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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.

s

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 00000000 D0IIO0C00O0 or DOXNO0DDOO0 DODOIOOO. 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 DIII0000OO0 DIOOOCOOO. 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]
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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).
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Figure 1.3: Hyperspectral Image Cube [21, 3§]
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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 00000000OCO0C COOO0 0000, Every pixel in the image is the reflectance

spectrum of the corresponding region in the image scene.

000D 0Ooooboo notooodo

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 00000 00000
N ——— prdims

\ Hyperspectral
O .‘% imuging ‘ Spectian

i

! .qj:rl Iray
' | ‘

f‘w a=Fli, v, w)

Mixed Pixel

P

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]

00000000 DODI0I00. Each of the individual constituent spectra are called as 000 COOOJ00.
The process of predicting the percentage composition of each of the end member materials
present in the hyperspectral image is known as 000000000 0000000000, A land cover map
representing the distribution of the different end members in the image is called as 000000000
Qoo.

QoD Oooiooooooo

An O00O0DCOCOOOD 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 [II00I000OO0 0000000000000
or the 0000000 0000, 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.

Qo0 Uoubdbod tobobooboo

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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“iB7B+B H M2m jy) MNP OB (OiBOM H MR& “HMRIEBHFbH2 KQmMib (
H #2HH2/ bT2+i"  H/ i 7Q 2p2'v+ i2;Q vQ7K i2 B HT 2b2Mi BM

iQi?22TQTmH "BivQ7 mMbmT2 pBb2/ 72 im2H2 MBM; BM >aA i bF

a2p2’ H 2+2MRROKIEPKEKN]8) QM H M/ +Qp2° M/ p2:;2i iBQM +H bbB7
#22M2p Hm i2/ QM ?vT2 bT2+i° H+H bbB7B+ iBQM/ i b2ibbm+? bl
BM;iQM .* JjBRIH M/ i?2 bim/B2b QM ?2vT2 ' bT2+i° H mMKBtBM; ? p2 #
I"# M- a KbQM M/ C bT2" _BJR2 /M/b226A ? p2 MQi #22M K Mv bim/B
Mv Qi?2° "2 HrQ H// i b2ibX h?Bb Bb #2+ mb2 i?2 ;"QmM/ i mi? 7Q
H M/ +Qp2 b M/ i?2 7B2H/ bm p2v 7Q H #2HHBM; i?2 i 22 bT2+B2b
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M/ i?2 ;°QmM/ i'mi?b 7Q" i?2 #Qp2 K2MiBQM2/ / i b2ib 2 Tm#HB-
? pBM; +QKKQM / i b2i Bb M2+2bb v 7Q  #2M+?K "FBM:; M/ +QKT
MB[m2b- KQbi rQ"Fb ? p2 HBKBi2/ i?2B" bim/v iQ i?2b2 / i b2ib M/
Qi?2  ?2vT2 bT2+i  H 27H2+i M+2/ i b2ibX 6m i?2 -i?2b2 bi M/ /2
2ti’2K2HV bK HHX h?2 1"# M/ i b2i +QMbBbib Q7 jydtjyd BK ;2 TBt2
b[m 2 K2i2  "2;BQM M/ kRy r p2H2M;i? # M/b-r?2°2 bi?2C bT2" _I
Ryy TBt2Hb M/ kk9r p2H2M:i? +? MM2Hb rBi? bT2+i° H 2bQHmMIiBC(
Q7 S pB H M/ +Qp2 /i Bb MBK ;2 Q7 bBx2 Q7 eRy t eRy TBt2HbD
iBQM M/ RyjbT2+i° H# M/bX .m2iQH +F Q7 p BH #BHBiv Q7 H #2
H M/ +Qp2° M/ p2;2i iBQM +H bbB7B+ iBQM ? b #22M HBKBi2/iQ p2
b+ H #BHBiv Q7 i?2b2 TT' Q +?2biQH ;2 °H M/ 2;BQMb ? b MQi #
rQ FbX

AM Qm bim/v-r2 BKiQ /2p2HQT M miQ2M+Q/2 # b2/ ?2vT2 bT2+i
Q#i BM 7BM2 b+ H2 H M/ +Qp2° M/ p2;2i iBQM +H bbB7B+ iBQM Qp?2
b[m "2 KBH2bX

kXk 2b2 "+? *QMi'B#miBQMb

h?Bb b2+iBQM T 2b2Mib i?2 +QMi"B#miBQMb Q7 i?Bb 2b2 +? rQ F.

RX?Bb rQ F /2KQMbi™ i2b i?2 T2 7Q K M+2 Q7 i?2 miQ2M+Q/2"°
MQP2H-T 2pBQmbHV mMM2tTHQ 2/ ?2vT2 bT2+i" H 27H2+i M+2/
+ iBQMX

kxh?Bb "2b2 “+? /2KQMbi  i2b i?2 b+ H #BHBiv Q7 i?2 miQ2M+Q
MMKBtBM; i2+?MB[m2 7Q  H M/ +Qp2  [m MiB7B+ iBQM +'Qbb H
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b[m "2 KBH2bX

iXh?Bb rQ F b?Qrb ?2Qr iQ / Tii?2 miQ2M+Q/2° "+?Bi2+im 2 iQ
IB772 2Mi bBx2b iQ T2'7Q°KH M/ +Qp2 [m MiB7B+ iBQM i? Qm

9X1?Bb "2b2 "+?2 rQ F mb2b QT2M bQm +2 2vT2 bT2+i" H "27H2+i
7Q K iBOM / i # b2b 7Q i BMBM; i?2 /22T H2 "MBM: M2irQ Fb |
BM/2T2M/2Mi :"QmM/ # b2/ 7B2H/ bm p2vbX



*2 Ti2" ]

J21?7Q/QHQ ;v

h?Bb b2+iBQM /2b+ B#2b i?2 T'QTQb2/ TT ' Q +?2-/i bQm +2b M/ i
/22T H2 "MBM: # b2/ H M/ +Qp2  [m MiB7B+ iBQMX

JXR  TT Q +7?

h?2 T'QTQb2/ TT'Q +?2 7Q° Qm /22T H2 "MBM; # b2/ H M/ +Qp2  [m
BM 6B jdiR2Ai BMpQHp2b irQ K BM bi2Th, aT2+i> HIMKBtBM; M/ aT2-
h?2 2vT2 bT2+i° HBK ;2 +m#2 Bb T°QpB/2/ bi?2BMTmiiQ i?2 miC
H2 "MBM; KQ/2HX 1p2 v TBt2HBM i?2 BK ;2Bb ?B;? /BK2MbBQM H
"27H2+i M+2b Q7 KmHiIBTH2 K i2°B Hb T°2b2Mi BM i?2 BK ;2 b+2M?2
M/ i?2 TBt2H rBb2 BMTmi bT2+i° "2 T QpB/2/ bi?2 BMTmiiQi?2

TBt2H 7°QK i?2 ?vT2 bT2+i° HBK ;2 #2+QK2b i° BMBM; /i TQBMi
i?72 +QKTH2t BMTmibT2+i° BMiQ b2iQ7 Tm 2bT2+i" +Q "2bTQM/E
BMi?2 BK ;2b+2M2X h?BbATRD+#i20b BMKB{BRA M 2 +QKTQM2Mi bT2-
"2 FMQri@Mib K2K#&2 b

1 +?2Q7i?2mMMKBt2/-Tm 2bT2+i° Bb+QKT "2/iQ +QHH2+iBQM Q7
K i2'B Hb FMQrMTD+i?H HBMJ i%2 HB# v K2K#2  Bi KQbi +HQb2Hv
Bb B/2MiB7B2/X h?Bb T°Q+2bb Q7 K i+?BM; 2p2 v mMKBt2/ bT2+i" H
B/2MiB7vBM; i?2i ;2i K i2'B H Bi +Q "RBITMH B BIKB7 BH 2B QoM

Rk
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6B;m 2 jXR, TT Q +7?

7i2°i?2 2M/ K2K#2'b "2 B/2MiB7B2/- 2p2 v BMTmi TBt2H BM i?2 BK
i72H M/ +Qp2  + i2;Q B2b 2T 2b2Mi2/ #v i?2 2M/ K2K#2 bX h?2 T2"
2M/ K2K#2  BM i?2 ?2vT2 bT2+i° H BK ;2 Bb /2i2 " KBMRIMh B2 bi2 T
K TTBNI/i?2 +Q "2bTQM/BM; H M/ +Qp2 K T 2T 2b2MiBM; i?2 /Bbi’
2M/ K2K#2 b BM i?2 BK ;2 Bb#mMWMYrM+Xie X

h?2mb-i?2 /22T H2 "MBM: KQ/2H bm++2bb7mHHv B/2MiB7B2b i?2 /B7
BMTmi?2vT2 bT2+i° HBK ;2 M/ 7m’i?2 [m MiB7B2b i?2B T2 +2Mi ;
b+2M2X h?2/2i BHb Q7 i?2 rQ FBM; Q7 i?2 miQ2M+Q/2 2 2tTH BN\

iXRXR miQ2M+Q/2  7Q aT2+i  HIMKBtBM;

h?2 MiQ2M+Q/2 M2irQ Fi F2bi?22vT2 bT2+i° HBK :2bT2+i" b i-
HQr2' /BK2MbBQM M/ i'B2biQ "2+QMbi m+ii?2 "27H2+i M+2 T ii2"1
TBt2Hb T 2b2Mi BM i?2 BMTmi BK ;2/ i ;2i mMKBt2/ BM i?2 H i2Mi b
+QMbBbib Q7 i?2 MMKBt2/ bT2+i° H +QKTQM2Mib Q7 i?2 /B772 2M
BK ;2 b+2M2X h> /BiBQM HHv- M miQ2M+Q/2  ? b #22M mb2/ 7Q"
BMTmi/ i r?22°2i?2?B//2MH v2 Bbi?2H2 M2/ HQr@/BK2MbBQM H
h?2 MMKBtBM; T°Q+2bb + M HbQ #2 2tTH BM2/ b 7BM/BM; HQr@
MiQ2M+Q/2 b T2 7Q K mMMKBtBM; Q7 i?2 ?2vT2 bT2+i° H BMTmi BK
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rQ ' Fb BMKkNj8) X h?mb-r2 mb2 M miQ2M+Q/2  7Q " H M/ +Qp2 [m M
?2vT2 bT2+i° HmMKBtBM,; Q7 i?2 "27H2+i M+2 /i BMi?Bb rQ FX

6B;m 2 jXk, aT2+i° HIMKBtBM; mbBM; miQ2M+Q/2"

6B:mRMBHHmMbI" i2b 2vT2 bT2+i° H bT2+i° H mMMKBtBM; mbBM; M

bT2+i° HBK :2 +m#2 Bb j. BK ;2 +m#2 Q7 k. bT iB HBK :2 b+2M2
/IBK2MbBQM p2+iQ" "2T 2b2MiBM; i?2 "27H2+i M+2 bT2+i'mK b 7m
TmMi?2vT2 bT2+i° HBK ;2BbmM7QH/2/ M/2 +? BMTmi TBt2H Bb T Qp
/i TQBMiiQi?2 miQ2M+Q/2 X h?2a KbQM ?2vT2 bT2+ijXkK8 b2i /2
Bb T°QpB/2/ b i?2 BMT KX BW BIB;M BK ;2 Q7 bBx2 N8tN8 TBt2Hb +Q
r p2H2M;i? # M/b 7Q KBM; M BK ;2 +m#2 Q7 /BK2MbBQMb N8tN8tR
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+Q "2bTQM/biQ “27H2+i M+2 bT2+i'mK Q7 R8e /IBK2MbBQMbX h?E
Nyk8tR8e /BK2MbBQMb M/ i?2 TBt2H@rBb2 BMTmi/ i Bb 72/ BMiQ
h?2 MmK#2° Q7 M2m QMb BM i?2 BMTmi M/ QmiTmi H v2' Bb 2[m H i
MmMK#2 Q7 "27H2+i M+2 1 p2H2M;i? # M/bX h?2 miQ2M+Q/2  Bb b\
[122T 2M+Q/2° M2irQ FrBi? +QMiBMmMmQmbHV /2+ 2 bBM; ?B//2M mM
/2+Q/2° M2irQ FX h?2 2M+Q/2° +QMbBbib Q7 9 ?B//2M H v2 b rBi? k
i?72Hv2 bBMi?2 M2irQ'F "2 7mHHvVv +QMM2+i2/ H v2 bX " i+? LQ"
#27Q°2i?22QmiTmiH v2'X h?2H bi ?B//2M H i12k? BoXi22 MBVK 22 9QB7M
MMBib 2[m Hi?2 MmK#2 Q7 H M/ +Qp2 ivT2b U2M/ K2K#2 bV T 2b2l
BK ;2X

h?2 mMiQ2M+Q/2° KQ/2H i'B2b iQ "2+QMbi m+i i?2 bT2+i'mK Q7 2 A
Tmi Q7 i?2 M2irQ'F mbBM; HQbb 7mM+iBQMX i i?2 2M/ Q7 i?2 i
Q7 i?2 H bi ?2B//2M H v2" 2T 2b2Mi i?2 mMMKBt2/0MP K2EB 22X AM
+QMM2+iBM; >B//2M G v2 9 iQ i?2 QmiTmiH v2 2 b /BK2MbBQM ¢
i2 T 2i2/ b i? 22 R8e /IBK2MbBQM p2+iQ bX 1 +? Q7 i?2b2 R8e /BK
i?72 "27H2+i M+2 bB;M im 2 Q7 QM2 Q7 i?2i? 22 2M/ K2K#2 b T 2b2MN
BK ;2- M K2Hv- bQBH-i'22 M/r i2 X h?2b2 p2+iQ'b "2 FMQrM b i?
bT2+i" X

