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r

h�m�h~k/h c

r

h�hNY†j

o ˜

a - j

o

s�™šn Y›Z�n1v v h�m�h�Y�c



h�‡D\/h�m n y`h�Y�c1l1W+c •&h8^

r

h�m�h`l ] n1q�•Dc ] ^�]8X�m�qDh�mHv�e1m l |‹}

W’X�Y/ZˆZ�n1Z{Y/e1c�Z�h�\/h�Y/Z{y=g&fN• e�Yˆc •&h

f�•/e1n1f�h�eDv=ZDXNc1XHl n

�

hHXNY/Z�c •&h[YDg�y[k&h�m`eDv=f�]8X�l�l1h�l

o��

] n1q�•�c ] ^ˆ]1e

r

h�m��=s�j{y`h�X�Y/l
c •&X�c.c •&h

h�l c n y`X�c1h�Z�fBe�Y&v n1Z�h Y/f�h’n Y�c1h mNw&X�]�l.v�e1m�c •/h’\�m�e1\LeDl1hBZ
kLeDe�c1l c m�X�\�y`h�c •LeDZ�X�m�h=l ] n�q1•�c ] ^�l •Le8m�c8h�m

c •&h�Y=c •&h�n mLc m�g&hxw&X�] g/h�W k�gDc#c •&hFZ�n1v v�h m�h Y/f�hLn1l�l y`X�] ]�hNYLe1gLq1•=c�e�fBe1Y/f�] gLZDhxc •/X�c#c •/h
hNw&X ] g/X c1hBZ

kLeDe�c1l c m�X�\{y`h�c •LeDZ{q�n w/h�l
l1X�c n8l1vNX�f�c�e8mN^�hBl c n y6X c1h�l

o��

h=X�]�l�eIm�hN\/e1m�c/c •&h=XNw/h m�XBqDh’Y�g�y=k/h�m=e�v

kLeDe�c1l c m�X�\�n c8h�m�X c n�e1YLl total_b Y&hBh�ZDh�Z�c�e=e�k�c1X�n Y`i�jDj=v h�X�l n k�]8hxk/e�e1c1l c m�X�\=m�h�\D] n1f�X�c1h�l’eDv pi
o —

l

l1h�h�Y&W/vNe8m3f

|

izX�YLZ ntest |

™Di�j�W�c •&h.Y�g�y=k/h�m3eDv&n Y/v h�X�l n k�]8h�l�e1] g�c n1e�Y/l

r

X�l9w/h m8^�]1X�m�q�h

o�‚

Y

e�c •/h�m.f�X�l1hBl total_b r

X�lxX�f�f�h�\�c�X k�] ^zl y`X�] ]

o

)�*�+�- .

4. �

K:Q�O�S�I�J'KBMwf>g'P [:Z�L O/_	��

� l , ntest
\ nU �

\	f<ˆ:ˆ:ˆ�� -P [�Z�L O/_�P [:Z�L O/_���

� l � ntest
\ nU, � i,train

\ pi
\

p(j| i �

�

zoO�Q OoU:O�T:O�QnS�P O�W�S�T�W�MmK:Q�O
S�I�J(KBMvP J�O�Y ‡�ˆBˆ(t�KBK:P3_ P Q S�Z(Q O�Z�L R I�S�P O1_|KBM pi
z@O�Q O@I�S�L I�[:L S�P O�W�x
p�J�O

MmQ S�I�P R KBT�KBM	P J�O$e:ˆ��•I�K:T:MnR W�O�T:I�O$R T�P O�Qnb:S�L�P J:S�P�I�K:T�P S�R T:O�W�P J:O�P Qn[:O pi
b:S�L [�O/_�R3_�W�O�T�KBP O�WVS/_ B90.

