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Land Cover Quantification using Autoencoder based Unsupervised
Deep Learning

Sandhya Manjunatha Bharadwaj

(ABSTRACT)

This work aims to develop a deep learning model for land cover quantification through hy-

perspectral unmixing using an unsupervised autoencoder. Land cover identification and

classification is instrumental in urban planning, environmental monitoring and land man-

agement. With the technological advancements in remote sensing, hyperspectral imagery

which captures high resolution images of the earth’s surface across hundreds of wavelength

bands, is becoming increasingly popular. The high spectral information in these images

can be analyzed to identify the various target materials present in the image scene based on

their unique reflectance patterns. An autoencoder is a deep learning model that can perform

spectral unmixing by decomposing the complex image spectra into its constituent materials

and estimating their abundance compositions. The advantage of using this technique for

land cover quantification is that it is completely unsupervised and eliminates the need for

labelled data which generally requires years of field survey and formulation of detailed maps.

We evaluate the performance of the autoencoder on various synthetic and real hyperspec-

tral images consisting of different land covers using similarity metrics and abundance maps.

The scalability of the technique with respect to landscapes is assessed by evaluating its per-

formance on hyperspectral images spanning across 100m x 100m, 200m x 200m, 1000m x

1000m, 4000m x 4000m and 5000m x 5000m regions. Finally, we analyze the performance of

this technique by comparing it to several supervised learning methods like Support Vector

Machine (SVM), Random Forest (RF) and multilayer perceptron using F1-score, Precision



and Recall metrics and other unsupervised techniques like K-Means, N-Findr, and VCA

using cosine similarity, mean square error and estimated abundances. The land cover clas-

sification obtained using this technique is compared to the existing United States National

Land Cover Database (NLCD) classification standard.



Land Cover Quantification using Autoencoder based Unsupervised
Deep Learning

Sandhya Manjunatha Bharadwaj

(GENERAL AUDIENCE ABSTRACT)

This work aims to develop an automated deep learning model for identifying and estimating

the composition of the different land covers in a region using hyperspectral remote sensing

imagery. With the technological advancements in remote sensing, hyperspectral imagery

which captures high resolution images of the earth’s surface across hundreds of wavelength

bands, is becoming increasingly popular. As every surface has a unique reflectance pattern,

the high spectral information contained in these images can be analyzed to identify the

various target materials present in the image scene. An autoencoder is a deep learning

model that can perform spectral unmixing by decomposing the complex image spectra into

its constituent materials and estimate their percent compositions. The advantage of this

method in land cover quantification is that it is an unsupervised technique which does

not require labelled data which generally requires years of field survey and formulation of

detailed maps. The performance of this technique is evaluated on various synthetic and

real hyperspectral datasets consisting of different land covers. We assess the scalability of

the model by evaluating its performance on images of different sizes spanning over a few

hundred square meters to thousands of square meters. Finally, we compare the performance

of the autoencoder based approach with other supervised and unsupervised deep learning

techniques and with the current land cover classification standard.
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Land covers are the physical materials such as trees, roads, lakes, wetlands, buildings and

croplands that are present on the surface of the earth. The identification of different land

covers on the earth’s surface and generation of accurate land cover maps is of high ecological

importance in environment monitoring and urban planning. The recent advancements in

remote sensing have led to the development of land cover classification using high resolution

hyperspectral images.

Hyperspectral Imaging (HSI) is an imaging technique which captures and processes images

across a large number of wavelengths. This technique is becoming increasingly popular in

modern remote sensing where hyperspectral images are used used to locate and identify the

different objects present in the given scene. While traditional RGB images are captured in

three wavelength bands and multispectral images are captured in up to twenty wavelength

bands, the hyperspectral images are captured across hundreds of narrow wavelength bands

conveying more spectral information.

HSI is gaining momentum in the areas of environmental monitoring, urban planning, military

surveillance, agriculture, mining, astronomy and biomedical domains. The rapid develop-

ments in technology have to led to equipping earth observing satellites and aircrafts with

high quality cameras and sensors which generate large volumes of hyperspectral data with

high resolutions. Application of deep learning techniques to traditional remote sensing areas

is on the rise due to the availability of large amounts of data.
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Hyperspectral imaging is a technique that captures images using multiple bands across the

electromagnetic spectrum. Figure 1.1 shows an example of hyperspectral imaging where a

hyperspectral camera is used to capture an image of a target leaf and the reflectance data

is the reflectance pattern of the leaf.

Figure 1.1: Hyperspectral Imaging [27]

The amount of reflectance of the incident electromagnetic wave from a surface as a function

of the wavelength is known as or . Different materials

reflect and absorb the incident spectrum by different amounts and hence their reflectance

patterns are different. Figure 1.2 illustrates the reflectance spectra of three materials, namely,

water, soil and green vegetation and it can be observed that different spectral patterns are

obtained for each of the materials.

Every surface reflects the incident electromagnetic spectrum with a pattern that is unique to

the surface. Therefore, the reflectance spectra is also known as . These

signatures can be analyzed to identify the reflecting material and learn about its structural

and chemical properties. The different land covers present in a hyperspectral image can be

identified by analyzing the shape and magnitude of the reflectance spectra.
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Figure 1.2: Reflectance Spectra [28]

The hyperspectral reflectance patterns typically span from 350nm to 2500nm wavelength

of the electromagnetic spectrum across the ultraviolet, visible, near infrared and shortwave

infrared regions. Airborne remote sensing systems like satellites and low flying air-crafts are

used to capture hyperspectral images as shown in Figure 1.3 (a).

Figure 1.3: Hyperspectral Image Cube [21, 38]
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The hyperspectral image data that is captured after imaging is shown in Figure 1.3 (b).

Each pixel in a HSI is a high-dimensional vector corresponding to the spectral reflectance

across different wavelengths resulting in a three-dimensional data cube of a two-dimensional

spatial scene known as . Every pixel in the image is the reflectance

spectrum of the corresponding region in the image scene.

Each pixel in a hyperspectral image is usually a mixture of the reflectance spectra of more

than one distinct material in the scene. This is because the electromagnetic spectrum is

scattered by multiple materials in the scene and the observed reflectance pattern at the

imaging sensor is a combination of the reflected spectral patterns of all the materials. Such

an image pixel that is a combination of the reflectances of more than one material is called

a .

Figure 1.4: Hyperspectral Unmixing [37]

Figure 1.4 illustrates the formation of a mixed pixel consisting of water, tree and target

materials. The observed spectra at the hyperspectral image sensor is a combination of the

reflectances of the three materials.

The process of decomposing the mixed pixel into its constituent, pure spectra is known as
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Figure 1.5: Working of an Autoencoder [6]

. Each of the individual constituent spectra are called as .

The process of predicting the percentage composition of each of the end member materials

present in the hyperspectral image is known as . A land cover map

representing the distribution of the different end members in the image is called as

.

An is an artificial neural network that compresses a high dimension input

data into a lower dimension latent representation. The working of a basic autoencoder

for compressing a MNIST image data into a lower dimension is illustrated in Figure 1.5. It

is an unsupervised deep learning technique that does not require labelled data for training.

The autoencoder tries to reconstruct the same data that is provided at the input layer as

the output. The network consists of 2 parts, namely, encoder and decoder. The encoder

compresses the input data into a reduced dimension known as the

or the . The decoder is the second part of the network that tries to reconstruct

the original data back from this latent representation based on a loss function.
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A land cover is defined as the observed biophysical cover on the earth’s surface [10]. A land

cover map is a spatial representation of the extent of the different types of land covers like

forests, lakes, crops, roads, etc., present in a given region. Detailed land cover and vegetation

maps are essential for development of improved fire spread models, land management and

vegetation treatment modules. Accurately identifying the different land covers and the

types of trees present in a given region requires extensive ground based field surveys which

are expensive, time consuming and require a lot of manual labor. Further, natural disasters

like forest fires and soil erosion often destroy forests and living habitats which in turn affect

the land cover at that region. Therefore, these studies are not a one time process and the

data needs to be updated regularly. Thus, there is a great need to develop fast, automated

models which can easily identify and update the different types of land cover present in a

region.

Owing to the growing demand of hyperspectral imaging, several independent studies are

being carried out by researchers to document the pure spectra of materials. Several govern-

ment and academic agencies like USGS Spectral Library [33] and EcoSIS [34] are providing

open source collections of pure component spectra of various vegetation, land covers, min-

erals, organic compounds and other materials. Further, large amounts of multispectral and

hyperspectral reflectance data captured by remote sensing satellites like Landsat and air-

crafts with high resolution instruments like Airborne Visible InfraRed Imaging Spectrometer

(AVIRIS) are publicly available. In spite of the abundant availability of data, several re-

cent studies related to land cover quantification using hyperspectral imagery have performed

independent, resource intensive field surveys and used their own drones and low-flying air-

crafts to obtain hyperspectral reflectance data in the regions of their study. We noticed a

gap in utilizing the already available spectral information from the spectral libraries and
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the high resolution reflectance data from remote sensing imagery in land cover identification

tasks. This thesis aims at developing deep learning models for automatically identifying the

various land covers and vegetation present in a given region using hyperspectral reflectance

data in an unsupervised manner which does not require field surveys.

The main research objectives of this work are as follows:

1. To develop an unsupervised deep learning model for land cover identification and quan-

tification through hyperspectral unmixing of reflectance data using an autoencoder

2. To qualitatively and quantitatively evaluate the performance of the developed model

on synthetic and real data at various land scales and with different land cover and

vegetation components

3. To assess the performance of the autoencoder model by comparison with other super-

vised and unsupervised deep learning techniques and existing land cover classification

standard
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�/�B�K�2�M�b�B�Q�M �B�M �H���i�2�M�i �b�T���+�2 �r�?�B�+�? ���+�?�B�2�p�2�b �b�T�2�+�i�`���H �m�M�K�B�t�B�M�;�X �� �/�2�M�Q�B�b�B�M�; ���m�i�Q�2�M�+�Q�/�2�` �r�B�i�?
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�B�M�; �b�2�p�2�`���H �H���M�/ �+�Q�p�2�` �?�v�T�2�`�b�T�2�+�i�`���H �/���i���b�2�i�b�X �h�?�2 ���/�p���M�i���;�2 �Q�7 �m�b�B�M�; ���m�i�Q�2�M�+�Q�/�2�`�b �B�b �i�?���i

�B�i �B�b ���M �m�M�b�m�T�2�`�p�B�b�2�/ �i�2�+�?�M�B�[�m�2 ���M�/ �/�Q�2�b �M�Q�i �`�2�[�m�B�`�2 �H���#�2�H�H�2�/ �/���i�� �7�Q�` �i�`���B�M�B�M�;�X �*�H���b�b�B�7�B�+���i�B�Q�M

�i���b�F�b �T�2�`�7�Q�`�K�2�/ �m�b�B�M�; �b�m�T�2�`�p�B�b�2�/ �H�2���`�M�B�M�; �i�2�+�?�M�B�[�m�2�b �b�m�+�? ���b �b�m�T�T�Q�`�i �p�2�+�i�Q�` �K���+�?�B�M�2 �(�R�e�)�-

���`�i�B�7�B�+�B���H �M�2�m�`���H �M�2�i�r�Q�`�F�b �(�j�y�)�- �+�Q�M�p�Q�H�m�i�B�Q�M���H �M�2�m�`���H �M�2�i�r�Q�`�F�b �(�d�-�3�) �`�2�[�m�B�`�2 �H���`�;�2 ���K�Q�m�M�i�b �Q�7

�H���#�2�H�H�2�/ �b�T�2�+�i�`���H �/���i�� �7�Q�` �2�p�2�`�v �+���i�2�;�Q�`�v �Q�7 �K���i�2�`�B���H �T�`�2�b�2�M�i �B�M �� �;�B�p�2�M �`�2�;�B�Q�M�X �h�?�B�b �?���b �H�2�/

�i�Q �i�?�2 �T�Q�T�m�H���`�B�i�v �Q�7 �m�M�b�m�T�2�`�p�B�b�2�/ �7�2���i�m�`�2 �H�2���`�M�B�M�; �B�M �>�a�A �i���b�F�b�X

�a�2�p�2�`���H �`�2�+�2�M�i �r�Q�`�F�b �(�R�R�-�k�k�-�k�j�-�k�9�-�k�N�-�j�8�) �Q�M �H���M�/ �+�Q�p�2�` ���M�/ �p�2�;�2�i���i�B�Q�M �+�H���b�b�B�7�B�+���i�B�Q�M �?���p�2

