
n

x xi i x



x̄ =

∑
xi
n

x̄ = 30+60+60+70+80
5 = 60

x̄ = 30+60+60+70+80+1000
6 =

216.67

60+70
2 = 65



s

(xi − x̄)

s =

√∑
(xi − x̄)2

n− 1

0

x̄− SD x̄+ SD

x̄− 2 ∗ SD x̄− 2 ∗ SD
x̄− 3 ∗ SD x̄− 3 ∗ SD







s

z =
xi − x̄

s

−2

z =
186− 156

20
=

30

20
= 1.5SD

z =
56− 156

20
=

−100

20
= −5



z

−z



mean+ 2 ∗ SD,mean− 2 ∗ SD
z = 2

−







µ

σ

x̄



s

µ σ

µ
σ√
n

nµ
√
nσ

p

p

s =
√

p(1− p)



xi = 1
xi = 0

x µ

x̄

√
0.5× (1− 0.5) = 0.5

0.5√
50

= 0.5
7.07 = 0.071

0.5± 2× 0.071 = [0.429, 0.571]



µ p

SD σ
σ =

√
p× (1− p) =

√
0.44× 0.56 = 0.496

SE σ√
n
= 0.496√

100
= 0.0496

SE

µ σ

|0 1 2 2 2|

1
5

1
5

3
5



0+1+2+2+2
5 = 1.4

√
(0− 1.4)2 + (1− 1.4)2 + (2− 1.4)2 + (2− 1.4)2 + (2− 1.4)2 + (2− 1.4)2

5− 1
=

1.96 + 0.16 + 0.36 + 0.36 + 0.36

4
=

3.2

4
= 0.8

SD

SD n



µ = 20 σ = 2.5
n×µ = 100×20 = 2000

SE =
√
n × σ =

√
100 × 2.5 = 25

µ± 2× SE = (1950, 2050)

y

y − nµ

SE
=

1950− 2000

25
= −2

(Z < −2)
(Z > 2)



±

100× (1− α)

CI(1−α) = x̄± zα
2
SE

zα
2

z α/2
α = 0.05 z 0.05/2 =

0.025

CI95 = x̄± 1.96SE

CI90 = x̄± 1.64SE

CI80 = x̄± 1.28SE

SE
σ SE

s
SE



SE =
s√
n

SE =
√
ns

x̄ = 1328
2500 = 0.53

x̄ = 0.53
zα

2
= 1.96

s =
√

p(1− p) =
√

0.53 · (0.47) ≈ 0.5

SE = 0.5√
2500

= 0.5
50 = 0.01

CI95 = x̄± 1.96SE = 0.53± 1.96 · 0.01 = 0.53± 0.0196 ≈ [0.51, 0.55]



= +

µ SE σ/
√
n

CI95 = x̄± 1.96SE



x̄ zα
2
= 1.96 SE

SE = σ√
n

s σ

SE =
σ√
n
=

s√
n
=

14000√
400

=
14000

20
= 700

CI95 = x̄± 1.96SE ≈ $27, 000± 2 · $700 = ($25600, $28400)

CI95 = x̄± 1.96SE = x̄± s√
n



M = zα
2

σ√
n

σ z
n n

n =

(
zα

2
σ

M

)2

z

z0.05 = 1.64 M = 1
σ

n =

(
zα

2
σ

M

)2

=

(
1.64 · 5.5

1

)2

≈
(
9

1

)2

= 81



SE = s√
n
= 0.153√

500
≈ 0.7

52− 50

0.7
≈ 3

H0 : µ = a a



�B�M�U�F�S�O�B�U�J�W�F �I�Z�Q�P�U�I�F�T�J�T

H0 : µ != a a

�O�P�U

�5�F�T�U �T�U�B�U�J�T�U�J�D�T �B�O�E �T�J�H�O�J���D�B�O�D�F �M�F�W�F�M�T

�U�F�T�U �T�U�B�U�J�T�U�J�D

�[���U�F�T�U

z =
"

SE
=

øx " µ0

SE

øx
SE µ0

µ0 = 0 .5

�Q���W�B�M�V�F
�O�P�U

�T�U�B�U�J�T�U�J�D�B�M�M�Z �T�J�H�O�J���D�B�O�U

�$�P�O���E�F�O�D�F �J�O�U�F�S�W�B�M�T �B�O�E �U�F�T�U�T

(1 " ! )
!

(1 " ! )
!



x̄1−2 = x̄1 − x̄2

µ1−2 = µ1 − µ2

x̄1−2 = 10.2 − 8.1 = 2.1



SE1−2 =
√

SE2
1 + SE2

2

SE1 SE2

SE1−2 =

√
SD2

1

n1
+

SD2
2

n2

SE1−2 =

√
p1(1− p1)

n1
+

p2(1− p2)

n2

SE1−2

SE1−2

SE1−2

SE1−2 =

√
SD2

1

n1
+

SD2
2

n2

=

√
8.52

1000
+

6.92

1000

=

√
72.25

1000
+

47.61

1000

=
√
0.07225 + 0.04761

=
√
0.12 ≈ 0.346



CI 95 = øx1! 2 ± 1.96SE1! 2

�t �8�I�B�U �X�P�V�M�E �J�U �N�F�B�O �J�G �ˆ �X�F�S�F �J�O �U�I�J�T �D�P�O���E�F�O�D�F �J�O�U�F�S�W�B�M� �*�U �X�P�V�M�E �N�F�B�O �U�I�B�U �U�I�F �U�X�P �Q�P�Q�V�M�B�U�J�P�O
�N�F�B�O�T �C�F�J�O�H �J�E�F�O�U�J�D�B�M �D�P�V�M�E �I�B�W�F �I�B�Q�Q�F�O�F�E �C�Z �S�B�O�E�P�N �D�I�B�O�D�F�� �*�G �ˆ �J�T �O�P�U �J�O �U�I�F �D�P�O���E�F�O�D�F �J�O�U�F�S�W�B�M�
�U�I�F�O �X�F �D�B�O �C�F �D�P�O���E�F�O�U �U�I�B�U �U�I�F �U�S�V�F �E�J���F�S�F�O�D�F �J�O �N�F�B�O�T �J�T �O�P�U �ˆ �B�O�E �U�I�F �U�X�P �T�B�N�Q�M�F�T �G�S�P�N �E�J���F�S�F�O�U
�Q�P�Q�V�M�B�U�J�P�O�T��

�t �-�F�U���T �D�B�M�D�V�M�B�U�F �B �$�* �G�P�S �U�I�J�T �P�V�S �F�Y�B�N�Q�M�F��

CI 95 = øx1! 2 ± 1.96SE1! 2 = 2 .1 ± 1.96! 0.35 " 2.1 ± 0.7 = [1.4, 2.8]

�t �8�F �D�B�O �U�B�L�F �B �I�Z�Q�P�U�I�F�T�J�T �U�F�T�U�J�O�H �B�Q�Q�S�P�B�D�I �U�P �E�J���F�S�F�O�D�F�T �B�T �X�F�M�M�� ���F �W�B�M�V�F �X�F �X�J�M�M �P���F�O �X�B�O�U �U�P �U�F�T�U �J�T
�U�I�F �O�V�M�M �I�Z�Q�P�U�I�F�T�J�T �U�I�B�U �U�I�F �U�X�P �N�F�B�O�T �B�S�F �U�I�F �T�B�N�F� �P�S �U�I�B�U �U�I�F �U�S�V�F �E�J���F�S�F�O�D�F �J�O �N�F�B�O�T �J�T �[�F�S�P��

H0 : µ1 # µ2 = 0

�t �*�U �U�V�S�O�T �P�V�U �U�I�B�U �X�F �D�B�O �V�T�F �U�I�Fz���U�F�T�U �B�T �X�F �E�J�E �M�B�T�U �X�F�F�L��

z =
�P�C�T�F�S�W�F�E# �F�Y�Q�F�D�U�F�E

SE1! 2
=

øx1! 2 # 0
SE1! 2

=
øx1! 2

SE1! 2

�t ���V�T� �X�F �D�B�O �E�J�W�J�E�F �U�I�F �P�C�T�F�S�W�F�E �E�J���F�S�F�O�D�F �J�O �N�F�B�O�T �C�Z �U�I�F �T�U�B�O�E�B�S�E �F�S�S�P�S �G�P�S �U�I�F �E�J���F�S�F�O�D�F �J�O �N�F�B�O�T
�B�O�E �U�I�B�U �H�J�W�F�T �V�T �I�P�X �N�B�O�Z �4�&�T �B�X�B�Z �G�S�P�N �ˆ �P�V�S �P�C�T�F�S�W�F�E �E�J���F�S�F�O�D�F �J�T� �J�G �U�I�F�S�F �X�B�T �J�O �G�B�D�U �O�P �E�J���F�S�F�O�D�F
�C�F�U�X�F�F�O �U�I�F �H�S�P�V�Q�T�� �8�F �D�B�O �U�I�F�O �V�T�F �U�I�F �/�P�S�N�B�M �U�B�C�M�F �U�P �M�P�P�L �V�Q �U�I�Fp���W�B�M�V�F��

�t �*�O �U�I�F �B�C�P�W�F �F�Y�B�N�Q�M�F��

z =
øx1! 2

SE1! 2
=

2.1
0.35

" 6

�8�F �E�P�O���U �F�W�F�O �O�F�F�E �U�P �M�P�P�L �U�I�J�T �V�Q �J�O �U�I�F �/�P�S�N�B�M �U�B�C�M�F� �X�F �L�O�P�X �U�I�F �Q���W�B�M�V�F �G�P�S �U�I�B�U �J�T �W�F�S�Z �D�M�P�T�F �U�P �[�F�S�P��

