, yX8yeR

(8RR), �++nHQbbn;`�T?B+U2M+7kn?BbiQ`v- ^ 2M+7knKQ/2H HQbb �M/ �++m�`�+v^V

38



(8R3), O a+Q`2 i`�BM2/ 2M+nKQ/2HX
2M+7knb+Q`2b 4 2M+7knKQ/2HX2p�Hm�i2U2M+7knsni2bi- 2M+7knvni2bi- p2`#Qb24RV
T`BMiU^h2bi HQbb,^- 2M+7knb+Q`2b(y)V
T`BMiU^h2bi �++m`�+v,^- 2M+7knb+Q`2b(R)V

O K�F2 T`2/B+iBQMX
2M+7knT`2/ 4 2M+7knKQ/2HXT`2/B+iU2M+7knsni2biV

RyyyyfRyyyy (444444444444444444444444444444) @ db dyNmbfbi2T
h2bi HQbb, RX9ed9edjkd9NNj3Nd
h2bi �++m`�+v, yX8yeR

( ),

N h`�BM rBi? 2M+`vTi2/ *A6�_Ry /�i�b2i mbBM; }t2/ F2v 6j

(9dd), OHQ�/ F2v 7j
6j 4 MTXHQ�/U]flb2`bfi?B2MM;QH2f.2bFiQTfJAL1afj6�HHkykyfJa@T`QD2+ifF2vbf7jXMTv]V
O.`Bp2 i?2 /2+`vTiBQM K�i`Bt 7`QK i?2 7Bt2/ 2M+`vTiBQM F2vX
.6j 4 MTXHBM�H;XBMpU6jV

1M+`vTiBQM F2v 6j

(9dN), THiXBKb?QrU6jV

(9dN), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytRN3+�j3/y=
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.2+`vTiBQM F2v .6j

(93k), THiXBKb?QrU.6jV

(93k), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytRN32y98+y=

1M+`vTi i?2 /�i�b2i

(93j), 2M+7jnsni`�BM 4 ()
7Q` �MnBK�;2 BM tni`�BM,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+7jn# 4 MTX/QiU#- 6jV
2M+7jn; 4 MTX/QiU;- 6jV
2M+7jn` 4 MTX/QiU`- 6jV
2M+7jn`;# 4 +pkXK2`;2UU2M+7jn#-2M+7jn;-2M+7jn`VV
2M+7jnsni`�BMX�TT2M/U2M+7jn`;#V

T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+7jnsni`�BMV-]i`�BM BK�;2b]V
2M+7jnsni2bi 4 ()
7Q` �MnBK�;2 BM tni2bi,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+7jn# 4 MTX/QiU#- 6jV
2M+7jn; 4 MTX/QiU;- 6jV
2M+7jn` 4 MTX/QiU`- 6jV
2M+7jn`;# 4 +pkXK2`;2UU2M+7jn#-2M+7jn;-2M+7jn`VV
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2M+7jnsni2biX�TT2M/U2M+7jn`;#V
T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+7jnsni2biV-]i2bi BK�;2b]V

.QM2 2M+`vTiBM; 8yyyy i`�BM BK�;2b

.QM2 2M+`vTiBM; Ryyyy i2bi BK�;2b

(939), O LQ`K�HBx2 i?2 /�i�X
2M+7jnsni`�BM 4 MTX�``�vU2M+7jnsni`�BMV
2M+7jnsni2bi 4 MTX�``�vU2M+7jnsni2biV

2M+7jnsni`�BM 4 2M+7jnsni`�BMX�bivT2U^7HQ�ijk^V
2M+7jnsni2bi 4 2M+7jnsni2biX�bivT2U^7HQ�ijk^V
2M+7jnsni`�BM f4 k88
2M+7jnsni2bi f4 k88

O *QMp2`i +H�bb p2+iQ`b iQ #BM�`v +H�bb K�i`B+2bX h?Bb Bb +�HH2/ QM2 ?Qiɚ
↪→2M+Q/BM;X

2M+7jnvni`�BM 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni`�BM- MmKn+H�bb2bV
2M+7jnvni2bi 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni2bi- MmKn+H�bb2bV

(938), T`BMiU^2M+7jnsni`�BM b?�T2,^- 2M+7jnsni`�BMXb?�T2V
T`BMiU^2M+7jnvni`�BM b?�T2,^- 2M+7jnvni`�BMXb?�T2V
T`BMiU^2M+7jnsni2bi b?�T2,^- 2M+7jnsni2biXb?�T2V
T`BMiU^2M+7jnvni2bi b?�T2,^- 2M+7jnvni2biXb?�T2V

2M+7jnsni`�BM b?�T2, U8yyyy- jk- jk- jV
2M+7jnvni`�BM b?�T2, U8yyyy- RyV
2M+7jnsni2bi b?�T2, URyyyy- jk- jk- jV
2M+7jnvni2bi b?�T2, URyyyy- RyV

(93e), O/27BM2 i?2 +QMpM2i
2M+7jnKQ/2H 4 a2[m2MiB�HUV
O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+7jnKQ/2HX�//U*QMpk.Ujk- Uj- jV- T�//BM;4^b�K2^-BMTminb?�T2 4 2M+7jnsni`�BMX
↪→b?�T2(R,)VV

2M+7jnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+7jnKQ/2HX�//U*QMpk.Ujk- Uj- jVVV
2M+7jnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+7jnKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
2M+7jnKQ/2HX�//U.`QTQmiUyXk8VV

O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+7jnKQ/2HX�//U*QMpk.Ue9- Uj- jV- T�//BM;4^b�K2^VV
2M+7jnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+7jnKQ/2HX�//U*QMpk.Ue9- Uj- jVVV
2M+7jnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+7jnKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
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2M+7jnKQ/2HX�//U.`QTQmiUyXk8VV

O 6G�hh1_L 4= .1La1 4= _1Gl 4= ._PSPlh
2M+7jnKQ/2HX�//U6H�ii2MUVV
2M+7jnKQ/2HX�//U.2Mb2U8RkVV
2M+7jnKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+7jnKQ/2HX�//U.`QTQmiUyX8VV
O � bQ7iK�t +H�bbB7B2`
2M+7jnKQ/2HX�//U.2Mb2UMmKn+H�bb2bVV
2M+7jnKQ/2HX�//U�+iBp�iBQMU^bQ7iK�t^VV

(93d), O BMBiB�i2 _JaT`QT QTiBKBx2`
QTi 4 F2`�bXQTiBKBx2`bX_JaT`QTUH`4yXyyyR- /2+�v4R2@eV

O G2i^b i`�BM i?2 KQ/2H mbBM; _JaT`QT
2M+7jnKQ/2HX+QKTBH2UHQbb4^+�i2;Q`B+�Hn+`Qbb2Mi`QTv^-

QTiBKBx2`4QTi-
K2i`B+b4(^�++m`�+v^)V

(8y3), Oh`�BM KQ/2H
2M+7jn?BbiQ`v 4 2M+7jnKQ/2HX7BiU2M+7jnsni`�BM- 2M+7jnvni`�BM-

#�i+?nbBx24#�i+?nbBx2-
2TQ+?b42TQ+?b-
p�HB/�iBQMn/�i�4U2M+7jnsni2bi- 2M+7jnvni2biV-
b?m77H24h`m2V

h`�BM QM 8yyyy b�KTH2b- p�HB/�i2 QM Ryyyy b�KTH2b
1TQ+? RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Redb jKbfbi2T @ HQbb, RX3deN @
�++, yXjy3e @ p�HnHQbb, RXed98 @ p�Hn�++, yX9yeN
1TQ+? kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rdjb jKbfbi2T @ HQbb, RXeeRy @
�++, yXjNkd @ p�HnHQbb, RXe9NR @ p�Hn�++, yX9yeR
1TQ+? jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rd3b 9Kbfbi2T @ HQbb, RX8dNd @
�++, yX9ke9 @ p�HnHQbb, RX8y93 @ p�Hn�++, yX98k9
1TQ+? 9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rd8b 9Kbfbi2T @ HQbb, RX8k8y @
�++, yX993R @ p�HnHQbb, RX9Nyd @ p�Hn�++, yX9eNk
1TQ+? 8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rd8b jKbfbi2T @ HQbb, RX933N @
�++, yX9ek9 @ p�HnHQbb, RX93y9 @ p�Hn�++, yX9e3y
1TQ+? efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Redb jKbfbi2T @ HQbb, RX98d9 @
�++, yX9d9y @ p�HnHQbb, RX9kN9 @ p�Hn�++, yX9339
1TQ+? dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX9jyd @
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�++, yX938d @ p�HnHQbb, RXjN8j @ p�Hn�++, yX8y9y
1TQ+? 3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RX9y38 @
�++, yX9N98 @ p�HnHQbb, RXjd3y @ p�Hn�++, yX8yee
1TQ+? NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8jb jKbfbi2T @ HQbb, RXjNRy @
�++, yX8yke @ p�HnHQbb, RX9RNe @ p�Hn�++, yX93ky
1TQ+? RyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, RXjdRN @
�++, yX8yed @ p�HnHQbb, RXj8ee @ p�Hn�++, yX8kRy
1TQ+? RRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXj8N8 @
�++, yX8RjN @ p�HnHQbb, RXjNNd @ p�Hn�++, yX9NRe
1TQ+? RkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Nb jKbfbi2T @ HQbb, RXj9Nd @
�++, yX8kyk @ p�HnHQbb, RXj9j9 @ p�Hn�++, yX8R3N
1TQ+? RjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rd3b 9Kbfbi2T @ HQbb, RXjjjd @
�++, yX8k89 @ p�HnHQbb, RXj8N9 @ p�Hn�++, yX8RdR
1TQ+? R9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RNRb 9Kbfbi2T @ HQbb, RXjkNR @
�++, yX8ked @ p�HnHQbb, RXj8kk @ p�Hn�++, yX8RjR
1TQ+? R8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R38b 9Kbfbi2T @ HQbb, RXjRNj @
�++, yX8jRe @ p�HnHQbb, RXjkk8 @ p�Hn�++, yX8jRj
1TQ+? RefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ kRkb 9Kbfbi2T @ HQbb, RXjRe8 @
�++, yX8jjd @ p�HnHQbb, RXj9dk @ p�Hn�++, yX8kRk
1TQ+? RdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RNdb 9Kbfbi2T @ HQbb, RXjyej @
�++, yX8je8 @ p�HnHQbb, RXjkjk @ p�Hn�++, yX8jRy
1TQ+? R3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rdeb 9Kbfbi2T @ HQbb, RXjyRN @
�++, yX8jej @ p�HnHQbb, RXj3d9 @ p�Hn�++, yX8jyy
1TQ+? RNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rdjb jKbfbi2T @ HQbb, RXkN3k @
�++, yX89RR @ p�HnHQbb, RXkNR8 @ p�Hn�++, yX898k
1TQ+? kyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Re9b jKbfbi2T @ HQbb, RXkNNy @
�++, yX89k3 @ p�HnHQbb, RXj3yN @ p�Hn�++, yX8R33
1TQ+? kRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Re9b jKbfbi2T @ HQbb, RXkN9k @
�++, yX89j3 @ p�HnHQbb, RXjjNd @ p�Hn�++, yX89j8
1TQ+? kkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R83b jKbfbi2T @ HQbb, RXkNjk @
�++, yX8993 @ p�HnHQbb, RXj9dk @ p�Hn�++, yX8jde
1TQ+? kjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Reeb jKbfbi2T @ HQbb, RXk3dj @
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�++, yX899N @ p�HnHQbb, RXkN8j @ p�Hn�++, yX89Ny
1TQ+? k9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Redb jKbfbi2T @ HQbb, RXk38R @
�++, yX89Nd @ p�HnHQbb, RXjjdR @ p�Hn�++, yX8keN
1TQ+? k8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rdjb jKbfbi2T @ HQbb, RXk3jy @
�++, yX898e @ p�HnHQbb, RXkN39 @ p�Hn�++, yX8j38
1TQ+? kefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rejb jKbfbi2T @ HQbb, RXk3yj @
�++, yX88yj @ p�HnHQbb, RXkd9k @ p�Hn�++, yX88dR
1TQ+? kdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Nb jKbfbi2T @ HQbb, RXk3R3 @
�++, yX89ee @ p�HnHQbb, RXjRNj @ p�Hn�++, yX8j3R
1TQ+? k3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R83b jKbfbi2T @ HQbb, RXkd9d @
�++, yX88yR @ p�HnHQbb, RXjydd @ p�Hn�++, yX893d
1TQ+? kNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8db jKbfbi2T @ HQbb, RXkdd3 @
�++, yX88Rk @ p�HnHQbb, RXjjRk @ p�Hn�++, yX89NR
1TQ+? jyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RXk3kR @
�++, yX88y3 @ p�HnHQbb, RX8j9k @ p�Hn�++, yX93kN
1TQ+? jRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Nb jKbfbi2T @ HQbb, RXk3kd @
�++, yX88k8 @ p�HnHQbb, RXjeNj @ p�Hn�++, yX8kj8
1TQ+? jkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RXk3yj @
�++, yX88kd @ p�HnHQbb, RXjjye @ p�Hn�++, yX88jR
1TQ+? jjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rdeb 9Kbfbi2T @ HQbb, RXk3yd @
�++, yX88k8 @ p�HnHQbb, RXjek3 @ p�Hn�++, yX8kyj
1TQ+? j9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R83b jKbfbi2T @ HQbb, RXkde8 @
�++, yX88j3 @ p�HnHQbb, RXk83j @ p�Hn�++, yX883e
1TQ+? j8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RXk39k @
�++, yX88R8 @ p�HnHQbb, RXjy8d @ p�Hn�++, yX88kj
1TQ+? jefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, RXk3yk @
�++, yX88jy @ p�HnHQbb, RXj3N9 @ p�Hn�++, yX893d
1TQ+? jdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RXkd3k @
�++, yX8888 @ p�HnHQbb, RXk3d3 @ p�Hn�++, yX883R
1TQ+? j3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8jb jKbfbi2T @ HQbb, RXk3y9 @
�++, yX88kR @ p�HnHQbb, RXk9ey @ p�Hn�++, yX8djy
1TQ+? jNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXk3y8 @

NR



�++, yX88ke @ p�HnHQbb, RXk89j @ p�Hn�++, yX8ek9
1TQ+? 9yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXk3e3 @
�++, yX88kR @ p�HnHQbb, RXjjee @ p�Hn�++, yX8jjj
1TQ+? 9RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXk3dN @
�++, yX88j8 @ p�HnHQbb, RXk3dd @ p�Hn�++, yX88kj
1TQ+? 9kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RXkdN3 @
�++, yX888k @ p�HnHQbb, RXj9kd @ p�Hn�++, yX893j
1TQ+? 9jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, RXk389 @
�++, yX88y9 @ p�HnHQbb, RXkd8j @ p�Hn�++, yX8e9k
1TQ+? 99fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8kb jKbfbi2T @ HQbb, RXkNke @
�++, yX89Ne @ p�HnHQbb, RX9yN8 @ p�Hn�++, yX8yNj
1TQ+? 98fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RXkNRj @
�++, yX89NN @ p�HnHQbb, RXk333 @ p�Hn�++, yX8eky
1TQ+? 9efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Rb jKbfbi2T @ HQbb, RXk3ke @
�++, yX8898 @ p�HnHQbb, RXkdNj @ p�Hn�++, yX888R
1TQ+? 9dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rdjb jKbfbi2T @ HQbb, RXk3Ne @
�++, yX889k @ p�HnHQbb, RXjjjd @ p�Hn�++, yX8k3y
1TQ+? 93fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Reyb jKbfbi2T @ HQbb, RXkN99 @
�++, yX88Rj @ p�HnHQbb, RXk9y9 @ p�Hn�++, yX8ee3
1TQ+? 9NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Rb jKbfbi2T @ HQbb, RXkNdj @
�++, yX88Rk @ p�HnHQbb, RXkeyN @ p�Hn�++, yX8ede
1TQ+? 8yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXkN89 @
�++, yX89NN @ p�HnHQbb, RXjRe8 @ p�Hn�++, yX888k
1TQ+? 8RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, RXjykR @
�++, yX88y8 @ p�HnHQbb, RXjy9R @ p�Hn�++, yX889e
1TQ+? 8kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXjyj8 @
�++, yX893y @ p�HnHQbb, RXjdN8 @ p�Hn�++, yX8j3y
1TQ+? 8jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXjyje @
�++, yX89de @ p�HnHQbb, RXjjk9 @ p�Hn�++, yX89yd
1TQ+? 89fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXjRy8 @
�++, yX898e @ p�HnHQbb, RXk3Ne @ p�Hn�++, yX893e
1TQ+? 88fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXjRey @

Nk



�++, yX898d @ p�HnHQbb, RXkNN8 @ p�Hn�++, yX89eN
1TQ+? 8efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjR3k @
�++, yX89ed @ p�HnHQbb, RXkNN3 @ p�Hn�++, yX893e
1TQ+? 8dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjkyj @
�++, yX8989 @ p�HnHQbb, RX9j8e @ p�Hn�++, yX88yy
1TQ+? 83fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjk9e @
�++, yX89j3 @ p�HnHQbb, RXjRk3 @ p�Hn�++, yX8939
1TQ+? 8NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjkj3 @
�++, yX89j8 @ p�HnHQbb, RX9ky9 @ p�Hn�++, yX8kN3
1TQ+? eyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjjkN @
�++, yX8jNd @ p�HnHQbb, RXjNRe @ p�Hn�++, yX89RR
1TQ+? eRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXj9Rd @
�++, yX8j39 @ p�HnHQbb, RXj83R @ p�Hn�++, yX899R
1TQ+? ekfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXjj3d @
�++, yX8j3N @ p�HnHQbb, RX8yey @ p�Hn�++, yX8yRN
1TQ+? ejfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXj999 @
�++, yX8jeN @ p�HnHQbb, RXk3yd @ p�Hn�++, yX88yy
1TQ+? e9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Rb jKbfbi2T @ HQbb, RXj938 @
�++, yX8je8 @ p�HnHQbb, RXjjek @ p�Hn�++, yX89jj
1TQ+? e8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RXj8jN @
�++, yX8jj8 @ p�HnHQbb, RX98NR @ p�Hn�++, yX8kdd
1TQ+? eefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXj88y @
�++, yX8kN3 @ p�HnHQbb, RXjR8j @ p�Hn�++, yX88yk
1TQ+? edfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, RXj8j3 @
�++, yX8jRN @ p�HnHQbb, RX9ye3 @ p�Hn�++, yX8R9R
1TQ+? e3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RXjeyN @
�++, yX8jk8 @ p�HnHQbb, RXje99 @ p�Hn�++, yX8j8y
1TQ+? eNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8kb jKbfbi2T @ HQbb, RXjee8 @
�++, yX8kNd @ p�HnHQbb, RXj39R @ p�Hn�++, yX8kkd
1TQ+? dyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8jb jKbfbi2T @ HQbb, RXje39 @
�++, yX8k99 @ p�HnHQbb, RXj9jR @ p�Hn�++, yX8jyj
1TQ+? dRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RXje89 @

Nj



�++, yX8jyR @ p�HnHQbb, RXj3R3 @ p�Hn�++, yX88Rj
1TQ+? dkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Nb jKbfbi2T @ HQbb, RXje3d @
�++, yX8kNy @ p�HnHQbb, RX9jj3 @ p�Hn�++, yX8RN3
1TQ+? djfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Reeb jKbfbi2T @ HQbb, RXjede @
�++, yX8k3R @ p�HnHQbb, RX9d9e @ p�Hn�++, yX9N3N
1TQ+? d9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Re9b jKbfbi2T @ HQbb, RXjdyd @
�++, yX8kde @ p�HnHQbb, RXj838 @ p�Hn�++, yX8j9N
1TQ+? d8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rekb jKbfbi2T @ HQbb, RXjdj9 @
�++, yX8k9d @ p�HnHQbb, RXj9dk @ p�Hn�++, yX8jdy
1TQ+? defRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Re9b jKbfbi2T @ HQbb, RXj3j3 @
�++, yX8k9k @ p�HnHQbb, RX9e9y @ p�Hn�++, yX8jRN
1TQ+? ddfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Re3b jKbfbi2T @ HQbb, RXjNk8 @
�++, yX8RNe @ p�HnHQbb, RX8jRR @ p�Hn�++, yX8Re9
1TQ+? d3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rejb jKbfbi2T @ HQbb, RXjNyj @
�++, yX8kyj @ p�HnHQbb, RX9k9k @ p�Hn�++, yX8kN3
1TQ+? dNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RXjN3e @
�++, yX8ReN @ p�HnHQbb, RXj9y9 @ p�Hn�++, yX8k39
1TQ+? 3yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RX9yjR @
�++, yX8R3d @ p�HnHQbb, RXjje3 @ p�Hn�++, yX8RNk
1TQ+? 3RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R89b jKbfbi2T @ HQbb, RX9y8j @
�++, yX8Rj3 @ p�HnHQbb, RX9edy @ p�Hn�++, yX8y3e
1TQ+? 3kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RX9y8e @
�++, yX8Rey @ p�HnHQbb, RX9j39 @ p�Hn�++, yX8RRd
1TQ+? 3jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8kb jKbfbi2T @ HQbb, RX9RjR @
�++, yX8R8N @ p�HnHQbb, RXj8Rj @ p�Hn�++, yX8kde
1TQ+? 39fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8kb jKbfbi2T @ HQbb, RX9R9d @
�++, yX8Rjd @ p�HnHQbb, RXkNeR @ p�Hn�++, yX89y3
1TQ+? 38fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RX9kd9 @
�++, yX8ye9 @ p�HnHQbb, RX98eN @ p�Hn�++, yX8jkj
1TQ+? 3efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RX9kee @
�++, yX8ydR @ p�HnHQbb, RX93ed @ p�Hn�++, yX93ke
1TQ+? 3dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX9kj3 @
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�++, yX8yeN @ p�HnHQbb, RXjd33 @ p�Hn�++, yX8jee
1TQ+? 33fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX9jdd @
�++, yX8yjN @ p�HnHQbb, RX9dRk @ p�Hn�++, yX9NRj
1TQ+? 3NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX9989 @
�++, yX8yye @ p�HnHQbb, RX8d8R @ p�Hn�++, yX9NRR
1TQ+? NyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX993k @
�++, yX9NNe @ p�HnHQbb, RX9e88 @ p�Hn�++, yX8kd8
1TQ+? NRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RX98k8 @
�++, yX9NNe @ p�HnHQbb, RX9N8y @ p�Hn�++, yX9Nkd
1TQ+? NkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX9eyd @
�++, yX9Nek @ p�HnHQbb, RX9jdd @ p�Hn�++, yX8yeN
1TQ+? NjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RX9ej9 @
�++, yX9Nk3 @ p�HnHQbb, RX998y @ p�Hn�++, yX8R8y
1TQ+? N9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RX9d9e @
�++, yX9Nyj @ p�HnHQbb, RX9eee @ p�Hn�++, yX9383
1TQ+? N8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX9d93 @
�++, yX9Nyk @ p�HnHQbb, RXeey8 @ p�Hn�++, yX9ejk
1TQ+? NefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9yb jKbfbi2T @ HQbb, RX9d3j @
�++, yX933d @ p�HnHQbb, RX8Nje @ p�Hn�++, yX93jj
1TQ+? NdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RX9393 @
�++, yX933d @ p�HnHQbb, RX9R98 @ p�Hn�++, yX8RR9
1TQ+? N3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, RX938j @
�++, yX93ek @ p�HnHQbb, RX9Rjk @ p�Hn�++, yX8kdd
1TQ+? NNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RX933d @
�++, yX93eR @ p�HnHQbb, RX83R3 @ p�Hn�++, yX9e9d
1TQ+? RyyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8kb jKbfbi2T @ HQbb, RX93ed @
�++, yX93ek @ p�HnHQbb, RX9yyk @ p�Hn�++, yX8Rey

(8Re), �++nHQbbn;`�T?B+U2M+7jn?BbiQ`v- ^ 2M+7jnKQ/2H HQbb �M/ �++m�`�+v^V
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(8Rd), O a+Q`2 i`�BM2/ 2M+nKQ/2HX
2M+7jnb+Q`2b 4 2M+7jnKQ/2HX2p�Hm�i2U2M+7jnsni2bi- 2M+7jnvni2bi- p2`#Qb24RV
T`BMiU^h2bi HQbb,^- 2M+7jnb+Q`2b(y)V
T`BMiU^h2bi �++m`�+v,^- 2M+7jnb+Q`2b(R)V

O K�F2 T`2/B+iBQMX
2M+7jnT`2/ 4 2M+7jnKQ/2HXT`2/B+iU2M+7jnsni2biV

RyyyyfRyyyy (444444444444444444444444444444) @ db edRmbfbi2T
h2bi HQbb, RX9yyRdedR9dye9ky3
h2bi �++m`�+v, yX8Re

( ),

Ry h`�BM rBi? 2M+`vTi2/ *A6�_Ry /�i�b2i mbBM; }t2/ F2v 69

(933), OHQ�/ F2v 79
69 4 MTXHQ�/U]flb2`bfi?B2MM;QH2f.2bFiQTfJAL1afj6�HHkykyfJa@T`QD2+ifF2vbf79XMTv]V
O.`Bp2 i?2 /2+`vTiBQM K�i`Bt 7`QK i?2 7Bt2/ 2M+`vTiBQM F2vX
.69 4 MTXHBM�H;XBMpU69V

1M+`vTiBQM F2v 69

(9Ny), THiXBKb?QrU69V

(9Ny), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytRNNkjR293=

Ne



.2+`vTiBQM F2v .69

(9NR), THiXBKb?QrU.69V

(9NR), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytRNNk229�3=

Nd



1M+`vTi i?2 /�i�b2i

(9Nk), 2M+79nsni`�BM 4 ()
7Q` �MnBK�;2 BM tni`�BM,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+79n# 4 MTX/QiU#- 69V
2M+79n; 4 MTX/QiU;- 69V
2M+79n` 4 MTX/QiU`- 69V
2M+79n`;# 4 +pkXK2`;2UU2M+79n#-2M+79n;-2M+79n`VV
2M+79nsni`�BMX�TT2M/U2M+79n`;#V

T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+79nsni`�BMV-]i`�BM BK�;2b]V
2M+79nsni2bi 4 ()
7Q` �MnBK�;2 BM tni2bi,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+79n# 4 MTX/QiU#- 69V
2M+79n; 4 MTX/QiU;- 69V
2M+79n` 4 MTX/QiU`- 69V
2M+79n`;# 4 +pkXK2`;2UU2M+79n#-2M+79n;-2M+79n`VV
2M+79nsni2biX�TT2M/U2M+79n`;#V

T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+79nsni2biV-]i2bi BK�;2b]V

.QM2 2M+`vTiBM; 8yyyy i`�BM BK�;2b

.QM2 2M+`vTiBM; Ryyyy i2bi BK�;2b

(9Nj), O LQ`K�HBx2 i?2 /�i�X
2M+79nsni`�BM 4 MTX�``�vU2M+79nsni`�BMV
2M+79nsni2bi 4 MTX�``�vU2M+79nsni2biV

2M+79nsni`�BM 4 2M+79nsni`�BMX�bivT2U^7HQ�ijk^V
2M+79nsni2bi 4 2M+79nsni2biX�bivT2U^7HQ�ijk^V
2M+79nsni`�BM f4 k88
2M+79nsni2bi f4 k88

O *QMp2`i +H�bb p2+iQ`b iQ #BM�`v +H�bb K�i`B+2bX h?Bb Bb +�HH2/ QM2 ?Qiɚ
↪→2M+Q/BM;X

2M+79nvni`�BM 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni`�BM- MmKn+H�bb2bV
2M+79nvni2bi 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni2bi- MmKn+H�bb2bV

(9N9), T`BMiU^2M+79nsni`�BM b?�T2,^- 2M+79nsni`�BMXb?�T2V
T`BMiU^2M+79nvni`�BM b?�T2,^- 2M+79nvni`�BMXb?�T2V
T`BMiU^2M+79nsni2bi b?�T2,^- 2M+79nsni2biXb?�T2V
T`BMiU^2M+79nvni2bi b?�T2,^- 2M+79nvni2biXb?�T2V

2M+79nsni`�BM b?�T2, U8yyyy- jk- jk- jV
2M+79nvni`�BM b?�T2, U8yyyy- RyV
2M+79nsni2bi b?�T2, URyyyy- jk- jk- jV
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2M+79nvni2bi b?�T2, URyyyy- RyV

(9N8), O/27BM2 i?2 +QMpM2i
2M+79nKQ/2H 4 a2[m2MiB�HUV
O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+79nKQ/2HX�//U*QMpk.Ujk- Uj- jV- T�//BM;4^b�K2^-BMTminb?�T2 4 2M+79nsni`�BMX
↪→b?�T2(R,)VV

2M+79nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+79nKQ/2HX�//U*QMpk.Ujk- Uj- jVVV
2M+79nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+79nKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
2M+79nKQ/2HX�//U.`QTQmiUyXk8VV

O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+79nKQ/2HX�//U*QMpk.Ue9- Uj- jV- T�//BM;4^b�K2^VV
2M+79nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+79nKQ/2HX�//U*QMpk.Ue9- Uj- jVVV
2M+79nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+79nKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
2M+79nKQ/2HX�//U.`QTQmiUyXk8VV

O 6G�hh1_L 4= .1La1 4= _1Gl 4= ._PSPlh
2M+79nKQ/2HX�//U6H�ii2MUVV
2M+79nKQ/2HX�//U.2Mb2U8RkVV
2M+79nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+79nKQ/2HX�//U.`QTQmiUyX8VV
O � bQ7iK�t +H�bbB7B2`
2M+79nKQ/2HX�//U.2Mb2UMmKn+H�bb2bVV
2M+79nKQ/2HX�//U�+iBp�iBQMU^bQ7iK�t^VV

(9Ne), O BMBiB�i2 _JaT`QT QTiBKBx2`
QTi 4 F2`�bXQTiBKBx2`bX_JaT`QTUH`4yXyyyR- /2+�v4R2@eV

O G2i^b i`�BM i?2 KQ/2H mbBM; _JaT`QT
2M+79nKQ/2HX+QKTBH2UHQbb4^+�i2;Q`B+�Hn+`Qbb2Mi`QTv^-

QTiBKBx2`4QTi-
K2i`B+b4(^�++m`�+v^)V

(8yN), Oh`�BM KQ/2H
2M+79n?BbiQ`v 4 2M+79nKQ/2HX7BiU2M+79nsni`�BM- 2M+79nvni`�BM-

#�i+?nbBx24#�i+?nbBx2-
2TQ+?b42TQ+?b-
p�HB/�iBQMn/�i�4U2M+79nsni2bi- 2M+79nvni2biV-
b?m77H24h`m2V

h`�BM QM 8yyyy b�KTH2b- p�HB/�i2 QM Ryyyy b�KTH2b
1TQ+? RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Nb jKbfbi2T @ HQbb, RXNye3 @