�#�2�2�M �2�p���H�m���i�2�/ �Q�M �?�v�T�2�`�b�T�2�+�i�`���H �+�H���b�b�B�7�B�+���i�B�Q�M �/���i���b�2�i�b �b�m�+�? ���b �l�M�B�p�2�`�b�B�i�v �Q�7 �S���p�B�� ���M�/ �q���b�?�@

�B�M�;�i�Q�M �.�* �J���H�H �(�j�R�)�- ���M�/ �i�?�2 �b�i�m�/�B�2�b �Q�M �?�v�T�2�`�b�T�2�+�i�`���H �m�M�K�B�t�B�M�; �?���p�2 �#�2�2�M �T�2�`�7�Q�`�K�2�/ �Q�M

�l�`�#���M�- �a���K�b�Q�M ���M�/ �C���b�T�2�` �_�B�/�;�2 �/���i���b�2�i�b �(�j�R�) ���M�/ �i�?�2�`�2 �?���p�2 �M�Q�i �#�2�2�M �K���M�v �b�i�m�/�B�2�b �Q�M

���M�v �Q�i�?�2�` �`�2���H �r�Q�`�H�/ �/���i���b�2�i�b�X �h�?�B�b �B�b �#�2�+���m�b�2 �i�?�2 �;�`�Q�m�M�/ �i�`�m�i�? �7�Q�`�K�m�H���i�B�Q�M �7�Q�` �B�/�2�M�i�B�7�v�B�M�;

�H���M�/ �+�Q�p�2�`�b ���M�/ �i�?�2 �7�B�2�H�/ �b�m�`�p�2�v �7�Q�` �H���#�2�H�H�B�M�; �i�?�2 �i�`�2�2 �b�T�2�+�B�2�b �B�b ���M �2�t�i�`�2�K�2�H�v �+�Q�K�T�H�2�t �i���b�F
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���M�/ �i�?�2 �;�`�Q�m�M�/ �i�`�m�i�?�b �7�Q�` �i�?�2 ���#�Q�p�2 �K�2�M�i�B�Q�M�2�/ �/���i���b�2�i�b ���`�2 �T�m�#�H�B�+�H�v ���p���B�H���#�H�2�X ���H�i�?�Q�m�;�?

�?���p�B�M�; �� �+�Q�K�K�Q�M �/���i���b�2�i �B�b �M�2�+�2�b�b���`�v �7�Q�` �#�2�M�+�?�K���`�F�B�M�; ���M�/ �+�Q�K�T���`�B�M�; �i�?�2 �/�B�7�7�2�`�2�M�i �i�2�+�?�@

�M�B�[�m�2�b�- �K�Q�b�i �r�Q�`�F�b �?���p�2 �H�B�K�B�i�2�/ �i�?�2�B�` �b�i�m�/�v �i�Q �i�?�2�b�2 �/���i���b�2�i�b ���M�/ �?���p�2 �M�Q�i �2�t�T�H�Q�`�2�/ ���M�v

�Q�i�?�2�` �?�v�T�2�`�b�T�2�+�i�`���H �`�2�7�H�2�+�i���M�+�2 �/���i���b�2�i�b�X �6�m�`�i�?�2�`�- �i�?�2�b�2 �b�i���M�/���`�/ �?�v�T�2�`�b�T�2�+�i�`���H �/���i���b�2�i�b ���`�2

�2�t�i�`�2�K�2�H�v �b�K���H�H�X �h�?�2 �l�`�#���M �/���i���b�2�i �+�Q�M�b�B�b�i�b �Q�7 �j�y�d �t �j�y�d �B�K���;�2 �T�B�t�2�H�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �� �9

�b�[�m���`�2 �K�2�i�2�` �`�2�;�B�Q�M ���M�/ �k�R�y �r���p�2�H�2�M�;�i�? �#���M�/�b�- �r�?�2�`�2���b �i�?�2 �C���b�T�2�` �_�B�/�;�2 �+�Q�M�b�B�b�i�b �Q�7 �R�y�y �t

�R�y�y �T�B�t�2�H�b ���M�/ �k�k�9 �r���p�2�H�2�M�;�i�? �+�?���M�M�2�H�b �r�B�i�? �� �b�T�2�+�i�`���H �`�2�b�Q�H�m�i�B�Q�M �Q�7 �N�X�9�e�M�K�- �i�?�2 �l�M�B�p�2�`�b�B�i�v

�Q�7 �S���p�B�� �H���M�/ �+�Q�p�2�` �/���i�� �B�b ���M �B�K���;�2 �Q�7 �b�B�x�2 �Q�7 �e�R�y �t �e�R�y �T�B�t�2�H�b �r�B�i�? �R�X�j�K �b�T���i�B���H �`�2�b�Q�H�m�@

�i�B�Q�M ���M�/ �R�y�j �b�T�2�+�i�`���H �#���M�/�b�X �.�m�2 �i�Q �H���+�F �Q�7 ���p���B�H���#�B�H�B�i�v �Q�7 �H���#�2�H�H�2�/ �/���i�� �7�Q�` �2�p���H�m���i�B�Q�M�- �i�?�2

�H���M�/ �+�Q�p�2�` ���M�/ �p�2�;�2�i���i�B�Q�M �+�H���b�b�B�7�B�+���i�B�Q�M �?���b �#�2�2�M �H�B�K�B�i�2�/ �i�Q �p�2�`�v �b�K���H�H �b�T���i�B���H ���`�2���b ���M�/ �i�?�2

�b�+���H���#�B�H�B�i�v �Q�7 �i�?�2�b�2 ���T�T�`�Q���+�?�2�b �i�Q �H���`�;�2�` �H���M�/ �`�2�;�B�Q�M�b �?���b �M�Q�i �#�2�2�M �2�t�T�H�Q�`�2�/ �B�M �i�?�2 �T�`�2�p�B�Q�m�b
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�T�m�i �?�v�T�2�`�b�T�2�+�i�`���H �B�K���;�2 �B�b �m�M�7�Q�H�/�2�/ ���M�/ �2���+�? �B�M�T�m�i �T�B�t�2�H �B�b �T�`�Q�p�B�/�2�/ ���b ���M �B�M�/�B�p�B�/�m���H �i�`���B�M�B�M�;

�/���i�� �T�Q�B�M�i �i�Q �i�?�2 ���m�i�Q�2�M�+�Q�/�2�`�X �h�?�2 �a���K�b�Q�M �?�v�T�2�`�b�T�2�+�i�`���H �/���i���b�2�i �/�2�b�+�`�B�#�2�/ �B�M �a�2�+�i�B�Q�M�j�X�k�X�8

�B�b �T�`�Q�p�B�/�2�/ ���b �i�?�2 �B�M�T�m�i �B�M �6�B�;�m�`�2�j�X�k�X �A�i �B�b ���M �B�K���;�2 �Q�7 �b�B�x�2 �N�8�t�N�8 �T�B�t�2�H�b �+�Q�M�b�B�b�i�B�M�; �Q�7 �R�8�e

�r���p�2�H�2�M�;�i�? �#���M�/�b �7�Q�`�K�B�M�; ���M �B�K���;�2 �+�m�#�2 �Q�7 �/�B�K�2�M�b�B�Q�M�b �N�8�t�N�8�t�R�8�e�X �>�2�`�2 �2���+�? �B�M�T�m�i �T�B�t�2�H
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�+�Q�`�`�2�b�T�Q�M�/�b �i�Q �� �`�2�7�H�2�+�i���M�+�2 �b�T�2�+�i�`�m�K �Q�7 �R�8�e �/�B�K�2�M�b�B�Q�M�b�X �h�?�B�b �B�K���;�2 �+�m�#�2 �B�b �`�2�b�?���T�2�/ �B�M�i�Q

�N�y�k�8�t�R�8�e �/�B�K�2�M�b�B�Q�M�b ���M�/ �i�?�2 �T�B�t�2�H�@�r�B�b�2 �B�M�T�m�i �/���i�� �B�b �7�2�/ �B�M�i�Q �i�?�2 ���m�i�Q�2�M�+�Q�/�2�` �7�Q�` �i�`���B�M�B�M�;�X

�h�?�2 �M�m�K�#�2�` �Q�7 �M�2�m�`�Q�M�b �B�M �i�?�2 �B�M�T�m�i ���M�/ �Q�m�i�T�m�i �H���v�2�` �B�b �2�[�m���H �i�Q �R�8�e�- �r�?�B�+�? �B�b �2�[�m���H �i�Q �i�?�2

�M�m�K�#�2�` �Q�7 �`�2�7�H�2�+�i���M�+�2 �r���p�2�H�2�M�;�i�? �#���M�/�b�X �h�?�2 ���m�i�Q�2�M�+�Q�/�2�` �B�b ���b�v�K�K�2�i�`�B�+ ���M�/ �B�i �+�Q�M�b�B�b�i�b �Q�7

�� �/�2�2�T �2�M�+�Q�/�2�` �M�2�i�r�Q�`�F �r�B�i�? �+�Q�M�i�B�M�m�Q�m�b�H�v �/�2�+�`�2���b�B�M�; �?�B�/�/�2�M �m�M�B�i�b ���M�/ �� �b�B�M�;�H�2 �H���v�2�` �B�M �i�?�2

�/�2�+�Q�/�2�` �M�2�i�r�Q�`�F�X �h�?�2 �2�M�+�Q�/�2�` �+�Q�M�b�B�b�i�b �Q�7 �9 �?�B�/�/�2�M �H���v�2�`�b �r�B�i�? �k�d�- �R�3�- �N ���M�/ �j �M�2�m�`�Q�M�b�X ���H�H

�i�?�2 �H���v�2�`�b �B�M �i�?�2 �M�2�i�r�Q�`�F ���`�2 �7�m�H�H�v �+�Q�M�M�2�+�i�2�/ �H���v�2�`�b�X �� �"���i�+�? �L�Q�`�K���H�B�x���i�B�Q�M �H���v�2�` �B�b ���/�/�2�/

�#�2�7�Q�`�2 �i�?�2 �Q�m�i�T�m�i �H���v�2�`�X �h�?�2 �H���b�i �?�B�/�/�2�M �H���v�2�`�- �B�X�2�X �>�B�/�/�2�M �9 �B�M �6�B�;�m�`�2�j�X�k�- �?���b �i�?�2 �M�m�K�#�2�` �Q�7

�m�M�B�i�b �2�[�m���H �i�?�2 �M�m�K�#�2�` �Q�7 �H���M�/ �+�Q�p�2�` �i�v�T�2�b �U�2�M�/ �K�2�K�#�2�`�b�V �T�`�2�b�2�M�i �B�M �i�?�2 �B�M�T�m�i �?�v�T�2�`�b�T�2�+�i�`���H

�B�K���;�2�X

�h�?�2 ���m�i�Q�2�M�+�Q�/�2�` �K�Q�/�2�H �i�`�B�2�b �i�Q �`�2�+�Q�M�b�i�`�m�+�i �i�?�2 �b�T�2�+�i�`�m�K �Q�7 �2���+�? �B�M�T�m�i �T�B�t�2�H ���i �i�?�2 �Q�m�i�@

�T�m�i �Q�7 �i�?�2 �M�2�i�r�Q�`�F �m�b�B�M�; �� �H�Q�b�b �7�m�M�+�i�B�Q�M�X ���i �i�?�2 �2�M�/ �Q�7 �i�?�2 �i�`���B�M�B�M�; �T�`�Q�+�2�b�b�- �i�?�2 �r�2�B�;�?�i�b

�Q�7 �i�?�2 �H���b�i �?�B�/�/�2�M �H���v�2�` �`�2�T�`�2�b�2�M�i �i�?�2 �m�M�K�B�t�2�/ �2�M�/ �K�2�K�#�2�`�b�X �A�M �6�B�;�m�`�2�j�X�k�- �i�?�2 �r�2�B�;�?�i�b

�+�Q�M�M�2�+�i�B�M�; �>�B�/�/�2�M �G���v�2�` �9 �i�Q �i�?�2 �Q�m�i�T�m�i �H���v�2�` �?���b �� �/�B�K�2�M�b�B�Q�M �Q�7 �j�t�R�8�e �r�?�B�+�? �+���M �#�2 �B�M�@

�i�2�`�T�`�2�i�2�/ ���b �i�?�`�2�2 �R�8�e �/�B�K�2�M�b�B�Q�M �p�2�+�i�Q�`�b�X �1���+�? �Q�7 �i�?�2�b�2 �R�8�e �/�B�K�2�M�b�B�Q�M �p�2�+�i�Q�`�b �`�2�T�`�2�b�2�M�i�b