7i2° B/2MiB7vBM; HH i?2 2M/ K2K#2 b- 2 +? BMTmi TBt2H T 2b2M
2 Bb +H bbB7B2/ BMiQ QM2 Q7 i?2 2M/ K2K#2  +H bb2bX h?Bb Bb
bBKBH “Biv #2ir22M i?2 bT2+i ' mK Q7 i?2 BMTmi TBt2H M/ i?2 2M/ K
7vBM; BiiQi?2 +H bb Q7 i?2 2M/ K2K#2  i? i Bi KQbi +HQb2HvV K i+?2
B/2MiB7B2/ M/ i?2 T2 +2Mi ;2 +QKTQbBiBQMb Q7 2 +? 2M/ K2K#2"
M #mM/ M+2 K T BM/B+ iBM; i?2 /Bbi ' B#miBQM Q7 i?2 p 'BQmb H |
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h?2 mMiQ2M+Q/2° +?B2p2b mMKBtBM; Q7 i?2 ?2vT2'bT2+i ' H/ i b7
h?2 BMTmi ?2vT2 bT2+i° HBK ;2 Bb bbmK2/iQ RRjHkBIM2A7 KB2igh 2 K
Bb KQ'2i? M QM2 K i2°B H rBi?BM i?2 #QmM/ "B2b Q7 TBt2H BM
Q#b2 p2/ bT2+i° H p2+iQ Q7 i?2 TBt2H rBHH #2 r2B;?i2/ bmK Q7
K2K#2 b "2T 2b2MiBM; i?2 K i2°'B Hb HQM; rBi? i?2 MQBb2 i? i +Q}
bi’mK2MjX (
SBbi?2BMTmi?2vT2 bT2+i; RBRH2MBBM; 2 +? BMTmi TBt2HX bbmt
KBtim 2 KQ/2H-r2 ;2i-

X = MS + N UjXRV

r?2°'2JBbi?22M/ K2K#2 K i 'Bt-aBbi?2 #mM/ M+2 K i Bt- M/ L Bl
h?2 miQ2M+Q/2  Bb 722/7Q°r */ M2m™ H M2irQ F i? i i'B2b iQ 2T
QmiTmiX h?22M+Q/2 K Tbi?2BMTmibT2+i" Hp2+iQ bBMiQ H i2
mb2b i?72b2 H i2Mi bT +2 p2+iQ b iQ 2+QMbi m+ii?2 BMTmi bT2+i n

h?2 2M+Qd2R"™R1I R-']R2M+Q/2b i?2 BMTxpiiQT22B7/2M 2T 2b2Mi iBQ
hy b 7QHHQTrbD,
Ge (Xp) = h, R-'R UjXkVv

r72°2 _Bbi?2 MmK#2 Q7 2M/ K2K#2 b- M/ " Bb i?2 MmK#2 Q7 # M/
h?2 2M+Q/2" BNIX&BOMLBbib Q7 9 ?B//2M H v2'b 7QHHQr2/ #v " i+
Hv2 X h?2 BMTmi M/ QmiTmi H v2'b ? p2 HBM2 ° +iBp iBQM 7mM
? p2 G2 Fv _2G| b i?2 +iBp iBQM 7mM+iBQMX h?2 #B b Q7 i?2 Qm



KYSY yy fiz«N Rd
1p2°vH v2 T2 '7Q Kb i?2i° Mb7Q K iBQM
a = gW'a"gR UjXjVv

r?2°2 : Bbi?2 +iBp iBQM 7mM +dBEOM XQ7 1B i8I NH Qa" PBD H? 22" H-
+iBp iBOM Q7 i?2 H v2  UH@RV r?B+? BW BARiBRMT2B ;X @ 7vid vi2> HWN
h?2°27Q 2-

Ge (xp) = BN (g(W*g(W*g(W*g(W*a))))) UjXxov

r?2°®' MA “2T 2b2Mi i?2 r2B:?ib M/ +iBp iBQM Q7 & Bb H?22" “2b"
BMTg+i M/ "L 2T 2b2Mib " i+? LQ K HBx iBQMX
BN (g(W4g(W3g(W2g(Wa%)))) Bb i?2 H i2Mi bT +2 "2, \2 RMii? PBEJITh |

h?2 /2+Q@R:R-R1 R'R/2+Q/2b i?2 H i2Mi bT +2 h2 TQ2 b\2 MT T B@QE @
K iBQM Q7 i?2 BMTmi b 7QHHQrb,

Gp(hy) = Wha®@Rx, R'R UjXx8sv

(?2°® Bbi?2 "2+QMbixm+GEBOM2Q7QmiTWH MM@ag®R 2 i?22 r2B;?i M/
+iBp iBOQM Q7 i?2 QmiTmi H v2  "2bT2+iBp2HvX
h?2 miQ2M+Q/2°6b "2+QMbi ' m+iBQM Q7 i?2 BMTmi 7i2 i?2i  BMB

Go (hp) = W" (BN (g(W*g(W *g(W?g(W*a")))))) UjXeV

h?2°27Q 2-
Gp (Ge (Xp)) = WH(BN (g(Wg(W3g(W?g(W*a%))))) = ", Ujxdv
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r?2°2i?2 r2B;?2i W-iRBt Bb i?2 r2B;?2i Q7 i?22 QmiTmi H v2  i? i +QMi
K2K#2 b BM Bib +QHMKMbX 1 +? Q7 i?2 _ 2M/ K2BX#12 KW /?Btb /BK?2
2T 2b2Mi2/ #v QM2 Q7 iWR X QHBMWIMbQHMKM p2WiT  QFB/2b i?2
bT2+i"  Hp Hm2 7Q° T "iB+mH " r p2H2M;i? BM i?2 2M/ K2K#2 X 6Q
r?2M i?2 7B bi +@HMKM2QZMib bQBH 7°QK a KbQM / i b2i- i?2M i?B
/IBK2MbBQM Q7 R8etR r?B+? +Q "2bTQM/b iQ i?2 "27H2+i M+2 bB:M
BMi?2 R8etR p2+iQ " 2T 2b2MiBM; i?2 "27H2+i M+2 p Hm2 i T "iB-

aBM+2 i?2 BMTmi Bb HBM2 "Hv KBt2/- 2 +? TBt2H i? i Bb "2+QMbi'm
K2K#2 bT2+i'mK bi?2K DQ  +QMi'B#miQ r?BH2i?2 Qi?2 irQ 2M/
iQi?2bT2+i° Hp Hm2X h?2 +QMi ' B#miBQM Q7 2 +? K2K#2 iQ i?2 Q
p HmM2 Q7 i?2 +iBp iBQM 7mM+iBQM 7Q  i?2 H bi ?B//2M H v2 X

h?2 M2irQ F Bb i° BM2/ mbBM; # +FT QT ; iBQM i QLKBABIKBXx2 i?2
"2/m+2 0?2 /Bb+ 2T M+v #2ir22M i?22 QmiTmi M/ i?2 BMTmiX J2 M |
T 'QtBKBiv HQbb 7mM+iBQMb 2 mb2/ BM i?Bb rQ EX

i1?222M/ Q7i BMBM;-i?2 M2irQ FOb r2B;?ib+QMM2+iBM; i?2 H bi"
H v2WYWY 20?22 2M/ K2K#2 b-M K2Hv- bQBH-i"22 M/r i2 BMi?2+ b

jXRXRXR miQ2M+Q/2° “+?Bi2+im 2

h?2:2M2 B+ “+?Bi2+im 2 Q7i?2 miQ2M+Q/2 mb2/ BMR?BB?Q F Bb
Bb BMbTB 2/ #v i 2A)XQRP BMnK#2 Q7 mMBib BM i?2 BMTmi M/ i?2
2[m HiQ i?2 MmMK#2 Q7 r p2H2M;i? # M/bBM i?22?2vT2 bT2+i° HBMTn
b"Xh?2p Hm2 Q7 "Bb jR8 7Q bvMi?2iB+/ i M/LIPL?2vT2 bT2+i"
R8e 7Q a KbQM ?2vT2'bT2+i  H/ i X h?2 MmK#2> Q7 mMBib BM i?2 H
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8 Bb 2[m HiQ i?2 MmK#2 Q7 2M/ K2K#2 b BM i?2 BMTmi BK ;2 ULVX
G2 Fv _2GI Bb mb2/ b i?2 +iBp iBQM 7mM+iBQM 7Q" i?2 ?B//2M F
T2 7Q K #2ii2°i? M _2G| M/ aB;KQB/ +iBp iBQMbX GBM2 °~ +iBp i
i?72 BMTmi M/ QmiTmi H v2'bX Gk "2:mH "Bx iBQM Bb mb2/ 7Q" i?2
Qp2 7BiiBM:X h?2 " i+? LQ K HBx iBQM G v2 - BX2X- G v2 e- MQ K
T 2pBQmb H v2  BM 2 +2 # i+? M/ Bb FMQrM iQ bT22/ nkl X2 "MBM
h?2 HQbb 7mM+iBQM- # i+? bBx2- MmK#2 > Q7 ?B//2M H v2'b M/ i?2
KQ/B7B2/ bHB;?iHv BM i?2 /B772 2Mi b2ib Q7 2tT2 'BK2Mib # b2/ QM
i?72i° BMBM; /i r?B+? 2 /2b+ B#2/ BM i?2B" "2bT2+iBp2 b2+iBQM|

h #H2 jXR, miQ2M+Q/2° “+?Bi2+im 2

G v2 LmK#2° hvT?2 +iBp iBQM 6mMmKBH QM Q7 mMBib
R AMTmi GBM2 ° !
k >B//2M G2 Fv _2Gl N L
j >B//2M G2 Fv _2GlI e L
9 >B//2M G2 Fv _2Gl| j L
8 >B//2M G2 Fv _2Gl L
e "i+? LQ K HBx iBQM @ @
d PmiTmi GBM2 ° "
Gk _2;mH "Bx iBQM
JBM J t *QMbi|" BMi




Ky +NzZy 1 kY KY NAz2aanl-
iXk . i b2ib

h?2 /22T H2 MBM; KQ/2H "2[mB 2b i?2 ?2vT2 bT2+i H 27H2+i M+2
Bi "2[mB 2b ;" QmM/i"mi? #mM/ M+2 /i 7Q  2p Hm iBM; i?2 T2 7Q" |
i2+?MB[m2 HbQ ‘2[mB 2b bT2+i° HHB# ‘v +QMbBbiBM; Q7 i?2 T
IB772 2Mi H M/ +Qp2 bX h?2p BQmb /i bQm +2b mb2/ BM i?Bb rQ
1?72 bm#b2[m2Mi bm#b2+iBQMbX