Classes l ntest nU total_b B90
100 100 657 0.87
100 1000 603 0.83
1000 100 526 0.84

0

1000 1000 510 0.83
100 100 638 0.89
100 1000 579 0.86
1000 100 527 0.86

2

1

1000 1000 507 0.85
250 250 2240 0.87
250 5000 2110 0.85
5000 250 976 0.84

0

5000 5000 621 0.85
250 250 2210 0.87
250 5000 2070 0.92
5000 250 936 0.87

5

1

5000 5000 612 0.84

4.2.
-���
.���,��01�2�5�,# *���� ������$�*��20��)�������5���

—

l/\�m�e1\LeDl1hBZIk–^���m�h n y`XNY ��™"!

r

h�qDhNY&h�m�X�c1h�Z

r

X�w/h�v�e1m�ySZ�X�c8X=l1h c1l

r

n c •�X�m k�n c m�X�mN^[Y�g�y3k&h�m

eDv&h�‡/XNy=\�]1h�l

r

n c •H™

}

fBe�Y�c n Y�g/e g&l9X�c c m n k�g�c1h�l9v mBe1y h�X�f�•`eAvDc •&h
aFf�]1X�l�l1h�l1W

r

•/h m�h.h�X�f�•zf�]8X�l�l

m�h�\�m�h�l1h�YDc�l`XOf�h m�c8X�n Yƒf�e�y[k�n Y/X�c n�e1Y…eDvz™$# k&XBl1h%#

r

X�w&hBl`f�•LeDl�h�Yƒv mBe1y„c •/hOa‹XNw&X�n ]1X k�]8h

&

k&X�l1h%'

r

X�w/hBl

o

ŽL•&h=f�e�Y/f�h�\Dc/c�eIk/h�]8h�X�m�Y/h�ZIn1lL•Dn�q1•�] ^3YLe1Y�] n Y&h�XNm�X Y/Z
Y/e�n1l ^�X�YLZIn c�l(�=X8^+hAl

h�m m�e8mTn1l*)DYLe

r

Y{c�eFk&h

}

a

o

™�t+� ™"!‰n1v’X�] ]�a{f ]1XBl1l1h�lx•&XNw/h.c •/h3l1XNy`h.\�m�e1k/XNkDn ] n c ^�n Yzc m�X n Y�n YLq

X�Y&Z6n Y‹c1h�l c`ZDX�c1X

o

Ž/•&hOv X�f c[c •LX c

r

h

r

h�m�hŠX�k�]8h{c1e‹qDh�Y/h�m�X�c1hOX�YƒX m�kDn c m�X�mN^ Y�g�y[k/h mOeDv

h�‡&X�y[\�]8hBlIX ] ]�e

r

h�Z
g/l/c�eI\&h�m�vNe1m�ySX�m�X�YLqAh[eDv�hN‡D\/h�m n y6h�Y�c8l

r

n c • Z�n1v v h�m�h�Y�cIZDX�c1X=l n

�

h�lIX�YLZ

Z�n8v�v h�m�h�YDc9f ]1X�l�ld\Dm�e�k/X�k�n ] n c n1h�l

o

In c •/h�\/h�m�v�e1m�y`hBZ6h�‡�\&h�m n y`hNYDc1l

r

h�v n m�l c=Z�h�v n Y&hBZ6X{l1h�c[eAv9c

r

e[\/X�m�X�y`h�c8h�m�l3‘ ntest W p b W

r

•/h�m�hFh�]1h�y`h�Y�c1l.eDv p W pi W�m�h�\�m�hBl1h Y�c1h�Z.c •/hFf�]8X�l�l&\Dm�e�k/X�k�n ] n c n1h�l.e�Y3c •/h9g�YD]1X k/hN]8h�Z�Z�X c1X

o%�

h

X�l1l g�y`h�Z�c •&XNc9c •/h�f�]8X�l�l9\�m�e�k&XNk�n ] n c n1h�l=e1YH]1X k/h�]8hBZHZDX�c1X

r

h�m�hIc •&h�l1XNy`h�W pi,train | }
,

a

o�-

e�m

sn y[\D] n1f�n c ^+W

r

h{X�]1l�e`X�l�l g�y`hBZ6X�]1X k/h�]8h�Z�ZDX�c1X�l�h c’n�l=f�e�y[\LeDl1hBZ6eDv
l�h�\/X�m�X�c8h�c m�X�n YDn Y/q6l1h�c

Strain X�Y&Z{c8hBl c{l1h c Stest
r

n c •Šc •/h`l1XNy`h3Y�g�y[k&h�m�l�e�v=hN‡&X�y[\�]1h�l ntest
o.�

h`fBe�gD]�ZŠX�l

r

h�] ]