�i�?�2 �`�2�7�H�2�+�i���M�+�2 �b�B�;�M���i�m�`�2 �Q�7 �Q�M�2 �Q�7 �i�?�2 �i�?�`�2�2 �2�M�/ �K�2�K�#�2�`�b �T�`�2�b�2�M�i �B�M �i�?�2 �B�M�T�m�i �?�v�T�2�`�b�T�2�+�i�`���H

�B�K���;�2�- �M���K�2�H�v�- �b�Q�B�H�- �i�`�2�2 ���M�/ �r���i�2�`�X �h�?�2�b�2 �p�2�+�i�Q�`�b ���`�2 �F�M�Q�r�M ���b �i�?�2 �m�M�K�B�t�2�/ �2�M�/ �K�2�K�#�2�`

�b�T�2�+�i�`���X

���7�i�2�` �B�/�2�M�i�B�7�v�B�M�; ���H�H �i�?�2 �2�M�/ �K�2�K�#�2�`�b�- �2���+�? �B�M�T�m�i �T�B�t�2�H �T�`�2�b�2�M�i �B�M �i�?�2 �?�v�T�2�`�b�T�2�+�i�`���H �B�K�@

���;�2 �B�b �+�H���b�b�B�7�B�2�/ �B�M�i�Q �Q�M�2 �Q�7 �i�?�2 �2�M�/ �K�2�K�#�2�` �+�H���b�b�2�b�X �h�?�B�b �B�b �/�Q�M�2 �#�v �+���H�+�m�H���i�B�M�; �i�?�2 �+�Q�b�B�M�2

�b�B�K�B�H���`�B�i�v �#�2�i�r�2�2�M �i�?�2 �b�T�2�+�i�`�m�K �Q�7 �i�?�2 �B�M�T�m�i �T�B�t�2�H ���M�/ �i�?�2 �2�M�/ �K�2�K�#�2�` �b�T�2�+�i�`�� ���M�/ �+�H���b�b�B�@

�7�v�B�M�; �B�i �i�Q �i�?�2 �+�H���b�b �Q�7 �i�?�2 �2�M�/ �K�2�K�#�2�` �i�?���i �B�i �K�Q�b�i �+�H�Q�b�2�H�v �K���i�+�?�2�b�X ���H�H �i�?�2 �B�M�T�m�i �T�B�t�2�H�b ���`�2

�B�/�2�M�i�B�7�B�2�/ ���M�/ �i�?�2 �T�2�`�+�2�M�i���;�2 �+�Q�K�T�Q�b�B�i�B�Q�M�b �Q�7 �2���+�? �2�M�/ �K�2�K�#�2�` �B�M �i�?�2 �B�K���;�2 �B�b �+���H�+�m�H���i�2�/�X

���M ���#�m�M�/���M�+�2 �K���T �B�M�/�B�+���i�B�M�; �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �p���`�B�Q�m�b �H���M�/ �+�Q�p�2�` �i�v�T�2�b �B�b �;�2�M�2�`���i�2�/�X



�R�e �+�Ñ�ž�ÿ���¶�� �k�Y �K�¶���Ñ�ñ�²�ñ�ã�ñ�Ì�-

�h�?�2 ���m�i�Q�2�M�+�Q�/�2�` ���+�?�B�2�p�2�b �m�M�K�B�t�B�M�; �Q�7 �i�?�2 �?�v�T�2�`�b�T�2�+�i�`���H �/���i�� ���b �7�Q�H�H�Q�r�b�X

�h�?�2 �B�M�T�m�i �?�v�T�2�`�b�T�2�+�i�`���H �B�K���;�2 �B�b ���b�b�m�K�2�/ �i�Q �#�2 �� �H�B�M�2���` �K�B�t�i�m�`�2 �K�Q�/�2�H �(�R�R�-�k�j�-�k�N�)�X �A�7 �i�?�2�`�2

�B�b �K�Q�`�2 �i�?���M �Q�M�2 �K���i�2�`�B���H �r�B�i�?�B�M �i�?�2 �#�Q�m�M�/���`�B�2�b �Q�7 �� �T�B�t�2�H �B�M �� �H�B�M�2���` �K�B�t�i�m�`�2 �K�Q�/�2�H�- �i�?�2

�Q�#�b�2�`�p�2�/ �b�T�2�+�i�`���H �p�2�+�i�Q�` �Q�7 �i�?�2 �T�B�t�2�H �r�B�H�H �#�2 �� �r�2�B�;�?�i�2�/ �b�m�K �Q�7 �i�?�2 �b���K�2 �M�m�K�#�2�` �Q�7 �2�M�/

�K�2�K�#�2�`�b �`�2�T�`�2�b�2�M�i�B�M�; �i�?�2 �K���i�2�`�B���H�b ���H�Q�M�; �r�B�i�? �i�?�2 �M�Q�B�b�2 �i�?���i �+�Q�K�2�b �7�`�Q�K �i�?�2 �B�K���;�B�M�; �B�M�@

�b�i�`�m�K�2�M�i�b �(�k�j�)�X

�s �B�b �i�?�2 �B�M�T�m�i �?�v�T�2�`�b�T�2�+�i�`���H �B�K���;�2 �r�B�i�?xp �`�2�T�`�2�b�2�M�i�B�M�; �2���+�? �B�M�T�m�i �T�B�t�2�H�X ���b�b�m�K�B�M�; �� �H�B�M�2���`

�K�B�t�i�m�`�2 �K�Q�/�2�H�- �r�2 �;�2�i�-

X = MS + N �U�j�X�R�V

�r�?�2�`�2 �J �B�b �i�?�2 �2�M�/ �K�2�K�#�2�` �K���i�`�B�t�- �a �B�b �i�?�2 ���#�m�M�/���M�+�2 �K���i�`�B�t�- ���M�/ �L �B�b �i�?�2 �M�Q�B�b�2�X

�h�?�2 ���m�i�Q�2�M�+�Q�/�2�` �B�b �� �7�2�2�/�7�Q�`�r���`�/ �M�2�m�`���H �M�2�i�r�Q�`�F �i�?���i �i�`�B�2�b �i�Q �`�2�T�`�Q�/�m�+�2 �B�i�b �B�M�T�m�i ���i �i�?�2

�Q�m�i�T�m�i�X �h�?�2 �2�M�+�Q�/�2�` �K���T�b �i�?�2 �B�M�T�m�i �b�T�2�+�i�`���H �p�2�+�i�Q�`�b �B�M�i�Q �� �H���i�2�M�i �b�T���+�2�X �h�?�2 �/�2�+�Q�/�2�` �i�?�2�M

�m�b�2�b �i�?�2�b�2 �H���i�2�M�i �b�T���+�2 �p�2�+�i�Q�`�b �i�Q �`�2�+�Q�M�b�i�`�m�+�i �i�?�2 �B�M�T�m�i �b�T�2�+�i�`�m�K ���b �+�H�Q�b�2�H�v ���b �T�Q�b�b�B�#�H�2�X

�h�?�2 �2�M�+�Q�/�2�`GE : R�"�t�R ! R�_�t�R �2�M�+�Q�/�2�b �i�?�2 �B�M�T�m�i �b�T�2�+�i�`��xp �i�Q �� �?�B�/�/�2�M �`�2�T�`�2�b�2�M�i���i�B�Q�M

hp ���b �7�Q�H�H�Q�r�b�,

GE (xp) = hp � R�_�t�R �U�j�X�k�V

�r�?�2�`�2 �_ �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �2�M�/ �K�2�K�#�2�`�b�- ���M�/ �" �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �#���M�/�b�X

�h�?�2 �2�M�+�Q�/�2�` �B�M �6�B�;�m�`�2�j�X�k�+�Q�M�b�B�b�i�b �Q�7 �9 �?�B�/�/�2�M �H���v�2�`�b �7�Q�H�H�Q�r�2�/ �#�v �� �"���i�+�? �M�Q�`�K���H�B�x���i�B�Q�M

�H���v�2�`�X �h�?�2 �B�M�T�m�i ���M�/ �Q�m�i�T�m�i �H���v�2�`�b �?���p�2 �� �H�B�M�2���` ���+�i�B�p���i�B�Q�M �7�m�M�+�i�B�Q�M ���M�/ �i�?�2 �?�B�/�/�2�M �H���v�2�`�b

�?���p�2 �G�2���F�v �_�2�G�l ���b �i�?�2 ���+�i�B�p���i�B�Q�M �7�m�M�+�i�B�Q�M�X �h�?�2 �#�B���b �Q�7 �i�?�2 �Q�m�i�T�m�i �H���v�2�` �B�b �b�2�i �i�Q �x�2�`�Q�X
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�1�p�2�`�v �H���v�2�` �T�2�`�7�Q�`�K�b �i�?�2 �i�`���M�b�7�Q�`�K���i�B�Q�M

al = g(W la�H�@�R) �U�j�X�j�V

�r�?�2�`�2 �; �B�b �i�?�2 ���+�i�B�p���i�B�Q�M �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �H���v�2�` �H�-al �B�b �i�?�2 ���+�i�B�p���i�B�Q�M �Q�7 �i�?�2 �H���v�2�` �H�-a�H�@�R�B�b �i�?�2

���+�i�B�p���i�B�Q�M �Q�7 �i�?�2 �H���v�2�` �U�H�@�R�V �r�?�B�+�? �B�b �i�?�2 �B�M�T�m�i �i�Q �H���v�2�` �H�- ���M�/W l �B�b �i�?�2 �r�2�B�;�?�i �Q�7 �H���v�2�` �H�X

�h�?�2�`�2�7�Q�`�2�-

GE (xp) = BN (g(W 4g(W 3g(W 2g(W 1a0))))) �U�j�X�9�V

�r�?�2�`�2W l ���M�/al �`�2�T�`�2�b�2�M�i �i�?�2 �r�2�B�;�?�i�b ���M�/ ���+�i�B�p���i�B�Q�M �Q�7 �2���+�? �H���v�2�` �`�2�b�T�2�+�i�B�p�2�H�v�-a0 �B�b �i�?�2

�B�M�T�m�ixp�-���M�/ �"�L �`�2�T�`�2�b�2�M�i�b �"���i�+�? �L�Q�`�K���H�B�x���i�B�Q�M�X

BN (g(W 4g(W 3g(W 2g(W 1a0))))) �B�b �i�?�2 �H���i�2�M�i �b�T���+�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M �Uhp�V �Q�7 �i�?�2 �B�M�T�m�ixp�X

�h�?�2 �/�2�+�Q�/�2�`GD : R�_�t�R ! R�"�t�R �/�2�+�Q�/�2�b �i�?�2 �H���i�2�M�i �b�T���+�2 �`�2�T�`�2�b�2�M�i���i�B�Q�Mhp �i�Q ���M ���T�T�`�Q�t�B�@

�K���i�B�Q�M �Q�7 �i�?�2 �B�M�T�m�i ���b �7�Q�H�H�Q�r�b�,

GD (hp) = W L a�G�@�R= x̂p � R�"�t�R �U�j�X�8�V

�r�?�2�`�2̂xp �B�b �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7xp�- �G �B�b �i�?�2 �Q�m�i�T�m�i �H���v�2�`�-W L ���M�/a�G�@�R���`�2 �i�?�2 �r�2�B�;�?�i ���M�/

���+�i�B�p���i�B�Q�M �Q�7 �i�?�2 �Q�m�i�T�m�i �H���v�2�` �`�2�b�T�2�+�i�B�p�2�H�v�X

�h�?�2 ���m�i�Q�2�M�+�Q�/�2�`�ö�b �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �i�?�2 �B�M�T�m�i ���7�i�2�` �i�?�2 �i�`���B�M�B�M�; �+���M �M�Q�r �#�2 �r�`�B�i�i�2�M ���b�,

GD (hp) = W L (BN (g(W 4g(W 3g(W 2g(W 1a0)))))) �U�j�X�e�V

�h�?�2�`�2�7�Q�`�2�-

GD (GE (xp)) = W L (BN (g(W 4g(W 3g(W 2g(W 1a0)))))) = ^xp �U�j�X�d�V
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�r�?�2�`�2 �i�?�2 �r�2�B�;�?�i �K���i�`�B�tW L � R�"�t�_ �B�b �i�?�2 �r�2�B�;�?�i �Q�7 �i�?�2 �Q�m�i�T�m�i �H���v�2�` �i�?���i �+�Q�M�i���B�M�b �i�?�2 �2�M�/

�K�2�K�#�2�`�b �B�M �B�i�b �+�Q�H�m�K�M�b�X �1���+�? �Q�7 �i�?�2 �_ �2�M�/ �K�2�K�#�2�`�b �?���b �� �/�B�K�2�M�b�B�Q�M �Q�7BX 1 ���M�/ �B�b