JXKXR >vT2 bT2+i" H _27H2+i M+2 . i

h?2?2vT2 bT2+i H 27H2+i M+2/ i "2[mB 2/ 7Q i BMBM; i?2 /22T H
7°QKi?2L iBOQM H1+QHQ;B+ HP#b2 p iQ vVLRRQLAPLBMBLW. ii2 b2
b+ H2 2+QHQ;B+ HT QD2+i bi "i2/ #vi?2L iBQM Ha+B2M+2 6QmM/
p " BQmb2+QHQ;B+ HT Q+2bb2bX h?2°'2 "2 3R i2°"2bi'B H M/ B #
IMBi2/ ai i2biQ K2 bm 2 i?2p "BQmb +? M;2b BM i?2 iKQbT?2 2-H
#BQ;2Q+?2KBbi'vBM Q' /2 iQ M Hvx2i?2 +? M;2bBMi?2 2+Qbvbi2
>B;? 2bQHMIBQM ?vT2 bT2+i" H 27H2+i M+2/ i Bb+QHH2+i2/ mb
i HQr HiBim/2b Q7 "QmM/R-yyy K2i2 b #Qp2i?2; QmM/H2p2HX h~
Bb+ Tim 2/ + Qbb9ke# M/bBMi?2j3yiQk8yy MKr p2H2Mi? " M;2 #
AK ;BM; aT2+i QK2i2 X 1 +?r p2H2M;i? # M/ Bb M ""Qr rBi? ?B;? |
8 M MQK2i2°b M/ DbT iB H 2bQHmMIBQM Q7 R K2i2°'X h?2 bm p2vb
i?2 L1PL bBi2b iQ +QHH2+i /i /m"BM; T2 F ;"22MM2bb- ivTB+ HHvV
iQ+ TimMm2BM7Q 'K iBQMi? i ++m” i2Hv[m MiB7vi?2 2+QHQ;B+ H +
i BMBM; i?2 /22T H2 MBM; KQ/2Hb iQ B/2MiB7v i?2 /B772 2MiivT2
BK ;2 b+2M2X



KYIY [z 2 1 kKR

jXkXk aT2+i° HGB# v

bT2+i° H HB#  "vBb /i # b2 Q7 bT2+i° HbB;M im 2b Q7 /B772 21
i?2 "27H2+i M+2 T ii2"Mb Q7 Tm 2 K i2 B Hbi? i 2 ;2M2° HHv Q#i
bT2+i QK2i2 b BM H #Q  iQ v +QM/BiBQMb M/ 7B2H/ bm p2vbX h?
b 272°2M+2b iQ B/2MiB7v i?2 /B772 2Mi H M/ +Qp2° M/ p2;2i iBQI
? b #22M "Bb2 BM i?2 bim/B2b "2H i2/iQ /2i2+iBM; M/ K TTBM; K
b2MbBM; M/ H #Q  iQ v BK ;2 bT2+i"Qb+QTvX a2p2 Hr2HH@FMQ
"2b2 +? BMbiBimi2b ? p2 B/2MiB7B2/ i?Bb TQi2MiB H M/ 2 bi B
bT2+i° HHB# 'B2b 7Q  b+B2MiB7B+ M/ 2b2 "+? Tm TQb2bX

h?2 7QHHQIBM; "2 bQK2 Q7 i?2K DQ  bT2+i° HHB#  "B2b,

RXa:a aT2+i" H GB#(j)v

h?2 IMBi2/ ai i2b :2QHQ;B+ Ham p2v Ula:aVBb M ;2M+v Q7 i?
IMBi2/ ai i2bi? i? bb2p2° H/Bb+BTHBM2b 7Q i?2 b+B2MiB7B+
b+ T2- M im> H "2bQm +2b- ;2QHQ;v M/ ;2Q; T?v Q7 i?2 IMBI.
aT2+i"Qb+QTv G # K2 bm™2b i?2 "27H2+i M+2b Q7 b2p2° H /B77
TiQvi2+?MB[m2b bm+? bs@ v /B77 +iBQM M/ 1H2+i QM S°
B'#Q M2 7B2H/ bT2+i'Qb+QTv M/ "2KQi2 b2MbBM; b i2HHBIi2 b
T2'BQM M/ G M/b i M/ T QpB/2bi?Bb/i b MQT2MbQm +2/ i
/i bT Mb +°Qbb i?2 mHi®" pBQH2i- pBbB#H2- M2 "@BM7" "2/- K
"2;BQMb BM i?2 yXk iQ kyy KB+ QK2i2 r p2H2M;i? * M;2X h?Bb
Q7 i?Qmb M/b Q7 bT2+i° Q7 p 'B2ivQ7 bQBH KBtim 2b- KBM:
HB[mB/b M/ Q" ; MB+ +QKTQmM/b KQM; Qi?2° K i2'B HbX

kX1*Pah_l1aa aT2+i H GB(#RB3Bv
h?2 1*Pah_laa aT2+i  HHB# v Bb 2H2 b2/ #v L a 6bC2i S'QT



k k +NzZy 1 kY KY NAz2aanl-

KM :2/ #v * HB7Q MB AMbiBimi2 Q7 h2+?MQHQ;vX h?Bb +QWN
bQm +2b- M K2Hv- CQ?Mb >QTFBMb IMBp2 bBiv- C2i S'QTmHb
ai i2b :2QHQ;B+ Ham p2vX Ai +QMbBbib Q7 ?2vT2 bT2+i  H "27F
Mim H M/ K MK /2K i2'B Hb +QHH2+i2/ mbBM; /p M+2/ aT +2;
bBQM 27H2+iBQM _ /BQK2i2  Qp2  i?2 yXj8 @ R8X9 KB+ QK2i2

jX1+QaAa aT2+i H GQB# v
1+QHQ;B+ HaT2+i° HAM7Q K iBQM avbi2K Ul1+QaAaV Bb M QT
#vL a M/ K BMi BM2/ #v IMBp2'bBiv Q7 qBb+QMbBM@J /BbQM
iQ b? "2 M/ Tm#HBb? bT2+i" H/ i X h?2 K BM BK Q7 i?Bb T°Q
M/ QT2M ++2bb Q7 2+QHQ;B+ HbT2+i" iQi?2b+B2MiB7B+ +Q
i? Mdy-yyy /B772°2MiivT2b Q7 bT2+i° Q7 /B772 2Mip2;2i iBQM
ivT2bX

h?2b2 bT2+i° HHB#  "B2b "2 p bi M/i?2v +QMi BM "27H2+i M+2 bB
72°2Mi KBM2" Hb- bQBHb- p2;2i iBQM- Q' ; MB+ +QKTQmM/b- 2i+X-
b+QT2 Q7 i?Bb bim/vX 6m i?2 - i?22 b KTHBM; * i2b "2 /B772 2Mi BN\
h?2°27Q°2- r2 /2p2HQT2/ Qm" QrM +mbiQK bT2+i° H HB# v BM i?I
bT2+i° Q7 b2p2° HK DQ  ivT2b Q7 H M/ +Qp2  HBE2 bQBH-b M/-"Q
P2:2i iBQM bT2+B2b 7°QK i?2 #Qp2 bT2+i° H HB#  "B2b mbBM; M |
HHi?2bQm +2b M/ 2HBKBM i2/ 2/mM/ M+B2b Q7 bQK2 bT2+i  H +
"QmM/ i'mi? 7Q° B/2MiB7vBM; i?2 ivT2b Q7 H M/ +Qp2° mMKBt2/ #
BM; i?2bT2+i° HHB# "viQ QMHvV i?2 2tT2+i2/ bT2+i° H+QKTQM2M
“2bmHIBM; BM KQ 2 ++m’ i2 T°2/B+iBQMbX



KYIY [z 2 1 Kj

iXkXj 02:2i iBQM . i

h?2 6Q 2bi AMpP2MiQ v M HvbB) QFAA2TX@;6QK Zbi a2 pB+2 BKb iQ
+QKT 2?2MbBp2 BMp2MiQ'v 7Q" 7Q 2bi M/ p2;2i iBQM /i BM Q" /:
+? M;2b BM 7Q 2bib- ;" bbH M/b-rBH/HB72? #Bi ib- 2+Qbvbi2K K M
h?Bb /i # b2 T°'QpB/2b QT2M ++2bb iQ p "BQmb ii ' B#mi2b bm+?
2tBbi2Mi i'22 bT2+B2b- mM/2 biQ v p2;2i iBQM- i'22 + ' QrM +QM/B
K i2°B Hb T°2b2Mi BM i?2 7Q 2bib M/ m # M 2 bX
h?2 /i Q7 i?2 /IB772 2Mi i°22 bT2+B2b T 2b2Mi BM ;Bp2M "2;BQN
+H bbB7B+ iBQM Bb Q#i BM2/ 7°QK i?2 6A /i BMp2MiQ X h?2 / |
e3W M/ Bbmb2/ bi?2;°QmM/i'mi? 7Q  p HB/ iBM; Qm  KQ/2H "2bm

JXkX9 :"QmM/ h mi? #mM/ M+2 . i

h?2?2vT2 bT2+i" HBK ;2bQ7i?2b2H2+i2/ 2;BQMb "2 MMQi i2/ mbl
iIQQHDb Q7 i?2R ' BQAar("2 +QmTH2/ rBi? K Mm H/  rBM; Q7 #QmM/ B2
P BQmb H M/ +Qp2 bX h?2 T2 +2Mi /Bbi'B#miBQM Q7 2 +? H M/ +Qy
bi?2 ;" QmM/ i mi? 7Q 2p Hm iBM; i?2 T 2/B+i2/ #mM/ M+2b Q7 i?2

JXkX8 >vT2 bT2+i" H"2M+?K "FBM; . i

h?2 2vT2 bT2+i° H/ i b2ibbm+? ba KbQM- I"#]R- *MTDbRI2 bMPEZ bT
bi M/ */ #2M+?K "FBM; / i b2ib BM ?2vT2'bT2+i° HBK ;2 M HvbBbX
2vT2 bT2+i° H MMKBtBRRKRKBMBI@RAbHM i2/ QM i?2b2 / i b2ib /m2 i
HBKBi2/ p BH #BHBiv Q7 Qi?2 H #2HH2// i b2ibX

h?2a KbQM ?vT2 bT2+i° H/ i b2i Bb bK HHBK ;2 +QKTQb2/ Q7 N8



k9 +NzZy 1 kY KY NAz2aanl-

rBi? i?°22 2M/ K2K#2 b- M K2Hv- bQBH-i'22 M/r i2 X h?Bb/ i +QM
# M/bbT MMBM; + Qbb 9yRiQ 33N MK rBi? bT2+i° H 2bQHmMIiBQM C
Q7 Qm’ mMiQ2M+Q/2 Bb 2p Hm i2/ QM i?2 a KbQM / i b2i M/i?2 "2b
bi i2@Q7@i?2@ i K2i?Q/bX

iXj AKTH2K2Mi iBQM

h?Bb b2+iBQM 2tTH BMb i?2p "BQmb bi2Tb BM i?2 BKTH2K2Mi iBQM
T2 pBb2/ /22T H2 "MBM; i2+?MB[m2 7Q  H M/ +Qp2  [m MiB7B+ iBQ|
] XX

RAMTmi/ i

h?2 ?2vT2 bT2+i" HBK ;2 /i Bbi?2BMTmi/ i 7Q i?2 /22T H2 "M
b2ib Q7 "2 H M/ bvMi?2iB+ ?2vT2 bT2+i" HBK ;2b +QMbBbiBM; (
2T QpB/2/ bi?2BMTmibX h?2 "27H2+i M+2 /i Bb +QHH2+i2/
7Q 1?2 M Hvb2b QM i?2 "2 H/ i X h?2 bvMi?2iB+ /i Bb ;2M2" i
i?72 Tm 2 bT2+i° 7 QK i?2 bT2+i° H HB# "vX h?2 2[mB 2/ Tm’
7°QK i?2 bT2+i" HHB# "B2bX h?2 p2;2i iBQM ;" QmM/ i mi? /i
6A /i # b2X h?2 #mM/ M+2 ;"QmM/ i mi? Bb Q#i BM2/ i? Qm;’
bQ7ir "2iQQHb +QK#BM2/ rBi? K Mm HH #2HHBM;X

kX i T 2T Q+2bbBM;
h?2/i T 2T Q+2bbBM; Bb T2 7Q K2/ #27Q 2 i  BMBM; i?2 /22T
/IQM2 iQ "2KQp2i?2 KBbbBM; M/ BMp HB/ 27H2+i M+2 # M/b 7°C
/i X h?2 "27H2+i M+2 /i 7 QK L1PL . i # b2 +QMbBbib Q7 9k
h?2 BMp HB/- KBbbBM; M/ i?2ri2 p TQ # M/b 2 "2KQp2/ M



kYkY Beyafeqe z Oné k8

"27H2+i M+2 +QMbBbib Q7 jR8 r p2H2M;i? # M/bX

iXmMiQ2M+Q/2° h® BMBM;
h?2 mMbmT2 pBb2/ miQ2M+Q/2 Bb i’ BM2/ QM i?2 T 2T Q+2bb?
h?2 miQ2M+Q/2  Bb i BM2/ bm+?i? i Bi+ M "2+QMbi m+i i?2 B|
mMbBM; HQbb 7mM+iBQMX AM i?Bb rQ F-r2 b2ii?2 MmK#2" Q7
CQmM/ i'mi? /i #27Q°2 i° BMBM; i?2 KQ/2HX h?2 miQ2M+Q/:
MMKBt i?72 BMTmi ?2vT2 bT2+i" H/ i BMiQ i?2 b2i MmK#2 Q7 21
i BHb "2; "/BM; i?2KQ/2H "+?Bi2+im 2 M/i?2i BMBM; T  K2i2
bm#b2[m2Mi b2+iBQMbX