NN



�++, yXkN3y @ p�HnHQbb, RXd88e @ p�Hn�++, yXjd9N
1TQ+? kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Redb jKbfbi2T @ HQbb, RXeedk @
�++, yXjNRR @ p�HnHQbb, RXekdk @ p�Hn�++, yX9yNy
1TQ+? jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ReNb jKbfbi2T @ HQbb, RX838R @
�++, yX9k98 @ p�HnHQbb, RX8e99 @ p�Hn�++, yX9jRj
1TQ+? 9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rd8b 9Kbfbi2T @ HQbb, RX8jRk @
�++, yX998k @ p�HnHQbb, RX9ejd @ p�Hn�++, yX9de8
1TQ+? 8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rdeb 9Kbfbi2T @ HQbb, RX9N8R @
�++, yX9eyR @ p�HnHQbb, RX98ed @ p�Hn�++, yX9ddy
1TQ+? efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rd9b jKbfbi2T @ HQbb, RX9e9R @
�++, yX9dky @ p�HnHQbb, RX9y3j @ p�Hn�++, yX9N9e
1TQ+? dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rdeb 9Kbfbi2T @ HQbb, RX9jey @
�++, yX93jN @ p�HnHQbb, RXjNj9 @ p�Hn�++, yX9NeR
1TQ+? 3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R3Rb 9Kbfbi2T @ HQbb, RX9R3y @
�++, yX9Ny8 @ p�HnHQbb, RX9kjR @ p�Hn�++, yX9NRj
1TQ+? NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R33b 9Kbfbi2T @ HQbb, RXjNN9 @
�++, yX8yy3 @ p�HnHQbb, RXjdjy @ p�Hn�++, yX8RRe
1TQ+? RyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RN3b 9Kbfbi2T @ HQbb, RXj3ky @
�++, yX8ydy @ p�HnHQbb, RXj89j @ p�Hn�++, yX8R8d
1TQ+? RRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RNdb 9Kbfbi2T @ HQbb, RXjdyy @
�++, yX8RyR @ p�HnHQbb, RXj9N8 @ p�Hn�++, yX8R9R
1TQ+? RkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RNkb 9Kbfbi2T @ HQbb, RXj839 @
�++, yX8Rkd @ p�HnHQbb, RXjd8R @ p�Hn�++, yX8RRk
1TQ+? RjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R39b 9Kbfbi2T @ HQbb, RXj8yR @
�++, yX8RN9 @ p�HnHQbb, RXjdyR @ p�Hn�++, yX8ReN
1TQ+? R9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R38b 9Kbfbi2T @ HQbb, RXj99d @
�++, yX8kjR @ p�HnHQbb, RXjj9N @ p�Hn�++, yX8kRy
1TQ+? R8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ RdNb 9Kbfbi2T @ HQbb, RXjjRk @
�++, yX8kdR @ p�HnHQbb, RXjRej @ p�Hn�++, yX8j9y
1TQ+? RefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rdeb 9Kbfbi2T @ HQbb, RXjk8d @
�++, yX8kNk @ p�HnHQbb, RXjR39 @ p�Hn�++, yX8jej
1TQ+? RdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Rd8b 9Kbfbi2T @ HQbb, RXjkyR @

Ryy



�++, yX8jRe @ p�HnHQbb, RXj8e9 @ p�Hn�++, yX8ke9
1TQ+? R3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ReRb jKbfbi2T @ HQbb, RXjR8j @
�++, yX8j9N @ p�HnHQbb, RXjk38 @ p�Hn�++, yX8j9j
1TQ+? RNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RXjR8d @
�++, yX8j9N @ p�HnHQbb, RXj8jN @ p�Hn�++, yX8k3R
1TQ+? kyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8kb jKbfbi2T @ HQbb, RXjRR9 @
�++, yX8jej @ p�HnHQbb, RX9e8k @ p�Hn�++, yX9Njk
1TQ+? kRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Rb jKbfbi2T @ HQbb, RXjyeR @
�++, yX89RR @ p�HnHQbb, RXj8yR @ p�Hn�++, yX8jeR
1TQ+? kkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RXjyjj @
�++, yX89RR @ p�HnHQbb, RXjjjj @ p�Hn�++, yX8jjN
1TQ+? kjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, RXjy99 @
�++, yX8jN8 @ p�HnHQbb, RXjk9j @ p�Hn�++, yX89RN
1TQ+? k9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Rb jKbfbi2T @ HQbb, RXkNdN @
�++, yX89RR @ p�HnHQbb, RXj8k8 @ p�Hn�++, yX8jdN
1TQ+? k8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RXjyy9 @
�++, yX89yk @ p�HnHQbb, RXk3kR @ p�Hn�++, yX88Rd
1TQ+? kefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXjyyd @
�++, yX89j8 @ p�HnHQbb, RXjd3k @ p�Hn�++, yX89y3
1TQ+? kdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RXkN3k @
�++, yX89jj @ p�HnHQbb, RXjeyy @ p�Hn�++, yX8k89
1TQ+? k3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXkNjy @
�++, yX8988 @ p�HnHQbb, RX99Nj @ p�Hn�++, yX8jy3
1TQ+? kNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXkN9e @
�++, yX8999 @ p�HnHQbb, RXkNej @ p�Hn�++, yX89d3
1TQ+? jyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXkNjN @
�++, yX89de @ p�HnHQbb, RXj9k8 @ p�Hn�++, yX8j9d
1TQ+? jRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXkNeN @
�++, yX898e @ p�HnHQbb, RXjky3 @ p�Hn�++, yX8jNk
1TQ+? jkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXkNjk @
�++, yX893j @ p�HnHQbb, RXjkNy @ p�Hn�++, yX89RN
1TQ+? jjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXkNjk @

RyR



�++, yX89Ne @ p�HnHQbb, RXj9yk @ p�Hn�++, yX8jNR
1TQ+? j9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXkNd9 @
�++, yX89j8 @ p�HnHQbb, RXj9y9 @ p�Hn�++, yX8kek
1TQ+? j8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXkNee @
�++, yX893R @ p�HnHQbb, RXj9NR @ p�Hn�++, yX8jy8
1TQ+? jefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjyj3 @
�++, yX89ey @ p�HnHQbb, RXjR93 @ p�Hn�++, yX89jN
1TQ+? jdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjykd @
�++, yX8998 @ p�HnHQbb, RX9kN3 @ p�Hn�++, yX8kd3
1TQ+? j3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjyyd @
�++, yX89ek @ p�HnHQbb, RXj9kd @ p�Hn�++, yX8j8e
1TQ+? jNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjy3d @
�++, yX899e @ p�HnHQbb, RX98Nd @ p�Hn�++, yX8kRR
1TQ+? 9yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RXjyRd @
�++, yX89ed @ p�HnHQbb, RXjddR @ p�Hn�++, yX8j39
1TQ+? 9RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjRRR @
�++, yX89y9 @ p�HnHQbb, RX9988 @ p�Hn�++, yX8993
1TQ+? 9kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjRRd @
�++, yX89kN @ p�HnHQbb, RXkNyj @ p�Hn�++, yX89ej
1TQ+? 9jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjRyk @
�++, yX898d @ p�HnHQbb, RXjyN8 @ p�Hn�++, yX89dk
1TQ+? 99fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjRjN @
�++, yX899k @ p�HnHQbb, RXkNy9 @ p�Hn�++, yX88ed
1TQ+? 98fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjR88 @
�++, yX89Rj @ p�HnHQbb, RXj9jk @ p�Hn�++, yX88Rd
1TQ+? 9efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjR9e @
�++, yX89k9 @ p�HnHQbb, RXj89N @ p�Hn�++, yX89Nj
1TQ+? 9dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjk8R @
�++, yX89y3 @ p�HnHQbb, RXjdey @ p�Hn�++, yX8RRy
1TQ+? 93fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXjk9y @
�++, yX89Re @ p�HnHQbb, RXj3dj @ p�Hn�++, yX8k93
1TQ+? 9NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjkNe @

Ryk



�++, yX8jdy @ p�HnHQbb, RXjjkR @ p�Hn�++, yX8jdR
1TQ+? 8yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjk8N @
�++, yX89R3 @ p�HnHQbb, RXj933 @ p�Hn�++, yX8jyy
1TQ+? 8RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjk3e @
�++, yX8j3y @ p�HnHQbb, RXjk3e @ p�Hn�++, yX89yd
1TQ+? 8kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjkd8 @
�++, yX89R9 @ p�HnHQbb, RXkN3d @ p�Hn�++, yX89je
1TQ+? 8jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjkdd @
�++, yX8jd3 @ p�HnHQbb, RX9d39 @ p�Hn�++, yX8kky
1TQ+? 89fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjjye @
�++, yX89yj @ p�HnHQbb, RX9kR3 @ p�Hn�++, yX8ke9
1TQ+? 88fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXj9RN @
�++, yX8j89 @ p�HnHQbb, RXjk9R @ p�Hn�++, yX89yy
1TQ+? 8efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXj9jd @
�++, yX8jj3 @ p�HnHQbb, RXjdky @ p�Hn�++, yX8jey
1TQ+? 8dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXj8yd @
�++, yX8jkj @ p�HnHQbb, RXjjNN @ p�Hn�++, yX8jdN
1TQ+? 83fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXj93j @
�++, yX8jR3 @ p�HnHQbb, RXj3jd @ p�Hn�++, yX8jdk
1TQ+? 8NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, RXj8je @
�++, yX8k3N @ p�HnHQbb, RXjeRy @ p�Hn�++, yX8RNk
1TQ+? eyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RXj983 @
�++, yX8jjj @ p�HnHQbb, RX9k8y @ p�Hn�++, yX8k93
1TQ+? eRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Rb jKbfbi2T @ HQbb, RXj8dy @
�++, yX8jy8 @ p�HnHQbb, RXjy9j @ p�Hn�++, yX8989
1TQ+? ekfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXje9k @
�++, yX8k38 @ p�HnHQbb, RXkdRj @ p�Hn�++, yX8833
1TQ+? ejfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8jb jKbfbi2T @ HQbb, RXjeR8 @
�++, yX8kdy @ p�HnHQbb, RX9j9k @ p�Hn�++, yX8yeR
1TQ+? e9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R89b jKbfbi2T @ HQbb, RXjdkN @
�++, yX8kdk @ p�HnHQbb, RXjkdy @ p�Hn�++, yX8k3k
1TQ+? e8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8jb jKbfbi2T @ HQbb, RXjdjy @

Ryj



�++, yX8kj3 @ p�HnHQbb, RXjj39 @ p�Hn�++, yX8j8j
1TQ+? eefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R89b jKbfbi2T @ HQbb, RXjd99 @
�++, yX8k99 @ p�HnHQbb, RXj3y8 @ p�Hn�++, yX8jNk
1TQ+? edfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RXjddN @
�++, yX8ke8 @ p�HnHQbb, RXjRjR @ p�Hn�++, yX88j9
1TQ+? e3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RXjde3 @
�++, yX8kk8 @ p�HnHQbb, RXjky9 @ p�Hn�++, yX8jdd
1TQ+? eNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RXj33k @
�++, yX8kRN @ p�HnHQbb, RXjj98 @ p�Hn�++, yX8kN9
1TQ+? dyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8db jKbfbi2T @ HQbb, RXjN8y @
�++, yX8Rd3 @ p�HnHQbb, RXj89R @ p�Hn�++, yX8kkj
1TQ+? dRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Nb jKbfbi2T @ HQbb, RX9y9y @
�++, yX8Rjd @ p�HnHQbb, RXjee9 @ p�Hn�++, yX8jyN
1TQ+? dkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8db jKbfbi2T @ HQbb, RX9y3k @
�++, yX8R9d @ p�HnHQbb, RX998d @ p�Hn�++, yX8Ry8
1TQ+? djfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R89b jKbfbi2T @ HQbb, RX9yjR @
�++, yX8R88 @ p�HnHQbb, RX8k3j @ p�Hn�++, yX8y9j
1TQ+? d9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8kb jKbfbi2T @ HQbb, RX9Rek @
�++, yX8yNk @ p�HnHQbb, RXj9yR @ p�Hn�++, yX8jRe
1TQ+? d8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, RX9R8e @
�++, yX8Ry3 @ p�HnHQbb, RX9NRN @ p�Hn�++, yX9389
1TQ+? defRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R93b jKbfbi2T @ HQbb, RX9R3k @
�++, yX8RR3 @ p�HnHQbb, RX9k3R @ p�Hn�++, yX8R8k
1TQ+? ddfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RX9kk8 @
�++, yX8ye8 @ p�HnHQbb, RXj9dj @ p�Hn�++, yX8jNN
1TQ+? d3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RX9jee @
�++, yX8ye3 @ p�HnHQbb, RX9N9N @ p�Hn�++, yX9Njy
1TQ+? dNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RX99y8 @
�++, yX8yyN @ p�HnHQbb, RX99jy @ p�Hn�++, yX8ydj
1TQ+? 3yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RX99ek @
�++, yX8yRy @ p�HnHQbb, RX9edN @ p�Hn�++, yX9Ney
1TQ+? 3RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX989j @

Ry9



�++, yX9NeN @ p�HnHQbb, RX9883 @ p�Hn�++, yX9Nde
1TQ+? 3kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX9eyR @
�++, yX9Nek @ p�HnHQbb, RX9ed3 @ p�Hn�++, yX9Nd9
1TQ+? 3jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RX98dy @
�++, yX9N8N @ p�HnHQbb, RX9839 @ p�Hn�++, yX8yjR
1TQ+? 39fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RX9eye @
�++, yX9N8j @ p�HnHQbb, RX9kNN @ p�Hn�++, yX8kj9
1TQ+? 38fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX9e3d @
�++, yX9Nkj @ p�HnHQbb, RX8jy8 @ p�Hn�++, yX9dde
1TQ+? 3efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RX9dj9 @
�++, yX93N8 @ p�HnHQbb, RX9d8N @ p�Hn�++, yX933k
1TQ+? 3dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX9dyN @
�++, yX93Nj @ p�HnHQbb, RX93e8 @ p�Hn�++, yX9edy
1TQ+? 33fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX9dje @
�++, yX9NR9 @ p�HnHQbb, RX9dRe @ p�Hn�++, yX9N99
1TQ+? 3NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RX9dke @
�++, yX93N8 @ p�HnHQbb, RX8yye @ p�Hn�++, yX9Nej
1TQ+? NyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RX9dN3 @
�++, yX9388 @ p�HnHQbb, RX9R89 @ p�Hn�++, yX8RyN
1TQ+? NRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RX93jy @
�++, yX939e @ p�HnHQbb, RXjekR @ p�Hn�++, yX8kyd
1TQ+? NkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX9398 @
�++, yX93jR @ p�HnHQbb, RXjNdk @ p�Hn�++, yX8ReN
1TQ+? NjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX9d8N @
�++, yX938j @ p�HnHQbb, RX9kjN @ p�Hn�++, yX9Ny8
1TQ+? N9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX9dNe @
�++, yX9338 @ p�HnHQbb, RX8y83 @ p�Hn�++, yX9d3k
1TQ+? N8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RX9339 @
�++, yX93Rd @ p�HnHQbb, RX989R @ p�Hn�++, yX8Rjy
1TQ+? NefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX93j8 @
�++, yX93je @ p�HnHQbb, RXjNj8 @ p�Hn�++, yX8kkN
1TQ+? NdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX93Re @

Ry8



�++, yX93jy @ p�HnHQbb, RXje99 @ p�Hn�++, yX8jR3
1TQ+? N3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9kb jKbfbi2T @ HQbb, RX93de @
�++, yX939N @ p�HnHQbb, RX9yey @ p�Hn�++, yX8yeR
1TQ+? NNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX93ed @
�++, yX9393 @ p�HnHQbb, RXj8Ny @ p�Hn�++, yX8k9y
1TQ+? RyyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX933d @
�++, yX9dNd @ p�HnHQbb, RX98k9 @ p�Hn�++, yX8RRk

(8R9), �++nHQbbn;`�T?B+U2M+79n?BbiQ`v- ^ 2M+79nKQ/2H HQbb �M/ �++m�`�+v^V

(8R8), O a+Q`2 i`�BM2/ 2M+nKQ/2HX
2M+79nb+Q`2b 4 2M+79nKQ/2HX2p�Hm�i2U2M+79nsni2bi- 2M+79nvni2bi- p2`#Qb24RV
T`BMiU^h2bi HQbb,^- 2M+79nb+Q`2b(y)V
T`BMiU^h2bi �++m`�+v,^- 2M+79nb+Q`2b(R)V

O K�F2 T`2/B+iBQMX
2M+79nT`2/ 4 2M+79nKQ/2HXT`2/B+iU2M+79nsni2biV

RyyyyfRyyyy (444444444444444444444444444444) @ db eejmbfbi2T
h2bi HQbb, RX98kjN3yed3883j8
h2bi �++m`�+v, yX8RRk