�`�2�T�`�2�b�2�M�i�2�/ �#�v �Q�M�2 �Q�7 �i�?�2 �+�Q�H�m�K�M�b �Q�7WL �X �1���+�?BX 1 �+�Q�H�m�K�M �p�2�+�i�Q�` �Q�7WL �T�`�Q�p�B�/�2�b �i�?�2
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�r�?�2�M �i�?�2 �7�B�`�b�i �+�Q�H�m�K�M �Q�7WL �`�2�T�`�2�b�2�M�i�b �b�Q�B�H �7�`�Q�K �a���K�b�Q�M �/���i���b�2�i�- �i�?�2�M �i�?�B�b �+�Q�H�m�K�M �?���b ��
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�h�?�2 �M�2�i�r�Q�`�F �B�b �i�`���B�M�2�/ �m�b�B�M�; �#���+�F�T�`�Q�T���;���i�B�Q�M �i�Q �K�B�M�B�K�B�x�2 �i�?�2 �H�Q�b�b �7�m�M�+�i�B�Q�ML(xp; x̂p) �i�Q

�`�2�/�m�+�2 �i�?�2 �/�B�b�+�`�2�T���M�+�v �#�2�i�r�2�2�M �i�?�2 �Q�m�i�T�m�i ���M�/ �i�?�2 �B�M�T�m�i�X �J�2���M �b�[�m���`�2 �2�`�`�Q�` ���M�/ �+�Q�b�B�M�2

�T�`�Q�t�B�K�B�i�v �H�Q�b�b �7�m�M�+�i�B�Q�M�b ���`�2 �m�b�2�/ �B�M �i�?�B�b �r�Q�`�F�X

���i �i�?�2 �2�M�/ �Q�7 �i�`���B�M�B�M�;�- �i�?�2 �M�2�i�r�Q�`�F�ö�b �r�2�B�;�?�i�b �+�Q�M�M�2�+�i�B�M�; �i�?�2 �H���b�i �?�B�/�/�2�M �H���v�2�` �i�Q �i�?�2 �Q�m�i�T�m�i

�H���v�2�` �UW L �V ���`�2 �i�?�2 �2�M�/ �K�2�K�#�2�`�b�- �M���K�2�H�v�- �b�Q�B�H�- �i�`�2�2 ���M�/ �r���i�2�` �B�M �i�?�2 �+���b�2 �Q�7 �a���K�b�Q�M �/���i���b�2�i�X

�j�X�R�X�R�X�R ���m�i�Q�2�M�+�Q�/�2�` ���`�+�?�B�i�2�+�i�m�`�2

�h�?�2 �;�2�M�2�`�B�+ ���`�+�?�B�i�2�+�i�m�`�2 �Q�7 �i�?�2 ���m�i�Q�2�M�+�Q�/�2�` �m�b�2�/ �B�M �i�?�B�b �r�Q�`�F �B�b �T�`�2�b�2�M�i�2�/ �B�M �h���#�H�2�j�X�R�r�?�B�+�?

�B�b �B�M�b�T�B�`�2�/ �#�v �i�?�2 �r�Q�`�F �B�M �(�k�j�)�X �h�?�2 �M�m�K�#�2�` �Q�7 �m�M�B�i�b �B�M �i�?�2 �B�M�T�m�i ���M�/ �i�?�2 �Q�m�i�T�m�i �H���v�2�`�b �B�b

�2�[�m���H �i�Q �i�?�2 �M�m�K�#�2�` �Q�7 �r���p�2�H�2�M�;�i�? �#���M�/�b �B�M �i�?�2 �?�v�T�2�`�b�T�2�+�i�`���H �B�M�T�m�i �/���i�� �r�?�B�+�? �B�b �`�2�T�`�2�b�2�M�i�2�/

���b �"�X �h�?�2 �p���H�m�2 �Q�7 �" �B�b �j�R�8 �7�Q�` �b�v�M�i�?�2�i�B�+ �/���i�� ���M�/ �L�1�P�L �?�v�T�2�`�b�T�2�+�i�`���H �`�2�7�H�2�+�i���M�+�2 �/���i�� ���M�/

�R�8�e �7�Q�` �a���K�b�Q�M �?�v�T�2�`�b�T�2�+�i�`���H �/���i���X �h�?�2 �M�m�K�#�2�` �Q�7 �m�M�B�i�b �B�M �i�?�2 �H���b�i �?�B�/�/�2�M �H���v�2�`�- �B�X�2�X�- �G���v�2�`
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�G�2���F�v �_�2�G�l �B�b �m�b�2�/ ���b �i�?�2 ���+�i�B�p���i�B�Q�M �7�m�M�+�i�B�Q�M �7�Q�` �i�?�2 �?�B�/�/�2�M �H���v�2�`�b ���b �B�i �r���b �7�Q�m�M�/ �i�Q

�T�2�`�7�Q�`�K �#�2�i�i�2�` �i�?���M �_�2�G�l ���M�/ �a�B�;�K�Q�B�/ ���+�i�B�p���i�B�Q�M�b�X �G�B�M�2���` ���+�i�B�p���i�B�Q�M �7�m�M�+�i�B�Q�M �B�b �m�b�2�/ �7�Q�`

�i�?�2 �B�M�T�m�i ���M�/ �Q�m�i�T�m�i �H���v�2�`�b�X �G�k �`�2�;�m�H���`�B�x���i�B�Q�M �B�b �m�b�2�/ �7�Q�` �i�?�2 �Q�m�i�T�m�i �H���v�2�` ���b �B�i �T�`�2�p�2�M�i�b

�Q�p�2�`�7�B�i�i�B�M�;�X �h�?�2 �"���i�+�? �L�Q�`�K���H�B�x���i�B�Q�M �G���v�2�`�- �B�X�2�X�- �G���v�2�` �e�- �M�Q�`�K���H�B�x�2�b �i�?�2 ���+�i�B�p���i�B�Q�M�b �Q�7 �i�?�2

�T�`�2�p�B�Q�m�b �H���v�2�` �B�M �2���+�? �#���i�+�? ���M�/ �B�b �F�M�Q�r�M �i�Q �b�T�2�2�/ �m�T �H�2���`�M�B�M�; �B�M �M�2�m�`���H �M�2�i�r�Q�`�F�b �(�k�j�)�X

�h�?�2 �H�Q�b�b �7�m�M�+�i�B�Q�M�- �#���i�+�? �b�B�x�2�- �M�m�K�#�2�` �Q�7 �?�B�/�/�2�M �H���v�2�`�b ���M�/ �i�?�2 �F�2�`�M�2�H �b�B�x�2 �Q�7 �2���+�? �H���v�2�` ���`�2

�K�Q�/�B�7�B�2�/ �b�H�B�;�?�i�H�v �B�M �i�?�2 �/�B�7�7�2�`�2�M�i �b�2�i�b �Q�7 �2�t�T�2�`�B�K�2�M�i�b �#���b�2�/ �Q�M �i�?�2 �B�M�T�m�i �/���i�� ���M�/ �i�?�2 �b�B�x�2 �Q�7

�i�?�2 �i�`���B�M�B�M�; �/���i�� �r�?�B�+�? ���`�2 �/�2�b�+�`�B�#�2�/ �B�M �i�?�2�B�` �`�2�b�T�2�+�i�B�p�2 �b�2�+�i�B�Q�M�b�X

�h���#�H�2 �j�X�R�, ���m�i�Q�2�M�+�Q�/�2�` ���`�+�?�B�i�2�+�i�m�`�2

�G���v�2�` �L�m�K�#�2�` �h�v�T�2 ���+�i�B�p���i�B�Q�M �6�m�M�+�i�B�Q�M�L�m�K�#�2�` �Q�7 �m�M�B�i�b

�R �A�M�T�m�i �G�B�M�2���` �"

�k �>�B�/�/�2�M �G�2���F�v �_�2�G�l �N� �L

�j �>�B�/�/�2�M �G�2���F�v �_�2�G�l �e� �L

�9 �>�B�/�/�2�M �G�2���F�v �_�2�G�l �j� �L

�8 �>�B�/�/�2�M �G�2���F�v �_�2�G�l �L

�e �"���i�+�? �L�Q�`�K���H�B�x���i�B�Q�M �@ �@

�d �P�m�i�T�m�i �G�B�M�2���` �"

�G�k �_�2�;�m�H���`�B�x���i�B�Q�M

�J�B�M �J���t �*�Q�M�b�i�`���B�M�i
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�j�X�k �.���i���b�2�i�b

�h�?�2 �/�2�2�T �H�2���`�M�B�M�; �K�Q�/�2�H �`�2�[�m�B�`�2�b �i�?�2 �?�v�T�2�`�b�T�2�+�i�`���H �`�2�7�H�2�+�i���M�+�2 �/���i�� ���b �i�?�2 �B�M�T�m�i�X �6�m�`�i�?�2�`�-
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�h�?�2 �b�T�2�+�i�`���H �H�B�#�`���`�v �B�b �+�Q�K�T�B�H�2�/ �#�v �Q�#�i���B�M�B�M�; ���M ���p�2�`���;�2 �Q�7 �K�m�H�i�B�T�H�2 �b�T�2�+�i�`�� �7�Q�` �2���+�?



�k�e �+�Ñ�ž�ÿ���¶�� �k�Y �K�¶���Ñ�ñ�²�ñ�ã�ñ�Ì�-

�H���M�/ �+�Q�p�2�` �+�H���b�b �7�`�Q�K �i�?�2 �1�+�Q�a�A�a�- �1�+�Q�b�i�`�2�b�b ���M�/ �l�a�:�a �b�T�2�+�i�`���H �H�B�#�`���`�B�2�b�X �h�?�2 �b�T�2�+�i�`���H

�H�B�#�`���`�v �m�b�2�/ �7�Q�` �2�p���H�m���i�B�Q�M �Q�7 �i�?�2 �`�2�b�m�H�i�b �B�M ���H�H �i�?�2 �2�t�T�2�`�B�K�2�M�i�b �+�Q�M�b�B�b�i�b �Q�7 �R�e �K���i�2�`�B���H�b

�+�Q�p�2�`�B�M�; �K���D�Q�` �m�`�#���M �H���M�/ �+�Q�p�2�`�b ���M�/ �� �7�2�r �p�2�;�2�i���i�B�Q�M �b�T�2�+�B�2�b�- �M���K�2�H�v�- �b�Q�B�H�- �T�B�M�2 �i�`�2�2�-

�;�`���b�b�- �B�M�+�2�M�b�2 �+�2�/���` �i�`�2�2�- �b�m�;���` �T�B�M�2 �i�`�2�2�- ���b�T�?���H�i �`�Q���/�- �+�Q�M�+�`�2�i�2 �`�Q���/�- �b���M�/�- ���b�T�?���H�i

�`�Q�Q�7�- �+�Q�M�+�`�2�i�2 �`�Q�Q�7�- �b�?�B�M�;�H�2 �`�Q�Q�7�- �;�`���p�2�H �`�Q�Q�7�- �#�`�B�+�F�- �b�Q�B�H �r�B�i�? �+�Q�M�+�`�2�i�2�@ �;�`���p�2�H ���M�/ �b�Q�B�H

�r�B�i�? ���b�T�?���H�i�@�;�`���p�2�H �r�?�B�+�? �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2�j�X�9�X

�h�?�2 �2�t�T�2�`�B�K�2�M�i�b ���`�2 �T�2�`�7�Q�`�K�2�/ �Q�M �i�?�`�2�2 �b�2�i�b �Q�7 �/���i���,

�U���V�1�t�T�2�`�B�K�2�M�i�b �Q�M �b�v�M�i�?�2�i�B�+ �/���i��

�U�#�V�1�t�T�2�`�B�K�2�M�i�b �Q�M �#�2�M�+�?�K���`�F�B�M�; �?�v�T�2�`�b�T�2�+�i�`���H �/���i��

�U�+�V�1�t�T�2�`�B�K�2�M�i�b �Q�M �`�2���H �/���i��

�8�X�>�v�T�2�`�T���`���K�2�i�2�` �h�m�M�B�M�;

�A�7 �i�?�2 �m�M�K�B�t�B�M�; �`�2�b�m�H�i�b ���M�/ �i�?�2 �2�b�i�B�K���i�2�/ ���#�m�M�/���M�+�2�b �/�2�i�2�`�K�B�M�2�/ �B�M �a�i�2�T�9���`�2 �M�Q�i