9X%2biBM; M/ 1p Hm iBQM
7i2° 1?21 BMBM; Bb +QKTH2i2-i?2r2B;?ib Q7 i?2 H bi ?B//2M
QmiTmi H v2 2T 2b2Mi i?2 mMKBt2/ 2M/ K2K#2 bX 1 +? Q7 i?:
2bTQM/ iQ H M/ +Qp2 +H bbX h?2b2 2M/ K2K#2 bT2+i" i? i
mMiQ2M+Q/2  KQ/2H 2 +QKT '2/iQ i?2 bT2+i° HbB;M im 2b 7"
M/ "2 2p Hm i2/ mbBM; K2i'B+b bm+? b +QbBM2 bBKBH "Biv
B/2MiB7v i?2 /B772 2MiivT2b Q7 H M/ +Qp2 X h?2 2biBK i2/ivT
T "2/iQi?2:°QmM/ i'mi? iQ p2'B7v B7 i?2 KQ/2H ? b +Q " 2+iHv
iviT2b Q7 H M/ +Qp2 T 2b2Mi BM i?2 BMTmi ?2vT2 bT2+i H BK ;2
PM+2 i?2 2M/ K2K#2 +H bb2b T 2b2MiBM i?2BMTmi ?2vT2 bT2+i
TBt2HBM i?2 BMTmi ?vT2 bT2+i° HBK ;2 Bb +H bbB7B2/ BMiQ C
mMbBM; +QbBM2 bBKBH "BivX h?2 T2 +2Mi ;2 +QKTQbBIiBQM Q
?vT2 bT2+i° HBK ;2Bb/2i2 KBM2/ M/ Bb2p Hm i2/ mbBM; #mN
i'mi? #mM/ M+2 p Hm2bX

h?2 bT2+i° HHB# "vBb +QKTBH2/ #v Q#i BMBM; M p2 ;2 Q7 |



ke +NzZy 1 kY KY NAz2aanl-

H M/ +Qp2 +H bb 7 QK i?2 1+QaAa-1+Qbi 2bb M/ la:abT2+i H
HB# "vmb2/7Q 2p Hm iBQM Q7 i?2 2bmHibBM HH i?2 2tT2 B
+Qp2'BM; K DQ m# MH M/ +Qp2'b M/ 72rp2;2i iBQMbT2+B?2
;" bb- BM+2Mb2 +2/ " i°22-bm; " TBM2 i 22- bT? Hi Q /- +QM+
"QQ7- +QM+°2i2 "QQ7- b?BM;H2 "QQ7-; p2H "QQ7- # B+F- bQE
rBi? bT? Hi@; p2Hr?B+? BbjERQrM BM 6B;m"2

h?2 2tT2 ' BK2Mib "2 T2 7Q K2/ QM i?°22 b2ib Q7 /i ,

U MtT2 BK2Mib QM bvMi?2iB+ /i
U#YtT2 BK2Mib QM #2M+?K "FBM; ?2vT2 bT2+i H/ i

U+VtT2 BK2Mib QM "2 H/ i

8XvT2' T ° K2i2  hmMBM;
A7 i?2 mMKBtBM; 2bmHib M/ i?2 2biBK i2/ #mMY M+EIQI2i2 K
7QmM/iQ #2 b iBb7 +iQ v-i?2M bQK2 Q7 i?27?2vT2'T * K2i2'b Q7
Hv2 "+?Bi2+im 2- HQbb 7mM+iBQM- # i+? bBx2- H2 "MBM; " i
ai2TbM/9 "2 "2T2 i2/ mMiBH i?2 KQ/2H "2bmHib "2 b iBb7 +iQ v

eXG M/ *Qp2  Zm MiB7B+ iBQM PmiTmi
h?2 r2B;?ib Q7 i?2 H bi ?B//2M H v2 Q7 i?2 i° BM2/ miQ2M+Q/:
KBt2/ QmiTmi bT2+i> r?B+? +Q "2bTQM/iQi?2p 'BQmb H M/ +Q
2vT2 'bT2+i° HBK ;2X h?mb-i?2 KQ/2H Bb #H2iQ bm++2bb7mH
#mM/ M+2 /Bbi B#miBQMb Q7 i?2 /B772 2Mi 2M/ K2K#2 b T 2b21
Bbi?2 QmiTmi Q7 i?2 BKTH2K2Mi iBQM TBT2HBM2X

h?2 p "BQmb 2b2 +? Q#D2+iBp2b Q7 i?Bb rQ'F 2 +?B2p2/ i? Qi
M K2Hv- 2tT2 BK2Mib QM bvMi?2iB+ / i - 2tT2 ' BK2Mib QM #2M+?K



kYkY Beyafeqe z Oné kd

6B;m 2 jXj, AKTH2K2Mi iBQM SBT2HBM?2



k3 +NzZy 1 kY KY NAz2aanl-

6B;m 2 jX9, aT2+i HGB# v

M/ 2tT2 BK2Mib QM "2 H 2vT2 bT2+i  H/ i X 1 +?2 Q7 i?2b2 b2ib Q7
BKTH2K2Mi iBQM TBT2HBMX[jbMQr BM 6B #22BM /2i BH BM i?2 bm
bm#b2+iBQMbX HH i?2 2tT2 ' BK2Mib 2 T2 '7Q K2/ mbBM; Svi?QM
E2 b M/ a+BFBi@H2 "M HB#  'B2bX

JX]XR 1tT2 BK2Mib QM bvMi?2iB+ / i

h?2 72 bB#BHBiv Q7 i?2 miQ2M+Q/2" # b2/ bT2+i° H mMKBtBM; Bb
/i bBM+2 Bi Bb H2bb +QKTH2t M/ 7°22 7°QK MQBb2 mMMHBEFE2 "2 H /
:2M2° iBQM Q7 bvMi?2iB+ /i,

h?2 bvMi?2iB+ /i Bb ;2M2" i2/ mbBM; i?2 Tm 2 bT2+i° H +QKTQM?2
#° v M/ HBM2 "Hv KBtBM; i?2K "2bmHiBM; BM ?vT 2 KKHX+h?® / i rB
Tm 2 2M/ K2K#2'b "2 +?2Qb2M jj)OK+Q@DdiBPali( 1+QaRNal2+i H
GB#  "B2b M/ "2 2b KTH2/iQ +QMi BM jR8 "27H2+i M+2 # M/b Qp?2



kYkY Beyafeqe z Oné kN

M:2X

6Q 2t KTH2- bvMi?2iB+ /i b2irBi?irQ 2M/ K2K#2 b-bQBH M/ i 22
1 +? i BMBM; b KTH2BM i?2/ i b2i Bb KBt2/ TBt2H +QKTQb2/ Q7 K
/B772 2Mi +QKTQbBiBQMbX q2 7B bi bBKmH i2 Ryyyi' BMBM; b KTH
BbbQBHX 1 +?2 Q7i?2/ i b KTH2b? bbQBH +QKTQbBiBQM p "VBM;
pHM2 Tbm+?i? iyXNITIR-Bb > M/QKHvV ;2M2" i2/ r?B+? +QMbiBi
BMi?2 TBt2HX aBM+2 i?2 iQi H #mM/ M+2 7> +iBQM BM TBt2H Km|
UR@TV +QKTQbBiBQM Q7 i?2 TBt2H Bb i'22X HBM2 "Hv KBt2/ TBt
rBi? T M/ R@T #mM/ M+2b "2bT2+iBp2Hv Bb :2M2" i2/ b 7QHHQrb

X = p spectransoil +(1 p) spectrantree UjX3V

r?2°2 bT2+i° nbQBH M/ bT2+i  ni22 2T 2b2Mi i?2 jR8 /IBK2MbBQM
Q7 bQBH M/i'227 QK i?2bT2+i" HHB#  “vX

A7 i BMBM; b KTH2 Bb ;2M2" i2/ rBi? RyyW #mM/ M+2 Q7 bQBH
i?2M Bi 2T 2b2Mib i?2 Tm 2 bQBH bT2+i" X

aBKBH "Hv-i?2 M2ti Ryyy i BMBM: b KTH2b 2 :2M2" i2/ rBi? i 22 |
h?mb-i?2"2 "2 iQi HQ7 kyyy KBt2/ TBt2Hb rBi? /B772 2Mi- "~ M/QK
Q7 bQBH M/i22X h?2b2 kyyy b KTH2b +QMbBbi Q7 Ryyy b KTH2b 7

6Q ;2M2° iBM; bvMi?2iB+/ i b2irBi?KQ 2i? MirQ2M/ K2K#2 b-1i?
Bb bBKmH i2/ rBi? M #mM/ M+2 Tm Biv Q7 T-r?22Tp B2b #2ir22
h?2 2K BMBM; UR@TV 7° +iBQM Bb +QMbiBimi2/ #v HH i?2 /IB772 Z
2M2 i2/ T°QTQ iBQMbbm+?i? ii?2iQi H+QKTQbBIiBQM Q7 HH i?2



jy +NZy T kY Ky NA2A&AI-

bmKb mTiQ RXyX 6Q° 2t KTH2- +QMbB/2° /i b2irBi?i'22-bQBH M.
iIQi HQ7 jyyyi BMBM; b KTH2bX KBt2/ TBt2HrBi? bQBH bi?2 K DQ
rBi? i72 bQBH +QKTQbBIiBQM T-bm+?i? i THB2b #2ir22M yX3@RXYy.
i?72M i?2 +QKTQbBIiBQM Q7 i 22BMi?Bb TBt2H- BX2X [-Bb ™~ M/QKH
[p "B2b #2ir22M y@yXR8X 6Q" 2t KTH2-B7i?2p Hm2 Q7 [ Bb yXRy-
BM i?Bb TBt2H b?QmH/ #2 yXy8 bBM+2 i?2 iQi H+QKTQbBiBQM Q7 L
iIQ RXyX aBKBH "Hv- iQi HQ7 Ryyyi BMBM; /i b KTH2b "2 ;2M2"°
2M/ K2K#2 X h?2 b K2 T°Q+2/m 2 Bb "2T2 i2/iQ ;2M2" i2 Ryyy KBt:
i?72 K DQ" 2M/ K2K#2" M/ MQi?2 Ryyy KBt2/ TBt2Hb rBi? "Q / b i?2
h?2 K DQ 2M/ K2K#2 BM TBt2H ? b M #mM/ M+2 Q7 i H2 biyX3
i? MirQ 2M/ K2K#2 b BMbi2 / Q7 yXNyBM Q' /2 iQ ? p2 #2ii2 2T 2
K2K#2 b BM i?2 KBt2/ TBt2HX

q2 ? p2 +QMbB/2°2/ b+2M BQb rBi? /B772 2Mi ivT2b Q7 H M/ +Qpz
i* BMBM; b KTH2bBM Q'/2 iQ 2772+iBp2HvV bb2bbi?2 T2 7Q K M+2
+Qp2° [m MiB7B+ iBQM i bFX h?2 /B772 2Mi bim/B2b T2 7Q K2/ QM
#2HQr,