RR h`�BM rBi? 2M+`vTi2/ *A6�_Ry /�i�b2i mbBM; }t2/ F2v 68

(9Nd), OHQ�/ F2v 78
68 4 MTXHQ�/U]flb2`bfi?B2MM;QH2f.2bFiQTfJAL1afj6�HHkykyfJa@T`QD2+ifF2vbf78XMTv]V
O.`Bp2 i?2 /2+`vTiBQM K�i`Bt 7`QK i?2 7Bt2/ 2M+`vTiBQM F2vX
.68 4 MTXHBM�H;XBMpU68V

1M+`vTiBQM F2v 68

Rye



(9NN), THiXBKb?QrU68V

(9NN), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytRNN3jR/�y=

.2+`vTiBQM F2v .68

(8yy), THiXBKb?QrU.68V

(8yy), IK�iTHQiHB#XBK�;2X�t2bAK�;2 �i ytRNN3y7j+3=

Ryd



1M+`vTi i?2 /�i�b2i

(8yR), 2M+78nsni`�BM 4 ()
7Q` �MnBK�;2 BM tni`�BM,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+78n# 4 MTX/QiU#- 68V
2M+78n; 4 MTX/QiU;- 68V
2M+78n` 4 MTX/QiU`- 68V
2M+78n`;# 4 +pkXK2`;2UU2M+78n#-2M+78n;-2M+78n`VV
2M+78nsni`�BMX�TT2M/U2M+78n`;#V

T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+78nsni`�BMV-]i`�BM BK�;2b]V
2M+78nsni2bi 4 ()
7Q` �MnBK�;2 BM tni2bi,

#- ;- ` 4 +pkXbTHBiU�MnBK�;2V
2M+78n# 4 MTX/QiU#- 68V
2M+78n; 4 MTX/QiU;- 68V
2M+78n` 4 MTX/QiU`- 68V
2M+78n`;# 4 +pkXK2`;2UU2M+78n#-2M+78n;-2M+78n`VV
2M+78nsni2biX�TT2M/U2M+78n`;#V

T`BMiU].QM2 2M+`vTiBM; ]-H2MU2M+78nsni2biV-]i2bi BK�;2b]V

.QM2 2M+`vTiBM; 8yyyy i`�BM BK�;2b

.QM2 2M+`vTiBM; Ryyyy i2bi BK�;2b

(8yk), O LQ`K�HBx2 i?2 /�i�X
2M+78nsni`�BM 4 MTX�``�vU2M+78nsni`�BMV

Ry3



2M+78nsni2bi 4 MTX�``�vU2M+78nsni2biV

2M+78nsni`�BM 4 2M+78nsni`�BMX�bivT2U^7HQ�ijk^V
2M+78nsni2bi 4 2M+78nsni2biX�bivT2U^7HQ�ijk^V
2M+78nsni`�BM f4 k88
2M+78nsni2bi f4 k88

O *QMp2`i +H�bb p2+iQ`b iQ #BM�`v +H�bb K�i`B+2bX h?Bb Bb +�HH2/ QM2 ?Qiɚ
↪→2M+Q/BM;X

2M+78nvni`�BM 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni`�BM- MmKn+H�bb2bV
2M+78nvni2bi 4 F2`�bXmiBHbXiQn+�i2;Q`B+�HUvni2bi- MmKn+H�bb2bV

(8yj), T`BMiU^2M+78nsni`�BM b?�T2,^- 2M+78nsni`�BMXb?�T2V
T`BMiU^2M+78nvni`�BM b?�T2,^- 2M+78nvni`�BMXb?�T2V
T`BMiU^2M+78nsni2bi b?�T2,^- 2M+78nsni2biXb?�T2V
T`BMiU^2M+78nvni2bi b?�T2,^- 2M+78nvni2biXb?�T2V

2M+78nsni`�BM b?�T2, U8yyyy- jk- jk- jV
2M+78nvni`�BM b?�T2, U8yyyy- RyV
2M+78nsni2bi b?�T2, URyyyy- jk- jk- jV
2M+78nvni2bi b?�T2, URyyyy- RyV

(8y9), O/27BM2 i?2 +QMpM2i
2M+78nKQ/2H 4 a2[m2MiB�HUV
O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+78nKQ/2HX�//U*QMpk.Ujk- Uj- jV- T�//BM;4^b�K2^-BMTminb?�T2 4 2M+78nsni`�BMX
↪→b?�T2(R,)VV

2M+78nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+78nKQ/2HX�//U*QMpk.Ujk- Uj- jVVV
2M+78nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+78nKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
2M+78nKQ/2HX�//U.`QTQmiUyXk8VV

O *PLo 4= _1Gl 4= *PLo 4= _1Gl 4= SPPG 4= ._PSPlh
2M+78nKQ/2HX�//U*QMpk.Ue9- Uj- jV- T�//BM;4^b�K2^VV
2M+78nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+78nKQ/2HX�//U*QMpk.Ue9- Uj- jVVV
2M+78nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+78nKQ/2HX�//UJ�tSQQHBM;k.UTQQHnbBx24Uk- kVVV
2M+78nKQ/2HX�//U.`QTQmiUyXk8VV

O 6G�hh1_L 4= .1La1 4= _1Gl 4= ._PSPlh
2M+78nKQ/2HX�//U6H�ii2MUVV
2M+78nKQ/2HX�//U.2Mb2U8RkVV
2M+78nKQ/2HX�//U�+iBp�iBQMU^`2Hm^VV
2M+78nKQ/2HX�//U.`QTQmiUyX8VV
O � bQ7iK�t +H�bbB7B2`

RyN



2M+78nKQ/2HX�//U.2Mb2UMmKn+H�bb2bVV
2M+78nKQ/2HX�//U�+iBp�iBQMU^bQ7iK�t^VV

(8y8), O BMBiB�i2 _JaT`QT QTiBKBx2`
QTi 4 F2`�bXQTiBKBx2`bX_JaT`QTUH`4yXyyyR- /2+�v4R2@eV

O G2i^b i`�BM i?2 KQ/2H mbBM; _JaT`QT
2M+78nKQ/2HX+QKTBH2UHQbb4^+�i2;Q`B+�Hn+`Qbb2Mi`QTv^-

QTiBKBx2`4QTi-
K2i`B+b4(^�++m`�+v^)V

(8Ry), Oh`�BM KQ/2H
2M+78n?BbiQ`v 4 2M+78nKQ/2HX7BiU2M+78nsni`�BM- 2M+78nvni`�BM-

#�i+?nbBx24#�i+?nbBx2-
2TQ+?b42TQ+?b-
p�HB/�iBQMn/�i�4U2M+78nsni2bi- 2M+78nvni2biV-
b?m77H24h`m2V

h`�BM QM 8yyyy b�KTH2b- p�HB/�i2 QM Ryyyy b�KTH2b
1TQ+? RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Rb jKbfbi2T @ HQbb, RX38yR @
�++, yXjR8j @ p�HnHQbb, RXdNR3 @ p�Hn�++, yXj9d9
1TQ+? kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXe8ej @
�++, yXjN8j @ p�HnHQbb, RX838k @ p�Hn�++, yX9k39
1TQ+? jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RX8d3k @
�++, yX9k83 @ p�HnHQbb, RX9Njd @ p�Hn�++, yX98e9
1TQ+? 9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX8kde @
�++, yX99d9 @ p�HnHQbb, RX9893 @ p�Hn�++, yX9de8
1TQ+? 8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX9NyR @
�++, yX9eRd @ p�HnHQbb, RX9jd3 @ p�Hn�++, yX93jk
1TQ+? efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX9839 @
�++, yX9d88 @ p�HnHQbb, RX9eky @ p�Hn�++, yX93yj
1TQ+? dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX9jj9 @
�++, yX938y @ p�HnHQbb, RXjN9j @ p�Hn�++, yX9N9y
1TQ+? 3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX9Rjk @
�++, yX9Nkk @ p�HnHQbb, RXjN8e @ p�Hn�++, yX9Njd
1TQ+? NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjN8e @
�++, yX9N3y @ p�HnHQbb, RXj93k @ p�Hn�++, yX8RN3
1TQ+? RyfRyy

RRy



8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXj3R3 @
�++, yX8y9d @ p�HnHQbb, RXje98 @ p�Hn�++, yX8kR3
1TQ+? RRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjee9 @
�++, yX8RRj @ p�HnHQbb, RXjedj @ p�Hn�++, yX8R8e
1TQ+? RkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXj88e @
�++, yX8Rde @ p�HnHQbb, RXj39j @ p�Hn�++, yX8R93
1TQ+? RjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RXj9ey @
�++, yX8R3j @ p�HnHQbb, RXjd9k @ p�Hn�++, yX8kyR
1TQ+? R9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXjj8R @
�++, yX8kek @ p�HnHQbb, RXjj8y @ p�Hn�++, yX8j9k
1TQ+? R8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXjkeR @
�++, yX8jy9 @ p�HnHQbb, RXj9dj @ p�Hn�++, yX8jRy
1TQ+? RefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Rb jKbfbi2T @ HQbb, RXjR3R @
�++, yX8jkk @ p�HnHQbb, RXjyj3 @ p�Hn�++, yX89jk
1TQ+? RdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8kb jKbfbi2T @ HQbb, RXjR9k @
�++, yX8j8k @ p�HnHQbb, RXjy8N @ p�Hn�++, yX8j3e
1TQ+? R3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8kb jKbfbi2T @ HQbb, RXjyey @
�++, yX8jNe @ p�HnHQbb, RXjkj3 @ p�Hn�++, yX8k9k
1TQ+? RNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8jb jKbfbi2T @ HQbb, RXjy38 @
�++, yX8jNj @ p�HnHQbb, RXjkkd @ p�Hn�++, yX8j8k
1TQ+? kyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R89b jKbfbi2T @ HQbb, RXkN3j @
�++, yX89kR @ p�HnHQbb, RXjj3R @ p�Hn�++, yX8k9y
1TQ+? kRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R89b jKbfbi2T @ HQbb, RXkNkk @
�++, yX89RN @ p�HnHQbb, RXjj9k @ p�Hn�++, yX8jke
1TQ+? kkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R89b jKbfbi2T @ HQbb, RXkNRN @
�++, yX899R @ p�HnHQbb, RXk3Rj @ p�Hn�++, yX89NN
1TQ+? kjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RXk33R @
�++, yX898j @ p�HnHQbb, RXj88k @ p�Hn�++, yX88kk
1TQ+? k9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RXk398 @
�++, yX893d @ p�HnHQbb, RXjdd3 @ p�Hn�++, yX8jN9
1TQ+? k8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8db jKbfbi2T @ HQbb, RXk3ke @
�++, yX89Nd @ p�HnHQbb, RX9e3e @ p�Hn�++, yX8j8e
1TQ+? kefRyy

RRR



8yyyyf8yyyy (444444444444444444444444444444) @ R8db jKbfbi2T @ HQbb, RXk3Rk @
�++, yX893k @ p�HnHQbb, RXk39j @ p�Hn�++, yX88kd
1TQ+? kdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8db jKbfbi2T @ HQbb, RXkddd @
�++, yX88kj @ p�HnHQbb, RXk83k @ p�Hn�++, yX8eRy
1TQ+? k3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RXkdey @
�++, yX889e @ p�HnHQbb, RXkNyy @ p�Hn�++, yX88R8
1TQ+? kNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8Rb jKbfbi2T @ HQbb, RXkde9 @
�++, yX889R @ p�HnHQbb, RXjj88 @ p�Hn�++, yX8jNd
1TQ+? jyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RXkd99 @
�++, yX88j3 @ p�HnHQbb, RXk8kd @ p�Hn�++, yX8ekN
1TQ+? jRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, RXkd9e @
�++, yX889d @ p�HnHQbb, RXjedR @ p�Hn�++, yX893N
1TQ+? jkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXkeNN @
�++, yX88e9 @ p�HnHQbb, RXk8dy @ p�Hn�++, yX8dyj
1TQ+? jjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXkdk3 @
�++, yX889R @ p�HnHQbb, RXj9yd @ p�Hn�++, yX88d8
1TQ+? j9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RXkdNk @
�++, yX8888 @ p�HnHQbb, RXkNRR @ p�Hn�++, yX89kk
1TQ+? j8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXkdjN @
�++, yX8888 @ p�HnHQbb, RXjkR9 @ p�Hn�++, yX88eN
1TQ+? jefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXkdje @
�++, yX889N @ p�HnHQbb, RXkdyR @ p�Hn�++, yX88N8
1TQ+? jdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXkddy @
�++, yX8898 @ p�HnHQbb, RXjjy3 @ p�Hn�++, yX88dd
1TQ+? j3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXkd98 @
�++, yX8883 @ p�HnHQbb, RXjeej @ p�Hn�++, yX8kNd
1TQ+? jNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXk3yy @
�++, yX88e8 @ p�HnHQbb, RXjdej @ p�Hn�++, yX89kd
1TQ+? 9yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXkde8 @
�++, yX88e9 @ p�HnHQbb, RXj9dN @ p�Hn�++, yX8kNk
1TQ+? 9RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXk3Rk @
�++, yX8899 @ p�HnHQbb, RX9kke @ p�Hn�++, yX8kd3
1TQ+? 9kfRyy