�7�Q�m�M�/ �i�Q �#�2 �b���i�B�b�7���+�i�Q�`�v�- �i�?�2�M �b�Q�K�2 �Q�7 �i�?�2 �?�v�T�2�`�T���`���K�2�i�2�`�b �Q�7 ���m�i�Q�2�M�+�Q�/�2�` �b�m�+�? ���b �i�?�2

�H���v�2�` ���`�+�?�B�i�2�+�i�m�`�2�- �H�Q�b�b �7�m�M�+�i�B�Q�M�- �#���i�+�? �b�B�x�2�- �H�2���`�M�B�M�; �`���i�2�- �2�i�+�X�- ���`�2 �+�?���M�;�2�/ ���M�/ �i�?�2

�a�i�2�T�b�j ���M�/�9���`�2 �`�2�T�2���i�2�/ �m�M�i�B�H �i�?�2 �K�Q�/�2�H �`�2�b�m�H�i�b ���`�2 �b���i�B�b�7���+�i�Q�`�v�X

�e�X�G���M�/ �*�Q�p�2�` �Z�m���M�i�B�7�B�+���i�B�Q�M �P�m�i�T�m�i

�h�?�2 �r�2�B�;�?�i�b �Q�7 �i�?�2 �H���b�i �?�B�/�/�2�M �H���v�2�` �Q�7 �i�?�2 �i�`���B�M�2�/ ���m�i�Q�2�M�+�Q�/�2�` �M�2�i�r�Q�`�F ���`�2 �i�?�2 �m�M�@

�K�B�t�2�/ �Q�m�i�T�m�i �b�T�2�+�i�`�� �r�?�B�+�? �+�Q�`�`�2�b�T�Q�M�/ �i�Q �i�?�2 �p���`�B�Q�m�b �H���M�/ �+�Q�p�2�`�b �T�`�2�b�2�M�i �B�M �i�?�2 �B�M�T�m�i

�?�v�T�2�`�b�T�2�+�i�`���H �B�K���;�2�X �h�?�m�b�- �i�?�2 �K�Q�/�2�H �B�b ���#�H�2 �i�Q �b�m�+�+�2�b�b�7�m�H�H�v �B�/�2�M�i�B�7�v ���M�/ �[�m���M�i�B�7�v �i�?�2

���#�m�M�/���M�+�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7 �i�?�2 �/�B�7�7�2�`�2�M�i �2�M�/ �K�2�K�#�2�`�b �T�`�2�b�2�M�i �B�M �i�?�2 �B�K���;�2 �b�+�2�M�2 �r�?�B�+�?

�B�b �i�?�2 �Q�m�i�T�m�i �Q�7 �i�?�2 �B�K�T�H�2�K�2�M�i���i�B�Q�M �T�B�T�2�H�B�M�2�X

�h�?�2 �p���`�B�Q�m�b �`�2�b�2���`�+�? �Q�#�D�2�+�i�B�p�2�b �Q�7 �i�?�B�b �r�Q�`�F ���`�2 ���+�?�B�2�p�2�/ �i�?�`�Q�m�;�? �j �b�2�i�b �Q�7 �2�t�T�2�`�B�K�2�M�i�b�-

�M���K�2�H�v�- �2�t�T�2�`�B�K�2�M�i�b �Q�M �b�v�M�i�?�2�i�B�+ �/���i���- �2�t�T�2�`�B�K�2�M�i�b �Q�M �#�2�M�+�?�K���`�F�B�M�; �?�v�T�2�`�b�T�2�+�i�`���H �/���i��



�k�Y�k�Y �B�è�ÿ�ã�¶�è�¶�é���ž���Ô�ñ�é �k�d

�6�B�;�m�`�2 �j�X�j�, �A�K�T�H�2�K�2�M�i���i�B�Q�M �S�B�T�2�H�B�M�2



�k�3 �+�Ñ�ž�ÿ���¶�� �k�Y �K�¶���Ñ�ñ�²�ñ�ã�ñ�Ì�-

�6�B�;�m�`�2 �j�X�9�, �a�T�2�+�i�`���H �G�B�#�`���`�v

���M�/ �2�t�T�2�`�B�K�2�M�i�b �Q�M �`�2���H �?�v�T�2�`�b�T�2�+�i�`���H �/���i���X �1���+�? �Q�7 �i�?�2�b�2 �b�2�i�b �Q�7 �2�t�T�2�`�B�K�2�M�i�b �7�Q�H�H�Q�r�b �i�?�2

�B�K�T�H�2�K�2�M�i���i�B�Q�M �T�B�T�2�H�B�M�2 �b�?�Q�r�M �B�M �6�B�;�m�`�2�j�X�j���M�/ ���`�2 �/�2�b�+�`�B�#�2�/ �B�M �/�2�i���B�H �B�M �i�?�2 �b�m�#�b�2�[�m�2�M�i

�b�m�#�b�2�+�i�B�Q�M�b�X ���H�H �i�?�2 �2�t�T�2�`�B�K�2�M�i�b ���`�2 �T�2�`�7�Q�`�K�2�/ �m�b�B�M�; �S�v�i�?�Q�M �T�`�Q�;�`���K�K�B�M�; �H���M�;�m���;�2 �r�B�i�?

�E�2�`���b ���M�/ �a�+�B�F�B�i�@�H�2���`�M �H�B�#�`���`�B�2�b�X

�j�X�j�X�R �1�t�T�2�`�B�K�2�M�i�b �Q�M �b�v�M�i�?�2�i�B�+ �/���i��

�h�?�2 �7�2���b�B�#�B�H�B�i�v �Q�7 �i�?�2 ���m�i�Q�2�M�+�Q�/�2�` �#���b�2�/ �b�T�2�+�i�`���H �m�M�K�B�t�B�M�; �B�b �7�B�`�b�i �2�p���H�m���i�2�/ �Q�M �b�v�M�i�?�2�i�B�+

�/���i�� �b�B�M�+�2 �B�i �B�b �H�2�b�b �+�Q�K�T�H�2�t ���M�/ �7�`�2�2 �7�`�Q�K �M�Q�B�b�2 �m�M�H�B�F�2 �`�2���H �/���i���X

�:�2�M�2�`���i�B�Q�M �Q�7 �b�v�M�i�?�2�i�B�+ �/���i���,

�h�?�2 �b�v�M�i�?�2�i�B�+ �/���i�� �B�b �;�2�M�2�`���i�2�/ �m�b�B�M�; �i�?�2 �T�m�`�2 �b�T�2�+�i�`���H �+�Q�K�T�Q�M�2�M�i�b �7�`�Q�K �i�?�2 �b�T�2�+�i�`���H �H�B�@

�#�`���`�v ���M�/ �H�B�M�2���`�H�v �K�B�t�B�M�; �i�?�2�K �`�2�b�m�H�i�B�M�; �B�M �?�v�T�2�`�b�T�2�+�i�`���H �/���i�� �r�B�i�? �K�B�t�2�/ �T�B�t�2�H�b �(�k�N�)�X �h�?�2

�T�m�`�2 �2�M�/ �K�2�K�#�2�`�b ���`�2 �+�?�Q�b�2�M �7�`�Q�K �i�?�2 �l�a�:�a �(�j�j�)�- �1�+�Q�b�i�`�2�b�b �(�R�8�) ���M�/ �1�+�Q�a�A�a �(�j�9�) �a�T�2�+�i�`���H

�G�B�#�`���`�B�2�b ���M�/ ���`�2 �`�2�b���K�T�H�2�/ �i�Q �+�Q�M�i���B�M �j�R�8 �`�2�7�H�2�+�i���M�+�2 �#���M�/�b �Q�p�2�` �j�3�y�@�k�R�8�y �M�K �r���p�2�H�2�M�;�i�?



�k�Y�k�Y �B�è�ÿ�ã�¶�è�¶�é���ž���Ô�ñ�é �k�N

�`���M�;�2�X

�6�Q�` �2�t���K�T�H�2�- �� �b�v�M�i�?�2�i�B�+ �/���i���b�2�i �r�B�i�? �i�r�Q �2�M�/ �K�2�K�#�2�`�b�- �b�Q�B�H ���M�/ �i�`�2�2 �B�b �;�2�M�2�`���i�2�/ ���b �7�Q�H�H�Q�r�b�,

�1���+�? �i�`���B�M�B�M�; �b���K�T�H�2 �B�M �i�?�2 �/���i���b�2�i �B�b �� �K�B�t�2�/ �T�B�t�2�H �+�Q�K�T�Q�b�2�/ �Q�7 �K�Q�`�2 �i�?���M �Q�M�2 �K���i�2�`�B���H �Q�7

�/�B�7�7�2�`�2�M�i �+�Q�K�T�Q�b�B�i�B�Q�M�b�X �q�2 �7�B�`�b�i �b�B�K�m�H���i�2 �R�y�y�y �i�`���B�M�B�M�; �b���K�T�H�2�b �r�?�2�`�2 �i�?�2 �K���D�Q�` �2�M�/ �K�2�K�#�2�`

�B�b �b�Q�B�H�X �1���+�? �Q�7 �i�?�2 �/���i�� �b���K�T�H�2�b �?���b �b�Q�B�H �+�Q�K�T�Q�b�B�i�B�Q�M �p���`�v�B�M�; �#�2�i�r�2�2�M �N�y�W �i�Q �R�y�y�W�X �h�?���i �B�b�-

�� �p���H�m�2 �T �b�m�+�? �i�?���i �y�X�N �I �T �I�R�- �B�b �`���M�/�Q�K�H�v �;�2�M�2�`���i�2�/ �r�?�B�+�? �+�Q�M�b�i�B�i�m�i�2�b �i�?�2 �b�Q�B�H ���#�m�M�/���M�+�2

�B�M �i�?�2 �T�B�t�2�H�X �a�B�M�+�2 �i�?�2 �i�Q�i���H ���#�m�M�/���M�+�2 �7�`���+�i�B�Q�M �B�M �� �T�B�t�2�H �K�m�b�i �b�m�K �m�T �i�Q �R�- �i�?�2 �`�2�K���B�M�B�M�;

�U�R�@�T�V �+�Q�K�T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �T�B�t�2�H �B�b �i�`�2�2�X �� �H�B�M�2���`�H�v �K�B�t�2�/ �T�B�t�2�H �U�t�V �+�Q�M�b�B�b�i�B�M�; �Q�7 �b�Q�B�H ���M�/ �i�`�2�2

�r�B�i�? �T ���M�/ �R�@�T ���#�m�M�/���M�+�2�b �`�2�b�T�2�+�i�B�p�2�H�v �B�b �;�2�M�2�`���i�2�/ ���b �7�Q�H�H�Q�r�b �,

x = p � spectra�nsoil + (1 � p) � spectra�ntree �U�j�X�3�V

�r�?�2�`�2 �b�T�2�+�i�`���n�b�Q�B�H ���M�/ �b�T�2�+�i�`���n�i�`�2�2 �`�2�T�`�2�b�2�M�i �i�?�2 �j�R�8 �/�B�K�2�M�b�B�Q�M �T�m�`�2�- �`�2�7�H�2�+�i���M�+�2 �b�T�2�+�i�`��

�Q�7 �b�Q�B�H ���M�/ �i�`�2�2 �7�`�Q�K �i�?�2 �b�T�2�+�i�`���H �H�B�#�`���`�v�X

�A�7 �� �i�`���B�M�B�M�; �b���K�T�H�2 �B�b �;�2�M�2�`���i�2�/ �r�B�i�? �R�y�y�W ���#�m�M�/���M�+�2 �Q�7 �b�Q�B�H ���M�/ �y�W ���#�m�M�/���M�+�2 �Q�7 �i�`�2�2�-

�i�?�2�M �B�i �`�2�T�`�2�b�2�M�i�b �i�?�2 �T�m�`�2 �b�Q�B�H �b�T�2�+�i�`���X

�a�B�K�B�H���`�H�v�- �i�?�2 �M�2�t�i �R�y�y�y �i�`���B�M�B�M�; �b���K�T�H�2�b ���`�2 �;�2�M�2�`���i�2�/ �r�B�i�? �i�`�2�2 ���b �i�?�2 �K���D�Q�` �2�M�/ �K�2�K�#�2�`�X

�h�?�m�b�- �i�?�2�`�2 ���`�2 �� �i�Q�i���H �Q�7 �k�y�y�y �K�B�t�2�/ �T�B�t�2�H�b �r�B�i�? �/�B�7�7�2�`�2�M�i�- �`���M�/�Q�K�H�v �;�2�M�2�`���i�2�/ �T�`�Q�T�Q�`�i�B�Q�M�b