RXB772 2Mi MmK#2 Q7 H M/ +Qp2°b
h?2 T2 7Q K M+2 Q7 i?2 miQ2M+Q/2 Bb 2p Hm i2/ QM bBKmH |
7Q0m> M/ 7Bp22M/ K2K#2 b rBi? Ryyyi> BMBM; b KTH2b T2 2M/ |
2Qri?2 KQ/2H #2? p2br?22Mi?2°2 "2 /B772 2Mi MmK#2> Q7 H M/
BM :Bp2M ?vT2'bT2+i°  HBK ;2 b+2M2X

kXB772 2Mi /Bbi'B#miBQM Q7 H M/ +Qp2 b
AM Q/2 iQ 2p Hm i2 i?2 KQ/2H #2? pBQ  BM BK ;2 b+2M2b rBi
Q7 i?2 H M/ +Qp2°b-/ i b2ib "2 bBKmH i2/ rBi? /B772 2Mi MmK;
7Q° 2 +? 2M/ K2K#2 X 6Q° irQ 2M/ K2K#2 /i b2i +QMbBDbDiBM; (



kYkY Beyafeqe z Oné iR

+Qp2 brBi? iQi HQ7 kyyy b KTH2b-r2 bBKmH i2i° BMBM; /i r
M/ Ny, Ry +QKTQbBiBQMb Q7 i'22,bQBHX 6Q" 2t KTH2-BM /i kb
i*22,bQBH-i?2'2 "2 Ryyyi > BMBM; b KTH2b i? i "2 KBt2/ TBt2F
2M/ K2K#2'X 1 +? Q7 i?2b2 Ryyy b KTH2b ? p2 Ny@RyyW +Ql
Yy@RYW +QKTQbBIiBQM Q7 i"22X h?2 b K2/ i b2i HbQ +QMbBbi
b KTH2b i? i ? p2i'22 bi?2 K DQ 2M/ K2K#2 X 1 +?2 Q7 i?2b2 T
RyyW +QKTQbBiBQM Q7 i22 M/ i?2 2K BMBM; y@RYW Bb +QMt
aBKBH "Hv- /i b2irBi? ey,9y T'QTQ iBQM Q7 i'22,bQBH rBi?
b KTH2b +QMbBbib Q7 Rkyy KBt2/ TBt2Hb rBi? i 22 b i?2 K DQ
RyywWw TBt2H #mM/ M+2 M/ 3yy KBt2/ TBt2Hb rBi? bQBH b i?2 K
Ny@RyyW TBt2H #mM/ M+2X

jX.B772 2Mi H M/ +Qp2 b
AM i?2 1tT2 B/RDMIB#2/ #Qp2-i?2irQ 2M/ K2K#2 /i b2i +QMbBH
bQBH-i?2i?°22 2M/ K2K#2  b2i +QMbBbib Q7 k FBM/b Q7 i°22b
/i b2i BM+HmM/2b k FBM/b Q7 i°22b- bQBH M/ 'Q /- M/ i?2 7Bp2
i"22- bQBH-ri2-"Q/ M/ QQ7X h?2b2 2tT2 ' BK2Mib ?2HT iQ N
T2 7Q K M+2 QM /B772 2Mi H M/ +Qp2 bX

9XB772 2Mi bBx2b Q7 H M/ +Qp2’b
h?2 MiQ2M+Q/2 Bb 2p Hm i2/ QM i’ BMBM:/ i b2ibrBi? Ryy- Ry
T2 +H bb +QMbBbiBM; Q7 irQ K i2'B Hb-bQBH M/i'22-iQ bb2t
BM “2;BQMb rBi? /B772 2Mi bBx2b Q7 H M/ +Qp2 bX

1p Hm iBQM J2i B+b,

h?2 MMKBt2/ 2M/ K2K#2  bT2+i° "2 [m MiBi iBp2Hv 2p Hm i2/ #v +
+QKTQM2Mib BM i?2 bT2+i*Qtb BR 2 b BKEBEMY va[m "2 1K2Q B +b X



jk +NzZy 1 kY KY NAz2aanl-

6m i?2 -[m HBi iBp2 2p Hm iBQM Bb T2 7Q K2/i? Qm;? pBbm HBX
*QbBM2 bBKBH “Biv ;Bp2b M BM/B+ iBQM Q7 ?2Qr +HQDb2 irQ p2+iQ"
Q7 i?2 M;H2 #2ir22M i?2KX h?2 +QbBM2 bBKBH 'Biv #2ir22M irQ ME
"-Bb + H+mH i2/ jB,7QHHQrb (

P
AiB,i

Cosine similarity = * =y 5 UjXNV
(A)?) (Bi)?
i=1 i=1

J2 Mb[m 22 "Q UJalV Bb K2i B+i? iK2 bm 2bi?2 p2 ;2 b[m "2

i72 2biBK i2/gp MmiZ22 +im HipBBm2H+mH i2/ mbBM; i?2 7T@HHQIBM:;
1 , .
MSEZH i % UJXRyV

r22°2 M Bb i?2 MmK#2 Q7 /i TQBMib aBM+2 i?2b? T2 Q7 i?2 "27H:
7Q /B772 2Mi K i2'B Hb- +QbBM2 bBKBH "Biv Bb bmBi #H2 K2i L
p BQmb H M/ +Qp2 ivT2b b Bi+ Tim 2b i?2p B iBQM BM b? T2b)>
Q7 /B772 2Mi p2;2i iBQM bT2+B2b "2 p2°'v bBKBH " iQ 2 +? Qi?2 r
T2 FK ;MBim/2bX aBM+2 +QbBM2 bBKBH "Biv K2i B+ Bb BMp "B Mi
b[m "22°Q b M //BiBQM H K2i'B+ iQ K2 bm 2 ?2Qr +HQb2 i?2 mM
Tm 2 +QKTQM2MibX

jXjXk 1tT2'BK2Mib QM a KbQM ?2vT2 bT2+i" H /i

a KbQM / i b2i Bb QM2 Q7 i?2 bi M/ */ #2M+?K "FBM; / i b2ib 7Q " ?v
b/2b+ B#2/ BM>aREMRQM 7Q K i?2 miQ2M+Q/2  # b2/ MMKBtBM; Q
r?B+? +QMbBbib Q7 Nyk8i> BMBM; b KTH2b Q7 "2 Hb+2M2rBi? bQE
h?2 "+?Bi2+im 2 Q7 i?2 miQ2M+Q/2  7Q  i° BMBM; i?2jX¥bQM / i



kYkY Béeyafeqé 2z Ofé j]
l1p Hm iBQM J2i B+b,

UBW?2 mMMKBt2/ 2M/ K2K#2  bT2+i° "2 [m MiBi iBp2Hv 2p Hm i2/ #\
22 :°QmMM/ i"mi? 2M/ K2K#2" bQBDBiM 2nbBEMK 2 Bliv[m "2 2°°Q°
K2i'B+bX Zm HBi iBp2 2p Hm iBQM Bb T2 '7Q K2/i?°Qm;? pBbm

UBB¥2 2biBK i2/ T2 +2Mi ;2 #mM/ M+2 Q7 2 +? 2M/ K2K#2 Bb +QK
i'mi? #mM/ M+2X 6m i?2 -i?2 #mM/ M+2b "2 [m #HBM/iBHRHvV 2p
K TE#mM/ M+2Bb TH M/ +Qp2 K T 2T 2b2MiBM; i?2/Bbi B#miBC(
H M/ +Qp2 bBM M BK ;2 b+2M2X

UBBBY T2 '7Q K M+2 Q7 i?2 T'QTQb2/ miQ2M+Q/2 Bb +QKT 2/ ic
MiQ2M+Q/2 bTABBMt M:H2KBbLBMX2+i° H M;H2 /Bbi Bb+2 Ua .\
K2 bm 2 Q7 i?2 M;H2 #2ir22M irQ p2+iQ b i? i Bb + H+mH i2/

SAD = ‘++%%L__ UjXRRYV
iraijj by

r?2°2 M/ # 2T 2b2Mii?2irQ p2+iQ bX

2[m iBQM,

jXjXj 1tT2 'BK2Mib QM 2 H ?2vT2 ' bT2+i  H /i

h?2 T2 ' 7Q K M+2 Q7 i?2 mMbmT2 pBb2/ mMKBtBM; Bb 2p Hm i2/ Q
7H2+i M+2 /i Q#i BM2/ 7°QK i?2 L1PL B '#Q M2 '2KQi2 b2MbBM;
+QKT '2?22MbBp2 M HvbBb QM /B772 2Mi bBx2/ “2;BQMb +Qp2 BM;
7Tm i?2 +QKT "2i?2 "2bmHibrBi? Qi?2  bmT2 pBb2/ M/ mMbmT2 pB
B/2MiB7B+ iBQMX

h?2 “+?Bi2+im 2 Q7 i?2 miQ2M+Q/2  i? i Bb mb2/ 7Q° mMmMKBtBM; i-
7Q° B/2MiB7vBM; i?2 H M/ +Qp2jkX®8b RYQKM BWEBRK ;2 Bb T QpB/2/



j9 +NzZy 1 kY KY NAz2aanl-

i?2 BMTmi BM i91X&BM2 R1PL "27H2+i M+2 /i +QMbBbib Q7 jR8 r pZ
7i2° T 2T Q+2bbBM; M/ 2KQpBM; i?2 BMp HB/ # M/bX h?2°27Q 2-
IBK2MbBQM Q7 RyytRyytjR8 r?2°2 2 +?2 BMTmi TBt2H +Q "2bTQM/b |
jR8 /IBK2MbBQMbX h?2 /i +m#2 Bb "2b? T2/ BMiQ RyyyytjR8 /BK21
BMTmi/ i Bb 72/ BMiQi?2 miQ2M+Q/2  7Q  i° BMBM:X h?2 MmK#?2
QmiTmiH v2 ' Bb2[m HiQ jR8X Ai +QMbBbib Q7 irQ ?B//2MH v2 b rBi
G v2 k+QMbBbib Q7 k mMBib #2+ mb2 i?2 BMTmi ?2vT2 bT2+i H BK
+H bb2b- M K2Hv- bQBH M/ p2;2i iBQMX h?2 miQ2M+Q/2" i'B2b i
2 +?2 BMTmi TBt2H ii?22QmiTmi Q7 i?2 M2irQ"F mbBM; K2 M b[m "2 2
2M/ Q7 1i?2i BMBM; T Q+2bb-i?2r2B;?ib+QMM2+iBM; >B//2M G v2°
? b /BK2MbBQM Q7 ktjR8 "2T 2b2Mi i?2 2M/ K2K#2 bT2+i° Q7 i 22

h?2 /2i BHb Q7 i?2 2tT2 BK2Mib T2 7Q K2/ QM i?2 "2 H 27H2+i M+2z

RXB772°2Mi H M/ +Qp2°b
h?2 2vT2 bT2+i° HBK ;2 /i 7Q H M/ +Qp2  [m MiB7B+ iBQM B
HQrBM; "2:BQMb ,

UBA2 F2iiH2 1tT2 'BK2Mi H 6Q 2bi '2:BQM BM * HB7Q MB - IXze
+Qp2  ivT2b #2BM: p2:;2i iBQM M/ b@BX¥ AOBLE?2 \2Q My R p B
Q7i?°22K DQ i'22bT2+B2b-M K2Hv- r?Bi2 7B - BM+2Mb2 +

UBBKBi?bQMB M 1MpB QMK2Mi _2b2 “+? *2Mi2  BM J "vH M/- I
2i iBQM- bQBH M/ri2  bi?2K DQ H M/ +Qp2REXT2b 7Q  i?.
UBBBV 7B2H/ bBi2 BM q b?BM;iQM- IXa-r?B+? Bb 7Q 2bi 2;BQlI
P2:2i iBQM b i?2 K DQ  H M/ +Qp2 Ey»Q hPEbHV2 'BKYR 3F QMb B
Q7irQ K DQ  bT2+B2b Q7 i 22b-M K2Hv- /Qm;H b 7B> M/ r2b

h?2b2 "2;BQMb "2 b2H2+i2/ b i?2v "2 /Bp2°'b2 M/ BM /IB772 2



kYkY Beyafeqe z Oné i8

6B;m 2 jX8, miQ2M+Q/2 7Q mMKBtBM; "2 H?vT2 bT2+i"



je +NzZy 1 kY KY NAz2aanl-

reB+? ?22HTb iQ + Tim 2i?2p B #BHBivBM 2+QHQ;B+ H+QM/Bi
iBQMX

kXB772 '2Mi bBx2b Q7 H M/ +Qp2 b
h?2 miQ2M+Q/2  KQ/2H Bb 2p Hm i2/ QM ?vT2 bT2+i HBK ;2b (
iQ bim/vi?2 b+ H #BHBiv Q7 i?2 i2+?MB[m2iQ "2;BQMb rBi? /IB7
>2°2 2 bQM #H2 bbmKTiBQM Bb K /2 i? i H ;2  ?2vT2 bT2+i"
b2Mib H ;2" H M/ +Qp2°b b BibT Mb Qp2" rB/2° "2 X 1tT2 BK
"2;BQMb rBi? /IBK2MbBQMb RyyKt RyyK- kyyKtkyyK- RyyyKt Ry
M/ 8yyyK t8yyyKX

i X*QKT "BbQM rBi? bmT2 pBb2/i2+?MB[m2b
h?2 T2 7Q K M+2 Q7 i?2 miQ2M+Q/2  Bb +QKT “2/iQ b2p2  H b
K2i?Q/b bm+? b amTTQ i 02+iQ" J +?BM2 UaoJV- _ M/QK 6Q 2|
M2irQ FbX