RRk



8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXk3dk @
�++, yX889y @ p�HnHQbb, RX9k8k @ p�Hn�++, yX89j3
1TQ+? 9jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXk3eN @
�++, yX88RN @ p�HnHQbb, RX989k @ p�Hn�++, yX8k3d
1TQ+? 99fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RXk3kk @
�++, yX88j3 @ p�HnHQbb, RXjjje @ p�Hn�++, yX8ekk
1TQ+? 98fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXk339 @
�++, yX888e @ p�HnHQbb, RX8y8N @ p�Hn�++, yX8yNj
1TQ+? 9efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXkNjR @
�++, yX88RN @ p�HnHQbb, RXjdee @ p�Hn�++, yX8kRk
1TQ+? 9dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXkN3N @
�++, yX88yN @ p�HnHQbb, RXjeyj @ p�Hn�++, yX88k9
1TQ+? 93fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjyN3 @
�++, yX89ey @ p�HnHQbb, RXj39d @ p�Hn�++, yX8RNk
1TQ+? 9NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjyNy @
�++, yX89de @ p�HnHQbb, RXje9k @ p�Hn�++, yX88d3
1TQ+? 8yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjRR8 @
�++, yX8939 @ p�HnHQbb, RX98Nj @ p�Hn�++, yX8Rdy
1TQ+? 8RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RXjRdk @
�++, yX89jj @ p�HnHQbb, RXkNe8 @ p�Hn�++, yX89dR
1TQ+? 8kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjRe3 @
�++, yX89jy @ p�HnHQbb, RX9NkR @ p�Hn�++, yX8R3R
1TQ+? 8jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjk9y @
�++, yX8988 @ p�HnHQbb, RXjRek @ p�Hn�++, yX89RN
1TQ+? 89fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjk33 @
�++, yX898j @ p�HnHQbb, RXj8je @ p�Hn�++, yX8R38
1TQ+? 88fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjjRk @
�++, yX89k3 @ p�HnHQbb, RXjeNj @ p�Hn�++, yX8k33
1TQ+? 8efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjjN8 @
�++, yX8je8 @ p�HnHQbb, RX9NRk @ p�Hn�++, yX8yjk
1TQ+? 8dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXj98j @
�++, yX8j8N @ p�HnHQbb, RXj89j @ p�Hn�++, yX893d
1TQ+? 83fRyy
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8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXj9dy @
�++, yX8j8y @ p�HnHQbb, RX8R39 @ p�Hn�++, yX8yR3
1TQ+? 8NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXj8d3 @
�++, yX8jRk @ p�HnHQbb, RX93dk @ p�Hn�++, yX8jdy
1TQ+? eyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjeR9 @
�++, yX8jyN @ p�HnHQbb, RX9Re9 @ p�Hn�++, yX8RR9
1TQ+? eRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXje3k @
�++, yX8jR3 @ p�HnHQbb, RXj8Rk @ p�Hn�++, yX8jRy
1TQ+? ekfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjde3 @
�++, yX8kee @ p�HnHQbb, RX9e98 @ p�Hn�++, yX8kNy
1TQ+? ejfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjdd3 @
�++, yX8k8R @ p�HnHQbb, RX98Nd @ p�Hn�++, yX8yy3
1TQ+? e9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXj3y3 @
�++, yX8k9j @ p�HnHQbb, RXj89e @ p�Hn�++, yX89yj
1TQ+? e8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXj3eN @
�++, yX8kk9 @ p�HnHQbb, RXe9e8 @ p�Hn�++, yX8ykk
1TQ+? eefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RXjN99 @
�++, yX8ky3 @ p�HnHQbb, RXje3R @ p�Hn�++, yX89kk
1TQ+? edfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RXjNj9 @
�++, yX8kRe @ p�HnHQbb, RX9Ny9 @ p�Hn�++, yX8R8j
1TQ+? e3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RX9yyd @
�++, yX8R3N @ p�HnHQbb, RX988k @ p�Hn�++, yX8j93
1TQ+? eNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8kb jKbfbi2T @ HQbb, RX9R9y @
�++, yX8R9y @ p�HnHQbb, RXj9N9 @ p�Hn�++, yX89Re
1TQ+? dyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RX9RRR @
�++, yX8R83 @ p�HnHQbb, RX8kNy @ p�Hn�++, yX8Rke
1TQ+? dRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RX9RkR @
�++, yX8R98 @ p�HnHQbb, RX9ye8 @ p�Hn�++, yX8RNe
1TQ+? dkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RX9kyy @
�++, yX8Ryy @ p�HnHQbb, RX9ejk @ p�Hn�++, yX8yN9
1TQ+? djfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8eb jKbfbi2T @ HQbb, RX9k93 @
�++, yX8y3R @ p�HnHQbb, RX8Nk3 @ p�Hn�++, yX98Re
1TQ+? d9fRyy
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8yyyyf8yyyy (444444444444444444444444444444) @ Rejb jKbfbi2T @ HQbb, RX9k83 @
�++, yX8yNy @ p�HnHQbb, RXjNRe @ p�Hn�++, yX8RRN
1TQ+? d8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ Reyb jKbfbi2T @ HQbb, RX9kNy @
�++, yX8y3R @ p�HnHQbb, RX9ky9 @ p�Hn�++, yX8Rjk
1TQ+? defRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ReRb jKbfbi2T @ HQbb, RX9jyR @
�++, yX8y9j @ p�HnHQbb, RX9kkN @ p�Hn�++, yX93dk
1TQ+? ddfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ReRb jKbfbi2T @ HQbb, RX9jd9 @
�++, yX8y8j @ p�HnHQbb, RXj38e @ p�Hn�++, yX8Ryd
1TQ+? d3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ ReRb jKbfbi2T @ HQbb, RX9jeR @
�++, yX8yjd @ p�HnHQbb, RX8yee @ p�Hn�++, yX8Rjd
1TQ+? dNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R88b jKbfbi2T @ HQbb, RX99jk @
�++, yX8yj8 @ p�HnHQbb, RX9kjR @ p�Hn�++, yX8yRj
1TQ+? 3yfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8jb jKbfbi2T @ HQbb, RX98Rk @
�++, yX9NNe @ p�HnHQbb, RXeR9j @ p�Hn�++, yX9Ny9
1TQ+? 3RfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R8yb jKbfbi2T @ HQbb, RX98dy @
�++, yX9Ne3 @ p�HnHQbb, RX9j3y @ p�Hn�++, yX8jky
1TQ+? 3kfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9Nb jKbfbi2T @ HQbb, RX9e8d @
�++, yX9Nde @ p�HnHQbb, RX893d @ p�Hn�++, yX9N9k
1TQ+? 3jfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, RX9e99 @
�++, yX9N83 @ p�HnHQbb, RX9djd @ p�Hn�++, yX8Rje
1TQ+? 39fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, RX9e3d @
�++, yX9N8y @ p�HnHQbb, RX8yNN @ p�Hn�++, yX8ked
1TQ+? 38fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9db jKbfbi2T @ HQbb, RX9d99 @
�++, yX9Nyk @ p�HnHQbb, RX9ydd @ p�Hn�++, yX8yee
1TQ+? 3efRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9eb jKbfbi2T @ HQbb, RX9dRe @
�++, yX9N9k @ p�HnHQbb, RX9ydy @ p�Hn�++, yX8k8e
1TQ+? 3dfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RX9ddk @
�++, yX9Ny9 @ p�HnHQbb, RX9NR9 @ p�Hn�++, yX8k9y
1TQ+? 33fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RX93d3 @
�++, yX93d3 @ p�HnHQbb, RX9jey @ p�Hn�++, yX938e
1TQ+? 3NfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RX93R9 @
�++, yX93NR @ p�HnHQbb, RX88Ny @ p�Hn�++, yX9Nyj
1TQ+? NyfRyy
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8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RX9NRj @
�++, yX93ee @ p�HnHQbb, RX9883 @ p�Hn�++, yX9Njd
1TQ+? NRfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RX938e @
�++, yX93dj @ p�HnHQbb, RX88de @ p�Hn�++, yX98jR
1TQ+? NkfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RX9NNR @
�++, yX939j @ p�HnHQbb, RX9e8y @ p�Hn�++, yX8R9e
1TQ+? NjfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX9N8y @
�++, yX939y @ p�HnHQbb, RX8yRe @ p�Hn�++, yX93e8
1TQ+? N9fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RX8y83 @
�++, yX93k9 @ p�HnHQbb, RX9Rkd @ p�Hn�++, yX8Rjj
1TQ+? N8fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RX8yNe @
�++, yX93ke @ p�HnHQbb, RXey9k @ p�Hn�++, yX9N9j
1TQ+? NefRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RX8Ryk @
�++, yX93yk @ p�HnHQbb, RXj3d9 @ p�Hn�++, yX8kdk
1TQ+? NdfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R98b jKbfbi2T @ HQbb, RX8yje @
�++, yX93yy @ p�HnHQbb, RX989k @ p�Hn�++, yX93j9
1TQ+? N3fRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R9jb jKbfbi2T @ HQbb, RX8y3N @
�++, yX9dNe @ p�HnHQbb, RX8edd @ p�Hn�++, yX93eR
1TQ+? NNfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RX8R83 @
�++, yX9d8k @ p�HnHQbb, RX888d @ p�Hn�++, yX98N3
1TQ+? RyyfRyy
8yyyyf8yyyy (444444444444444444444444444444) @ R99b jKbfbi2T @ HQbb, RX8R89 @
�++, yX9ddN @ p�HnHQbb, RX89jR @ p�Hn�++, yX9djR

(8Rk), �++nHQbbn;`�T?B+U2M+78n?BbiQ`v- ^ 2M+78nKQ/2H HQbb �M/ �++m�`�+v^V
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(8Rj), O a+Q`2 i`�BM2/ 2M+nKQ/2HX
2M+78nb+Q`2b 4 2M+78nKQ/2HX2p�Hm�i2U2M+78nsni2bi- 2M+78nvni2bi- p2`#Qb24RV
T`BMiU^h2bi HQbb,^- 2M+78nb+Q`2b(y)V
T`BMiU^h2bi �++m`�+v,^- 2M+78nb+Q`2b(R)V

O K�F2 T`2/B+iBQMX
2M+78nT`2/ 4 2M+78nKQ/2HXT`2/B+iU2M+78nsni2biV

RyyyyfRyyyy (444444444444444444444444444444) @ db e8Nmbfbi2T
h2bi HQbb, RX89jy8NRj3933deN8
h2bi �++m`�+v, yX9djR

( ),

?iiTb,ffrrrXF�;;H2X+QKf`Q#H2tM�M�f+B7�`Ry@rBi?@+MM@7Q`@#2;BM2`f+QKK2Mib
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Appendix_C

December 7, 2020

1 Appendix C

In [1]: import matplotlib.pyplot as plt
import numpy as np
import scipy.linalg
import cv2
from PIL import Image
from keras.datasets import mnist
from keras.datasets import cifar10

Using TensorFlow backend.

2 Generate keys

In [10]: #Read key image as RGB
key1 = Image.open("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/key1.png")
key2 = Image.open("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/key2.png")
key3 = Image.open("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/key3.png")
key4 = Image.open("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/key4.png")
key5 = Image.open("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/key5.png")

#gray scale key image
key1 = key1.convert('L')
key2 = key2.convert('L')
key3 = key3.convert('L')
key4 = key4.convert('L')
key5 = key5.convert('L')

In [11]: #Drive orthogonal matrix
#resize key image
mnist_key1 = np.resize(key1,(28,28))
mnist_key2 = np.resize(key2,(28,28))
mnist_key3 = np.resize(key3,(28,28))
mnist_key4 = np.resize(key3,(28,28))
mnist_key5 = np.resize(key3,(28,28))
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#convert to 2D array
mnist_key1 = np.asarray(mnist_key1)
mnist_key2 = np.asarray(mnist_key2)
mnist_key3 = np.asarray(mnist_key3)
mnist_key4 = np.asarray(mnist_key4)
mnist_key5 = np.asarray(mnist_key5)

#QR decomposition
mn_key1, mn_R1 = scipy.linalg.qr(mnist_key1)
mn_key2, mn_R2 = scipy.linalg.qr(mnist_key2)
mn_key3, mn_R3 = scipy.linalg.qr(mnist_key3)
mn_key4, mn_R4 = scipy.linalg.qr(mnist_key4)
mn_key5, mn_R5 = scipy.linalg.qr(mnist_key5)

#Drive the decryption matrix
mn_D1 = np.linalg.inv(mn_key1)
mn_D2 = np.linalg.inv(mn_key2)
mn_D3 = np.linalg.inv(mn_key3)
mn_D4 = np.linalg.inv(mn_key4)
mn_D5 = np.linalg.inv(mn_key5)

3 Keys use on MNIST

In [12]: #load key 6
mn_key6 = np.load("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/f1.npy")
mn_key6 = np.resize(mn_key6, (28,28))
#Drive the decryption matrix from the fixed encryption key.
mn_D6 = np.linalg.inv(mn_key6)

#load key 7
mn_key7 = np.load("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/f2.npy")
mn_key7 = np.resize(mn_key7, (28,28))
#Drive the decryption matrix from the fixed encryption key.
mn_D7 = np.linalg.inv(mn_key7)

#load key 8
mn_key8 = np.load("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/f3.npy")
mn_key8 = np.resize(mn_key8, (28,28))
#Drive the decryption matrix from the fixed encryption key.
mn_D8 = np.linalg.inv(mn_key8)

#load key 9
mn_key9 = np.load("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/f4.npy")
mn_key9 = np.resize(mn_key9, (28,28))
#Drive the decryption matrix from the fixed encryption key.
mn_D9 = np.linalg.inv(mn_key9)
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#load key 10
mn_key10 = np.load("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/f5.npy")
mn_key10 = np.resize(mn_key10, (28,28))
#Drive the decryption matrix from the fixed encryption key.
mn_D10 = np.linalg.inv(mn_key10)

4 Keys use on CIFAR10

In [13]: #Drive orthogonal matrix
#resize key image
cifar10_key1 = np.resize(key1,(32,32))
cifar10_key2 = np.resize(key2,(32,32))
cifar10_key3 = np.resize(key3,(32,32))
cifar10_key4 = np.resize(key3,(32,32))
cifar10_key5 = np.resize(key3,(32,32))

#convert to 2D array
cifar10_key1 = np.asarray(cifar10_key1)
cifar10_key2 = np.asarray(cifar10_key2)
cifar10_key3 = np.asarray(cifar10_key3)
cifar10_key4 = np.asarray(cifar10_key4)
cifar10_key5 = np.asarray(cifar10_key5)

#QR decomposition
cf_key1, cf_R1 = scipy.linalg.qr(cifar10_key1)
cf_key2, cf_R2 = scipy.linalg.qr(cifar10_key2)
cf_key3, cf_R3 = scipy.linalg.qr(cifar10_key3)
cf_key4, cf_R4 = scipy.linalg.qr(cifar10_key4)
cf_key5, cf_R5 = scipy.linalg.qr(cifar10_key5)

#Drive the decryption matrix
cf_D1 = np.linalg.inv(cf_key1)
cf_D2 = np.linalg.inv(cf_key2)
cf_D3 = np.linalg.inv(cf_key3)
cf_D4 = np.linalg.inv(cf_key4)
cf_D5 = np.linalg.inv(cf_key5)

In [14]: #load key 6
cf_key6 = np.load("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/f1.npy")
#Drive the decryption matrix from the fixed encryption key.
cf0_D6 = np.linalg.inv(cf_key6)

#load key 7
cf_key7 = np.load("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/f2.npy")
#Drive the decryption matrix from the fixed encryption key.
cf_D7 = np.linalg.inv(cf_key7)
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#load key 8
cf_key8 = np.load("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/f3.npy")
#Drive the decryption matrix from the fixed encryption key.
cf_D8 = np.linalg.inv(cf_key8)

#load key 9
cf_key9 = np.load("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/f4.npy")
#Drive the decryption matrix from the fixed encryption key.
cf_D9 = np.linalg.inv(cf_key9)

#load key 10
cf_key10 = np.load("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/keys/f5.npy")
#Drive the decryption matrix from the fixed encryption key.
cf_D10 = np.linalg.inv(cf_key10)

5 Load MNIST data

In [15]: #Load MNIST data
(mnist_X_train, mnist_y_train), (mnist_X_test, mnist_Y_test) = mnist.load_data()
print("Done loading MNIST data!")

Done loading MNIST data!

6 Encrypt MNIST data

In [17]: mn_enc_X_train1 = []
mn_enc_X_train2 = []
mn_enc_X_train3 = []
mn_enc_X_train4 = []
mn_enc_X_train5 = []
mn_enc_X_train6 = []
mn_enc_X_train7 = []
mn_enc_X_train8 = []
mn_enc_X_train9 = []
mn_enc_X_train10 = []
for an_image in mnist_X_train:

an_image1 = np.dot(an_image, mn_key1)
mn_enc_X_train1.append(an_image1)

an_image2 = np.dot(an_image, mn_key2)
mn_enc_X_train2.append(an_image2)

an_image3 = np.dot(an_image, mn_key3)
mn_enc_X_train3.append(an_image3)

an_image4 = np.dot(an_image, mn_key4)
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mn_enc_X_train4.append(an_image4)

an_image5 = np.dot(an_image, mn_key5)
mn_enc_X_train5.append(an_image5)

an_image6 = np.dot(an_image, mn_key6)
mn_enc_X_train6.append(an_image6)

an_image7 = np.dot(an_image, mn_key7)
mn_enc_X_train7.append(an_image7)

an_image8 = np.dot(an_image, mn_key8)
mn_enc_X_train8.append(an_image8)

an_image9 = np.dot(an_image, mn_key9)
mn_enc_X_train9.append(an_image9)

an_image10 = np.dot(an_image, mn_key10)
mn_enc_X_train10.append(an_image10)

print("Done encrypting!")

Done encrypting!