�Q�7 �b�Q�B�H ���M�/ �i�`�2�2�X �h�?�2�b�2 �k�y�y�y �b���K�T�H�2�b �+�Q�M�b�B�b�i �Q�7 �R�y�y�y �b���K�T�H�2�b �7�Q�` �2���+�? �2�M�/ �K�2�K�#�2�`�X

�6�Q�` �;�2�M�2�`���i�B�M�; �� �b�v�M�i�?�2�i�B�+ �/���i���b�2�i �r�B�i�? �K�Q�`�2 �i�?���M �i�r�Q �2�M�/ �K�2�K�#�2�`�b�- �i�?�2 �K���D�Q�` �2�M�/ �K�2�K�#�2�`

�B�b �b�B�K�m�H���i�2�/ �r�B�i�? ���M ���#�m�M�/���M�+�2 �T�m�`�B�i�v �Q�7 �T�- �r�?�2�`�2 �T �p���`�B�2�b �#�2�i�r�2�2�M �y�X�3�@�R�X�y �U�B�X�2�X�- �3�y�@�R�y�y�W�V�X

�h�?�2 �`�2�K���B�M�B�M�; �U�R�@�T�V �7�`���+�i�B�Q�M �B�b �+�Q�M�b�i�B�i�m�i�2�/ �#�v ���H�H �i�?�2 �/�B�7�7�2�`�2�M�i �2�M�/ �K�2�K�#�2�`�b �r�B�i�? �`���M�/�Q�K�H�v

�;�2�M�2�`���i�2�/ �T�`�Q�T�Q�`�i�B�Q�M�b �b�m�+�? �i�?���i �i�?�2 �i�Q�i���H �+�Q�K�T�Q�b�B�i�B�Q�M �Q�7 ���H�H �i�?�2 �2�M�/ �K�2�K�#�2�`�b �B�M �2���+�? �b���K�T�H�2



�j�y �+�Ñ�ž�ÿ���¶�� �k�Y �K�¶���Ñ�ñ�²�ñ�ã�ñ�Ì�-

�b�m�K�b �m�T �i�Q �R�X�y�X �6�Q�` �2�t���K�T�H�2�- �+�Q�M�b�B�/�2�` �� �/���i���b�2�i �r�B�i�? �i�`�2�2�- �b�Q�B�H ���M�/ �`�Q���/ �2�M�/ �K�2�K�#�2�`�b �r�B�i�? ��
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�r�B�i�? �i�?�2 �b�Q�B�H �+�Q�K�T�Q�b�B�i�B�Q�M �T�- �b�m�+�? �i�?���i �T �H�B�2�b �#�2�i�r�2�2�M �y�X�3�@�R�X�y�X �a�m�T�T�Q�b�2 �i�?�2 �p���H�m�2 �Q�7 �T �B�b �y�X�3�8�-

�i�?�2�M �i�?�2 �+�Q�K�T�Q�b�B�i�B�Q�M �Q�7 �i�`�2�2 �B�M �i�?�B�b �T�B�t�2�H�- �B�X�2�X �[�- �B�b �`���M�/�Q�K�H�v �;�2�M�2�`���i�2�/ �;�2�M�2�`���i�2�/ �b�m�+�? �i�?���i

�[ �p���`�B�2�b �#�2�i�r�2�2�M �y�@�y�X�R�8�X �6�Q�` �2�t���K�T�H�2�- �B�7 �i�?�2 �p���H�m�2 �Q�7 �[ �B�b �y�X�R�y�- �i�?�2�M �i�?�2 �+�Q�K�T�Q�b�B�i�B�Q�M �Q�7 �`�Q���/

�B�M �i�?�B�b �T�B�t�2�H �b�?�Q�m�H�/ �#�2 �y�X�y�8 �b�B�M�+�2 �i�?�2 �i�Q�i���H �+�Q�K�T�Q�b�B�i�B�Q�M �Q�7 �b�Q�B�H�- �i�`�2�2 ���M�/ �`�Q���/ �b�?�Q�m�H�/ ���/�/ �m�T

�i�Q �R�X�y�X �a�B�K�B�H���`�H�v�- �� �i�Q�i���H �Q�7 �R�y�y�y �i�`���B�M�B�M�; �/���i�� �b���K�T�H�2�b ���`�2 �;�2�M�2�`���i�2�/ �r�B�i�? �b�Q�B�H ���b �i�?�2 �K���D�Q�`

�2�M�/ �K�2�K�#�2�`�X �h�?�2 �b���K�2 �T�`�Q�+�2�/�m�`�2 �B�b �`�2�T�2���i�2�/ �i�Q �;�2�M�2�`���i�2 �R�y�y�y �K�B�t�2�/ �T�B�t�2�H�b �r�B�i�? �i�`�2�2 ���b

�i�?�2 �K���D�Q�` �2�M�/ �K�2�K�#�2�` ���M�/ ���M�Q�i�?�2�` �R�y�y�y �K�B�t�2�/ �T�B�t�2�H�b �r�B�i�? �`�Q���/ ���b �i�?�2 �K���D�Q�` �2�M�/ �K�2�K�#�2�`�X

�h�?�2 �K���D�Q�` �2�M�/ �K�2�K�#�2�` �B�M �� �T�B�t�2�H �?���b ���M ���#�m�M�/���M�+�2 �Q�7 ���i �H�2���b�i �y�X�3�y �r�?�2�M �i�?�2�`�2 ���`�2 �K�Q�`�2

�i�?���M �i�r�Q �2�M�/ �K�2�K�#�2�`�b �B�M�b�i�2���/ �Q�7 �y�X�N�y �B�M �Q�`�/�2�` �i�Q �?���p�2 �� �#�2�i�i�2�` �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 ���H�H �i�?�2 �2�M�/

�K�2�K�#�2�`�b �B�M �i�?�2 �K�B�t�2�/ �T�B�t�2�H�X

�q�2 �?���p�2 �+�Q�M�b�B�/�2�`�2�/ �b�+�2�M���`�B�Q�b �r�B�i�? �/�B�7�7�2�`�2�M�i �i�v�T�2�b �Q�7 �H���M�/ �+�Q�p�2�` ���M�/ �/�B�7�7�2�`�2�M�i �M�m�K�#�2�` �Q�7

�i�`���B�M�B�M�; �b���K�T�H�2�b �B�M �Q�`�/�2�` �i�Q �2�7�7�2�+�i�B�p�2�H�v ���b�b�2�b�b �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 ���m�i�Q�2�M�+�Q�/�2�` �B�M �i�?�2 �H���M�/

�+�Q�p�2�` �[�m���M�i�B�7�B�+���i�B�Q�M �i���b�F�X �h�?�2 �/�B�7�7�2�`�2�M�i �b�i�m�/�B�2�b �T�2�`�7�Q�`�K�2�/ �Q�M �b�v�M�i�?�2�i�B�+ �/���i�� ���`�2 �/�2�b�+�`�B�#�2�/

�#�2�H�Q�r�,

�R�X�.�B�7�7�2�`�2�M�i �M�m�K�#�2�` �Q�7 �H���M�/ �+�Q�p�2�`�b

�h�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 ���m�i�Q�2�M�+�Q�/�2�` �B�b �2�p���H�m���i�2�/ �Q�M �b�B�K�m�H���i�2�/ �/���i�� �r�B�i�? �i�r�Q�- �i�?�`�2�2�-

�7�Q�m�` ���M�/ �7�B�p�2 �2�M�/ �K�2�K�#�2�`�b �r�B�i�? �R�y�y�y �i�`���B�M�B�M�; �b���K�T�H�2�b �T�2�` �2�M�/ �K�2�K�#�2�` �+�H���b�b �i�Q ���M���H�v�x�2

�?�Q�r �i�?�2 �K�Q�/�2�H �#�2�?���p�2�b �r�?�2�M �i�?�2�`�2 ���`�2 �/�B�7�7�2�`�2�M�i �M�m�K�#�2�` �Q�7 �H���M�/ �+�Q�p�2�`�b �i�Q �#�2 �B�/�2�M�i�B�7�B�2�/

�B�M �� �;�B�p�2�M �?�v�T�2�`�b�T�2�+�i�`���H �B�K���;�2 �b�+�2�M�2�X

�k�X�.�B�7�7�2�`�2�M�i �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �H���M�/ �+�Q�p�2�`�b

�A�M �Q�`�/�2�` �i�Q �2�p���H�m���i�2 �i�?�2 �K�Q�/�2�H �#�2�?���p�B�Q�` �B�M �B�K���;�2 �b�+�2�M�2�b �r�B�i�? �/�B�7�7�2�`�2�M�i �/�B�b�i�`�B�#�m�i�B�Q�M

�Q�7 �i�?�2 �H���M�/ �+�Q�p�2�`�b�- �/���i���b�2�i�b ���`�2 �b�B�K�m�H���i�2�/ �r�B�i�? �/�B�7�7�2�`�2�M�i �M�m�K�#�2�` �Q�7 �i�`���B�M�B�M�; �b���K�T�H�2�b

�7�Q�` �2���+�? �2�M�/ �K�2�K�#�2�`�X �6�Q�` �� �i�r�Q �2�M�/ �K�2�K�#�2�` �/���i���b�2�i �+�Q�M�b�B�b�i�B�M�; �Q�7 �b�Q�B�H ���M�/ �i�`�2�2 �H���M�/



�k�Y�k�Y �B�è�ÿ�ã�¶�è�¶�é���ž���Ô�ñ�é �j�R

�+�Q�p�2�`�b �r�B�i�? �� �i�Q�i���H �Q�7 �k�y�y�y �b���K�T�H�2�b�- �r�2 �b�B�K�m�H���i�2 �i�`���B�M�B�M�; �/���i�� �r�B�i�? �8�y�,�8�y�- �e�y�,�9�y�- �3�y�,�k�y

���M�/ �N�y�,�R�y �+�Q�K�T�Q�b�B�i�B�Q�M�b �Q�7 �i�`�2�2�,�b�Q�B�H�X �6�Q�` �2�t���K�T�H�2�- �B�M �� �/���i���b�2�i �r�B�i�? �8�y�,�8�y �T�`�Q�T�Q�`�i�B�Q�M �Q�7

�i�`�2�2�,�b�Q�B�H�- �i�?�2�`�2 ���`�2 �R�y�y�y �i�`���B�M�B�M�; �b���K�T�H�2�b �i�?���i ���`�2 �K�B�t�2�/ �T�B�t�2�H�b �r�B�i�? �b�Q�B�H ���b �i�?�2 �K���D�Q�`

�2�M�/ �K�2�K�#�2�`�X �1���+�? �Q�7 �i�?�2�b�2 �R�y�y�y �b���K�T�H�2�b �?���p�2 �� �N�y�@�R�y�y�W �+�Q�K�T�Q�b�B�i�B�Q�M �Q�7 �b�Q�B�H ���M�/

�y�@�R�y�W �+�Q�K�T�Q�b�B�i�B�Q�M �Q�7 �i�`�2�2�X �h�?�2 �b���K�2 �/���i���b�2�i ���H�b�Q �+�Q�M�b�B�b�i�b �Q�7 ���M�Q�i�?�2�` �R�y�y�y �i�`���B�M�B�M�;

�b���K�T�H�2�b �i�?���i �?���p�2 �i�`�2�2 ���b �i�?�2 �K���D�Q�` �2�M�/ �K�2�K�#�2�`�X �1���+�? �Q�7 �i�?�2�b�2 �T�B�t�2�H�b �+�Q�M�b�B�b�i �Q�7 �N�y�@

�R�y�y�W �+�Q�K�T�Q�b�B�i�B�Q�M �Q�7 �i�`�2�2 ���M�/ �i�?�2 �`�2�K���B�M�B�M�; �y�@�R�y�W �B�b �+�Q�M�b�i�B�i�m�i�2�/ �#�v �b�Q�B�H�X

�a�B�K�B�H���`�H�v�- �� �/���i���b�2�i �r�B�i�? �e�y�,�9�y �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �i�`�2�2�,�b�Q�B�H �r�B�i�? �� �i�Q�i���H �Q�7 �k�y�y�y �i�`���B�M�B�M�;

�b���K�T�H�2�b �+�Q�M�b�B�b�i�b �Q�7 �R�k�y�y �K�B�t�2�/ �T�B�t�2�H�b �r�B�i�? �i�`�2�2 ���b �i�?�2 �K���D�Q�` �2�M�/ �K�2�K�#�2�` �r�B�i�? �N�y�@

�R�y�y�W �T�B�t�2�H ���#�m�M�/���M�+�2 ���M�/ �3�y�y �K�B�t�2�/ �T�B�t�2�H�b �r�B�i�? �b�Q�B�H ���b �i�?�2 �K���D�Q�` �2�M�/ �K�2�K�#�2�` �r�B�i�?