9% QKT "BbQM rBi? mMbmT2 pBb2/i2+?MB[m2b
h?2 T2 7Q K M+2Q7i?2 miQ2M+Q/2 Bb +QKT “2/iQ Qi?2  mMbn
bE@J2 Mb-L@6BM/° M/ o* XE@J2 MbBb M mMbmT2 pBb2/ +F
i"B2b iQ +H bbB7vi?2BMTmibT2+i° BMiQ/B772 2Mi +Hmbi2 b
+Q "2bTQM/b iQ M 2M/ K2K#2  bT2+i" H&BM ohm BRX 12@6BM/
i /BIBQM HbT2+i° HmMMKBtBM; H:Q Bi?Kb # b2/ QM ;2QK2i B

8XQKT "BbQM rBi? H M/ +Qp2  +H bbB7B+ iBQM bi M/ */
LiBQM HG M/ *Qp2 . i # b2 ULG*. VBb la:abi M/ '/ 7Q H M/
+ iIBQNX Ai +QMbBbib Q7 ky 2+Qbvbi2K +H bb2b 7Q  +H bbB7vB
b2 p2b bi?2/27BMBiBp2 G M/b i@# b2/-jy@K2i2 "2bQHmMIiBQM
laX Ai bmTTQ ib p B2iv Q7 62/2° H- ai i2- HQ+ H- M/ MQM;Qr



kYkY Beyafeqe z Oné jd

i?7 i b22F iQ bb2bb 2+Qbvbi2K bi imb M/ ?2 Hi?- mM/2 bi M/ i?
#BQ/Bp2 bBiv- T ' 2/B+i2772+ib Q7 +HBK i2 +? M;2- M/ /2p2HQT
h?2 /B772 2Mi +H bb2b Q7 i?2 LG*. bi M/ */] "2,
UWT2Mq i2®

U#82 2MMB H A+2f aMQr

U+MVp2HQT2/- PT2M aT +2
U/V2p2HQT2/- GQr AMi2MbBiv
U2Mp2HQT2/-J2/BmK AMi2ZMbBiv
U72p2HQT2/- >B;? AMi2MbBiv

u;v...2M G M/ U_Q+Ffa M/f*H vV
U?2V2+B/mQmb 6Q 2bi

UBM2 ;°22M 6Q 2bi

UDMBt2/ 6Q 2bi

UFM "7 a+ m#

UHV? m#fa+ m#

UKV bbH M/f>2 # +2Qmb

UMarR/;2f>2"# +2Qmb

UQ&B+?2Mb

UTY¥Qbb

U[WB bim 2f> v

U'VmHiBp i2/ *"QTb

Ub¥QQ/v q2iH M/b



i3 +NzZy 1 kY KY NAz2aanl-
UILK2 ;2Mi >2°# +2Qmb g2iH M/b

h?2 H M/ +Qp2° +H bb2b Q#i BM2/ #v i?2 miQ2M+Q/2 "2 +QKT
LG*. +H bbB7B+ iBQM iQ bb2bbi?2 ++m > +v Q7 i?2 miQ2M+Q/

1p Hm iBQM K2i B+b,

UBW?2 2M/ K2K#2  bT2+i° mMKBt2/ #v i?2 miQ2M+Q/2"° 2 [m HBI
pBbm HBx iBQM Q7 i?2 bT2+i" X 6m i?2 -[m MiBi iBp2 2p Hm iB
BM; i?72K iQ i?2Tm 2 bT2+i° BM i?2 b¥Q-biB NH2 HoBBAMB/K 2Bl B M ;
bfm "2 2K®Qi"B+bX

UBB¥2 T2 +2Mi ;2 +QKTQbBIiBQM Q7 2 +? 2M/ K2K#2" Bb + H+mH i
QmMM/ iTmi? #mM/ MERM/ HM2XK Ip2M2° i2/ 7Q° [m HBi iBp2 2p
iBOM Q7 i?2 H M/ +Qp2° #mM/ M+2bX

UBBBY "2bmHib Q7 i?2 miQ2M+Q/2° "2 +QKT "2/ iQ i?2 "2bmHib C
BM; K2i?Q/bTmMPBBRU RO MIMH/6R a+X2i 'B+b r?B+? "2 2tTH BM2/ BI
7QHHQrBM; 2K&, iBQMb (

T rueP ositive

Precision = — — Ui XRkV
TrueP ositive + FalseP ositive J

TrueP ositive . .
Recall = ”u b . UjXRjV
TrueP ositive + FalseNegative

2 Precision Recall

F1Score= Precision + Recall UJXROV

r?2°’2 h'm2 SQbBiBp2 Bb i?2 +Q "2+iHv T 2/B+i2/ TQbBiBp2 p F
+Q 2+iHv T 2/B+i2/ M2; iBp2 p Hm2- 6 Hb2 SQbBiBp2 Bb i?2 +
T 2/B+i2/ b TQbBiBp2- M/ 6 Hb2 L2; iBp2 Bbi?2 +im HTQbBIiB



kYkY Beyafeqe z Oné iN

bM2; iBp2X

UBHY2 T2 7Q K M+2 Q7 i?2 miQ2M+Q/2 Bb +QKT "2/ rBi? i? i Q7 i

MB[m2b m@BBIM2 bBKRHM Biwm 2 2M/Q2biBK i2/ T2 +2Mi ;2 #mN
| M+2bX



*?2 Ti2 9

_2bmHib

AM i?Bb +? Ti2 -r2 T 2b2Mi i?2 2bmHib M/ 2p Hm iBQMb Q7 i?2 m
[m MiB7B+ iBQM QM HH /B772 2Mi/ i b2ibX

9XR _2bmHib Q7 avMi?2iB+ . i

h?2 "2bmHib Q7 ?2vT2 bT2+i" H mMKBtBM; QM bvMi?2iB+ /i "2 T 2t

OXRXR 1tT2 ' BK2Mib rBi? /IB772 2Mi MmK#2" Q7 H M/ +C
. i b2ib 2;2M2" i2/rBi? k-j-9 M/ 8/B772°2MiH M/ +Qp2 'bX

RXrQ 2M/ K2K#2 b

/i b2irBi? irQ 2M/ K2K#2 b-M K2Hv-i'22 M/ bQBH 2M/ K2K#2"
Ryyy i BMBM; b KTH2b T2 +H bb M/ i?2 miQ2M+Q/2  # b2/ m
h?2 KQ/2H T °~ K2i2'b "2, miQ2M+Q/2  rBi? 9 ?B//2M H v2 b rB
rBi? Gk "2:mH 'Bx iBQM- / K QTiBKBx2  rBi? yXy8 H2 "MBM; " i
7TMM+iBQM-# i+? bBx2 Q7 jk M/ kyy 2TQ+?bX h?2 ;°QmM/ i mi?
HB# v HQM; rBi? i?2 mMKBt2/ ~2bm HIXR 222?-0Q bIBBWR GB KB B
M/ K2 M b[m "2 2 °Q #2ir22M i?2 KQ/2H QmiTmi M/ i?2 +Q  2b
7°QK bT2+i° HHB# v "2 BX@®M BM h #H?2

9y



‘YSY Y a4 AAb-é6 NY O« /z 2 9R

6B;m 2 9XR, _2bmHi bT2+i" Q7 bvMi?2iB+ /i rBi? k2M/ K2K#2 b U
U#V h 22 U+V aQBH

kXh? 22 2M/ K2K#2 b

/i b2i rBi? i?°22 2M/ K2K#2 b +QMbBDbiBM; Q7 irQ /B772 2Mi i
SBMmb G K#2MEBSBI[mB/ K# * biv’ MBBI®BH 2M/ K2K#2 b Bb ;2M?2
rBi? Ryyy b KTH2b T2  +H bbX h?2 KQ/2H T > K2i2'b "2, miQ2
Hv2'brBi?j-N-R3-jemMBibrBi? Gk 2;mH "Bx iBQM- / KQTiBl
* i2- +QbBM2 bBKBH BivHQbb 7mM+iBQM- # i+? bBx2 Q7 jk M/ |
bT2+i° 7 QK i?2 bT2+i° H HB# v HQM; rBi? i?2 KQ/2H “2bmH
9%k h?2 +QbBM2 bBKBH "Biv M/ K2 M b[m "2 2 Q" #2ir22M i?2
+Q "2bTQM/BM; HB# v +QKTQM2MIMR Rib? QIr M2BQK h 242/ i? |
i72 KQ/2H Bb #H2 iQ /B772 2MiB i2 #2ir22M i?2 p2;2i iBQM M/
HbQ /BbiBM;mBb? #2ir22M i?2 /B772 2Mi bT2+B2b Q7 p2;2i iBQ
b? T2b M/ p v QMHv BM i?2B K ;MBim/2bX

i X6Qm > 2M/ K2K#2 b
/i b2i rBi? 9 2M/ K2K#2 b +QMbBbiBM; Q7 bQBH- "Q / M/ k /B
M K2EBBMmb G K#2MiB B[mB/ K# ~ biv'BbB2MM@  i2/ rBi? Ryyy b K
TH2b T2  +H bbX h?2 KQ/2H T * K2i2'b "2, miQ2M+Q/2 rBi? 9
3- Re- k3 mMMBib rBi? Gk "2;mH "Bx iBQM- / K QTiBKBx2  rBi? y»



9 k +Nzy T Y ' &

6B;m 2 9Xk, _2bmHi bT2+i" Q7 bvMi?2iB+ /i rBi? j2M/ K2K#2 b U
U#V h'22 RU+V h 22 k U/V aQBH



'YSY 'Y a fAb-é Ny O« /z 2 9j

bBKBH "Biv HQbb 7TmM+iBQM- # i+? bBx2 Q7 Re M/ kyyy 2TQ+7?|
7°QKi?2bT2+i° HHB# v HQM; rBi? i?2 KQ/2HI9XhM/HPR "2 b?Q
+QbBM2 bBKBH "Biv M/ K2 M b[m "2 2°°Q" #2ir22M i?2 KQ/2H Q
bTQM/BM; HB# v +QKTQM2Mib9XR b?QrM BM h #H?2

Ai + M #2 Q#b2'p2/i? ii?2 KQ/2H Bb #H2 2ti> +i i?2 b? T2b Q7
bT2+i° r2HHX >Qr2p2°-i?2 K :MBim/2b Q7 QMHvV bQK2 Q7 i?2 2
R M/i 22k K i+? +HQb2Hv rBi?i?2 ;" QmM/i mi?r?2°2 bi?2 K ;N\
bQBH 2M/ K2K#2 b /2pB i2 bHB;?iHv 7 QK i?2 ;°QmM/ i mi? p Hn
T Q#H2Kb BM + b2b r?2 2 i?2 H M/ +Qp2 bT2+i° "2 p2'v/B772
Bi Bbbm77B+B2Mi iQ K i+? QMHvV i?2 bT2+i" Hb? T2b BM bm+? ;
TQ'i MiQMHVBM TTHB+ iBQMbbm+? bp2:;2i iBQM+H bbB7B+
"2 bBKBH ° M/ i?22M/ K2K#2 b M22/iQ #2 /B772 2MiB i2/ # b2/
AM i?Bb T "iB+mH ~ 2t KTH2-i?2 K ;MBim/2b Q7 i?2 mMKBt2/ i
Ki+? +HQb2HvVv rBi? i?2 ; QmM/ i mi? M/i?2 KQ/2H Bb #H2 iQ /E
irQ ivi2b Q7 i'22bX h?2°27Q°2-i?2 K ;MBim/2 /2pB iBQM 7Q" bQ
/Q2b MQi + mb2 Mv T'Q#H2Kb bi?2v+ M #2 B/2MiB7B2/ # b2/ Q
b? T2bX
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6B:m 2 9Xj, 2bmHi bT2+i° Q7 bvMi?2iB+ /i rBi? 9 2M/ K2K#2 b U
U#V h"22 R U+V h 22 k U/V aQBH U2V _Q /