�‹



�1�4�$�Š�ˆ�ˆ�� �-�F�D�U�V�S�F�‰ �‰�Š

�.�B�U�U�I�F�X �#�M�B�D�L�X�F�M�M

�‰�ˆ���‰�•���Š�ˆ�‰�Š

�(�F�U �P�V�U �U�I�F �W�P�U�F

�t �0�O�F �R�V�F�T�U�J�P�O �Q�P�M�J�U�J�D�B�M �T�D�J�F�O�U�J�T�U�T �B�S�F �W�F�S�Z �J�O�U�F�T�F�T�U�F�E �J�O �J�T �U�I�J�T�� �I�P�X �D�B�O �X�F �J�O�D�S�F�B�T�F �U�I�F �Q�S�P�C�B�C�J�M�J�U�Z �U�I�B�U
�T�P�N�F�P�O�F �X�J�M�M �U�V�S�O �P�V�U �U�P �W�P�U�F� ���B�U �J�T� �I�P�X �E�P �X�F �F���F�D�U�J�W�F�M�Z �H�F�U �P�V�U �U�I�F �W�P�U�F��

�t �8�F �D�P�V�M�E �U�B�L�F �J�O�E�F�Q�F�O�E�F�O�U �T�B�N�Q�M�F�T �P�G �Q�F�P�Q�M�F �X�I�P �X�F�S�F �D�P�O�U�B�D�U�F�E �C�Z �U�I�F �D�B�N�Q�B�J�H�O�T �B�O�E �U�I�P�T�F �X�I�P
�X�F�S�F�O���U �B�O�E �V�T�F �U�I�F �E�J���F�S�F�O�D�F �J�O �N�F�B�O�T �N�F�U�I�P�E�T �B�C�P�W�F �U�P ���H�V�S�F �P�V�U �J�G �D�B�N�Q�B�J�H�O �D�P�O�U�B�D�U �J�O�D�S�F�B�T�F�T
�U�V�S�O�P�V�U�� �8�I�B�U �J�T �U�I�F �Q�S�P�C�M�F�N �X�J�U�I �U�I�J�T� �4�F�M�F�D�U�J�P�O �C�J�B�T�� �D�B�N�Q�B�J�H�O�T �B�S�F �N�P�S�F �M�J�L�F�M�Z �U�P �D�P�O�U�B�D�U �T�P�N�F
�W�P�U�F�S�T �S�B�U�I�F�S �U�I�B�O �P�U�I�F�S�T��

�t �*�O�T�U�F�B�E� �J�G �X�F �X�B�O�U �U�P �H�F�U �B�U �U�I�F �D�B�V�T�B�M �F���F�D�U �P�G �(�0�5�7 �B�U�U�F�N�Q�U�T� �X�F �O�F�F�E �U�P �S�B�O�E�P�N�M�Z �B�T�T�J�H�O �N�F�T�T�B�H�F�T
�U�P �W�P�U�F�S�T��

�t �*�O �U�I�F �Q�S�J�N�B�S�Z �F�M�F�D�U�J�P�O �J�O �.�J�D�I�J�H�B�O �J�O �Š�ˆ�ˆ�Ž� �B �H�S�P�V�Q �P�G �Q�P�M�J�U�J�D�B�M �T�D�J�F�O�U�J�T�U�T �D�P�O�E�V�D�U�F�E �B �U�V�S�O�P�V�U �F�Y�Q�F�S��
�J�N�F�O�U �X�I�F�S�F �U�I�F�Z �S�B�O�E�P�N�M�Z �T�F�O�U �N�B�J�M�F�S�T �U�P �W�P�U�F�S�T�� ���F �H�P�B�M �X�B�T �U�P �T�F�F �J�G �T�P�D�J�B�M �Q�S�F�T�T�V�S�F �D�P�V�M�E �J�O�E�V�D�F
�Q�F�P�Q�M�F �U�P �U�V�S�O�P�V�U �U�P �W�P�U�F�� �#�Z �S�B�O�E�P�N�M�Z �T�F�O�E�J�O�H �N�F�T�T�B�H�F�T� �X�F �D�B�O �C�F �T�V�S�F �U�I�B�U �U�I�F �W�P�U�F�S�T �B�S�F�O���U �C�F�J�O�H
�T�F�M�F�D�U�F�E �T�U�S�B�U�F�H�J�D�B�M�M�Z �B�O�E �U�I�B�U �U�I�P�T�F �U�I�B�U �S�F�D�F�J�W�F �U�I�F �N�F�T�T�B�H�F�T �B�S�F �T�J�N�J�M�B�S �U�P �U�I�P�T�F �X�I�P �E�P �O�P�U��

�t ���F �U�S�F�B�U�N�F�O�U �H�S�P�V�Q �	�X�I�J�D�I �X�B�T �‹�Ž�ˆ �I�P�V�T�F�I�P�M�E�T�
 �J�O �U�I�J�T �D�B�T�F �S�F�D�F�J�W�F�E �B �N�B�J�M�F�S �U�I�B�U �S�F�Q�P�S�U�F�E �I�P�X �U�I�F�Z
�B�O�E �U�I�F�J�S �O�F�J�H�I�C�P�S�T �W�P�U�F�E� �V�T�J�O�H �U�I�F �Q�V�C�M�J�D�M�Z �B�W�B�J�M�B�C�M�F �W�P�U�F�S �S�F�D�P�S�E�T�� ���V�T� �U�I�F �U�S�F�B�U�F�E �H�S�P�V�Q �D�P�V�M�E �T�F�F
�J�G �U�I�F�Z �X�F�S�F �L�F�F�Q�J�O�H �V�Q �X�J�U�I �P�U�I�F�S �Q�F�P�Q�M�F �J�O �U�I�F�J�S �O�F�J�H�I�C�P�S�I�P�P�E�� ���F �D�P�O�U�S�P�M �H�S�P�V�Q �	�X�I�J�D�I �X�B�T �‰�•�‘�ˆ
�I�P�V�T�F�I�P�M�E�T�
 �S�F�D�F�J�W�F�E �O�P �N�B�J�M�F�S�T��

�t ���F �U�V�S�O�P�V�U �B�N�P�O�H �U�I�F �U�S�F�B�U�F�E �H�S�P�V�Q �X�B�TøxT = 0 .37 �B�O�E �U�I�F �U�V�S�O�P�V�U �B�N�P�O�H �U�I�F �D�P�O�U�S�P�M �H�S�P�V�Q �X�B�T
øxC = 0 .30�� �0�C�W�J�P�V�T�M�Z �U�I�F�S�F �J�T �B �E�J���F�S�F�O�D�F� �C�V�U �X�F �X�B�O�U �U�P �N�B�L�F �T�V�S�F �U�I�B�U �U�I�J�T �E�J���F�S�F�O�D�F �J�T�O���U �K�V�T�U
�E�V�F �U�P �S�B�O�E�P�N �D�I�B�O�D�F�� �8�I�B�U �D�B�O �X�F �E�P� �6�T�F �U�I�F �E�J���F�S�F�O�D�F �J�O �N�F�B�O�T �N�F�U�I�P�E�T �B�C�P�W�F �U�P �D�B�M�D�V�M�B�U�F �B
�D�P�O���E�F�O�D�F �J�O�U�F�S�W�B�M��

�t �'�J�S�T�U �X�F �D�B�M�D�V�M�B�U�F �U�I�F �E�J���F�S�F�O�D�F �J�O �N�F�B�O�T��

øx1! 2 = øxT ! øxC = 0 .07

�t �/�P�X� �X�F �O�F�F�E �U�P �D�B�M�D�V�M�B�U�F �U�I�F �T�U�B�O�E�B�S�E �F�S�S�P�S�� �4�J�O�D�F �U�I�F�T�F �B�S�F

�‰



�Q�S�P�Q�P�S�U�J�P�O�T �B�O�E �U�I�F�Z �B�S�F �C�B�T�F�E �P�O �E�V�N�N�Z �W�B�S�J�B�C�M�F�T� �X�F �D�B�O �V�T�F �P�V�S �E�V�N�N�Z �W�B�S�J�B�C�M�F �T�I�P�S�D�V�U��

SE1! 2 =

√
x̄T (1− x̄T )

nT
+

x̄C(1− x̄C)

nC

=

√
0.37 · 0.63

360
+

0.30 · 0.70
1890

=

√
0.233
360

+
0.21
1890

=
√
0.00064 + 0.00012

= 0.028

�t �8�J�U�I �U�I�F �P�C�T�F�S�W�F�E �E�J���F�S�F�O�D�F �B�O�E �U�I�F �T�U�B�O�E�B�S�E �F�S�S�P�S� �X�F �D�B�O �D�B�M�D�V�M�B�U�F �U�I�F �D�P�O���E�F�O�D�F �J�O�U�F�S�W�B�M��

CI 95 = x̄1! 2 ± 1.96SE1! 2

= 0.07± 1.96 · 0.028

= 0.07± 0.054

= [0.016, 0.124]

�t �4�J�O�D�F �ˆ �J�T �O�P�U �J�O �U�I�F �D�P�O���E�F�O�D�F �J�O�U�F�S�W�B�M� �X�F �D�B�O �D�P�O�D�M�V�E�F �U�I�B�U �U�I�J�T �E�J���F�S�F�O�D�F �J�T �O�P�U �K�V�T�U �E�V�F �U�P �S�B�O�E�P�N
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�t ���F �E�J���F�S�F�O�D�F �C�F�U�X�F�F�O �U�I�F �U�S�V�F �W�B�M�V�F �P�Gy �B�O�E �P�V�S �Q�S�F�E�J�D�U�J�P�O �J�T �D�B�M�M�F�E �U�I�F��

�Š



= yi − ŷ
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�B �T�N�B�M�M �D�I�B�O�H�F �J�Oy�� �4�P�N�F�U�J�N�F�T� �X�F �N�J�H�I�U �M�P�P�L �B�U �P�U�I�F�S �T�P�S�U�T �P�G �D�I�B�O�H�F�T��

�t �8�F �L�O�P�X �U�I�B�U �U�I�F �T�U�B�O�E�B�S�E �E�F�W�J�B�U�J�P�O �	�4�%�
 �P�G �B �W�B�S�J�B�C�M�F �J�T �T�J�N�J�M�B�S �U�P �U�I�F �B�W�F�S�B�H�F �E�F�W�J�B�U�J�P�O �G�S�P�N �U�I�F
�N�F�B�O�� �*�O�T�U�F�B�E �P�G �B �P�O�F���V�O�J�U �D�I�B�O�H�F �J�Ox �	�X�I�J�D�I �N�J�H�I�U �C�F �R�V�J�U�F �T�N�B�M�M�
� �X�F �N�B�Z �X�B�O�U �U�P �D�P�O�T�J�E�F�S �B
�i�U�Z�Q�J�D�B�M�w �D�I�B�O�H�F �J�Ox�� �B �P�O�F���4�% �D�I�B�O�H�F��
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�1�4�$�Š�ˆ�ˆ�� �-�F�D�U�V�S�F �‰�•

�.�B�U�U�I�F�X �#�M�B�D�L�X�F�M�M

�‰�‰���‰�‰���Š�ˆ�‰�Š

�4�V�C�T�U�B�O�U�J�W�F �4�J�H�O�J���D�B�O�D�F

�t �"�S�F �U�I�F �F�T�U�J�N�B�U�F�E �F���F�D�U�T �M�B�S�H�F �J�O �Q�S�B�U�J�D�F� �"�S�F �U�I�F�Z �B�S�F �F�O�P�V�H�I �U�P �D�B�S�F �B�C�P�V�U�� �'�P�S �J�O�T�U�B�O�D�F� �X�I�B�U �J�G �X�F
�F�T�U�J�N�B�U�F�Eö! = 0 .005�G�P�S �U�I�F �S�F�H�S�F�T�T�J�P�O �P�G �U�V�S�O�P�V�U �P�O �Q�F�S�D�F�O�U �P�G �B�E�T �U�I�B�U �B�S�F �O�F�H�B�U�J�W�F�� ���B�U �N�F�B�O�T� �G�P�S �B
�P�O�F �Q�F�S�D�F�O�U�B�H�F �Q�P�J�O�U �J�O�D�S�F�B�T�F �J�O �O�F�H�B�U�J�W�J�U�Z� �X�F �X�P�V�M�E �T�F�F �B �ˆ���ˆ�ˆ�• �Q�F�S�D�F�O�U�B�H�F �Q�P�J�O�U �J�O�D�S�F�B�T�F �J�O �U�V�S�O�P�V�U��
���B�U���T �G�B�J�S�M�Z �T�N�B�M�M�� �8�F �D�B�O �U�I�J�O�L �P�G �I�P�X �T�N�B�M�M �U�I�B�U �J�T �C�Z �U�I�J�O�L�J�O�H �B�C�P�V�U �U�I�F �M�B�S�H�F�T�U �Q�P�T�T�J�C�M�F �D�I�B�O�H�F �J�O
�O�F�H�B�U�J�W�J�U�Z�� �G�S�P�N �ˆ�p �O�F�H�B�U�J�W�F �B�E�T �U�P �‰�ˆ�ˆ�p �O�F�H�B�U�J�W�F �B�E�T�� �*�Gö! �J�T �B �P�O�F���V�O�J�U �D�I�B�O�H�F� �U�I�F�O100! ö! �J�T �B
�‰�ˆ�ˆ���V�O�J�U �D�I�B�O�H�F�� ���F�S�F�G�P�S�F� �H�P�J�O�H �G�S�P�N �ˆ�p �U�P �‰�ˆ�ˆ�p �X�P�V�M�E �P�O�M�Z �M�F�B�E �U�P �B �ˆ���• �Q�F�S�D�F�O�U�B�H�F �Q�P�J�O�U �J�O�D�S�F�B�T�F
�J�O �U�I�F �B�W�F�S�B�H�F �U�V�S�O�P�V�U�� �(�P�J�O�H �G�S�P�N �O�P �O�F�H�B�U�J�W�F �B�E�T �U�P �B�M�M �O�F�H�B�U�J�W�F �B�E�T �X�P�V�M�E �P�O�M�Z �J�O�D�S�F�B�T�F �U�V�S�O�P�V�U
�G�S�P�N �	�M�F�U���T �J�N�B�H�J�O�F�
 �‹�•���Š�p �U�P �‹�•���•�p�� ���B�U���T �Q�S�F�U�U�Z �T�N�B�M�M��

�t �*�O �U�I�F �B�C�P�W�F �F�Y�B�N�Q�M�F� �X�F �M�P�P�L�F�E �B�U �B �M�B�S�H�F �D�I�B�O�H�F �J�Ox �	�U�S�B�W�F�S�T�J�O�H �J�U�T �F�O�U�J�S�F �S�B�O�H�F�
 �B�O�E �T�B�X �J�U �Q�S�P�E�V�D�F�E
�B �T�N�B�M�M �D�I�B�O�H�F �J�Oy�� �4�P�N�F�U�J�N�F�T� �X�F �N�J�H�I�U �M�P�P�L �B�U �P�U�I�F�S �T�P�S�U�T �P�G �D�I�B�O�H�F�T��

�t �8�F �L�O�P�X �U�I�B�U �U�I�F �T�U�B�O�E�B�S�E �E�F�W�J�B�U�J�P�O �	�4�%�
 �P�G �B �W�B�S�J�B�C�M�F �J�T �T�J�N�J�M�B�S �U�P �U�I�F �B�W�F�S�B�H�F �E�F�W�J�B�U�J�P�O �G�S�P�N �U�I�F
�N�F�B�O�� �*�O�T�U�F�B�E �P�G �B �P�O�F���V�O�J�U �D�I�B�O�H�F �J�Ox �	�X�I�J�D�I �N�J�H�I�U �C�F �R�V�J�U�F �T�N�B�M�M�
� �X�F �N�B�Z �X�B�O�U �U�P �D�P�O�T�J�E�F�S �B
�i�U�Z�Q�J�D�B�M�w �D�I�B�O�H�F �J�Ox�� �B �P�O�F���4�% �D�I�B�O�H�F��

�"�E�E�J�O�H �B �E�V�N�N�Z �W�B�S�J�B�C�M�F �U�P �B �S�F�H�S�F�T�T�J�P�O

�t �3�F�M�B�U�J�P�O�T�I�J�Q �C�F�U�X�F�F�O �F�E�V�D�B�U�J�P�O �B�O�E �J�O�D�P�N�F�� �J�U �N�J�H�I�U �C�F �U�I�F �D�B�T�F �U�I�B�U �U�I�F�S�F �J�T �B �S�F�M�B�U�J�P�O�T�I�J�Q �C�V�U �X�F
�X�P�V�M�E �B�M�T�P �J�N�B�H�J�O�F �U�I�B�U �X�P�N�F�O� �P�O �B�W�F�S�B�H�F� �I�B�W�F �M�P�X�F�S �J�O�D�P�N�F�T �U�I�B�O �N�F�O �B�U �B�O�Z �M�F�W�F�M �P�G �F�E�V�D�B�U�J�P�O��
�)�P�X �E�P �T�F�F �J�G �U�I�J�T �J�T �U�I�F �D�B�T�F� �*�U �U�V�S�O�T �P�V�U �X�F �D�B�O �B�E�E �B �E�V�N�N�Z �W�B�S�J�B�C�M�F �G�P�S �H�F�O�E�F�S �U�P �P�V�U �S�F�H�S�F�T�T�J�P�O��

y = " + ! 1x + ! 2d

�t �8�F �D�B�O �G�P�S�N�V�M�B�U�F �Q�S�F�E�J�D�U�F�E �W�B�M�V�F�T� �K�V�T�U �B�T �C�F�G�P�S�F��

öy = ö" + ö! 1x + ö! 2d

�t �8�F �B�M�T�P �F�T�U�J�N�B�U�F �U�I�F�T�F �W�B�M�V�F�T �V�T�J�O�H �U�I�F �T�B�N�F �N�B�D�I�J�O�F�S�Z�� �0�-�4� �X�I�J�D�I �J�T �H�P�J�O�H �U�P �N�J�O�J�N�J�[�F �U�I�F �T�V�N �P�G
�U�I�F �T�R�V�B�S�F�E �S�F�T�J�E�V�B�M�T��

�‰



N!

i =1

(yi ! öyi )2

�t �)�P�X �E�P�F�T �U�I�J�T �B���F�D�U �U�I�F �M�J�O�F�T �U�I�B�U �X�F �I�B�W�F� �8�F�M�M� �O�P�X �X�F �F�T�T�F�O�U�J�B�M�M�Z �I�B�W�F �U�X�P �S�F�H�S�F�T�T�J�P�O �M�J�O�F�T�� �0�O�F
�X�I�F�Od = 1 �B�O�E �B�O�P�U�I�F�S �X�I�F�Od = 0 ��

�t �/�P�U�F �U�I�B�U �X�F �D�B�O �D�B�M�D�V�B�U�F �F�B�D�I �P�G �U�I�F�T�F �S�F�H�S�F�T�T�J�P�O �M�J�O�F�T �C�Z �Q�M�V�H�H�J�O�H �U�I�Fd �W�B�M�V�F �J�O�� �8�I�F�Od = 0 �	�G�P�S
�N�F�O�
� �U�I�F �S�F�H�S�F�T�T�J�P�O �M�J�O�F �J�T �K�V�T�U �U�I�F �G�B�N�J�M�J�B�S �G�P�S�N�V�M�B �X�J�U�I! �B�T �U�I�F �J�O�U�F�S�D�F�Q�U �B�O�E" 1 �B�T �U�I�F �T�M�P�Q�F��

(d = 0) : y = ! + " 1x + " 2 " 0 = ! + " 1x

�t �8�I�F�Od = 1 �	�G�P�S �X�P�N�F�O�
� �X�F �I�B�W�F �B�O �F�Y�U�S�B" 2 �U�I�B�U �J�O�D�S�F�B�T�F�T �P�V�S �M�J�O�F �B�U �F�W�F�S�Z �W�B�M�V�F �P�Gx�� �8�F �D�B�O �U�I�J�O�L
�P�G �U�I�J�T �B�T �B�O �J�O�D�S�F�B�T�F �U�P �U�I�F �J�O�U�F�S�D�F�Q�U��

(d = 1) : y = ! + " 1x + " 2 " 1 = ! + " 1x + " 2 = ( ! + " 2) + " 1x

�t ���V�T� �B �E�V�N�N�Z �W�B�S�J�B�C�M�F �J�O �U�I�F �S�F�H�S�F�T�T�J�P�O �X�J�M�M �B�M�M�P�X �G�P�S �E�J���F�S�F�O�U �J�O�U�F�S�D�F�Q�U �G�P�S �E�J���F�S�F�O�U �H�S�P�V�Q�T�� ���J�T
�S�F�Q�S�F�T�F�O�U�T �U�I�F �E�J���F�S�F�O�D�F �J�O �N�F�B�O�T �C�F�U�X�F�F�O �U�I�F �H�S�P�V�Q�T� �D�P�O�E�J�U�J�P�O�B�M �P�Ox�� ���V�T� �U�I�J�T �F�Y�U�F�O�E�T �P�V�S �E�J���F�S��
�F�O�D�F �J�O �N�F�B�O�T �E�J�T�D�V�T�T�J�P�O �G�S�P�N �F�B�S�M�J�F�S �J�O �U�I�F �D�M�B�T�T��" 2 �I�F�S�F �S�F�Q�S�F�T�F�O�U�T �U�I�F �E�J���F�S�F�O�D�F �J�O �B�W�F�S�B�H�F �J�O�D�P�N�F
�C�F�U�X�F�F�O �N�F�O �B�O�E �X�P�N�F�O �X�I�P �I�B�W�F �U�I�F �T�B�N�F �M�F�W�F�M �P�G �F�E�V�D�B�U�J�P�O��" 1 �S�F�Q�S�F�T�F�O�U�T �U�I�F �F���F�D�U �P�G �F�E�V�D�B�U�J�P�O
�P�O �J�O�D�P�N�F �X�J�U�I�J�O �M�F�W�F�M�T �P�G �H�F�O�E�F�S��

�t �8�I�Z �N�J�H�I�U �X�F �J�O�D�M�V�E�F �B �E�V�N�N�Z �W�B�S�J�B�C�M�F� �*�U �U�V�S�O�T �P�V�U �U�I�B�U �J�U �N�J�H�I�U �T�B�W�F �V�T �G�S�P�N ���O�E�J�O�H �T�Q�V�S�J�P�V�T
�D�P�S�S�F�M�B�U�J�P�O�T�� �-�F�U���T �U�I�J�O�L �B�C�P�V�U �U�I�F �S�F�M�B�U�J�P�O�T�I�J�Q �C�F�U�X�F�F�O �I�F�J�H�I�U �B�O�E �N�B�U�I �B�D�I�J�F�W�F�N�F�O�U �B�N�P�O�H �L�J�E�T �J�O
�•�U�I �H�S�B�E�F �B�O�E �•�U�I �H�S�B�E�F�� �,�J�E�T �U�B�L�F �B �U�F�T�U �X�I�J�D�I �U�F�M�M�T �U�I�F�N �X�I�B�U �H�S�B�E�F �M�F�W�F�M �U�I�F�J�S �N�B�U�I �T�L�J�M�M �B�S�F �B�U��
�8�F �N�J�H�I�U �T�F�F �B �Q�P�T�J�U�J�W�F �S�F�M�B�U�J�P�O�T�I�J�Q �P�W�F�S�B�M�M�‰�U�B�M�M�F�S �D�I�J�M�E�S�F�O �I�B�W�F �I�J�H�I�F�S �N�B�U�I �T�D�P�S�F�T�� �#�V�U� �P�O�D�F �X�F
�J�O�U�S�P�E�V�D�F �B �E�V�N�N�Z �W�B�S�J�B�C�M�F �G�P�S �•�U�I �H�S�B�E�F �W�F�S�T�V�T �•�U�I �H�S�B�E�F� �U�I�J�T �F���F�D�U �H�P�F�T �B�X�B�Z�� �8�J�U�I�J�O �H�S�B�E�F �M�F�W�F�
�U�I�F�S�F �J�T �O�P �S�F�M�B�U�J�P�O�T�I�J�Q �C�F�U�X�F�F�O �I�F�J�H�I�U �B�O�E �N�B�U�I �B�D�I�J�F�W�F�N�F�O�U��

�t ���J�T �J�T �B�O �F�Y�B�N�Q�M�F �P�G�4�J�N�Q�T�P�O���T �Q�B�S�B�E�P�Y�� �B �S�F�M�B�U�J�P�O�T�I�J�Q �U�I�B�U �I�P�M�E�T �J�O �H�F�O�F�S�B�M �N�J�H�I�U �O�P�U �I�P�M�E �J�O �B�M�M
�T�V�C�H�S�P�V�Q�T��

�"�E�E�J�O�H �D�P�O�U�J�O�V�P�V�T �W�B�S�J�B�C�M�F�T �U�P �B �S�F�H�S�F�T�T�J�P�O

�t �*�O�T�U�F�B�E �P�G �B �E�V�N�N�Z �W�B�S�J�B�C�M�F� �X�F �N�J�H�I�U �X�B�O�U �U�P �D�P�O�U�S�P�M �G�P�S �B �D�P�O�U�J�O�V�P�V�T �W�B�S�J�B�C�M�F�� �-�F�U���T �M�P�P�L �F�Y�B�N�Q�M�F
�P�G �U�I�F �F���F�D�U �P�G �E�F�W�F�M�P�Q�N�F�O�U �J�O �U�F�S�N�T �P�G �(�%�1 �Q�F�S �D�B�Q�J�U�B �P�O �D�J�W�J�M �D�P�O���J�D�U� �B�T �N�F�B�T�V�S�F�E �C�Z �U�I�F �O�V�N�C�F�S
�P�G �E�F�B�U�I�T �E�V�F �U�P �Q�P�M�J�U�J�D�B�M �W�J�P�M�F�O�D�F �	�D�J�W�J�M �X�B�S�T� �S�J�P�U�T� �D�P�V�Q�T� �F�U�D�
�� �8�F �N�J�H�I�U ���O�E �U�I�B�U �I�J�H�I�F�S �(�%�1�T �B�S�F
�B�T�T�P�D�J�B�U�F�E �X�J�U�I �N�P�S�F �D�P�O���J�D�U�� �8�F �N�J�H�I�U �X�B�O�U �U�P �N�B�L�F �T�V�S�F �U�I�B�U �U�I�J�T �J�T�O���U �E�V�F �U�P �U�I�F �S�F�T�P�V�S�D�F �D�V�S�T�F�‰
�D�P�V�O�U�S�J�F�T �X�J�U�I �N�J�O�F�S�B�M �B�O�E �P�J�M �X�F�B�M�U�I �B�S�F �N�P�S�F �M�J�L�F�M�Z �U�P �I�B�W�F �D�P�O���J�D�U �	�C�F�D�B�V�T�F �U�I�F�S�F���T �B �Q�S�J�[�F �U�P ���H�I�U
�P�W�F�S�
 �B�O�E �N�P�S�F �M�J�L�F�M�Z �U�P �I�B�W�F �I�J�H�I�F�S �J�O�D�P�N�F�T�� ���V�T� �X�F �N�J�H�I�U �X�B�O�U �U�P �B�E�E �B�O�P�U�I�F�S �W�B�S�J�B�C�M�F �U�P �P�V�S
�S�F�H�S�F�T�T�J�P�O�� �Q�F�S�D�F�O�U �P�G �(�%�1 �D�P�N�J�O�H �G�S�P�N �O�B�U�V�S�B�M �S�F�T�P�V�S�D�F�T��

�t �*�U �U�V�S�O�T �P�V�U �X�F �D�B�O �B�E�E �B �D�P�O�U�J�O�V�P�V�T �W�B�S�J�B�C�M�F �J�O �U�I�F �T�B�N�F �X�B�Z �B�T �B �E�V�N�N�Z �W�B�S�J�B�C�M�F��

yi = ! + " 1x1 + " 2x2

�Š



�t �/�P�X�x1 �B�O�Ex2 �B�S�F �C�P�U�I �D�P�O�U�J�O�V�P�V�T �W�B�S�J�B�C�M�F�T�� �#�F�G�P�S�F �X�F �I�B�E �U�X�P �S�F�H�S�F�T�T�J�P�O �M�J�O�F�T� �P�O�F �G�P�Sd = 0 �B�O�E
�P�O�F �G�P�Sd = 1 �� �/�P�X� �U�I�P�V�H�I� �X�F �I�B�W�F �B�O �J�O���O�J�U�F �O�V�N�C�F�S �P�G �S�F�H�S�F�T�T�J�P�O �M�J�O�F�T �G�P�S �F�B�D�I �Q�P�T�T�J�C�M�F �W�B�M�V�F �P�G
x2�� �4�P �J�U���T �O�P�U �G�F�B�T�J�C�M�F �U�P �E�S�B�X �U�I�F �S�F�H�S�F�T�T�J�P�O �M�J�O�F�T �B�O�Z�N�P�S�F��

�t �8�F �D�B�O �J�O�U�F�S�Q�S�F�U! 1 �B�O�E! 2 �J�O �B �T�J�N�J�M�B�S �G�B�T�I�J�P�O �B�T �X�F �E�P �B�C�P�W�F��

�o ! 1 �J�T �U�I�F �F���F�D�U �P�Gx1 �X�I�F�Ox2 �J�T �I�F�M�E ���Y�F�E��

�o ! 2 �J�T �U�I�F �F���F�D�U �P�Gx2 �X�I�F�Ox1 �J�T �I�F�M�E ���Y�F�E��
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�.�B�U�U�I�F�X �#�M�B�D�L�X�F�M�M
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�"�E�E�J�O�H �D�P�O�U�J�O�V�P�V�T �W�B�S�J�B�C�M�F�T �U�P �B �S�F�H�S�F�T�T�J�P�O