Z�h�f�n1ZDhBZ�c1ezXN\D\�] ^ŠX
y6e1m�h�Z�X�c8X - h�v v n8f�n1h�YDc�f�m�e�l1l -w&X�] n8Z�XNc n�e1Y X�\�\�m�eDX�f�•Hk–^�gLl n YLq Strain kLe8c •

for c m�X�n YDn Y/qHX�Y/Z�c1h�l c8W–k�gDc�c •&h{f�•/e1n8f�h{eDv&c •&h�l1h�\/X m�X c1hIc1h�l c�l1h�c�X�] ]�e

r

hBZ�g/l�c�eF\/h�m�v�e1m�y X

]1X mBqAh�m.l1h�c9eDv&h�‡�\/h�m n y6h�Y�c1l

o

�=X�l1hBZ{e1Y�c •&h[q1n w/hNY�w&X�] g/h�l
‘ ntest W p
•

r

h=v n m�l c
q�h�Y/h�m�X�c8h�Z�k&X�]1XNY&f�h�Z{l1h c1l Strain X�Y&Z Stest
r

n c •Šc •&h�l1XNy`h3Y�g�y[k/h�m�eAv[h�‡LX y[\�]1h�l ntest
o

Ž/•&hNY/W

r

hˆqDh�Y/h�m�X�c8h�Z nU | ntest _ XBqDX�n Y/W.v�e1m

fBe8Y�w&hNY�n8h�Y/f�h�b hN‡/X�y[\D]1h�l X�f�fBe1m�Z1n Y/q c1e f ]1X�l�lˆ\DmBe1k/X�k�n ] n c n1h�l p o

�

e8c1h c •/X�c�c •&h~h�‡&X�fNc

v m�X�f c n1e1YLl3eAvFf ]1X�l�l1h�l

r

n c •�n Y SU f�X�Y6k/hzf�e�Y&l n�Z�h m�h�Z�X�lTm�X�Y/Z�e1ySY�g�y=k&h�m�l[v m�e1y Mult(nuW

p)/nu Z�n8l c m n kDg�c n�e�Y

o��

h�X�]8l�ešqDh�Y/h m�X c1hBZ…X�YLe1c •&h�mO]1X�m�qDh�Z�X�c1X�l1h�c Slarge
r

n c • aDj�W j�j�j

h�‡&X�y[\�]8hBl�v m�e1y h�X�fN•ŠeDv‰c •/h3azf ]1X�l1l1h�lLc�e
k/h[XNkD]1hTc�e�\Dm�h�f�n1l1h ] ^{y`h�X�l gDm�hTc •/h[X�f�f�g�m�X�fN^ e�v

h�X�f •Hf�e�Y/l c m�g/f�c8hBZFf�]1X�l1l n8v n8h�m

o

—

] ]’f�e�y[k�n Y/X c n�e1YLl’‘ ntest W p
•

g&l�h�Z’n Y6e1g�m�h�‡�\/h m�n y`h�Y�c8l’X�m�h�l •Le

r

Y=n Y[ŽIX�k�]1h�i

o%-

e1m�h�X�f�•

fBe8y3kDn Y&X�c n1e�Y‹‘ ntest W p
•

r

h
\/h mBv e1m�y`hBZHa�j`h�‡�\&h�m n y`hNYDc1l’g/l n YLq=Y/h�gDm�X ]’Y/h c

r

e�m�)/l

r

n c • ™

}

n YD\�gDc�l1W�i[•�n1Z�ZDh�YˆY/e�ZDhBl[X�Y/Z�a�l n�q�y6e1n1Z�e�gDc \�g�c1l1Wdc m�X�n Y&h�Z3k–^6m�h�l n ] n1h Y�cTk/X�f )D\�m�e1\/XBqDX�c n1e�Y