9XBp2 2M/ K2K#2 b

bvMi?2iB+/ i b2irBi? 8 2M/ K2K#2 b +QMbBbiBM; Q7 i 22-bQBI
:2M2° i2/ rBi? Ryyy b KTH2b T2  +H bbX h?2 KQ/2H T * K2i2'b

9 ?B//I2M H v2 b rBi? 8- R8- jy- 98 mMBib rBi? Gk "2;mH "Bx iBQI
yXyyRH2 "MBM;  i2- +QbBM2 bBKBH "BivHQbb 7mM+iBQM- # i+
CQmMM/ i*mi? bT2+i° 7°QK i?2bT2+i° HHB#' v HQM; rBi? i?2 K
BM 6B;9%@ h?2 +QbBM2 bBKBH "Biv M/ K2 M b[m "2 2 "Q p Hnm
bT2+i> "2 b?QrM ®Mh #H?2

h?2 "2bmHibb?Qri? ii?2 miQ2M+Q/2 Bb #H2 2ti° +ii?2b? T2b
bT2+i° r2HHX >Qr2p2'-i?2 K :MBim/2b Q7 QMHvV bQK2 Q7 2M/ K
M/ ri2  Ki+? +HQb2Hv rBi? i?2 ;" QmM/ i mi?r?2°2 bi?2 K ;MB
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"QQ7 /2pB i2 bHB;?iHv 7 QK i?2 ;;QmM/ i mi? p Hm2bX h?Bb /Q
i?Bb + b2 b i?2b2 H M/ +Qp2'b "2 p2'v /B772'2Mi 7°QK 2 +? Qi
i?72B  bT2+i° Hb? T2bBb bm77B+B2MiiQ B/2MiB7v i?2KX

6B:m 2 9X9, 2bmHi bT2+i° Q7 bvMi?2iB+ /i rBi? 8 2M/ K2K#2 b U
U#V h 22 U+V aQBH U/V _QQ7 U2V qi2 U7V _Q /



9e

h #H2 9XR, 2bmHib Q7 bvMi?2iB+ / i

+Nzy § @Y

Bl

a

rBi? /IB772 2Mi MmK#2"~

LmK#2 Q7 1M/ JREMZ I2K#2*QbBM2 aBKBRH MBaym 2 1°°Q°

k h 22 yXNN3e33 jXk9kk¥Ry
aQBH yXNNN88k RX83N®¥tRy

j h“22 R yXNNj9eR kXye3®iRy
h> 22 k yXNNNN83 dXN8y@tR\
aQBH yXNNN3NR dXd3dftRy

9 h"22 R yXNNNN3k RXd9d®tRy
h 22 k yXNNdRy3 RXy8N&tRy
aQBH yXNNN3N9 RXRddFtRYy
_Q/ y X NN 38y RXR®%ed

8 h 22 yXNN33klj] kXk38&iRy
aQBH yXNNd33j] 9X3jR®FRy
_QQ7 yXNNjN9k RXey8®itRy
qi2° yXNNd993 8Xk3kkEtRy,
QI yXNNNION3 jXed®dk

OXRXk 1tT2 BK2Mib rBi? /IB772 2Mi bBx2b Q7 H M/ +Qp

aT2+i°" H mMKBtBM; Bb T2 ' 7Q K2/ QM bvMi?2iB+ /i b2ib rBi? /B77
b KTH2b r?B+? ;Bp2b M BM/B+ iBQM Q7 i?2 T2 ' 7Q K M+2 Q7 i?2 KQ
bBx2b Q7 H M/ +Qp2 ' bX . i b2ibrBi? k 2M/ K2K#2 b- M K2Hv- bQBH
M/ ky-yyy i BMBM; b KTH2b rBi? 2[m H MmK#2> Q7 b KTH2b T2  +
bvMi?2iB+ HHv ;2M2°

i2/X h?2 pBbm HBx iBQMb Q7 i?2 Q®¥@Tmi bT:

h?2 bBKBH "Biv Q7 i?2 mMKBt2/ bT2+i" rBi? i?72 Tm 2 bT2+i" H +QK
/2i2 " KBM2/ mbBM; +QbBM2 bBKBH "Biv M/ K2 Mb[m 22X hQBbM/ Bb
M HvbBb ;Bp2b M BM/B+ iBQM Q7 i?2 b+ H #BHBiv Q7 i?2 KQ/2HX F
1?72, QmM/ i mi? M/ T Qp2i? ibT2+i° HmMMKBtBM; mbBM; miQ2M+

bK HH br2HH b H ";2/ i b2ibX
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6B:m 2 9X8, 2bmHi bT2+i° Q7 bvMi?2iB+ /i rBi? /[B772 2Mi bBx2kL
aQBH

h #H2 9Xk, _2bmHib Q7 bvMi?2iB+ /i rBi? /IB772 2Mi bBx2b (

LmK#2 Q7 a [KThBM2 aBKBR® MBaym 2 1°°Q°
kyy h> 22, yXNNNiyR@, kXeedPdtRy
aQBH, yXNNaQ@PH, kX@PyktRy

kK-yyy h 22, yXNN3e3X2®2, [ Xk9RKtRY
aQBH, yXNNA@B8, RX83NdtRy

Ky-yyy h 22, yXNNNRRZ, kXd3&RtRy
aQBH, yXNN&8{Q\BH, 8X8988tRYy

OXRXj) 1tT2 BK2Mib rBi? /B772 2Mi /Bbi B#miBQM Q7 H

. i b2ib rBi? k 2M/ K2K#2 b- M K2Hv- bQBH M/ i'22- rBi? 8y,8y- ey
Ny,Ry +QKTQbBiBQMb Q7 i'22,bQBH 7Q" iQi H MmK#2 Q7 kyyy i’
h?2 MMKBt2/ 2M/ K2K#2  bT2+i° M/ i?2 2biBK i2/ #mM/ M+2b 7Q" |
BM i?2 6BIXeN/ h #92§ AM Q /2  iQ 2p Hm i2 B7 i?2 KQ/2H Bb #H?2
2biBK i2i?2 #mM/ M+2b Q7 i?2p 'BQmb +H bb2b 2p2M rBi? bF2r2/ /E
+QKTQbBIiBQM Q7 2 +?2 Q7 i?2 /B772 2Mi 2M/ K2K#2 b Bb + H+mH i2
BM/B+ i2i? ii?2 #mM/ M+2 2biBK iBQMb M/ i?2 bBKBH "Bivb+Q 2k
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Ki+?2 r2HH rBi? i?2 ;;QmM/ i mi? 7Q°

6B;m 2 9Xe, 2bmHi bT2+i"

h 22 U#V aQB

h #H2 9Xj, 2bmHib Q7 bvMi?2iB+ / i

H

Q7 bvMi?2

iB+ /i rBi? /IB7

"QmM/ h°
h 22,aQ

NMiQbBM2 aBKB® MBaym 2 1

BH

TRIBK i2/ #mM

SyW,8yW h 22, yXNN

aQBH, yXxN

33232, | Xk9RK
NAGBK, RXSI3

tRy h 22, 8yW
NdtR§QBH, 8yW

eyW,9yW h 22, yXNN

aQBH, yXN

3RjR2, Xy @St
NEQBRI, 9X 88

Ry h 22, eyW
djtRyaQBH, 9y W

dyW,jyWw

h 22, yXNN
aQBH, yXN

NOR®, RXy &d
NA@BBI, 3XPN

jtRy h 22, dyW
B8tRyaQBH, jyW

3yW,kyW h 22, yXNN

aQBH, yXN

3NI2R, RXORRRtRyh 22, 3yW

NAQB®, RXGY

9dtRBQBH, kyW

NyW,Ry

Wh 22, yXNN
aQBH, yXxN

3NRE, jXkRR
NAQ@BY, kX &k

RtRyh 22, NyW
jdtRyaQBH, RyW

9 Xk

_2bmHib Q7 a KbQM >vT2 bT2+i  H

h?2 "2bmHib Q7 a KbQM #2M+?K "FBM; /i b2i-r?B+? Bb

HH i?2 /B772 2Mi " iBQb Q7 i?

72 2Mi /IBbi’

rBi? /IB772 2Mi /Bbi B#mi

| M+2

?2vT2 bT2+

*2 b?QrM #2HQrX h?Bb/ i b2i +QMbBbib Q7 i?°222M/ K i2'B Hb- BX
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9Xd V M/ U#V b?Qri?2?2vT2 bT2+i  HBK ;2 M/i?2;"QmM/i mi? 2M/
h?2 miQ2M+Q/2 Bb i BM2/ rBi? 7Qm  ?B//2M H v2 b rBi? kd- R3-
QTiBKBxXx2  rBi? yXyR H2 "MBM; " i2- +QbBM2 bBKBH “Biv HQbb 7m
kyy 2TQ+2?bX h?22 QmiTmi bT2+i> Q7 i?2 KQ/2N B b?2M BM iBD 6B ;
"2bmHib "2 ;Bp2MX®M h #H?2

6B;m 2 9Xd, U Va KbQM >vT2 bT2+i" HAK ;2 U#V :"QmM/ i n

6B;m 2 9X3, _2bmHi bT2+i° Q7 a KbQM ?2vT2 bT2+i" H/ i b2i U VI
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h #H2 9X9, 2bmHib Q7 a KbQM 2vT2 bT2+i> H /i

1M/ K2K#2QbBM2 aBKB® MBaym "2 1°°Q°
h 22 yXNNN;jdj i X883 d&RYy
aQBH yXNNN888 9XNdy@itRy
qi2° yXNN3eje RXejkl@&Ry

h?2 2biBK i2/ T2 +2Mi ;2 +QKTQbBIiBQM Q7 2 +?2 Q7 i?2 K i2 B Hb-
+ H+mH i2/ M/ +QKT "2/ rBi?i?2 ;" QmM/i mi? #mM/ M+2008?B+7? + |
h?2 #mM/ M+2 K Tb Q7 HH i?2 2M/ K2K#2 B XA2AH 2QNM# B M) 8 B2 imp 2/
i? 11?72 KQ/2H Bb #H2 iQ 2ti" +i HH i?2i? 22 2M/ K2K#2 b M/ [m M
BM ++Q '/ M+2 rBi? i?2 ;" QmM/ i mi? rBi? M p2 ;2 Q7 RX3W /2pB

i"mi?X

h #H2 9X8, 1M/ K2K#2 #mM/ M+2b

Ji2 BHQmMM/ i [nLBiBK j2/
h 22 9yXekW jNXRRW
aQBH [jX9RW jeXRyWw
qi2° k8XNdW k9XdNW

9XKkXR S2°7Q°K M+2 +QKT 'BbQM rBi? bi i2@Q7@i?2@
KQ/2Hb

h?2 T2 7Q K M+2 Q7 i?2 T °QTQb2/ miQ2M+Q/2 QM a KbhQM / i b2i |
irQ bi iI2@Q7@i?2@ i MiQ2M+Q/2 bX h?2 7B bi nkiQ2MB+Q/Rb Bb 7
irQ@bi ;2 mMiQ2M+Q/2  rBi? MQp2H- KQ/B7B2/ bT2+i° H M:;H2 /B
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6B;m 2 9XN, #mM/ M+2 K Tbh Q7 a KbQM /i b2i, "Hm2@ q i2 - : 22|
S QmM/ h mi?U#V 1biBK i2/

KQ/2H Bb BMBiB HBx2/ rBi? o* i2+?MB[m2-? b /'QTQmiH v2 - HR
“2;mH 'Bx2'- / K QTiBKBx2' M/ mb2b # i+? bBx2 Q7 e9 7Q i?2 i’
MiQ2M+Q/2°  Bb 7°QK i?2 2R r?B+PQ? W BMQKTH2t “+?Bi2+im 2 rB
?2B//2M H v2'b-/"QTQmi H v2 - # i+? MQ 'K HBXx iBQM H v2 - bT2+i"
7mM+iBQM M/ # i+? bBx2 Q7 kyX