�N�y�@�R�y�y�W �T�B�t�2�H ���#�m�M�/���M�+�2�X

�j�X�.�B�7�7�2�`�2�M�i �H���M�/ �+�Q�p�2�`�b

�A�M �i�?�2 �1�t�T�2�`�B�K�2�M�i�R�/�2�b�+�`�B�#�2�/ ���#�Q�p�2�- �i�?�2 �i�r�Q �2�M�/ �K�2�K�#�2�` �/���i���b�2�i �+�Q�M�b�B�b�i�b �Q�7 �i�`�2�2 ���M�/

�b�Q�B�H�- �i�?�2 �i�?�`�2�2 �2�M�/ �K�2�K�#�2�` �b�2�i �+�Q�M�b�B�b�i�b �Q�7 �k �F�B�M�/�b �Q�7 �i�`�2�2�b ���M�/ �b�Q�B�H�- �i�?�2 �7�Q�m�` �K�2�K�#�2�`

�/���i���b�2�i �B�M�+�H�m�/�2�b �k �F�B�M�/�b �Q�7 �i�`�2�2�b�- �b�Q�B�H ���M�/ �`�Q���/�- ���M�/ �i�?�2 �7�B�p�2 �K�2�K�#�2�` �/���i���b�2�i �B�M�+�H�m�/�2�b

�i�`�2�2�- �b�Q�B�H�- �r���i�2�`�- �`�Q���/ ���M�/ �`�Q�Q�7�X �h�?�2�b�2 �2�t�T�2�`�B�K�2�M�i�b �?�2�H�T �i�Q ���M���H�v�x�2 �i�?�2 ���m�i�Q�2�M�+�Q�/�2�`�ö�b

�T�2�`�7�Q�`�K���M�+�2 �Q�M �/�B�7�7�2�`�2�M�i �H���M�/ �+�Q�p�2�`�b�X

�9�X�.�B�7�7�2�`�2�M�i �b�B�x�2�b �Q�7 �H���M�/ �+�Q�p�2�`�b

�h�?�2 ���m�i�Q�2�M�+�Q�/�2�` �B�b �2�p���H�m���i�2�/ �Q�M �i�`���B�M�B�M�; �/���i���b�2�i�b �r�B�i�? �R�y�y�- �R�y�y�y ���M�/ �R�y�-�y�y�y�y �b���K�T�H�2�b

�T�2�` �+�H���b�b �+�Q�M�b�B�b�i�B�M�; �Q�7 �i�r�Q �K���i�2�`�B���H�b�- �b�Q�B�H ���M�/ �i�`�2�2�- �i�Q ���b�b�2�b �i�?�2 �b�+���H���#�B�H�B�i�v �Q�7 �i�?�2 �K�Q�/�2�H

�B�M �`�2�;�B�Q�M�b �r�B�i�? �/�B�7�7�2�`�2�M�i �b�B�x�2�b �Q�7 �H���M�/ �+�Q�p�2�`�b�X

�1�p���H�m���i�B�Q�M �J�2�i�`�B�+�b�,

�h�?�2 �m�M�K�B�t�2�/ �2�M�/ �K�2�K�#�2�` �b�T�2�+�i�`�� ���`�2 �[�m���M�i�B�i���i�B�p�2�H�v �2�p���H�m���i�2�/ �#�v �+�Q�K�T���`�B�M�; �i�?�2�K �i�Q �i�?�2

�+�Q�K�T�Q�M�2�M�i�b �B�M �i�?�2 �b�T�2�+�i�`���H �H�B�#�`���`�v �m�b�B�M�;�*�Q�b�B�M�2 �b�B�K�B�H���`�B�i�v���M�/�J�2���M �a�[�m��� �̀2 �1�`� �̀Q�`�K�2�i�`�B�+�b�X



�j�k �+�Ñ�ž�ÿ���¶�� �k�Y �K�¶���Ñ�ñ�²�ñ�ã�ñ�Ì�-

�6�m�`�i�?�2�`�- �[�m���H�B�i���i�B�p�2 �2�p���H�m���i�B�Q�M �B�b �T�2�`�7�Q�`�K�2�/ �i�?�`�Q�m�;�? �p�B�b�m���H�B�x���i�B�Q�M �Q�7 �i�?�2 �b�T�2�+�i�`���X

�*�Q�b�B�M�2 �b�B�K�B�H���`�B�i�v �;�B�p�2�b ���M �B�M�/�B�+���i�B�Q�M �Q�7 �?�Q�r �+�H�Q�b�2 �i�r�Q �p�2�+�i�Q�`�b ���`�2 �#�v �+���H�+�m�H���i�B�M�; �i�?�2 �+�Q�b�B�M�2

�Q�7 �i�?�2 ���M�;�H�2 �#�2�i�r�2�2�M �i�?�2�K�X �h�?�2 �+�Q�b�B�M�2 �b�B�K�B�H���`�B�i�v �#�2�i�r�2�2�M �i�r�Q �M�@�/�B�K�2�M�b�B�Q�M���H �p�2�+�i�Q�`�b�- �� ���M�/

�"�- �B�b �+���H�+�m�H���i�2�/ ���b �7�Q�H�H�Q�r�b �(�j�)�,
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�J�2���M �b�[�m���`�2 �2�`�`�Q�` �U�J�a�1�V �B�b �� �K�2�i�`�B�+ �i�?���i �K�2���b�m�`�2�b �i�?�2 ���p�2�`���;�2 �b�[�m���`�2�/ �/�B�7�7�2�`�2�M�+�2 �#�2�i�r�2�2�M

�i�?�2 �2�b�i�B�K���i�2�/ �p���H�m�2ŷi ���M�/ �i�?�2 ���+�i�m���H �p���H�m�2yi �B�b �+���H�+�m�H���i�2�/ �m�b�B�M�; �i�?�2 �7�Q�H�H�Q�r�B�M�; �2�[�m���i�B�Q�M �(�9�) �,

MSE =
1
n
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(yi � ŷi )2 �U�j�X�R�y�V

�r�?�2�`�2 �M �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �/���i�� �T�Q�B�M�i�b �a�B�M�+�2 �i�?�2 �b�?���T�2 �Q�7 �i�?�2 �`�2�7�H�2�+�i���M�+�2 �T���i�i�2�`�M �B�b �/�B�7�7�2�`�2�M�i

�7�Q�` �/�B�7�7�2�`�2�M�i �K���i�2�`�B���H�b�- �+�Q�b�B�M�2 �b�B�K�B�H���`�B�i�v �B�b �� �b�m�B�i���#�H�2 �K�2�i�`�B�+ �i�Q �/�B�7�7�2�`�2�M�i�B���i�2 �#�2�i�r�2�2�M �i�?�2

�p���`�B�Q�m�b �H���M�/ �+�Q�p�2�` �i�v�T�2�b ���b �B�i �+���T�i�m�`�2�b �i�?�2 �p���`�B���i�B�Q�M �B�M �b�?���T�2�b�X �h�?�2 �b�?���T�2 �Q�7 �i�?�2 �b�T�2�+�i�`��
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�h�?�2 ���m�i�Q�2�M�+�Q�/�2�` �K�Q�/�2�H �B�b �2�p���H�m���i�2�/ �Q�M �?�v�T�2�`�b�T�2�+�i�`���H �B�K���;�2�b �Q�7 �/�B�7�7�2�`�2�M�i �b�B�x�2�b �B�M �Q�`�/�2�`

�i�Q �b�i�m�/�v �i�?�2 �b�+���H���#�B�H�B�i�v �Q�7 �i�?�2 �i�2�+�?�M�B�[�m�2 �i�Q �`�2�;�B�Q�M�b �r�B�i�? �/�B�7�7�2�`�2�M�i �b�B�x�2�b �Q�7 �H���M�/ �+�Q�p�2�`�b�X

�>�2�`�2 �� �`�2���b�Q�M���#�H�2 ���b�b�m�K�T�i�B�Q�M �B�b �K���/�2 �i�?���i �� �H���`�;�2�` �?�v�T�2�`�b�T�2�+�i�`���H �B�K���;�2 �b�+�2�M�2 �`�2�T�`�2�@

�b�2�M�i�b �H���`�;�2�` �H���M�/ �+�Q�p�2�`�b ���b �B�i �b�T���M�b �Q�p�2�` �� �r�B�/�2�` ���`�2���X �1�t�T�2�`�B�K�2�M�i�b ���`�2 �T�2�`�7�Q�`�K�2�/ �Q�M

�`�2�;�B�Q�M�b �r�B�i�? �/�B�K�2�M�b�B�Q�M�b �R�y�y�K �t �R�y�y�K�- �k�y�y�K �t �k�y�y�K�- �R�y�y�y�K �t �R�y�y�y�K�- �9�y�y�y�K �t �9�y�y�y�K

���M�/ �8�y�y�y�K �t�8�y�y�y�K�X

�j�X�*�Q�K�T���`�B�b�Q�M �r�B�i�? �b�m�T�2�`�p�B�b�2�/ �i�2�+�?�M�B�[�m�2�b

�h�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 ���m�i�Q�2�M�+�Q�/�2�` �B�b �+�Q�K�T���`�2�/ �i�Q �b�2�p�2�`���H �b�m�T�2�`�p�B�b�2�/ �/�2�2�T �H�2���`�M�B�M�;

�K�2�i�?�Q�/�b �b�m�+�? ���b �a�m�T�T�Q�`�i �o�2�+�i�Q�` �J���+�?�B�M�2 �U�a�o�J�V�- �_���M�/�Q�K �6�Q�`�2�b�i �U�_�6�V ���M�/ �M�2�m�`���H

�M�2�i�r�Q�`�F�b�X

�9�X�*�Q�K�T���`�B�b�Q�M �r�B�i�? �m�M�b�m�T�2�`�p�B�b�2�/ �i�2�+�?�M�B�[�m�2�b

�h�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 ���m�i�Q�2�M�+�Q�/�2�` �B�b �+�Q�K�T���`�2�/ �i�Q �Q�i�?�2�` �m�M�b�m�T�2�`�p�B�b�2�/ �i�2�+�?�M�B�[�m�2�b �b�m�+�?

���b �E�@�J�2���M�b�- �L�@�6�B�M�/�` ���M�/ �o�*���X �E�@�J�2���M�b �B�b ���M �m�M�b�m�T�2�`�p�B�b�2�/ �+�H�m�b�i�2�`�B�M�; ���H�;�Q�`�B�i�?�K �i�?���i

�i�`�B�2�b �i�Q �+�H���b�b�B�7�v �i�?�2 �B�M�T�m�i �b�T�2�+�i�`�� �B�M�i�Q �/�B�7�7�2�`�2�M�i �+�H�m�b�i�2�`�b ���M�/ �i�?�2 �+�2�M�i�`�Q�B�/ �Q�7 �2���+�? �+�H�m�b�i�2�`

�+�Q�`�`�2�b�T�Q�M�/�b �i�Q ���M �2�M�/ �K�2�K�#�2�` �b�T�2�+�i�`���H �b�B�;�M���i�m�`�2�X �L�@�6�B�M�/�` �(�j�e�) ���M�/ �o�*�� �(�R�d�) ���`�2

�i�`���/�B�i�B�Q�M���H �b�T�2�+�i�`���H �m�M�K�B�t�B�M�; ���H�;�Q�`�B�i�?�K�b �#���b�2�/ �Q�M �;�2�Q�K�2�i�`�B�+ �K�2�i�?�Q�/�b�X

�8�X�*�Q�K�T���`�B�b�Q�M �r�B�i�? �H���M�/ �+�Q�p�2�` �+�H���b�b�B�7�B�+���i�B�Q�M �b�i���M�/���`�/

�L���i�B�Q�M���H �G���M�/ �*�Q�p�2�` �.���i���#���b�2 �U�L�G�*�. �V �B�b �� �l�a�:�a �b�i���M�/���`�/ �7�Q�` �H���M�/ �+�Q�p�2�` �+�H���b�b�B�7�B�@

�+���i�B�Q�M �(�j�k�)�X �A�i �+�Q�M�b�B�b�i�b �Q�7 �k�y �2�+�Q�b�v�b�i�2�K �+�H���b�b�2�b �7�Q�` �+�H���b�b�B�7�v�B�M�; �i�?�2 �H���M�/ �+�Q�p�2�`�b�X �L�G�*�.