X�]1q�e1m n c •�y �

}

j�!6e1Y Strain
o

Ž/•&hNY/W

r

hHc1h�l c8h�Z Y/h�g�m�X�]3Y/h c

r

e1m�) \/h m�v�e1m�y`X�Y&f�h e�Y Stest c�e

h�l c n y`X�c1h’y`X�c m�n ‡ P r

n c •ˆh�]1h�y6h�Y�c8l p(j| i b W+X�Y/Z�e�Y SU c1e3hBl c n y`XNc1h’w‰h�f�c1e1m q r

n c •ˆh�]8hNy`hNY�c8l

qj
o

ŽL•&h�Y&W

r

h�X�\�\�] n1h�Z[c •/h�\DmBe1\LeDl1h�Z3k/e�e1c1l c m�X�\`y`h�c •/e�Z

r

n c •‹™�j�j=n c8h�m�X c n1e�YLl’c1e`h�l c n y`X�c1h

w/h�f�c�e8m p r

n c •zh�]1h�y6h�Y�c8l pi.
‚

Y‹ŽIX�k�]1h i

r

h�m�h�\Le8m�c�c •/h XNw/h m�X�qDh{kLeDe�c1l c m�X \~h�l c n y6X c1h Epi X YLZ��

, - e1Y/h l c1XNY&Z�X mBZ

Z�h�wDn1X�c n1e�Y e�w&h�m`a�j h�‡�\&h�m n y`h�Y�c�l�X YLZDW&n Y c •&h[\&X�m�h�Y�c •/h�l1h�l�W+c •/h`XNw‰h�m�XBqDh=]1hNY/q1c •ŒeAv=s�jDt

fBe8Y/v n�ZDhNY/f�h�n Y�c8h�m�w/X�]8lOe�v pi e w&h�m€a�jŒh�‡�\/h�m n y6h Y�c�l

o��

h€X�]1l�eOm�h�\Le8m�cOe�YŒc •/h€X�w&h�m�XBqDh

X�f�f g�m�X�f8^��

, - e8Y/h�l c8XNYLZDX�m�Z`Z�h�w�n8X�c n1e�Y‹eAvLc •/h{e8m n�q�n Y/X�]�Y/h�gDm�X�]=f�]8X�l1l n1v n1h�m�W9eAvLc •/h�X�Z�� g&l c1h�Z

Y/h g�m�X�]LY/h c

r

e1m�)�gLl n YLq�_ iDb�W‰X�Y/Z{eDv#c •&hTY&hNgDm�X�]/Y&h�c

r

e1m )�m�h�c m�X n Y/h�Z�X�f�f�e1m�Z n YLq
c1e�hBl c n y6X c1hBZ

f�]8X�l1lL\DmBe1k/X k�n ] n c n1hBlIeDv#g�Y�]8XNk&h�]1hBZ�ZDX�c1X

o �

h

r

h�m�h�X�kD]1h�c�eIg/l1h[_ iDb�l n Y&f�h=Z�h�l1f�m n k/hBZIY&hNgDm�X�]

Y/h c

r

e1m�)/l

r

h�m�h/c m�X�n Y&hBZ9c�eFXN\�\�m�e�‡Dn y`X�c8hx\/e�l c1h m�n1e1mIf�]8X�l�l#\DmBe1k/X k�n ] n c n1h�l p(i � x b

o

�

e�c1h/c •&XNcxX�] ]

X�f�f g�m�X�f�n8h�l

r

h�m�hLy`h�X�l gDm�h�Z[e�Y Slarge k�^zX�f�f�e�g�Y�c n YLqFv�e1mLc •/hLc m gLhIf�]1X�l1l+\�m�e1k/XNkDn ] n c n8hBl’eAv�c •&h

g�YD]1XNk&h�]8hBZFZ�XNc8X p o

)�*,+�- .��
	

i@I�I�[:QnS�I�coS�TBW�I�L S/_<_�Z�Q K:t�S�t�R L R P c@O/_ P R Y�S�P O/_1K:b:O�Q|W�R MnMmO
Q O�T:P1I�KBY�t�R T:S�P R KBT�_ � ntest
\ p}