AMQ /2 iQ +QKT "2Qm T QTQb2/K2i?Q/iQ Qi?2 bi i2@Q7@i?2@
b2ib-r2 + H+rmH i2i?2 a . #2ir22M i?2 mMKBt2/ 2M/ K2K#2 bT2+i"
i'mi? 2M/ K2K#2 bT2+i° X h?2 mMKBtBM; Bb T2 ' 7Q K2/ 8y iBK2b 7
K2 M M/ bi M/ '/ /2pB iBQM Q7 i?2 "2bmHia .Bb+ H+mH i2/ + Qbb
"2TQi2/ BMOEM2 + M #2 Q#b2 ' p2/i? i i?2 T°QTQb2/ K2i?Q/ r?B+?
mMiQ2M+Q/2  rBi? +QbBM2 bBKBH "Biv HQbb 7mM+iBQM T ' QpB/2b |
p  HmM2 i? Mi?2irQ bi i2@Q7@i?2@ i miQ2M+Q/2 bX
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h #H2 9Xe, S2°7Q K M+2 +QKT 'BbQM rBi? bi i2@Q7@i?2@ i miQ?
“ /B MbV

JQ/2H JQ/2HR JQ/2HKPmM miQ2M+Q/2°

aQBH yXyRKNjiyXR @ yXyk8jiyXyj3
h 22 | yXy9eN iy XR @ yXykydiyXyj9
qiz2° yXYkN8 jyXj @ yXy9k9iyXRyR

J2 Ma | yXykN3 jwXkjR iyXyy8ykN9iyXly8de

9Xj _2bmHib Q7 2 H>vT2' bT2+i  H . |

h?2 “2bmHib QM "2 H 2vT2 bT2+i  H "27H2+i M+2 / i Q& BM2/ 7°Q
/B772 2Mi "2;BQMb 2 T 2b2Mi2/ BM i?Bb b2+iBQMX
h?2 /B772 2Mi b2ib Q7 2tT2 BK2Mib T2 7Q K2/ "2,

RX2:BQMb rBi? /B772 2Mi H M/ +Qp2°b
kX 2:BQMb rBi? /B772 2Mi bBx2b
iX*QKT "BbQM rBi? amT2 pBb2/ h2+?MB[m2b

9% QKT 'BbQM rBi? IMbmT2 pBb2/ h2+?MB[m2b

9XjXR _2:BQMb rBi? /B772 2Mi H M/ +Qp2°b

1tT2 'BK2Mib "2 T2 7Q K2/ QM /B772 2Mi "2:BQMb +QMbBbiBM: Q7
“2bmHib "2 T 2b2Mi2/ #2HQrX

UBW:BQM R, aQBH M/ 02:2i iBQM
RyyKt RyyK "2;BQM BM i?2 h2 F2iiH2 1tT2 BK2Mi HjBQXRDbi /2b+
+QMbBbiIBM; Q7 bQBH M/ p2;2i iBQM H M/ +Qp2°'b Bb +QMbB/2
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IXRYVX h?2 miQ2M+Q/2° KQ/2H mMKBt2b i?2 BMTmi /i BMiQ
B/2MiB7B2b 2 +? Q7 i?2 i ;2i K i2'B Hb +Q "2+iHv 7°QK DbT2+
K DQ'H M/ +Qp2'b M/i?2 p2;2i iBQM bT2+B2b Q7 i?2 "2;BQMX
h?2i> BMBM:; /i +QMbBbib Q7 Ry-yyy b KTH2b M/ i?2 KQ/2H T
+Q/2  rBi? k ?B//2M H v2'b +QMbBbiBM; Q7 jk M/ k ?B//2M mMB|
yXyyR H2 "MBM; " i2- K2 Mb[m 22 "Q HQbb 7mM+iBQM- # i+?
h?2 "2bmHi bT2+i° "2 b? QrVREBAW 6B /ny 2W XXl #@irb i?2 bBKBH " @
Bivb+Q'2b M/i?2 K2 Mb[m 22 °Q p Hm2b Q7 i?2 mMKBt2/ bQ
?B;? +QbBM2 bBKBH "Bivp Hm2b BM/B+ i2 i? ii?2 b? T2b Q7 i~
Ki+? r2HH rBi? i?2 ; QmM/ i mi? bT2+i° M/ i?2 HQr K2 M b[m "2
+ 0i2i? 11?2 K ;MBim/2b Q7 i?2 2ti" +i2/ 2M/ K2K#2 b K i+? r2HH
i'mi?bT2+i° 7 QK bT2+i° HHB# "vX h?2;"QmM/i mi? M/ 2biB}
"2 BHHmbi i2/ BMRBYMM/bBU#VX h?2 #mM/ M+2 T2 +2Mi ;2b

h #H2X3 Ai + M #2 Q#b2 p2/i? ii?2 2biBK i2/ #mM/ M+2 p Hm2k
"2 p2'v+HQb2iQi?2; QmM/ i mi?X

6B;m 2 9XRy, 2bmHi bT2+i> Q7 2 H?2vT2 bT2+i" H/ i, 2;BQMR
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h #H2 9Xd, 2bmHib Q7 "2 H?2vT2 bT2+i° " H/ i, 2;BQM
1M/ K2K#2QbBM2 aBKB2 MBaym 2 1°°Q°

h 22 yXNdkN8d 3Xyj8eétRy

aQBH yXNek98e jX3kRItRYy

6B:m 2 9XRR, 2:BQM R #mM/ M+2 J Th, ""QrM@ aQBH- :"22M@ h
1biBK i2/

h #H2 9X3, #mM/ M+2b, 2;BQM R

1M/ K2K#2 QmM/ i [nliPiBK {2/
h 22 e8X99W eRX8BNW
aQBH| j9X8eW j3X9RW

UBBX,BQM k , 02:2i iBQM M/ _Q /
kyyK t kyyK "2:;BQM 7 QK i?2 aKBi?bQMB M 1MpB QMK2Mi H _
bBbiBM; Q7 "Q / M/ p2;2i iBQM H M/ +QKRjbVbBO D BIMBYR &1/ Z C
M HvbBbX h?2i° BMBM; /i +QMbBbib Q7 9y-yyy b KTH2b M/ i"
MiQ2M+Q/2 rBi? k ?B//2M H v2 b +QMbBDbiBM; Q7 e M/ k ?B//2]
rBi? yYXyRH2 "MBM; " i2- +QbBM2 bBKBH "BivHQbb 7mM+iBQM-
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h?2 "2bmHib Q7 i?2 mMKBt2/ H M/ +Qp2  bT2+i 9XRKO\V? QMM BM i’
U+V M/ hoxdh?2 ?B;? +QbBM2 bBKBH "Biv b+Q 2b BM/B+ i2 i?
MMKBt2/ 2M/ K2K#2 b K i+? r2HH rBi? i?2 ;" QmM/ i mi? M/ i?2
2 " Q pHm2b BM/B+ i2i? ii?2 K ;MBim/2b Q7 i?2 2M/ K2K#2'b

i mi?X h?2 ;" QmM/ i mi? #mM/ M+2b M/ T 2/B+i2/ #mM/ M+2b
9XRM/ h #9XRYAi + M #2 Q#b2 p2/i? i i?2 2biBK i2/ #mM/ M+2
rBi? i?2 ; QmM/ i mi? #mM/ M+2 7Q #Qi? Q [/ M/ i 22 H M/ +Qp

6B;m 2 9XRk, 2bmHib Q7 2 H?2vT2 bT2+i  H/ i, 2;BQM kU V A
0
h #H2 9XN, 2bmHi bT2+i° Q7 "2 H2vT2 bT2+i  H/ i, _2;
1M/ K2K#2QbBM2 aBKB® MBaym "2 1°°Q°
h 22 yXNeR8yld kXN38®RtRY
QI yXN3jeRe 9X8Nk8tR)

h #H2 9XRy, #mM/ M+2b, 2:BQM Kk

IM/ K2K#2 " QmM/ i |nliRiBK {2/
h* 22 3dXkjw 38X33W
_Q/ RkXddW R9XRkW
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6B:m 2 9XRj, 2:BQM k #mM/ M+2 J Tb, _Q /@ ""QrM-h'22@ : 22M
1biBK i2/

UBBBMBQM j, 02;2i iBQM M/ qi2"

kyyK t kyyK "2;BQM 7 QK i?2 aKBi?bQMB M 1MpB ' QMK2Mi H _
bBbiBM; Q7 r i2° M/ p2;2i iBQM H M/ +QEZADVLBRrQBIMB/R @/ Z C
M Hvb2bX h?2i° BMBM; /i +QMbBbib Q7 9y-yyy b KTH2b M/ i?
miQ2M+Q/2  rBi? j?B//I2M H v2'b +QMbBbiIiBM; Q7 Rk-e M/ k ?I
/| KQTiBKBx2 rBi? yXyR H2 "MBM; " i2- +QbBM2 bBKBH "Biv H
jk M/ k8 2TQ+?bX
h?2 "2bmHib Q7 i?2 mMKBt2/ H M/ +Qp2  bT2+i 9XRX¥NVQMM BM i
U+V M/ h9aHRFh?2 ;"QmM/ i mi? M/ T 2/B+i2/ #mM/ M+2b 2 T .
OXRM/ i?2 #mM/ M+2 K Tbh "2 b?Q@pWRBIWBBBKRH "Biv b+Q 2- K
b[fm "2 2 "Q M/ i?2 T2 +2Mi ;2 #mM/ M+2 p Hm2b BM/B+ i2 i?
Ki+? +HQb2HvVv rBi? i?2 ;"QmM/ i mi?X
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6B;m 2 9XR9, 2bmHibT2+i> Q7 2 H?vT2 bT2+i  H/ i, 2;BQMjU

~

o

h #H4H2 9XRR, _2bmHib Q7 "2 H?vT2 bT2+i  H/ i, _2;BQ]I

IM/ K2K#2QbBM2 aBKB® MBaym "2 1 Q"

h*22 yXNey9os8d kX9888kRy

qi2° yXN8y33N RX3jeétRy

6B;m 2 9XR8, _2;BQMj #mM/ M+2J Tb, qi2 @ "Hm2-h 22 @ : 221
1biBK i2/



83 +Nzy T Y ' a

h #H2 9XRk, #mM/ M+2b, 2:BQM j

IM/ K2K#2 QmM/ i [miRiBK {2/
h™22 38XNI9W 3eX3RW
qiz2 ROXyeW RjXRNW

9XjXk _2:BQMb Q7 /B772 2Mi bBx2b

AM i?Bb b2i Q7 2tT2'BK2Mib-r2 M Hvx2 i?2 T2 '7Q°K M+2 Q7 i?2 mN
?vT2 bT2+i" HBK ;2b Q7 /B772 2MibBx2br?B+? ;Bp2b M BM/B+ iBC
H ;2" "2;BQMbX >2°2r2mb2i?2/ i 7°QKh2 F2iiH2 1tT2"BK2Mi H 6C
7Q i?72 RyyKtRyyK- RyyyKt RyyyK M/ 8yyyKt8yyyK 2;BQMb M/ i?
7B2H/ bBi2 BM q b?BM;iQM 7Q i?2 9yyyK t 9yyyK "2;BQM r?B+? +QN
bi?2 K DQ " H M/ +Qp2°bX

UBR/YYK t RyyK "2;BQM
h?2 M HvbBb Q7 RyyKt RyyK "2;BQM? b H 2 /v#22M T2 7Q K2/
reBH2 M HvxBM; "2;BQMb rBi? /IB772 2Mi H M/ +Qp2 bX h?2 BN
bT2+i" Q7 i?2 k 2M/ K2K#2 b- M K2Hv- p2;2i iBQM M/ bQBH-
IXRM/i?22QmiTmibT2+i° "22p Hm i2/ mbBM; +QbBM2 bBKBH "B
bb?QrM BM MIXdHBEHB2RAXRR/ h #XB?Qr i?2 2biBK i2/ #mM/ M+2
M/ i?2 #mM/ M+2 K Tbh "2bT2+iBp2HvX

UBBYYYK t RyyyK "2;BQM
?vT2 bT2+i HBK ;2 Q7 bBx2 RyyytRyyy TBt2Hb +Qp2 BM; R b]
7Q i BMBM; i?72 miQ2M+Q/2 X h?2 KQ/2H T ~ K2i2°'b "2 b 7QF
j ?B//2M H v2°'b +QMbBbiBM; Q7 R3-e M/ k ?B//2M mMBib- K2 |
iBQM- / KQTiBKBx2 rBi? yXyyR H2 "MBM; " i2-# i+? bBx2 Q7 ¢
"2bmHiI MibT2+i° "2 b? QXNREAMWG6 B/MJ2W MIXRFH2 2 7QmM/
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