Get list of object indexes

In [18]: list_0 = []
list_1 = []
list_2 = []
list_3 = []
list_4 = []
list_5 = []
list_6 = []
list_7 = []
list_8 = []
list_9 = []

count0 = 0
count1 = 0
count2 = 0
count3 = 0
count4 = 0
count5 = 0
count6 = 0
count7 = 0
count8 = 0
count9 = 0
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for i in range(len(mnist_y_train)):
if mnist_y_train[i] == 0 and count0 < 10:

list_0.append(i)
count0 +=1

elif mnist_y_train[i] == 1 and count1 < 10:
list_1.append(i)
count1 +=1

elif mnist_y_train[i] == 2 and count2 < 10:
list_2.append(i)
count2 +=1

elif mnist_y_train[i] == 3 and count3 < 10:
list_3.append(i)
count3 +=1

elif mnist_y_train[i] == 4 and count4 < 10:
list_4.append(i)
count4 +=1

elif mnist_y_train[i] == 5 and count5 < 10:
list_5.append(i)
count5 +=1

elif mnist_y_train[i] == 6 and count6 < 10:
list_6.append(i)
count6 +=1

elif mnist_y_train[i] == 7 and count7 < 10:
list_7.append(i)
count7 +=1

elif mnist_y_train[i] == 8 and count8 < 10:
list_8.append(i)
count8 +=1

elif mnist_y_train[i] == 9 and count9 < 10:
list_9.append(i)
count9 +=1

7 Same object with different keys

Digit 0

In [20]: index = [0,1,2,3,4,5,6,7,8,9]
diff_key_0 = [mn_enc_X_train1[21],

mn_enc_X_train2[21],
mn_enc_X_train3[21],
mn_enc_X_train4[21],
mn_enc_X_train5[21],
mn_enc_X_train6[21],
mn_enc_X_train7[21],
mn_enc_X_train8[21],
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mn_enc_X_train9[21],
mn_enc_X_train10[21]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(mnist_X_train[21], cmap='viridis')
plt.title("Digit 0")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(diff_key_0[i], cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()
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Digit 1

In [21]: index = [0,1,2,3,4,5,6,7,8,9]
diff_key_1 = [mn_enc_X_train1[8],

mn_enc_X_train2[8],
mn_enc_X_train3[8],
mn_enc_X_train4[8],
mn_enc_X_train5[8],
mn_enc_X_train6[8],
mn_enc_X_train7[8],
mn_enc_X_train8[8],
mn_enc_X_train9[8],
mn_enc_X_train10[8]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(mnist_X_train[8], cmap='viridis')
plt.title("Digit 1")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(diff_key_1[i], cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()
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Digit 2

In [22]: index = [0,1,2,3,4,5,6,7,8,9]
diff_key_2 = [mn_enc_X_train1[25],
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mn_enc_X_train2[25],
mn_enc_X_train3[25],
mn_enc_X_train4[25],
mn_enc_X_train5[25],
mn_enc_X_train6[25],
mn_enc_X_train7[25],
mn_enc_X_train8[25],
mn_enc_X_train9[25],
mn_enc_X_train10[25]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(mnist_X_train[25], cmap='viridis')
plt.title("Digit 2")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(diff_key_2[i], cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()
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Digit 3

In [24]: index = [0,1,2,3,4,5,6,7,8,9]
diff_key_3 = [mn_enc_X_train1[74],
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mn_enc_X_train2[74],
mn_enc_X_train3[74],
mn_enc_X_train4[74],
mn_enc_X_train5[74],
mn_enc_X_train6[74],
mn_enc_X_train7[74],
mn_enc_X_train8[74],
mn_enc_X_train9[74],
mn_enc_X_train10[74]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(mnist_X_train[74], cmap='viridis')
plt.title("Digit 3")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(diff_key_3[i], cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()
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Digit 4

In [25]: index = [0,1,2,3,4,5,6,7,8,9]
diff_key_4 = [mn_enc_X_train1[20],
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mn_enc_X_train2[20],
mn_enc_X_train3[20],
mn_enc_X_train4[20],
mn_enc_X_train5[20],
mn_enc_X_train6[20],
mn_enc_X_train7[20],
mn_enc_X_train8[20],
mn_enc_X_train9[20],
mn_enc_X_train10[20]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(mnist_X_train[20], cmap='viridis')
plt.title("Digit 4")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(diff_key_4[i], cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()
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Digit 5

In [26]: index = [0,1,2,3,4,5,6,7,8,9]
diff_key_5 = [mn_enc_X_train1[132],
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mn_enc_X_train2[132],
mn_enc_X_train3[132],
mn_enc_X_train4[132],
mn_enc_X_train5[132],
mn_enc_X_train6[132],
mn_enc_X_train7[132],
mn_enc_X_train8[132],
mn_enc_X_train9[132],
mn_enc_X_train10[132]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(mnist_X_train[132], cmap='viridis')
plt.title("Digit 5")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(diff_key_5[i], cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()
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Digit 6

In [27]: index = [0,1,2,3,4,5,6,7,8,9]
diff_key_6 = [mn_enc_X_train1[36],
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mn_enc_X_train2[36],
mn_enc_X_train3[36],
mn_enc_X_train4[36],
mn_enc_X_train5[36],
mn_enc_X_train6[36],
mn_enc_X_train7[36],
mn_enc_X_train8[36],
mn_enc_X_train9[36],
mn_enc_X_train10[36]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(mnist_X_train[36], cmap='viridis')
plt.title("Digit 6")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(diff_key_6[i], cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()
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Digit 7

In [28]: index = [0,1,2,3,4,5,6,7,8,9]
diff_key_7 = [mn_enc_X_train1[91],
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mn_enc_X_train2[91],
mn_enc_X_train3[91],
mn_enc_X_train4[91],
mn_enc_X_train5[91],
mn_enc_X_train6[91],
mn_enc_X_train7[91],
mn_enc_X_train8[91],
mn_enc_X_train9[91],
mn_enc_X_train10[91]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(mnist_X_train[91], cmap='viridis')
plt.title("Digit 7")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(diff_key_7[i], cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()
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Digit 8

In [29]: index = [0,1,2,3,4,5,6,7,8,9]
diff_key_8 = [mn_enc_X_train1[46],
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mn_enc_X_train2[46],
mn_enc_X_train3[46],
mn_enc_X_train4[46],
mn_enc_X_train5[46],
mn_enc_X_train6[46],
mn_enc_X_train7[46],
mn_enc_X_train8[46],
mn_enc_X_train9[46],
mn_enc_X_train10[46]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(mnist_X_train[46], cmap='viridis')
plt.title("Digit 8")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(diff_key_8[i], cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()
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Digit 9

In [30]: index = [0,1,2,3,4,5,6,7,8,9]
diff_key_9 = [mn_enc_X_train1[33],
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mn_enc_X_train2[33],
mn_enc_X_train3[33],
mn_enc_X_train4[33],
mn_enc_X_train5[33],
mn_enc_X_train6[33],
mn_enc_X_train7[33],
mn_enc_X_train8[33],
mn_enc_X_train9[33],
mn_enc_X_train10[33]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(mnist_X_train[33], cmap='viridis')
plt.title("Digit 9")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(diff_key_9[i], cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()
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8 Different objects with same key

Key 1
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In [43]: index = [0,1,2,3,4]
list_org1_1 = [mnist_X_train[21],

mnist_X_train[8],
mnist_X_train[25],
mnist_X_train[74],
mnist_X_train[20]]

list_org1_2 = [mnist_X_train[132],
mnist_X_train[36],
mnist_X_train[91],
mnist_X_train[46],
mnist_X_train[33]]

list_key1_1 = [mn_enc_X_train1[21],
mn_enc_X_train1[8],
mn_enc_X_train1[25],
mn_enc_X_train1[74],
mn_enc_X_train1[20]]

list_key1_2 = [mn_enc_X_train1[132],
mn_enc_X_train1[36],
mn_enc_X_train1[91],
mn_enc_X_train1[46],
mn_enc_X_train1[33]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org1_1[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_key1_1[i], cmap='viridis')
ax.set_title("encrypted with key 1")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org1_2[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()
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fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_key1_2[i], cmap='viridis')
ax.set_title("encrypted with key 1")

plt.tight_layout()
plt.show()

Key 2
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In [44]: index = [0,1,2,3,4]
list_org2_1 = [mnist_X_train[21],

mnist_X_train[8],
mnist_X_train[25],
mnist_X_train[74],
mnist_X_train[20]]

list_org2_2 = [mnist_X_train[132],
mnist_X_train[36],
mnist_X_train[91],
mnist_X_train[46],
mnist_X_train[33]]

list_key2_1 = [mn_enc_X_train2[21],
mn_enc_X_train2[8],
mn_enc_X_train2[25],
mn_enc_X_train2[74],
mn_enc_X_train2[20]]

list_key2_2 = [mn_enc_X_train2[132],
mn_enc_X_train2[36],
mn_enc_X_train2[91],
mn_enc_X_train2[46],
mn_enc_X_train2[33]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org2_1[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_key2_1[i], cmap='viridis')
ax.set_title("encrypted with key 2")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org2_2[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()
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fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_key2_2[i], cmap='viridis')
ax.set_title("encrypted with key 2")

plt.tight_layout()
plt.show()

Key 3
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In [45]: index = [0,1,2,3,4]
list_org3_1 = [mnist_X_train[21],

mnist_X_train[8],
mnist_X_train[25],
mnist_X_train[74],
mnist_X_train[20]]

list_org3_2 = [mnist_X_train[132],
mnist_X_train[36],
mnist_X_train[91],
mnist_X_train[46],
mnist_X_train[33]]

list_key3_1 = [mn_enc_X_train3[21],
mn_enc_X_train3[8],
mn_enc_X_train3[25],
mn_enc_X_train3[74],
mn_enc_X_train3[20]]

list_key3_2 = [mn_enc_X_train3[132],
mn_enc_X_train3[36],
mn_enc_X_train3[91],
mn_enc_X_train3[46],
mn_enc_X_train3[33]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org3_1[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_key3_1[i], cmap='viridis')
ax.set_title("encrypted with key 3")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org3_2[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()
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fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_key3_2[i], cmap='viridis')
ax.set_title("encrypted with key 3")

plt.tight_layout()
plt.show()

Key 4
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In [46]: index = [0,1,2,3,4]
list_org4_1 = [mnist_X_train[21],

mnist_X_train[8],
mnist_X_train[25],
mnist_X_train[74],
mnist_X_train[20]]

list_org4_2 = [mnist_X_train[132],
mnist_X_train[36],
mnist_X_train[91],
mnist_X_train[46],
mnist_X_train[33]]

list_key4_1 = [mn_enc_X_train4[21],
mn_enc_X_train4[8],
mn_enc_X_train4[25],
mn_enc_X_train4[74],
mn_enc_X_train4[20]]

list_key4_2 = [mn_enc_X_train4[132],
mn_enc_X_train4[36],
mn_enc_X_train4[91],
mn_enc_X_train4[46],
mn_enc_X_train4[33]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org4_1[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_key4_1[i], cmap='viridis')
ax.set_title("encrypted with key 4")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org4_2[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()
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fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_key4_2[i], cmap='viridis')
ax.set_title("encrypted with key 4")

plt.tight_layout()
plt.show()

Key 5
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In [47]: index = [0,1,2,3,4]
list_org5_1 = [mnist_X_train[21],

mnist_X_train[8],
mnist_X_train[25],
mnist_X_train[74],
mnist_X_train[20]]

list_org5_2 = [mnist_X_train[132],
mnist_X_train[36],
mnist_X_train[91],
mnist_X_train[46],
mnist_X_train[33]]

list_key5_1 = [mn_enc_X_train5[21],
mn_enc_X_train5[8],
mn_enc_X_train5[25],
mn_enc_X_train5[74],
mn_enc_X_train5[20]]

list_key5_2 = [mn_enc_X_train5[132],
mn_enc_X_train5[36],
mn_enc_X_train5[91],
mn_enc_X_train5[46],
mn_enc_X_train5[33]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org5_1[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_key5_1[i], cmap='viridis')
ax.set_title("encrypted with key 5")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org5_2[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),

34



subplot_kw={'xticks': [], 'yticks': []})
for ax, i in zip(axs.flat, index):

ax.imshow(list_key5_2[i], cmap='viridis')
ax.set_title("encrypted with key 5")

plt.tight_layout()
plt.show()

Key 6
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In [48]: index = [0,1,2,3,4]
list_org6_1 = [mnist_X_train[21],

mnist_X_train[8],
mnist_X_train[25],
mnist_X_train[74],
mnist_X_train[20]]

list_org6_2 = [mnist_X_train[132],
mnist_X_train[36],
mnist_X_train[91],
mnist_X_train[46],
mnist_X_train[33]]

list_key6_1 = [mn_enc_X_train6[21],
mn_enc_X_train6[8],
mn_enc_X_train6[25],
mn_enc_X_train6[74],
mn_enc_X_train6[20]]

list_key6_2 = [mn_enc_X_train6[132],
mn_enc_X_train6[36],
mn_enc_X_train6[91],
mn_enc_X_train6[46],
mn_enc_X_train6[33]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org6_1[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_key6_1[i], cmap='viridis')
ax.set_title("encrypted with key 6")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org6_2[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
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subplot_kw={'xticks': [], 'yticks': []})
for ax, i in zip(axs.flat, index):

ax.imshow(list_key6_2[i], cmap='viridis')
ax.set_title("encrypted with key 6")

plt.tight_layout()
plt.show()

Key 7
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In [49]: index = [0,1,2,3,4]
list_org7_1 = [mnist_X_train[21],

mnist_X_train[8],
mnist_X_train[25],
mnist_X_train[74],
mnist_X_train[20]]

list_org7_2 = [mnist_X_train[132],
mnist_X_train[36],
mnist_X_train[91],
mnist_X_train[46],
mnist_X_train[33]]

list_key7_1 = [mn_enc_X_train7[21],
mn_enc_X_train7[8],
mn_enc_X_train7[25],
mn_enc_X_train7[74],
mn_enc_X_train7[20]]

list_key7_2 = [mn_enc_X_train7[132],
mn_enc_X_train7[36],
mn_enc_X_train7[91],
mn_enc_X_train7[46],
mn_enc_X_train7[33]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org7_1[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_key7_1[i], cmap='viridis')
ax.set_title("encrypted with key 7")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org7_2[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
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subplot_kw={'xticks': [], 'yticks': []})
for ax, i in zip(axs.flat, index):

ax.imshow(list_key7_2[i], cmap='viridis')
ax.set_title("encrypted with key 7")

plt.tight_layout()
plt.show()

Key 8
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In [50]: index = [0,1,2,3,4]
list_org8_1 = [mnist_X_train[21],

mnist_X_train[8],
mnist_X_train[25],
mnist_X_train[74],
mnist_X_train[20]]

list_org8_2 = [mnist_X_train[132],
mnist_X_train[36],
mnist_X_train[91],
mnist_X_train[46],
mnist_X_train[33]]

list_key8_1 = [mn_enc_X_train8[21],
mn_enc_X_train8[8],
mn_enc_X_train8[25],
mn_enc_X_train8[74],
mn_enc_X_train8[20]]

list_key8_2 = [mn_enc_X_train8[132],
mn_enc_X_train8[36],
mn_enc_X_train8[91],
mn_enc_X_train8[46],
mn_enc_X_train8[33]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org8_1[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_key8_1[i], cmap='viridis')
ax.set_title("encrypted with key 8")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org8_2[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),

40



subplot_kw={'xticks': [], 'yticks': []})
for ax, i in zip(axs.flat, index):

ax.imshow(list_key8_2[i], cmap='viridis')
ax.set_title("encrypted with key 8")

plt.tight_layout()
plt.show()

Key 9
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In [51]: index = [0,1,2,3,4]
list_org9_1 = [mnist_X_train[21],

mnist_X_train[8],
mnist_X_train[25],
mnist_X_train[74],
mnist_X_train[20]]

list_org9_2 = [mnist_X_train[132],
mnist_X_train[36],
mnist_X_train[91],
mnist_X_train[46],
mnist_X_train[33]]

list_key9_1 = [mn_enc_X_train9[21],
mn_enc_X_train9[8],
mn_enc_X_train9[25],
mn_enc_X_train9[74],
mn_enc_X_train9[20]]

list_key9_2 = [mn_enc_X_train9[132],
mn_enc_X_train9[36],
mn_enc_X_train9[91],
mn_enc_X_train9[46],
mn_enc_X_train9[33]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org9_1[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_key9_1[i], cmap='viridis')
ax.set_title("encrypted with key 9")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org9_2[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
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subplot_kw={'xticks': [], 'yticks': []})
for ax, i in zip(axs.flat, index):

ax.imshow(list_key9_2[i], cmap='viridis')
ax.set_title("encrypted with key 9")

plt.tight_layout()
plt.show()

Key 10
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In [53]: index = [0,1,2,3,4]
list_org10_1 = [mnist_X_train[21],

mnist_X_train[8],
mnist_X_train[25],
mnist_X_train[74],
mnist_X_train[20]]

list_org10_2 = [mnist_X_train[132],
mnist_X_train[36],
mnist_X_train[91],
mnist_X_train[46],
mnist_X_train[33]]

list_key10_1 = [mn_enc_X_train10[21],
mn_enc_X_train10[8],
mn_enc_X_train10[25],
mn_enc_X_train10[74],
mn_enc_X_train10[20]]

list_key10_2 = [mn_enc_X_train10[132],
mn_enc_X_train10[36],
mn_enc_X_train10[91],
mn_enc_X_train10[46],
mn_enc_X_train10[33]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org10_1[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_key10_1[i], cmap='viridis')
ax.set_title("encrypted with key 10")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org10_2[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
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subplot_kw={'xticks': [], 'yticks': []})
for ax, i in zip(axs.flat, index):

ax.imshow(list_key10_2[i], cmap='viridis')
ax.set_title("encrypted with key 10")

plt.tight_layout()
plt.show()
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9 Different objects with different keys