�b�2�`�p�2�b ���b �i�?�2 �/�2�7�B�M�B�i�B�p�2 �G���M�/�b���i�@�#���b�2�/�- �j�y�@�K�2�i�2�` �`�2�b�Q�H�m�i�B�Q�M�- �H���M�/ �+�Q�p�2�` �/���i���#���b�2 �7�Q�` �i�?�2

�l�a�X �A�i �b�m�T�T�Q�`�i�b �� �p���`�B�2�i�v �Q�7 �6�2�/�2�`���H�- �a�i���i�2�- �H�Q�+���H�- ���M�/ �M�Q�M�;�Q�p�2�`�M�K�2�M�i���H ���T�T�H�B�+���i�B�Q�M�b



�k�Y�k�Y �B�è�ÿ�ã�¶�è�¶�é���ž���Ô�ñ�é �j�d

�i�?���i �b�2�2�F �i�Q ���b�b�2�b�b �2�+�Q�b�v�b�i�2�K �b�i���i�m�b ���M�/ �?�2���H�i�?�- �m�M�/�2�`�b�i���M�/ �i�?�2 �b�T���i�B���H �T���i�i�2�`�M�b �Q�7

�#�B�Q�/�B�p�2�`�b�B�i�v�- �T�`�2�/�B�+�i �2�7�7�2�+�i�b �Q�7 �+�H�B�K���i�2 �+�?���M�;�2�- ���M�/ �/�2�p�2�H�Q�T �H���M�/ �K���M���;�2�K�2�M�i �T�Q�H�B�+�v�X

�h�?�2 �/�B�7�7�2�`�2�M�i �+�H���b�b�2�b �Q�7 �i�?�2 �L�G�*�. �b�i���M�/���`�/ ���`�2�,

�U���V�P�T�2�M �q���i�2�`

�U�#�V�S�2�`�2�M�M�B���H �A�+�2�f �a�M�Q�r

�U�+�V�.�2�p�2�H�Q�T�2�/�- �P�T�2�M �a�T���+�2

�U�/�V�.�2�p�2�H�Q�T�2�/�- �G�Q�r �A�M�i�2�M�b�B�i�v

�U�2�V�.�2�p�2�H�Q�T�2�/�- �J�2�/�B�m�K �A�M�i�2�M�b�B�i�v

�U�7�V�.�2�p�2�H�Q�T�2�/�- �>�B�;�? �A�M�i�2�M�b�B�i�v

�U�;�V�"���`�`�2�M �G���M�/ �U�_�Q�+�F�f�a���M�/�f�*�H���v�V

�U�?�V�.�2�+�B�/�m�Q�m�b �6�Q�`�2�b�i

�U�B�V�1�p�2�`�;�`�2�2�M �6�Q�`�2�b�i

�U�D�V�J�B�t�2�/ �6�Q�`�2�b�i

�U�F�V�.�r���`�7 �a�+�`�m�#

�U�H�V�a�?�`�m�#�f�a�+�`�m�#

�U�K�V�:�`���b�b�H���M�/�f�>�2�`�#���+�2�Q�m�b

�U�M�V�a�2�/�;�2�f�>�2�`�#���+�2�Q�m�b

�U�Q�V�G�B�+�?�2�M�b

�U�T�V�J�Q�b�b

�U�[�V�S���b�i�m�`�2�f�>���v

�U�`�V�*�m�H�i�B�p���i�2�/ �*�`�Q�T�b

�U�b�V�q�Q�Q�/�v �q�2�i�H���M�/�b



�j�3 �+�Ñ�ž�ÿ���¶�� �k�Y �K�¶���Ñ�ñ�²�ñ�ã�ñ�Ì�-

�U�i�V�1�K�2�`�;�2�M�i �>�2�`�#���+�2�Q�m�b �q�2�i�H���M�/�b

�h�?�2 �H���M�/ �+�Q�p�2�` �+�H���b�b�2�b �Q�#�i���B�M�2�/ �#�v �i�?�2 ���m�i�Q�2�M�+�Q�/�2�` ���`�2 �+�Q�K�T���`�2�/ �r�B�i�? �i�?�2 �2�t�B�b�i�B�M�;

�L�G�*�. �+�H���b�b�B�7�B�+���i�B�Q�M �i�Q ���b�b�2�b�b �i�?�2 ���+�+�m�`���+�v �Q�7 �i�?�2 ���m�i�Q�2�M�+�Q�/�2�`�X

�1�p���H�m���i�B�Q�M �K�2�i�`�B�+�b�,

�U�B�V�h�?�2 �2�M�/ �K�2�K�#�2�` �b�T�2�+�i�`�� �m�M�K�B�t�2�/ �#�v �i�?�2 ���m�i�Q�2�M�+�Q�/�2�` ���`�2 �[�m���H�B�i���i�B�p�2�H�v �2�p���H�m���i�2�/ �#�v

�p�B�b�m���H�B�x���i�B�Q�M �Q�7 �i�?�2 �b�T�2�+�i�`���X �6�m�`�i�?�2�`�- �[�m���M�i�B�i���i�B�p�2 �2�p���H�m���i�B�Q�M �B�b �T�2�`�7�Q�`�K�2�/ �#�v �+�Q�K�T���`�@

�B�M�; �i�?�2�K �i�Q �i�?�2 �T�m�`�2 �b�T�2�+�i�`�� �B�M �i�?�2 �b�T�2�+�i�`���H �H�B�#�`���`�v �m�b�B�M�;�+�Q�b�B�M�2 �b�B�K�B�H���`�B�i�v���M�/�K�2���M

�b�[�m��� �̀2 �2�`� �̀Q�`�K�2�i�`�B�+�b�X

�U�B�B�V�h�?�2 �T�2�`�+�2�M�i���;�2 �+�Q�K�T�Q�b�B�i�B�Q�M �Q�7 �2���+�? �2�M�/ �K�2�K�#�2�` �B�b �+���H�+�m�H���i�2�/ ���M�/ �+�Q�K�T���`�2�/ �i�Q �i�?�2

�;�`�Q�m�M�/ �i�`�m�i�? ���#�m�M�/���M�+�2 �p���H�m�2�X���#�m�M�/���M�+�2 �K���T�b���`�2 �;�2�M�2�`���i�2�/ �7�Q�` �[�m���H�B�i���i�B�p�2 �2�p���H�m���@

�i�B�Q�M �Q�7 �i�?�2 �H���M�/ �+�Q�p�2�` ���#�m�M�/���M�+�2�b�X

�U�B�B�B�V�h�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�2 ���m�i�Q�2�M�+�Q�/�2�` ���`�2 �+�Q�K�T���`�2�/ �i�Q �i�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�2 �b�m�T�2�`�p�B�b�2�/ �H�2���`�M�@

�B�M�; �K�2�i�?�Q�/�b �m�b�B�M�;�T� �̀2�+�B�b�B�Q�M�-� �̀2�+���H�H���M�/�6�R �a�+�Q� �̀2�K�2�i�`�B�+�b �r�?�B�+�? ���`�2 �2�t�T�H���B�M�2�/ �B�M �i�?�2

�7�Q�H�H�Q�r�B�M�; �2�[�m���i�B�Q�M�b �(�k�8�)�,

P recision =
TruePositive

T ruePositive + FalsePositive
�U�j�X�R�k�V

Recall =
T ruePositive

T ruePositive + FalseNegative
�U�j�X�R�j�V

F 1Score=
2 � P recision � Recall

P recision + Recall
�U�j�X�R�9�V

�r�?�2�`�2 �h�`�m�2 �S�Q�b�B�i�B�p�2 �B�b �i�?�2 �+�Q�`�`�2�+�i�H�v �T�`�2�/�B�+�i�2�/ �T�Q�b�B�i�B�p�2 �p���H�m�2�- �h�`�m�2 �L�2�;���i�B�p�2 �B�b �i�?�2

�+�Q�`�`�2�+�i�H�v �T�`�2�/�B�+�i�2�/ �M�2�;���i�B�p�2 �p���H�m�2�- �6���H�b�2 �S�Q�b�B�i�B�p�2 �B�b �i�?�2 ���+�i�m���H �M�2�;���i�B�p�2 �+�H���b�b �i�?���i �B�b

�T�`�2�/�B�+�i�2�/ ���b �T�Q�b�B�i�B�p�2�- ���M�/ �6���H�b�2 �L�2�;���i�B�p�2 �B�b �i�?�2 ���+�i�m���H �T�Q�b�B�i�B�p�2 �+�H���b�b �i�?���i �B�b �T�`�2�/�B�+�i�2�/



�k�Y�k�Y �B�è�ÿ�ã�¶�è�¶�é���ž���Ô�ñ�é �j�N

���b �M�2�;���i�B�p�2�X

�U�B�p�V�h�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 ���m�i�Q�2�M�+�Q�/�2�` �B�b �+�Q�K�T���`�2�/ �r�B�i�? �i�?���i �Q�7 �i�?�2 �m�M�b�m�T�2�`�p�B�b�2�/ �i�2�+�?�@

�M�B�[�m�2�b �m�b�B�M�;�+�Q�b�B�M�2 �b�B�K�B�H���`�B�i�v�- �K�2���M �b�[�m��� �̀2 �2�`� �̀Q�`���M�/ �2�b�i�B�K���i�2�/ �T�2�`�+�2�M�i���;�2 ���#�m�M�@

�/���M�+�2�b�X



�*�?���T�i�2�` �9

�_�2�b�m�H�i�b

�A�M �i�?�B�b �+�?���T�i�2�`�- �r�2 �T�`�2�b�2�M�i �i�?�2 �`�2�b�m�H�i�b ���M�/ �2�p���H�m���i�B�Q�M�b �Q�7 �i�?�2 ���m�i�Q�2�M�+�Q�/�2�` �#���b�2�/ �H���M�/ �+�Q�p�2�`

�[�m���M�i�B�7�B�+���i�B�Q�M �Q�M ���H�H �/�B�7�7�2�`�2�M�i �/���i���b�2�i�b�X

�9�X�R �_�2�b�m�H�i�b �Q�7 �a�v�M�i�?�2�i�B�+ �.���i��

�h�?�2 �`�2�b�m�H�i�b �Q�7 �?�v�T�2�`�b�T�2�+�i�`���H �m�M�K�B�t�B�M�; �Q�M �b�v�M�i�?�2�i�B�+ �/���i�� ���`�2 �T�`�2�b�2�M�i�2�/ �#�2�H�Q�r�X

�9�X�R�X�R �1�t�T�2�`�B�K�2�M�i�b �r�B�i�? �/�B�7�7�2�`�2�M�i �M�m�K�#�2�` �Q�7 �H���M�/ �+�Q�p�2�`�b

�.���i���b�2�i�b ���`�2 �;�2�M�2�`���i�2�/ �r�B�i�? �k�- �j�- �9 ���M�/ �8 �/�B�7�7�2�`�2�M�i �H���M�/ �+�Q�p�2�`�b�X

�R�X�h�r�Q �2�M�/ �K�2�K�#�2�`�b

�� �/���i���b�2�i �r�B�i�? �i�r�Q �2�M�/ �K�2�K�#�2�`�b�- �M���K�2�H�v�- �i�`�2�2 ���M�/ �b�Q�B�H �2�M�/ �K�2�K�#�2�`�b �B�b �b�B�K�m�H���i�2�/ �r�B�i�?

�R�y�y�y �i�`���B�M�B�M�; �b���K�T�H�2�b �T�2�` �+�H���b�b ���M�/ �i�?�2 ���m�i�Q�2�M�+�Q�/�2�` �#���b�2�/ �m�M�K�B�t�B�M�; �B�b �T�2�`�7�Q�`�K�2�/�X

�h�?�2 �K�Q�/�2�H �T���`���K�2�i�2�`�b ���`�2�, ���m�i�Q�2�M�+�Q�/�2�` �r�B�i�? �9 �?�B�/�/�2�M �H���v�2�`�b �r�B�i�? �k�- �e�- �R�k�- �R�3 �m�M�B�i�b

�r�B�i�? �G�k �`�2�;�m�H���`�B�x���i�B�Q�M�- ���/���K �Q�T�i�B�K�B�x�2�` �r�B�i�? �y�X�y�8 �H�2���`�M�B�M�; �`���i�2�- �+�Q�b�B�M�2 �b�B�K�B�H���`�B�i�v �H�Q�b�b

�7�m�M�+�i�B�Q�M�- �#���i�+�? �b�B�x�2 �Q�7 �j�k ���M�/ �k�y�y �2�T�Q�+�?�b�X �h�?�2 �;�`�Q�m�M�/ �i�`�m�i�? �b�T�2�+�i�`�� �7�`�Q�K �i�?�2 �b�T�2�+�i�`���H
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