�

KBK:P3_ P Q S�Z�O1_ P R YVS�P O/_1KBM	I�L S/_<_

MmQ O�†:[�O�T:I�R O/_1KBT�[:T:L S�t�O�L O�WVW:S�P S
� ���

Accuracy
[%]p ntest

Class1 Class2 Class3 Original Adjusted Retrain
500 34±���

f<r

� 33±���

fBf

� 33±���

f:f

� 83.2±±±±1.2 83.0±±±±1.2 81.1±0.9

3
1

,
3
1

,
3
1

2000 33±r

�

g

� 34±r

�

‡

� 33±r

�

‡

� 85.1±±±±0.7 85.1±±±±0.7 84.8±±±±0.5

500 49±h

�

f

�
� 33±���

fBf

� 18±���

f<ˆ

� 82.7±1.6 84.1±±±±1.4 82.4±1.5

6
1

,
3
1

,
2
1

2000 49±r

�

g

� 34±r

�

g

� 17±r

�

‡

� 84.1±0.8 85.6±±±±0.8 85.5±±±±1.1

500 66±‡

�

f<h

� 17±���

fBf

� 17±h

�

f:f

� 81.1±2.3 85.0±±±±2.0 83.9±1.8

6
1

,
3
1

,
3
2

2000 67±r

�

�

� 17±���

‡

� 17±h

�

‡

� 83.2±1.3 86.7±1.3 87.5±±±±1.0

500 75±h

�

f<‡

� 17±h

�

f>r

� 9±r

�

f<ˆ

� 80.0±2.5 87.4±±±±2.0 86.0±1.6
1000 75±���

f<ˆ

� 17±r

���
� 8±r

�

�

� 81.5±1.8 88.1±±±±1.2 88.2±±±±1.1
2000 75±r

�

�

� 17± f

�

‡

� 8±f

�

‡

� 81.3±1.8 88.2±1.4 89.1±±±±1.012
1

,
6
1

,
4
3

5000 75± f

�

h

� 17± f

���
� 9±f

� �
� 82.4±1.7 88.9±1.2 90.0±±±±0.9

—

l�h�‡�\&h�fNc8h�Z�W=v�e1m p
|

�

}
,

a�W

} ,

aDW

}
,

a"!HX�Yše1m n�q1n Y&X�]3Y/h�g�m�X�]3Y/h c

r

e1m�)€•/X�Zˆc •&h`•Dn�q1•/h�l c

X�f�f g�m�X�f8^`v�e�m ntest |

iDj�jDW

r

•Dn ]1h�v�e1m ntest |

™�j�j�j�X�] ].a�l c m�X�c1hBq1n1h�lIq�XNw&h�l n y=n ]1X�mFX�f�fNgDm�X�fN^

o -

e�m

l y`X�] ].ZDXNc1X�l1h�c1l/c •/h�h�l c n y`X�c1h�l
eAv p f�X�Y�k/h�l ] n1q�•�c ] ^ˆeDv v

r

•�n1f�• f�X�Yˆf�X�g/l1h=l ] n1q�•DcIZ�h�f m�h�X�l1h

n Y=c •/h
X�f�f�gDm�X�f8^He�vLX�Z�� g&l c1hBZ=f�]8XBl1l n1v n1h m

o ‚

vLX�YLe1c •&h�m
f�]8X�l�l n1v n1h�mLn8l+c m�X�n Y/h�Z[e1Y=m�h�l1X�y=\�]1h�Z[ZDX�c8X



g/l n YLqŠn Y/X�f�fNg�m�X�c8h€h�l c n y`X�c1h eAv p c •�n8lŠZ n1v v h�m�h�Y/f�h€f�X�YŒk&h€hNw/h Y�•�n1q�•&h�m

o -

e8m e1c •&h�m€a

h�‡&X�y[n Y&hBZ`w&h�f�c�e1m�l p _ �

}
,

™�W

} ,

a�W

} ,1•

!�W��N™

,

a

o

}
,

a�W

}
,1•

!�W ��a

,

•/W

}
,1•

W

}
,1}

™"!�b�X�Z�� gLl c8hBZ f�]1X�l1l n8v n1h�m�l

X�Y&Z=m�h�c m�X�n Y/hBZHf�]1X�l�l n8v n8h�m�l

r

h�m�h{f�]8h�X�m

r

n Y�Y&h�m�l=e1w/h�m�e1m�n1q1n Y&X�]=f ]1X�l1l n1v n8h�m�l

o–—

]1l�eDWxv�e�mI]1X�m�qAh

Z�X c1XIl�h c�l#m�h�c m�X n Y/h�Z=f ]1X�l�l n8v n8h�m�l

r
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