In [54]: index = [0,1,2,3,4]
list_org1_1 = [mnist_X_train[21],

mnist_X_train[8],
mnist_X_train[25],
mnist_X_train[74],
mnist_X_train[20]]

list_org1_2 = [mnist_X_train[132],
mnist_X_train[36],
mnist_X_train[91],
mnist_X_train[46],
mnist_X_train[33]]

list_1_1 = [mn_enc_X_train1[21],
mn_enc_X_train2[8],
mn_enc_X_train3[25],
mn_enc_X_train4[74],
mn_enc_X_train5[20]]

list_1_2 = [mn_enc_X_train6[132],
mn_enc_X_train7[36],
mn_enc_X_train8[91],
mn_enc_X_train9[46],
mn_enc_X_train10[33]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org1_1[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_1_1[i], cmap='viridis')

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org1_2[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()
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fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_1_2[i], cmap='viridis')

plt.tight_layout()
plt.show()
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In [57]: index = [0,1,2,3,4]
list_org2_1 = [mnist_X_train[37],

mnist_X_train[6],
mnist_X_train[16],
mnist_X_train[7],
mnist_X_train[9]]

list_org2_2 = [mnist_X_train[35],
mnist_X_train[13],
mnist_X_train[15],
mnist_X_train[17],
mnist_X_train[4]]

list_2_1 = [mn_enc_X_train1[37],
mn_enc_X_train2[6],
mn_enc_X_train3[16],
mn_enc_X_train4[7],
mn_enc_X_train5[9]]

list_2_2 = [mn_enc_X_train6[35],
mn_enc_X_train7[13],
mn_enc_X_train8[15],
mn_enc_X_train9[17],
mn_enc_X_train10[4]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org2_1[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_2_1[i], cmap='viridis')

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org2_2[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})
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for ax, i in zip(axs.flat, index):
ax.imshow(list_2_2[i], cmap='viridis')

plt.tight_layout()
plt.show()

In [58]: index = [0,1,2,3,4]
list_org3_1 = [mnist_X_train[69],
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mnist_X_train[40],
mnist_X_train[122],
mnist_X_train[30],
mnist_X_train[64]]

list_org3_2 = [mnist_X_train[11],
mnist_X_train[73],
mnist_X_train[71],
mnist_X_train[97],
mnist_X_train[57]]

list_3_1 = [mn_enc_X_train1[69],
mn_enc_X_train2[40],
mn_enc_X_train3[122],
mn_enc_X_train4[30],
mn_enc_X_train5[64]]

list_3_2 = [mn_enc_X_train6[11],
mn_enc_X_train7[73],
mn_enc_X_train8[71],
mn_enc_X_train9[97],
mn_enc_X_train10[57]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org3_1[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_3_1[i], cmap='viridis')

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_org3_2[i], cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(list_3_2[i], cmap='viridis')

50



plt.tight_layout()
plt.show()

10 Load CIFAR10 data

In [60]: # The data, split between train and test sets:
(cifar10_X_train, cifar10_Y_train), (cifar10_X_test, cifar10_Y_test) = cifar10.load_data()
print("Done loading CIFAR10 data!")
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Done loading CIFAR10 data!

In [63]: cf_enc_X_train1 = []
cf_enc_X_train2 = []
cf_enc_X_train3 = []
cf_enc_X_train4 = []
cf_enc_X_train5 = []
cf_enc_X_train6 = []
cf_enc_X_train7 = []
cf_enc_X_train8 = []
cf_enc_X_train9 = []
cf_enc_X_train10 = []

for an_image in cifar10_X_train:
b, g, r = cv2.split(an_image)

enc_b1 = np.dot(b, cf_key1)
enc_g1 = np.dot(g, cf_key1)
enc_r1 = np.dot(r, cf_key1)
enc_rgb1 = cv2.merge((enc_b1,enc_g1,enc_r1))
cf_enc_X_train1.append(enc_rgb1)

enc_b2 = np.dot(b, cf_key2)
enc_g2 = np.dot(g, cf_key2)
enc_r2 = np.dot(r, cf_key2)
enc_rgb2 = cv2.merge((enc_b2,enc_g2,enc_r2))
cf_enc_X_train2.append(enc_rgb2)

enc_b3 = np.dot(b, cf_key3)
enc_g3 = np.dot(g, cf_key3)
enc_r3 = np.dot(r, cf_key3)
enc_rgb3 = cv2.merge((enc_b3,enc_g3,enc_r3))
cf_enc_X_train3.append(enc_rgb3)

enc_b4 = np.dot(b, cf_key4)
enc_g4 = np.dot(g, cf_key4)
enc_r4 = np.dot(r, cf_key4)
enc_rgb4 = cv2.merge((enc_b4,enc_g4,enc_r4))
cf_enc_X_train4.append(enc_rgb4)

enc_b5 = np.dot(b, cf_key5)
enc_g5 = np.dot(g, cf_key5)
enc_r5 = np.dot(r, cf_key5)
enc_rgb5 = cv2.merge((enc_b5,enc_g5,enc_r5))
cf_enc_X_train5.append(enc_rgb5)

enc_b6 = np.dot(b, cf_key6)
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enc_g6 = np.dot(g, cf_key6)
enc_r6 = np.dot(r, cf_key6)
enc_rgb6 = cv2.merge((enc_b6,enc_g6,enc_r6))
cf_enc_X_train6.append(enc_rgb6)

enc_b7 = np.dot(b, cf_key7)
enc_g7 = np.dot(g, cf_key7)
enc_r7 = np.dot(r, cf_key7)
enc_rgb7 = cv2.merge((enc_b7,enc_g7,enc_r7))
cf_enc_X_train7.append(enc_rgb7)

enc_b8 = np.dot(b, cf_key8)
enc_g8 = np.dot(g, cf_key8)
enc_r8 = np.dot(r, cf_key8)
enc_rgb8 = cv2.merge((enc_b8,enc_g8,enc_r8))
cf_enc_X_train8.append(enc_rgb8)

enc_b9 = np.dot(b, cf_key9)
enc_g9 = np.dot(g, cf_key9)
enc_r9 = np.dot(r, cf_key9)
enc_rgb9 = cv2.merge((enc_b9,enc_g9,enc_r9))
cf_enc_X_train9.append(enc_rgb9)

enc_b10 = np.dot(b, cf_key10)
enc_g10 = np.dot(g, cf_key10)
enc_r10 = np.dot(r, cf_key10)
enc_rgb10 = cv2.merge((enc_b10,enc_g10,enc_r10))
cf_enc_X_train10.append(enc_rgb10)

print("Done encrypting!")

Done encrypting!

Get list of object indexes

In [66]: list_airplane = []
list_automobile = []
list_bird = []
list_cat = []
list_deer = []
list_dog = []
list_frog = []
list_horse = []
list_ship = []
list_truck = []

count_airplane = 0
count_automobile = 0
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count_bird = 0
count_cat = 0
count_deer = 0
count_dog = 0
count_frog = 0
count_horse = 0
count_ship = 0
count_truck = 0

for i in range(len(cifar10_Y_train)):
if cifar10_Y_train[i] == 0 and count_airplane < 10:

list_airplane.append(i)
count_airplane +=1

elif cifar10_Y_train[i] == 1 and count_automobile < 10:
list_automobile.append(i)
count_automobile +=1

elif cifar10_Y_train[i] == 2 and count_bird < 10:
list_bird.append(i)
count_bird +=1

elif cifar10_Y_train[i] == 3 and count_cat < 10:
list_cat.append(i)
count_cat +=1

elif cifar10_Y_train[i] == 4 and count_deer < 10:
list_deer.append(i)
count_deer +=1

elif cifar10_Y_train[i] == 5 and count_dog < 10:
list_dog.append(i)
count_dog +=1

elif cifar10_Y_train[i] == 6 and count_frog < 10:
list_frog.append(i)
count_frog +=1

elif cifar10_Y_train[i] == 7 and count_horse < 10:
list_horse.append(i)
count_horse +=1

elif cifar10_Y_train[i] == 8 and count_ship < 10:
list_ship.append(i)
count_ship +=1

elif cifar10_Y_train[i] == 9 and count_truck < 10:
list_truck.append(i)
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count_truck +=1

11 Same object with different keys

In [93]: index = [0,1,2,3,4,5,6,7,8,9]
cf_obj1 = [cf_enc_X_train1[30],

cf_enc_X_train2[30],
cf_enc_X_train3[30],
cf_enc_X_train4[30],
cf_enc_X_train5[30],
cf_enc_X_train6[30],
cf_enc_X_train7[30],
cf_enc_X_train8[30],
cf_enc_X_train9[30],
cf_enc_X_train10[30]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(cifar10_X_train[30].astype('uint8'), cmap='viridis')
plt.title("Airplane")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_obj1[i].astype('uint8'), cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()

55



In [94]: index = [0,1,2,3,4,5,6,7,8,9]
cf_obj2 = [cf_enc_X_train1[5],

cf_enc_X_train2[5],
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cf_enc_X_train3[5],
cf_enc_X_train4[5],
cf_enc_X_train5[5],
cf_enc_X_train6[5],
cf_enc_X_train7[5],
cf_enc_X_train8[5],
cf_enc_X_train9[5],
cf_enc_X_train10[5]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(cifar10_X_train[5].astype('uint8'), cmap='viridis')
plt.title("Automobile")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_obj2[i].astype('uint8'), cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()
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In [95]: index = [0,1,2,3,4,5,6,7,8,9]
cf_obj3 = [cf_enc_X_train1[18],

cf_enc_X_train2[18],
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cf_enc_X_train3[18],
cf_enc_X_train4[18],
cf_enc_X_train5[18],
cf_enc_X_train6[18],
cf_enc_X_train7[18],
cf_enc_X_train8[18],
cf_enc_X_train9[18],
cf_enc_X_train10[18]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(cifar10_X_train[18].astype('uint8'), cmap='viridis')
plt.title("Bird")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_obj3[i].astype('uint8'), cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()
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In [116]: index = [0,1,2,3,4,5,6,7,8,9]
cf_obj4 = [cf_enc_X_train1[36],

cf_enc_X_train2[36],
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cf_enc_X_train3[36],
cf_enc_X_train4[36],
cf_enc_X_train5[36],
cf_enc_X_train6[36],
cf_enc_X_train7[36],
cf_enc_X_train8[36],
cf_enc_X_train9[36],
cf_enc_X_train10[36]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(cifar10_X_train[36].astype('uint8'), cmap='viridis')
plt.title("Cat")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_obj4[i].astype('uint8'), cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()
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In [97]: index = [0,1,2,3,4,5,6,7,8,9]
cf_obj5 = [cf_enc_X_train1[10],

cf_enc_X_train2[10],
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cf_enc_X_train3[10],
cf_enc_X_train4[10],
cf_enc_X_train5[10],
cf_enc_X_train6[10],
cf_enc_X_train7[10],
cf_enc_X_train8[10],
cf_enc_X_train9[10],
cf_enc_X_train10[10]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(cifar10_X_train[10].astype('uint8'), cmap='viridis')
plt.title("Deer")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_obj5[i].astype('uint8'), cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()
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In [98]: index = [0,1,2,3,4,5,6,7,8,9]
cf_obj6 = [cf_enc_X_train1[128],

cf_enc_X_train2[128],
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cf_enc_X_train3[128],
cf_enc_X_train4[128],
cf_enc_X_train5[128],
cf_enc_X_train6[128],
cf_enc_X_train7[128],
cf_enc_X_train8[128],
cf_enc_X_train9[128],
cf_enc_X_train10[128]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(cifar10_X_train[128].astype('uint8'), cmap='viridis')
plt.title("Dog")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_obj6[i].astype('uint8'), cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()
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In [99]: index = [0,1,2,3,4,5,6,7,8,9]
cf_obj7 = [cf_enc_X_train1[95],

cf_enc_X_train2[95],
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cf_enc_X_train3[95],
cf_enc_X_train4[95],
cf_enc_X_train5[95],
cf_enc_X_train6[95],
cf_enc_X_train7[95],
cf_enc_X_train8[95],
cf_enc_X_train9[95],
cf_enc_X_train10[95]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(cifar10_X_train[95].astype('uint8'), cmap='viridis')
plt.title("Frog")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_obj7[i].astype('uint8'), cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()
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In [100]: index = [0,1,2,3,4,5,6,7,8,9]
cf_obj8 = [cf_enc_X_train1[7],

cf_enc_X_train2[7],
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cf_enc_X_train3[7],
cf_enc_X_train4[7],
cf_enc_X_train5[7],
cf_enc_X_train6[7],
cf_enc_X_train7[7],
cf_enc_X_train8[7],
cf_enc_X_train9[7],
cf_enc_X_train10[7]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(cifar10_X_train[7].astype('uint8'), cmap='viridis')
plt.title("Horse")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_obj8[i].astype('uint8'), cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()
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In [101]: index = [0,1,2,3,4,5,6,7,8,9]
cf_obj9 = [cf_enc_X_train1[111],

cf_enc_X_train2[111],
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cf_enc_X_train3[111],
cf_enc_X_train4[111],
cf_enc_X_train5[111],
cf_enc_X_train6[111],
cf_enc_X_train7[111],
cf_enc_X_train8[111],
cf_enc_X_train9[111],
cf_enc_X_train10[111]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(cifar10_X_train[111].astype('uint8'), cmap='viridis')
plt.title("Ship")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_obj9[i].astype('uint8'), cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()
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In [102]: index = [0,1,2,3,4,5,6,7,8,9]
cf_obj10 = [cf_enc_X_train1[50],

cf_enc_X_train2[50],
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cf_enc_X_train3[50],
cf_enc_X_train4[50],
cf_enc_X_train5[50],
cf_enc_X_train6[50],
cf_enc_X_train7[50],
cf_enc_X_train8[50],
cf_enc_X_train9[50],
cf_enc_X_train10[50]]

fig, axs = plt.subplots(nrows=1, ncols=1, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

plt.imshow(cifar10_X_train[50].astype('uint8'), cmap='viridis')
plt.title("Truck")
plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=2, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_obj10[i].astype('uint8'), cmap='viridis')
ax.set_title(i+1)

plt.tight_layout()
plt.show()
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12 Different objects with same key

In [92]: index = [0,1,2,3,4]
cf_org1_1 = [cifar10_X_train[30],
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cifar10_X_train[5],
cifar10_X_train[18],
cifar10_X_train[36],
cifar10_X_train[10]]

cf_org1_2 = [cifar10_X_train[128],
cifar10_X_train[95],
cifar10_X_train[7],
cifar10_X_train[111],
cifar10_X_train[50]]

cf_key1_1 = [cf_enc_X_train1[30],
cf_enc_X_train1[5],
cf_enc_X_train1[18],
cf_enc_X_train1[36],
cf_enc_X_train1[10]]

cf_key1_2 = [cf_enc_X_train1[128],
cf_enc_X_train1[95],
cf_enc_X_train1[7],
cf_enc_X_train1[111],
cf_enc_X_train1[50]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org1_1[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_key1_1[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 1")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org1_2[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})
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for ax, i in zip(axs.flat, index):
ax.imshow(cf_key1_2[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 1")

plt.tight_layout()
plt.show()
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In [104]: index = [0,1,2,3,4]
cf_org2_1 = [cifar10_X_train[30],

cifar10_X_train[5],
cifar10_X_train[18],
cifar10_X_train[36],
cifar10_X_train[10]]

cf_org2_2 = [cifar10_X_train[128],
cifar10_X_train[95],
cifar10_X_train[7],
cifar10_X_train[111],
cifar10_X_train[50]]

cf_key2_1 = [cf_enc_X_train2[30],
cf_enc_X_train2[5],
cf_enc_X_train2[18],
cf_enc_X_train2[36],
cf_enc_X_train2[10]]

cf_key2_2 = [cf_enc_X_train2[128],
cf_enc_X_train2[95],
cf_enc_X_train2[7],
cf_enc_X_train2[111],
cf_enc_X_train2[50]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org2_1[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_key2_1[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 2")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org2_2[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()
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fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_key2_2[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 2")

plt.tight_layout()
plt.show()
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In [106]: index = [0,1,2,3,4]
cf_org3_1 = [cifar10_X_train[30],

cifar10_X_train[5],
cifar10_X_train[18],
cifar10_X_train[36],
cifar10_X_train[10]]

cf_org3_2 = [cifar10_X_train[128],
cifar10_X_train[95],
cifar10_X_train[7],
cifar10_X_train[111],
cifar10_X_train[50]]

cf_key3_1 = [cf_enc_X_train3[30],
cf_enc_X_train3[5],
cf_enc_X_train3[18],
cf_enc_X_train3[36],
cf_enc_X_train3[10]]

cf_key3_2 = [cf_enc_X_train3[128],
cf_enc_X_train3[95],
cf_enc_X_train3[7],
cf_enc_X_train3[111],
cf_enc_X_train3[50]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org3_1[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_key3_1[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 3")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org3_2[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()
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fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_key3_2[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 3")

plt.tight_layout()
plt.show()

80



In [107]: index = [0,1,2,3,4]
cf_org4_1 = [cifar10_X_train[30],

cifar10_X_train[5],
cifar10_X_train[18],
cifar10_X_train[36],
cifar10_X_train[10]]

cf_org4_2 = [cifar10_X_train[128],
cifar10_X_train[95],
cifar10_X_train[7],
cifar10_X_train[111],
cifar10_X_train[50]]

cf_key4_1 = [cf_enc_X_train4[30],
cf_enc_X_train4[5],
cf_enc_X_train4[18],
cf_enc_X_train4[36],
cf_enc_X_train4[10]]

cf_key4_2 = [cf_enc_X_train4[128],
cf_enc_X_train4[95],
cf_enc_X_train4[7],
cf_enc_X_train4[111],
cf_enc_X_train4[50]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org4_1[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_key4_1[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 4")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org4_2[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()
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fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_key4_2[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 4")

plt.tight_layout()
plt.show()
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In [108]: index = [0,1,2,3,4]
cf_org5_1 = [cifar10_X_train[30],

cifar10_X_train[5],
cifar10_X_train[18],
cifar10_X_train[36],
cifar10_X_train[10]]

cf_org5_2 = [cifar10_X_train[128],
cifar10_X_train[95],
cifar10_X_train[7],
cifar10_X_train[111],
cifar10_X_train[50]]

cf_key5_1 = [cf_enc_X_train5[30],
cf_enc_X_train5[5],
cf_enc_X_train5[18],
cf_enc_X_train5[36],
cf_enc_X_train5[10]]

cf_key5_2 = [cf_enc_X_train5[128],
cf_enc_X_train5[95],
cf_enc_X_train5[7],
cf_enc_X_train5[111],
cf_enc_X_train5[50]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org5_1[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_key5_1[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 5")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org5_2[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()
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fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_key5_2[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 5")

plt.tight_layout()
plt.show()
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In [109]: index = [0,1,2,3,4]
cf_org6_1 = [cifar10_X_train[30],

cifar10_X_train[5],
cifar10_X_train[18],
cifar10_X_train[36],
cifar10_X_train[10]]

cf_org6_2 = [cifar10_X_train[128],
cifar10_X_train[95],
cifar10_X_train[7],
cifar10_X_train[111],
cifar10_X_train[50]]

cf_key6_1 = [cf_enc_X_train6[30],
cf_enc_X_train6[5],
cf_enc_X_train6[18],
cf_enc_X_train6[36],
cf_enc_X_train6[10]]

cf_key6_2 = [cf_enc_X_train6[128],
cf_enc_X_train6[95],
cf_enc_X_train6[7],
cf_enc_X_train6[111],
cf_enc_X_train6[50]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org6_1[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_key6_1[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 6")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org6_2[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()
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fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_key6_2[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 6")

plt.tight_layout()
plt.show()

86



In [110]: index = [0,1,2,3,4]
cf_org7_1 = [cifar10_X_train[30],

cifar10_X_train[5],
cifar10_X_train[18],
cifar10_X_train[36],
cifar10_X_train[10]]

cf_org7_2 = [cifar10_X_train[128],
cifar10_X_train[95],
cifar10_X_train[7],
cifar10_X_train[111],
cifar10_X_train[50]]

cf_key7_1 = [cf_enc_X_train7[30],
cf_enc_X_train7[5],
cf_enc_X_train7[18],
cf_enc_X_train7[36],
cf_enc_X_train7[10]]

cf_key7_2 = [cf_enc_X_train7[128],
cf_enc_X_train7[95],
cf_enc_X_train7[7],
cf_enc_X_train7[111],
cf_enc_X_train7[50]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org7_1[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_key7_1[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 7")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org7_2[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

87



fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_key7_2[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 7")

plt.tight_layout()
plt.show()
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In [111]: index = [0,1,2,3,4]
cf_org8_1 = [cifar10_X_train[30],

cifar10_X_train[5],
cifar10_X_train[18],
cifar10_X_train[36],
cifar10_X_train[10]]

cf_org8_2 = [cifar10_X_train[128],
cifar10_X_train[95],
cifar10_X_train[7],
cifar10_X_train[111],
cifar10_X_train[50]]

cf_key8_1 = [cf_enc_X_train8[30],
cf_enc_X_train8[5],
cf_enc_X_train8[18],
cf_enc_X_train8[36],
cf_enc_X_train8[10]]

cf_key8_2 = [cf_enc_X_train8[128],
cf_enc_X_train8[95],
cf_enc_X_train8[7],
cf_enc_X_train8[111],
cf_enc_X_train8[50]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org8_1[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_key8_1[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 8")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org8_2[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()
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fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_key8_2[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 8")

plt.tight_layout()
plt.show()
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In [112]: index = [0,1,2,3,4]
cf_org9_1 = [cifar10_X_train[30],

cifar10_X_train[5],
cifar10_X_train[18],
cifar10_X_train[36],
cifar10_X_train[10]]

cf_org9_2 = [cifar10_X_train[128],
cifar10_X_train[95],
cifar10_X_train[7],
cifar10_X_train[111],
cifar10_X_train[50]]

cf_key9_1 = [cf_enc_X_train9[30],
cf_enc_X_train9[5],
cf_enc_X_train9[18],
cf_enc_X_train9[36],
cf_enc_X_train9[10]]

cf_key9_2 = [cf_enc_X_train9[128],
cf_enc_X_train9[95],
cf_enc_X_train9[7],
cf_enc_X_train9[111],
cf_enc_X_train9[50]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org9_1[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_key9_1[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 9")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org9_2[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()
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fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_key9_2[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 9")

plt.tight_layout()
plt.show()
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In [113]: index = [0,1,2,3,4]
cf_org10_1 = [cifar10_X_train[30],

cifar10_X_train[5],
cifar10_X_train[18],
cifar10_X_train[36],
cifar10_X_train[10]]

cf_org10_2 = [cifar10_X_train[128],
cifar10_X_train[95],
cifar10_X_train[7],
cifar10_X_train[111],
cifar10_X_train[50]]

cf_key10_1 = [cf_enc_X_train10[30],
cf_enc_X_train10[5],
cf_enc_X_train10[18],
cf_enc_X_train10[36],
cf_enc_X_train10[10]]

cf_key10_2 = [cf_enc_X_train10[128],
cf_enc_X_train10[95],
cf_enc_X_train10[7],
cf_enc_X_train10[111],
cf_enc_X_train10[50]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org10_1[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_key10_1[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 10")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org10_2[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()
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fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_key10_2[i].astype('uint8'), cmap='viridis')
ax.set_title("encrypted with key 10")

plt.tight_layout()
plt.show()
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13 Different objects with different keys

In [118]: index = [0,1,2,3,4]
cf_org1_1 = [cifar10_X_train[30],

cifar10_X_train[5],
cifar10_X_train[18],
cifar10_X_train[36],
cifar10_X_train[10]]

cf_org1_2 = [cifar10_X_train[128],
cifar10_X_train[95],
cifar10_X_train[7],
cifar10_X_train[111],
cifar10_X_train[50]]

cf_1_1 = [cf_enc_X_train1[30],
cf_enc_X_train2[5],
cf_enc_X_train3[18],
cf_enc_X_train4[36],
cf_enc_X_train5[10]]

cf_1_2 = [cf_enc_X_train6[128],
cf_enc_X_train7[95],
cf_enc_X_train8[7],
cf_enc_X_train9[111],
cf_enc_X_train10[50]]

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org1_1[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_1_1[i].astype('uint8'), cmap='viridis')

plt.tight_layout()
plt.show()

fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_org1_2[i].astype('uint8'), cmap='viridis')
ax.set_title("org_object")

plt.tight_layout()
plt.show()
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fig, axs = plt.subplots(nrows=1, ncols=5, figsize=(15, 5),
subplot_kw={'xticks': [], 'yticks': []})

for ax, i in zip(axs.flat, index):
ax.imshow(cf_1_2[i].astype('uint8'), cmap='viridis')

plt.tight_layout()
plt.show()
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Appendix_D

December 8, 2020

1 Known plain text weakness!

Cipher = plain * key => need plain_reverse

In [6]: from sklearn.metrics import classification_report
from keras.models import Sequential
from keras.models import load_model
from keras.layers import Dense, Conv2D, Flatten
from keras.layers.core import Dropout
from keras.layers.core import Activation
from keras.optimizers import SGD
from keras.datasets import mnist
from keras.utils import to_categorical
from keras.utils import np_utils
from PIL import Image
import matplotlib.pyplot as plt
import numpy as np
import pprint
import scipy
import scipy.linalg # SciPy Linear Algebra Library
import os

Using TensorFlow backend.

2 Find number of invertible images in MNIST data set

In [136]: #Load MNIST data
(X_train, y_train), (X_test, y_test) = mnist.load_data()
print("Done loading data!")

Done loading data!

In [ ]:
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In [64]: #The rank of a matrix is the number of independent rows or columns of a matrix.
def is_invertible(a):

return a.shape[0] == a.shape[1] and np.linalg.matrix_rank(a) == a.shape[0]

In [65]: train_inv_img = []
for an_image in X_train:

if is_invertible(an_image):
train_inv_img.append(an_image)

print("Done checking. Got",len(train_inv_img), "invertible images in train data set")

Done checking. Got 0 invertible images in train data set

In [66]: test_inv_img = []
for an_image in X_test:

if is_invertible(an_image):
test_inv_img.append(an_image)

print("Done checking. Got",len(test_inv_img), "invertible images in test data set")

Done checking. Got 0 invertible images in test data set

3 Find number of invertible images in CIFAR10 data set

In [149]: # load CIFAR10 data
from keras.datasets import cifar10
(C10_X_train, C10_Y_train), (C10_X_test, C10_Y_test) = cifar10.load_data()
print("Done loading CIFAR10 data!")

Done loading CIFAR10 data!

In [150]: # Check on train data set
import cv2
train_black_inv_index = []
train_green_inv_index = []
train_red_inv_index = []

train_b = []
train_g = []
train_r = []

total_img = len(C10_X_train)
i = 0
while i < len(C10_X_train):

b, g, r = cv2.split(C10_X_train[i])
#save all three unencrypted channels
train_b.append(b)

2



train_g.append(g)
train_r.append(r)

if is_invertible(b):
train_black_inv_index.append(i)

elif is_invertible(g):
train_green_inv_index.append(i)

elif is_invertible(r):
train_red_inv_index.append(i)

i +=1

black_percent = len(train_black_inv_index) / total_img * 100
green_percent = len(train_green_inv_index) / total_img * 100
red_percent = len(train_red_inv_index) / total_img * 100

print("Done checking ", total_img, "images in CIFAR10 train data set")

print("Got ", len(train_black_inv_index), "invertible black channel matrixes.")
print("This is", black_percent," percent")

print("Got ",len(train_green_inv_index) , "invertible green channel matrixes.")
print("This is", green_percent," percent")

print("Got ",len(train_red_inv_index) , "invertible red channel matrixes.")
print("This is", red_percent," percent")

Done checking 50000 images in CIFAR10 train data set
Got 49187 invertible black channel matrixes.
This is 98.374 percent
Got 74 invertible green channel matrixes.
This is 0.148 percent
Got 63 invertible red channel matrixes.
This is 0.126 percent

In [151]: # Check on test data set
import cv2
test_black_inv_index = []
test_green_inv_index = []
test_red_inv_index = []

test_b = []
test_g = []
test_r = []

total_img = len(C10_X_test)
i = 0
while i < len(C10_X_test):
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b, g, r = cv2.split(C10_X_test[i])

#save all three unencrypted channels
test_b.append(b)
test_g.append(g)
test_r.append(r)

if is_invertible(b):
test_black_inv_index.append(i)

elif is_invertible(g):
test_green_inv_index.append(i)

elif is_invertible(r):
test_red_inv_index.append(i)

i +=1

black_percent = len(test_black_inv_index) / total_img * 100
green_percent = len(test_green_inv_index) / total_img * 100
red_percent = len(test_red_inv_index) / total_img * 100

print("Done checking ", total_img, "images in CIFAR10 test data set")

print("Got ", len(test_black_inv_index), "invertible black channel matrixes.")
print("This is", black_percent," percent")

print("Got ",len(test_green_inv_index) , "invertible green channel matrixes.")
print("This is", green_percent," percent")

print("Got ",len(test_red_inv_index) , "invertible red channel matrixes.")
print("This is", red_percent," percent")

Done checking 10000 images in CIFAR10 test data set
Got 9830 invertible black channel matrixes.
This is 98.3 percent
Got 18 invertible green channel matrixes.
This is 0.18 percent
Got 13 invertible red channel matrixes.
This is 0.13 percent

In [175]: #Drive orthogonal matrix
#Read key image as RGB
key = Image.open("/Users/thienngole/Desktop/MINES/3Fall2020/MS-project/key3.png")
#gray scale key image
key = key.convert('L')
#resize key image
key = np.resize(key,(32,32))
#convert to 2D array
key = np.asarray(key)
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#QR decomposition
A = key
Q, R = scipy.linalg.qr(A)
dec_matrix = np.linalg.inv(Q)

In [176]: enc_X_train = []
enc_train_b = []
enc_train_g = []
enc_train_r = []
for an_image in C10_X_train:

#slipt the three channels
b, g, r = cv2.split(an_image)
# encrypt back channel
enc_b = np.dot(b, Q)
enc_train_b.append(enc_b)
# encrypt green channel
enc_g = np.dot(g, Q)
enc_train_g.append(enc_g)
# encrypt red channel
enc_r = np.dot(r, Q)
enc_train_r.append(enc_r)
#merge al three channels back together
enc_rgb = cv2.merge((enc_b,enc_g,enc_r))
enc_X_train.append(enc_rgb)

print("Done encrypting ",len(C10_X_train),"train images!")

Done encrypting 50000 train images!

In [177]: train_green_inv_index[60]

Out[177]: 42374

In [193]: train_black_inv_index[60]

Out[193]: 60

In [194]: enc = enc_train_b[60]

In [195]: plt.imshow(enc)

Out[195]: <matplotlib.image.AxesImage at 0x15dc57898>
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In [196]: org = train_b[60]

In [197]: plt.imshow(org)

Out[197]: <matplotlib.image.AxesImage at 0x15daa7e80>
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In [198]: inv = np.linalg.inv(org)

In [199]: enc_key_found = np.dot(enc, inv)

In [200]: dec_key_found = np.linalg.inv(enc_key_found)

In [201]: dec = np.dot(enc, dec_key_found)

In [202]: org_dec = np.dot(enc, dec_matrix)

In [203]: plt.imshow(org)

Out[203]: <matplotlib.image.AxesImage at 0x15dd6c5f8>

In [204]: plt.imshow(org_dec)

Out[204]: <matplotlib.image.AxesImage at 0x15defeb00>
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In [205]: plt.imshow(dec)

Out[205]: <matplotlib.image.AxesImage at 0x15e05b0f0>

In [ ]:
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