�t �*�O�T�U�F�B�E �P�G �B �E�V�N�N�Z �W�B�S�J�B�C�M�F� �X�F �N�J�H�I�U �X�B�O�U �U�P �D�P�O�U�S�P�M �G�P�S �B �D�P�O�U�J�O�V�P�V�T �W�B�S�J�B�C�M�F�� �-�F�U���T �M�P�P�L �F�Y�B�N�Q�M�F
�P�G �U�I�F �F���F�D�U �P�G �E�F�W�F�M�P�Q�N�F�O�U �J�O �U�F�S�N�T �P�G �(�%�1 �Q�F�S �D�B�Q�J�U�B �P�O �D�J�W�J�M �D�P�O���J�D�U� �B�T �N�F�B�T�V�S�F�E �C�Z �U�I�F �O�V�N�C�F�S
�P�G �E�F�B�U�I�T �E�V�F �U�P �Q�P�M�J�U�J�D�B�M �W�J�P�M�F�O�D�F �	�D�J�W�J�M �X�B�S�T� �S�J�P�U�T� �D�P�V�Q�T� �F�U�D�
�� �8�F �N�J�H�I�U ���O�E �U�I�B�U �I�J�H�I�F�S �(�%�1�T �B�S�F
�B�T�T�P�D�J�B�U�F�E �X�J�U�I �N�P�S�F �D�P�O���J�D�U�� �8�F �N�J�H�I�U �X�B�O�U �U�P �N�B�L�F �T�V�S�F �U�I�B�U �U�I�J�T �J�T�O���U �E�V�F �U�P �U�I�F �S�F�T�P�V�S�D�F �D�V�S�T�F�‰
�D�P�V�O�U�S�J�F�T �X�J�U�I �N�J�O�F�S�B�M �B�O�E �P�J�M �X�F�B�M�U�I �B�S�F �N�P�S�F �M�J�L�F�M�Z �U�P �I�B�W�F �D�P�O���J�D�U �	�C�F�D�B�V�T�F �U�I�F�S�F���T �B �Q�S�J�[�F �U�P ���H�I�U
�P�W�F�S�
 �B�O�E �N�P�S�F �M�J�L�F�M�Z �U�P �I�B�W�F �I�J�H�I�F�S �J�O�D�P�N�F�T�� ���V�T� �X�F �N�J�H�I�U �X�B�O�U �U�P �B�E�E �B�O�P�U�I�F�S �W�B�S�J�B�C�M�F �U�P �P�V�S
�S�F�H�S�F�T�T�J�P�O�� �Q�F�S�D�F�O�U �P�G �(�%�1 �D�P�N�J�O�H �G�S�P�N �O�B�U�V�S�B�M �S�F�T�P�V�S�D�F�T��

�t �*�U �U�V�S�O�T �P�V�U �X�F �D�B�O �B�E�E �B �D�P�O�U�J�O�V�P�V�T �W�B�S�J�B�C�M�F �J�O �U�I�F �T�B�N�F �X�B�Z �B�T �B �E�V�N�N�Z �W�B�S�J�B�C�M�F��

yi = ! + " 1x1 + " 2x2

�t �8�I�J�M�Fx2 �J�T �B�O�P�U�I�F�S �J�O�E�F�Q�F�O�E�F�O�U �W�B�S�J�B�C�M�F� �X�F �X�J�M�M �P���F�O �D�B�M�Mx2 �B�D�P�O�U�S�P�M �W�B�S�J�B�C�M�F� �F�T�Q�F�D�J�B�M�M�Z �J�G �J�U �J�T �O�P�U
�U�I�F �N�B�J�O �J�O�E�F�Q�E�F�O�U �W�B�S�J�B�C�M�F �X�F �B�S�F �J�O�U�F�S�F�T�U�F�E �J�O��

�t �/�P�X�x1 �B�O�Ex2 �B�S�F �C�P�U�I �D�P�O�U�J�O�V�P�V�T �W�B�S�J�B�C�M�F�T�� �#�F�G�P�S�F �X�F �I�B�E �U�X�P �S�F�H�S�F�T�T�J�P�O �M�J�O�F�T� �P�O�F �G�P�Sd = 0 �B�O�E
�P�O�F �G�P�Sd = 1 �� �/�P�X� �U�I�P�V�H�I� �X�F �I�B�W�F �B�O �J�O���O�J�U�F �O�V�N�C�F�S �P�G �S�F�H�S�F�T�T�J�P�O �M�J�O�F�T �G�P�S �F�B�D�I �Q�P�T�T�J�C�M�F �W�B�M�V�F �P�G
x2�� �4�P �J�U���T �O�P�U �G�F�B�T�J�C�M�F �U�P �E�S�B�X �U�I�F �S�F�H�S�F�T�T�J�P�O �M�J�O�F�T �B�O�Z�N�P�S�F��

�t �8�F �D�B�O �D�B�M�D�V�M�B�U�F �4�&�T �B�O�E �D�P�O���E�F�O�D�F �J�O�U�F�S�W�B�M�T �J�O �U�I�F �T�B�N�F �X�B�Z �X�F �E�J�E �C�F�G�P�S�F �B�O�E �U�I�F�Z �I�B�W�F �U�I�F �T�B�N�F
�J�O�U�F�S�Q�S�F�U�B�U�J�P�O�� �" �4�& �U�F�M�M�T �V�T �I�P�X �N�V�D�I �X�F �F�Y�Q�F�D�U �U�I�F �F�T�U�J�N�B�U�F �P�G �U�I�F �D�P�F���D�J�F�O�U �	ö" 1 �P�Sö" 2�
 �U�P �W�B�S�Z �G�S�P�N
�T�B�N�Q�M�F �U�P �T�B�N�Q�M�F�� ���F �G�P�S�N�V�M�B�T �D�I�B�O�H�F �T�M�J�H�I�U�M�Z �X�I�F�O �Z�P�V �B�E�E �B�O�P�U�I�F�S �W�B�S�J�B�C�M�F� �C�V�U �3 �X�J�M�M �D�B�M�D�V�M�B�U�F �B�M�M
�P�G �U�I�J�T �G�P�S �V�T�� ���V�T� �P�V�S �Q�S�P�D�F�E�V�S�F �G�P�S �E�F�U�F�S�N�J�O�J�O�H �J�G �Bö" 1 �J�T �T�U�B�U�J�T�U�J�D�B�M�M�Z �T�J�H�O�J���D�B�O�U �J�T �F�Y�B�D�U�M�Z �U�I�F �T�B�N�F
�B�T �X�J�U�I �P�O�F �W�B�S�J�B�C�M�F��

�t �8�F �D�B�O �J�O�U�F�S�Q�S�F�U" 1 �B�O�E" 2 �J�O �B �T�J�N�J�M�B�S �G�B�T�I�J�P�O �B�T �X�F �I�B�W�F �C�F�G�P�S�F� �X�J�U�I �P�O�F �F�Y�D�F�Q�U�J�P�O��

�o �)�P�M�E�J�O�Hx2 �D�P�O�T�U�B�O�U� �B �P�O�F �V�O�J�U �D�I�B�O�H�F �J�Ox1 �M�F�B�E�T �U�P �B" 1 �D�I�B�O�H�F �J�Oy��

�o �)�P�M�E�J�O�Hx1 �D�P�O�T�U�B�O�U� �B �P�O�F �V�O�J�U �D�I�B�O�H�F �J�Ox2 �M�F�B�E�T �U�P �B" 2 �D�I�B�O�H�F �J�Oy��

�t �8�I�Z �J�T �I�P�M�E�J�O�H �U�I�J�O�H�T ���Y�F�E �	�P�S �i�D�P�O�U�S�P�M�M�J�O�H �G�P�S�w �U�I�F�N�
 �J�N�Q�P�S�U�B�O�U� �#�F�D�B�V�T�F �J�U �D�B�O �S�F�N�P�W�F �T�Q�V�S�J�P�V�T
�S�F�M�B�U�J�P�O�T�I�J�Q�T�� �3�F�N�F�N�C�F�S �U�I�F �S�F�M�B�U�J�P�O�T�I�J�Q �C�F�U�X�F�F�O �J�D�F �D�S�F�B�N �T�B�M�F�T �B�O�E �E�S�P�X�O�J�O�H �E�F�B�U�I�T�� �8�F �T�B�J�E �U�I�B�U
�X�F �E�J�E�O���U �U�I�J�O�L �U�I�B�U �J�D�F �D�S�F�B�N �T�B�M�F�T�D�B�V�T�F�T�E�S�P�X�O�J�O�H �E�F�B�U�I�T� �C�V�U �U�I�B�U �U�I�F �X�F�B�U�I�F�S �Q�S�P�C�B�C�M�Z �D�B�V�T�F�T �C�P�U�I��
�*�G �X�F �X�F�S�F �U�P �D�P�O�U�S�P�M �G�P�S �P�S �I�P�M�E ���Y�F�E �U�I�F �X�F�B�U�I�F�S �	�C�Z� �T�B�Z� �N�B�L�J�O�H �U�I�F �D�P�N�Q�B�S�J�T�P�O �P�O�M�Z �X�I�F�O �J�U���T �D�P�M�E
�P�S �P�O�M�Z �X�I�F�O �J�U���T �I�P�U�
� �X�F �X�P�V�M�E �T�F�F �U�I�B�U �U�I�F �T�Q�V�S�J�P�V�T �S�F�M�B�U�J�P�O�T�I�J�Q �X�P�V�M�E �E�J�T�B�Q�Q�F�B�S�� �U�I�F �S�F�M�B�U�J�P�O�T�I�J�Q
�J�T �D�B�V�T�F�E �C�Z ���V�D�U�V�B�U�J�P�O�T �J�O �U�I�F �X�F�B�U�I�F�S�� �*�G �U�I�F �X�F�B�U�I�F�S �X�B�T �B�M�X�B�Z�T �U�I�F �T�B�N�F� �X�F �X�P�V�M�E�O���U �T�F�F �U�I�F �S�F�M�B��
�U�J�P�O�T�I�J�Q �B�O�Z�N�P�S�F��

�‰



�.�V�M�U�J�Q�M�F �3�F�H�S�F�T�T�J�P�O

�t �8�F���W�F �T�F�F�O �S�F�H�S�F�T�T�J�P�O �X�J�U�I �P�O�F �P�S �U�X�P �W�B�S�J�B�C�M�F�T �O�P�X �B�O�E �O�P�U�I�J�O�H �I�B�T �C�S�P�L�F�O �Z�F�U� �T�P �N�B�Z�C�F �X�F �D�B�O �B�E�E
�N�P�S�F �W�B�S�J�B�C�M�F�T�� �#�V�U ���S�T�U� �X�I�Z �N�J�H�I�U �X�F �E�P �U�I�J�T� �"�H�B�J�O� �J�G �X�F �X�B�O�U �U�P �N�B�L�F �T�V�S�F �U�I�B�U �U�I�F �S�F�M�B�U�J�P�O�T�I�J�Q
�X�F �I�B�W�F �F�T�U�J�N�B�U�F�E �J�T �O�P�U �T�Q�V�S�J�P�V�T� �X�F �X�B�O�U �U�P �D�P�O�U�S�P�M �G�P�S �W�B�S�J�B�C�M�F�T �U�I�B�U �N�J�H�I�U �D�B�V�T�F �U�I�F �S�F�M�B�U�J�P�O�T�I�J�Q��
�0�O�F �D�P�O�U�S�P�M �W�B�S�J�B�C�M�F �N�J�H�I�U �O�P�U �C�F �F�O�P�V�H�I��

�t �*�U �U�V�S�O�T �P�V�U �U�I�B�U �X�F �D�B�O �N�P�S�F �U�I�B�O �K�V�T�U �P�O�F �W�B�S�J�B�C�M�F�� �8�I�B�U �X�P�V�M�E �U�I�B�U �M�P�P�L �M�J�L�F �J�O �U�F�S�N�T �P�G �P�V�S �S�F�H�S�F�T�T�J�P�O
�N�P�E�F�M��

yi = ! + " 1x1 + " 2x2 + . . . + " kxk

�t �:�P�V �D�B�O �T�F�F �U�I�B�U �X�F �O�P�X �I�B�W�Fk �J�O�E�F�Q�F�O�E�F�O�U �W�B�S�J�B�C�M�F�T �J�O�T�U�F�B�E �P�G �‰ �P�S �Š�� �&�B�D�I �P�G �U�I�F�T�F �D�P�V�M�E �C�F �D�P�O��
�U�J�O�V�P�V�T �P�S �E�V�N�N�Z��

�t �"�H�B�J�O� �U�I�F �4�&�T �B�O�E �$�*�T �X�J�M�M �D�P�N�F �G�S�P�N �3� �C�V�U �U�I�F�Z �I�B�W�F �U�I�F �T�B�N�F �J�O�U�F�S�Q�S�F�U�B�U�J�P�O �B�T �C�F�G�P�S�F��

�t �8�F �I�B�W�F �U�I�F �T�B�N�F �J�O�U�F�S�Q�S�F�U�B�U�J�P�O �B�C�P�V�U �U�I�F �D�P�F���D�J�F�O�U�T �I�F�S�F �B�T �X�F �E�J�E �X�J�U�I �Š �W�B�S�J�B�C�M�F�T��

�o �)�P�M�E�J�O�H �B�M�M �U�I�F �J�O�E�F�Q�E�F�O�U �W�B�S�J�B�C�M�F�T ���Y�F�E� �B �P�O�F �V�O�J�U �D�I�B�O�H�F �J�Ox1 �M�F�B�E�T �U�P �B" 1 �D�I�B�O�H�F �J�Oy��

�o �)�P�M�E�J�O�H �B�M�M �U�I�F �J�O�E�F�Q�E�F�O�U �W�B�S�J�B�C�M�F�T ���Y�F�E� �B �P�O�F �V�O�J�U �D�I�B�O�H�F �J�Ox2 �M�F�B�E�T �U�P �B" 2 �D�I�B�O�H�F �J�Oy��

�o �y�B�O�E �T�P �P�O��

�)�P�X �X�F�M�M �E�P�F�T �U�I�J�T �S�F�H�S�F�T�T�J�P�O �Q�S�F�E�J�D�Uy� 

�t �6�T�J�O�H �P�V�S �T�L�J�M�M�T �P�G �S�F�H�S�F�T�T�J�P�O �J�O�U�F�S�Q�S�F�U�B�U�J�P�O� �X�F �D�B�O �T�F�F �I�P�X �B�O�Z �J�O�E�J�W�J�E�V�B�M �W�B�S�J�B�C�M�F �B���F�D�U�T �U�I�F �E�F�Q�F�O��
�E�F�O�U �W�B�S�J�B�C�M�F� �C�V�U �X�F �N�J�H�I�U �X�B�O�U �U�P �H�P �G�V�S�U�I�F�S�� �8�F �N�J�H�I�U �X�B�O�U �U�P �L�O�P�X�I�P�X �N�V�D�I �E�P�F�T �U�I�J�T �F�Y�Q�M�B�J�O
�U�I�F �E�F�Q�F�O�E�F�O�U �W�B�S�J�B�C�M�F� 

�t �0�O�F �X�B�Z �U�P �E�P �U�P �N�F�B�T�V�S�F �U�I�J�T �X�P�V�M�E �C�F �U�P �T�F�F �I�P�X �X�F�M�M �X�F �E�P �B�U �Q�S�F�E�J�D�U�J�O�Hy �V�T�J�O�H �P�V�S �S�F�H�S�F�T�T�J�P�O
�N�P�E�F�M�� ���F �Q�S�P�C�M�F�N �J�T �U�I�B�U �X�F �O�F�F�E �T�P�N�F�U�I�J�O�H �U�P �D�P�N�Q�B�S�F �J�U �U�P�� �8�F �T�I�P�V�M�E �D�P�N�Q�B�S�F �J�U �U�P �T�P�N�F �C�B�T�F�M�J�O�F
�Q�S�F�E�J�D�U�J�P�O�T�� �U�I�P�T�F �C�B�T�F�E �P�O �O�P �J�O�E�F�Q�F�O�E�F�O�U �W�B�S�J�B�C�M�F�T��

�t ���B�U �J�T� �X�F �D�B�O �D�P�N�Q�B�S�F �U�I�F �Q�S�F�E�J�D�U�J�P�O�T �G�S�P�N �P�V�S �S�F�H�S�F�T�T�J�P�O��

öy = ö! + ö" 1x2 + ö" 2x2 + . . . + ö" kxk �	�‰�


�"�O�E �D�P�N�Q�B�S�F �U�I�F�T�F �Q�S�F�E�J�D�U�J�P�O�T �X�J�U�I �U�I�P�T�F �G�S�P�N �B �N�P�E�F�M �X�J�U�I�P�V�U �V�T�J�O�Hx1, x2, . . . , xk �� �0�V�S �C�F�T�U �Q�S�F�E�J�D�U�J�P�O
�B�C�P�V�Uy �X�J�U�I�P�V�U �B�O�Z �D�P�W�B�S�J�B�U�F�T �J�T �K�V�T�U �U�I�F �T�B�N�Q�M�F �N�F�B�O��øy��

�t �0�O�D�F �X�F �I�B�W�F �U�I�F�T�F �U�X�P �Q�S�F�E�J�D�U�J�P�O�T� �X�F �D�B�O �D�P�N�Q�B�S�F �U�I�F�Q�S�F�E�J�D�U�J�P�O �F�S�S�P�S�T�G�S�P�N �U�I�F�T�F �U�X�P �N�P�E�F�M�T�� �"
�Q�S�F�E�J�D�U�J�P�O �F�S�S�P�S �J�T �U�I�F �E�J���F�S�F�O�D�F �C�F�U�X�F�F�O �U�I�F �B�D�U�V�B�M �W�B�C�M�V�F �P�Gy �B�O�E �U�I�F �Q�S�F�E�J�D�U�F�E �W�B�M�V�F�� �'�P�S �B �S�F�H�S�F�T�T�J�P�O
�X�F �I�B�W�F �D�B�M�M�F�E �U�I�F�T�F�S�F�T�J�E�V�B�M�T��y ! öy��

�t �'�S�P�N �U�I�J�T �T�F�U�V�Q �X�F �D�B�O �D�B�M�D�V�M�B�U�F �B �N�F�B�T�V�S�F �P�G �I�P�X �X�F�M�M �P�V�S �J�O�E�F�Q�F�O�E�F�O�U �W�B�S�J�B�C�M�F�T �Q�S�F�E�J�D�Uy� � � 8� F � D� B� M� M
�U�I�J�T �N�F�B�T�V�S�FR2 �P�S�3���T�R�V�B�S�F�E�� �*�U �J�T �B �O�V�N�C�F�S �C�F�U�X�F�F�O �ˆ �B�O�E �‰ �U�I�B�U �U�F�M�M�T �V�T �U�I�F �Q�S�P�Q�P�S�U�J�P�O �P�G �U�P�U�B�M
�W�B�S�J�B�U�J�P�O �J�Oy �U�I�B�U �J�T �F�Y�Q�M�B�J�O�F�E �C�Z �U�I�F �J�O�E�F�Q�F�O�E�F�O�U �W�B�S�B�J�C�M�F�T��

�Š



�t �)�P�X �J�T �J�U �D�B�M�D�V�M�B�U�F�E� �8�F �E�P �U�I�J�T �C�Z �D�B�M�D�V�M�B�U�J�O�H �U�I�F�Q�S�P�Q�P�S�U�J�P�O�B�M �S�F�E�V�D�U�J�P�O �J�O �F�S�S�P�S�� ���F �F�S�S�P�S �X�J�U�I �O�P
�D�P�W�B�S�J�B�U�F�T �J�T �D�B�M�M�F�E �U�I�F �U�P�U�B�M �T�V�N �P�G �T�R�V�B�S�F�T��TSS =

!
(y ! øy)2�� ���J�T �J�T �J�T �B �N�F�B�T�V�S�F �P�G �U�I�F �Q�S�F�E�J�D�U�J�P�O

�F�S�S�P�S �X�J�U�I �O�P �D�P�W�B�S�J�B�U�F�T�� �8�I�B�U �J�T �U�I�F �Q�S�F�E�J�D�U�J�P�O �F�S�S�P�S �G�P�S �P�V�S �S�F�H�S�F�T�T�J�P�O� �*�U �J�T �U�I�F �T�V�N �P�G �U�I�F �T�R�V�S�F�E
�S�F�T�J�E�V�B�M�T��SSR =

!
(y ! öy)2�� �/�P�U�F �U�I�B�U �U�I�F �C�P�P�L �D�B�M�M�T �U�I�J�T �U�I�F �T�V�N �P�G �T�R�V�B�S�F�E �F�S�S�P�S�T �	�4�4�&�
��

�t �'�J�O�B�M�M�Z� �X�F �D�B�O �D�B�M�D�V�M�B�U�F �U�I�FR2 �C�Z �T�I�P�X�J�O�H �I�P�X �N�V�D�I �P�G �U�I�F �U�P�U�B�M �W�B�S�J�B�U�J�P�O �	�5�4�4�
 �J�T �S�F�E�V�D�F�E �X�J�U�I �U�I�F
�S�F�H�S�F�T�T�J�P�O��

R2 =
TSS ! SSR

TSS
�	�Š�


�t �/�P�U�F �U�I�B�U �X�F �D�B�O �D�P�N�Q�B�S�F �E�J���F�S�F�O�U �S�F�H�S�F�T�T�J�P�O�T �	�X�J�U�I �U�I�F �T�B�N�Fy�
 �C�Z �D�P�N�Q�B�S�J�O�H �U�I�F�J�SR2�� �8�I�F�O �X�F �B�E�E
�B�O �B�E�E�J�U�J�P�O�B�M �J�O�E�F�Q�F�O�E�F�O�U �W�B�S�J�B�C�M�F �U�P �U�I�F �N�P�E�F�M� �X�F �D�B�O �T�F�F �I�P�X �N�V�D�I �J�U �J�O�D�S�F�B�T�F�T �U�I�FR2 �U�P �E�F�U�F�S�N�J�O�F
�I�P�X �J�N�Q�P�S�U�B�O�U �J�U �J�T �G�P�S �Q�S�F�E�J�D�U�J�O�Hy��

�.�V�M�U�J�Q�M�F �S�F�H�S�F�T�T�J�P�O �J�O �3

�t �.�V�M�U�J�Q�M�F �S�F�H�S�F�T�T�J�P�O �J�O �3 �J�T �B�M�N�P�T�U �F�Y�B�D�U�M�Z �U�I�F �T�B�N�F �B�T �C�J�W�B�S�J�B�U�F �S�F�H�S�F�T�T�J�P�O �J�O �3�� �8�F �T�J�N�Q�M�Z �I�B�W�F �U�P �B�E�E
�P�V�S �O�F�X �W�B�S�J�B�C�M�F�T �U�P �U�I�F�l�m�(�)�G�V�O�D�U�J�P�O��

� > � m� o� d � <� - � l� m� (� t� u� r� n� o� u� t � ~ � r� a� i� n � + � p� o� l� l� t� a� x � + � l� i� t� e� r� a� c� y� , � d� a� t� a � = � r� a� i� n� )
� > � s� u� m� m� a� r� y� (� m� o� d� )

�C�a�l�l�:
�l�m�(�f�o�r�m�u�l�a �= �t�u�r�n�o�u�t �~ �r�a�i�n �+ �p�o�l�l�t�a�x �+ �l�i�t�e�r�a�c�y�, �d�a�t�a �= �r�a�i�n�)

�R�e�s�i�d�u�a�l�s�:
�M�i�n �1�Q �M�e�d�i�a�n �3�Q �M�a�x

�-�4�6�.�1�5�7 �-�7�.�0�3�5 �-�0�.�1�7�7 �7�.�0�1�9 �3�5�.�2�0�8

�C�o�e�f�f�i�c�i�e�n�t�s�:
�E�s�t�i�m�a�t�e �S�t�d�. �E�r�r�o�r �t �v�a�l�u�e �P�r�(�>�|�t�|�)

�(�I�n�t�e�r�c�e�p�t�) �6�5�.�4�8�1�4�6 �0�.�0�6�5�4�7 �1�0�0�0�.�1�7�2 �< �2�e�-�1�6 �*�*�*
�r�a�i�n �-�1�.�0�4�2�3�3 �0�.�3�0�5�8�5 �-�3�.�4�0�8 �0�.�0�0�0�6�5�5 �*�*�*
�p�o�l�l�t�a�x �7�.�8�0�9�4�7 �2�.�8�0�8�7�0 �2�.�7�8�0 �0�.�0�0�5�4�3�2 �*�*
�l�i�t�e�r�a�c�y �1�.�4�1�0�0�6 �0�.�2�7�2�7�9 �5�.�1�6�9 �2�.�3�7�e�-�0�7 �*�*�*
�-�-�-
�S�i�g�n�i�f�. �c�o�d�e�s�: �0 ���*�*�*�� �0�.�0�0�1 ���*�*�� �0�.�0�1 ���*�� �0�.�0�5 ���.�� �0�.�1 �� �� �1

�R�e�s�i�d�u�a�l �s�t�a�n�d�a�r�d �e�r�r�o�r�: �1�0�.�5�1 �o�n �2�7�3�9�7 �d�e�g�r�e�e�s �o�f �f�r�e�e�d�o�m
�M�u�l�t�i�p�l�e �R�-�s�q�u�a�r�e�d�: �0�.�0�0�1�8�0�2�, �A�d�j�u�s�t�e�d �R�-�s�q�u�a�r�e�d�: �0�.�0�0�1�6�9�3
�F�-�s�t�a�t�i�s�t�i�c�: �1�6�.�4�8 �o�n �3 �a�n�d �2�7�3�9�7 �D�F�, �p�-�v�a�l�u�e�: �1�.�0�6�7�e�-�1�0

�t �/�P�X� �F�B�D�I �S�P�X �P�G �U�I�F �D�P�F���D�J�F�O�U�T �U�B�C�M�F �I�B�T �	�‰�
 �U�I�F �F�T�U�J�N�B�U�F�E �D�P�F���D�J�F�O�U �G�P�S �U�I�B�U �W�B�S�J�B�C�M�F� �	�Š�
 �U�I�F �4�&
�G�P�S �U�I�B�U �F�T�U�J�N�B�U�F� �	�‹�
 �U�I�Ft���T�U�B�U�J�T�U�J�D�T �G�P�S �U�I�B�U �W�B�S�J�B�C�M�F� �B�O�E �	�Œ�
 �U�I�Fp���W�B�M�V�F �G�P�S �U�I�F �I�Z�Q�U�I�F�T�J�T �U�F�T�U �G�P�S �U�I�B�U
�D�P�F���D�J�F�O�U �C�F�J�O�H �F�R�V�B�M �U�P �ˆ��

�‹



�t �/�P�X �J�O �U�I�F �T�F�D�P�O�E �U�P �M�B�T�U �M�J�O�F� �Z�P�V �D�B�O �B�M�T�P �T�F�F �U�I�FR2� �S�F�G�F�S�S�F�E �U�P �B�T �U�I�F�M�u�l�t�i�p�l�e� �R�-�s�q�u�a�r�e�d��

�Œ



�1�4�$�Š�ˆ�ˆ�� �-�F�D�U�V�S�F �‰�‘

�.�B�U�U�I�F�X �#�M�B�D�L�X�F�M�M

�‰�‰���‰�‘���Š�ˆ�‰�Š

�"�T�T�P�D�J�B�U�J�P�O �B�O�E �$�B�V�T�B�U�J�P�O

�t �8�F �I�B�W�F �U�B�M�L�F�E �B�C�P�V�U �D�B�V�T�B�M �T�J�H�O�J���D�B�O�D�F �V�Q �U�P �U�I�J�T �Q�P�J�O�U� �C�V�U �X�F �I�B�W�F�O���U �T�Q�F�D�J���D�B�M�M�Z �U�B�M�L�F�E �B�C�P�V�U �X�I�B�U
�D�B�V�T�B�M�J�U�Z �N�F�B�O�T �P�S �I�P�X �X�F �T�I�P�V�M�E �U�I�J�O�L �B�C�P�V�U �J�U��

�t �&�Y�B�N�Q�M�F�T�� �E�F�N�P�D�S�B�D�Z �D�B�V�T�F�T �F�D�P�O�P�N�J�D �H�S�P�X�U�I�� �0�C�B�N�B �X�P�O �C�F�D�B�V�T�F �P�G �)�V�S�S�J�D�B�O�F �4�B�O�E�Z��

�8�I�Z �E�P �X�F �D�B�S�F� 

�t �,�O�P�X�J�O�H �D�B�V�T�B�M �S�F�M�B�U�J�P�O�T�I�J�Q�T �I�F�M�Q�T �F�Y�Q�M�B�J�O �X�I�B�U �I�B�T �I�B�Q�Q�F�O�F�E� �Q�S�F�E�J�D�U �X�I�B�U �X�J�M�M �I�B�Q�Q�F�O� �B�O�E �H�V�J�E�F
�P�V�S �D�I�P�J�D�F �P�G �Q�P�M�J�D�Z��

�"�T�T�P�D�J�B�U�J�P�O �B�O�E �J�U�T �Q�J�U�G�B�M�M�T

�t �8�I�F�O �X�F �F�T�U�B�C�M�J�T�I �B �S�F�M�B�U�J�P�O�T�I�J�Q �V�T�J�O�H �S�F�H�S�F�T�T�J�P�O� �U�I�F�S�F �D�P�V�M�E �C�F �B �O�V�N�C�F�S �P�G �E�J���F�S�F�O�U �D�B�V�T�B�M �Q�S�P�D�F�T�T�F�T
�B�U �X�P�S�L�� �*�U �D�P�V�M�E �C�F �U�I�B�UX �D�B�V�T�F�TY �  � U� I� B� UY �D�B�V�T�F�TX � �P�S �U�I�B�U �U�I�F�Z �B�S�F �C�P�U�I �D�B�V�T�F�E �C�Z �B �U�I�J�S�E �G�B�D�U�P�S�
Z �� �8�J�U�I �E�F�N�P�D�S�B�D�Z �B�O�E �H�S�P�X�U�I� �X�F �N�J�H�I�U �U�I�J�O�L �U�I�B�U �T�U�S�P�O�H �Q�S�P�Q�F�S�U�Z �S�J�H�I�U�T �M�F�B�E�T �U�P �C�P�U�I �F�D�P�O�P�N�J�D
�H�S�P�X�U�I �B�O�E �E�F�N�P�D�S�B�D�Z��

�t �#�F�X�B�S�F �U�I�F�D�V�N �I�P�D�G�B�M�M�B�D�Z�� �B�T�T�P�D�J�B�U�J�P�O �E�P�F�T �O�P�U �J�N�Q�M�Z �D�B�V�T�B�U�J�P�O��

�t �1�J�U�G�B�M�M �›�‰�� �4�Q�V�S�J�P�V�T �S�F�M�B�U�J�P�O�T�I�J�Q�T�� �8�I�F�O �U�I�F�S�F �J�T �B�O �B�T�T�P�D�J�B�U�J�P�O �C�F�U�X�F�F�Ox �B�O�Ey� �C�V�U �O�P �D�B�V�T�B�U�J�P�O
�C�F�D�B�V�T�F �B �U�I�J�S�E �W�B�S�J�B�C�M�F�z� �D�B�V�T�F�T �C�P�U�Ix �B�O�Ey �X�F �T�B�Z �U�I�B�U �U�I�F �S�F�M�B�U�J�P�O�T�I�J�Q �J�T�T�Q�V�S�J�P�V�T� � � 8� F � D� B� M� M � U� I� Fz
�W�B�S�J�B�C�M�F �B�[���G�B�D�U�P�S�  � B�M�V�S�L�J�O�H �W�B�S�J�B�C�M�F�  � P� S � B�D�P�O�G�P�V�O�E�F�S��

�t �8�J�U�I �B �T�Q�V�S�J�P�V�T �S�F�M�B�U�J�P�O�T�I�J�Q� �U�I�F �S�F�M�B�U�J�P�O�T�I�J�Q �C�F�U�X�F�F�Ox �B�O�Ey �J�T �B �D�P�J�O�D�J�E�F�O�D�F��

�t �1�J�U�G�B�M�M �›�Š���Q�P�T�U���I�P�D�G�B�M�M�B�D�Z��x �N�V�T�U �Q�S�F�D�F�E�Fy �U�P �D�B�V�T�F �J�U� �C�V�U �U�I�J�T �J�T�O���U �F�O�P�V�H�I �U�P �D�P�O�D�M�V�E�F �U�I�B�Ux �D�B�V�T�F�T
y��

�t �1�J�U�G�B�M�M �›�‹�� �" �M�B�D�L �P�G �B�T�T�P�D�J�B�U�J�P�O �E�P�F�T �O�P�U �N�F�B�O �O�P �D�B�V�T�B�U�J�P�O�� �*�G �D�B�O�E�J�E�B�U�F�T �U�I�B�U �B�S�F �C�F�I�J�O�E �J�O �U�I�F �Q�P�M�M�T
�U�F�O�E �U�P �H�P �O�F�H�B�U�J�W�F �B�O�E �H�P�J�O�H �O�F�H�B�U�J�W�F �I�F�M�Q�T �U�I�F�N� �U�I�F�O �J�U �X�J�M�M �M�P�P�L �M�J�L�F �O�F�H�B�U�J�W�J�U�Z �I�B�T �O�P �F���F�D�U��

�$�P�V�O�U�F�S�G�B�D�U�V�B�M�T

�t �0�O�F �E�F���O�J�U�J�P�O �U�I�B�U �X�F �X�J�M�M �V�T�F �J�O �U�I�J�T �D�P�V�S�T�F �J�T �B�D�P�V�O�U�F�S�G�B�D�U�V�B�M�E�F���O�J�U�J�P�O �P�G �D�B�V�T�B�M�J�U�Z��

�‰



�t �-�F�U���T �D�B�M�My(1) �C�F �U�I�F �E�F�Q�F�O�E�F�O�U �W�B�S�J�B�C�M�F �X�I�F�O �X�F �G�P�S�D�Fx = 1 �B�O�Ey(0) �C�F �U�I�F �W�B�M�V�F �U�I�F �E�F�Q�F�O�E�F�O�U
�W�B�S�J�B�C�M�F �U�B�L�F�T �X�I�F�O �X�F �G�P�S�D�Fx = 0 �� ���F�O� �U�I�F �D�B�V�T�B�M �F���F�D�U �P�Gx �J�T��

�D�B�V�T�B�M �F���F�D�U= y(1) ! y(0)

�t �8�I�B�U �E�P�F�T �U�I�J�T �N�F�B�O� �-�F�U���T �T�B�Z �X�F �B�S�F �U�B�M�L�J�O�H �B�C�P�V�U �U�I�F �F���F�D�U �P�G �E�S�J�O�L�J�O�H �D�P���F�F �P�O �N�Z �Q�S�P�E�V�D�U�J�W�J�U�Z
�U�I�J�T �B���F�S�O�P�P�O�� �4�P �U�I�B�Uy(1) �J�T �I�P�X �N�B�O�Z �Q�B�H�F�T �* �X�P�V�M�E �X�S�J�U�F �J�G �* �X�F�S�F �U�P �E�S�J�O�L �D�P���F�F�� �"�O�Ey(0) �J�T �I�P�X
�N�B�O�Z �Q�B�H�F�T �* �X�P�V�M�E �X�S�J�U�F �J�G �* �X�F�S�F �U�P �B�C�T�U�B�J�O �G�S�P�N �D�P���F�F�� �4�P�N�F�U�J�N�F�T �X�F �D�B�M�Mx = 1 �U�I�F�U�S�F�B�U�N�F�O�U�B�O�E
x = 0 �U�I�F�D�P�O�U�S�P�M��

�t �/�P�X� �U�I�F�S�F���T �B �G�V�O�E�B�N�F�O�U�B�M �Q�S�P�C�M�F�N �I�F�S�F�� ���J�T �N�P�S�O�J�O�H �* �E�S�B�O�L �D�P���F�F �T�P �U�I�B�U �N�F�B�O�T �X�F �H�F�U �U�P �T�F�Fy(1)��
�J�U���T �U�I�F �O�V�N�C�F�S �P�G �Q�B�H�F�T �* �X�S�J�U�F�� �#�V�U �X�F �O�F�W�F�S �H�F�U �U�P �P�C�T�F�S�W�Fy(0) �C�F�D�B�V�T�F �U�I�B�U���T �D�P�V�O�U�F�S�G�B�D�U�V�B�M�� �*���M�M �O�F�W�F�S
�L�O�P�X �I�P�X �N�B�O�Z �Q�B�H�F�T �* �X�P�V�M�E �I�B�W�F �X�S�J�U�U�F�O �J�G �* �I�B�E �O�P�U �I�B�E �D�P���F�F�� ���J�T �J�T �D�B�M�M�F�E�U�I�F �G�V�O�E�B�N�F�O�U�B�M
�Q�S�P�C�M�F�N �P�G �D�B�V�T�B�M �J�O�G�F�S�F�O�D�F��

�t �8�F �D�B�O �O�F�W�F�S �P�C�T�F�S�W�F �U�I�F �T�B�N�F �V�O�J�U �J�O �U�X�P �E�J���F�S�F�O�U �T�D�F�O�B�S�J�P�T�� �8�F �I�B�W�F �U�P �U�S�Z �B�O�E ���O�E �B �D�P�N�Q�B�S�B�C�M�F
�H�S�P�V�Q �U�I�B�U �E�J�E �O�P�U �S�F�D�F�J�W�F �U�I�F �U�S�F�B�N�U�F�O�U �B�O�E �T�F�F �I�P�X �U�I�F�Z �E�J�E �P�O �U�I�F �P�V�U�D�P�N�F��

�t �*�O �U�I�J�T �F�Y�B�N�Q�M�F� �X�F �N�J�H�I�U �U�S�Z �U�P ���O�E �T�P�N�F�P�O�F �F�Y�B�D�U�M�Z �M�J�L�F �N�F �X�I�P �E�J�E �O�P�U �E�S�J�O�L �D�P���F�F �B�O�E �D�P�N�Q�B�S�F
�P�V�S �Q�S�P�E�V�D�U�J�W�J�U�J�F�T�� �*�G �* �I�B�E �B �U�X�J�O� �U�I�J�T �N�J�H�I�U �C�F �Q�P�T�T�J�C�M�F��

�t �3�B�S�F�M�Z� �X�F �D�B�O �Q�F�S�G�P�S�N �B�D�S�P�T�T���P�W�F�S �T�U�V�E�Z�� �D�P�N�Q�B�S�F �N�Z �Q�S�P�E�V�D�U�J�W�J�U�Z �P�O �P�O�F �E�B�Z �X�J�U�I �D�P���F�F �U�P �N�Z
�Q�S�P�E�V�D�U�J�W�J�U�Z �P�O �B �E�B�Z �X�J�U�I�P�V�U �D�P���F�F�� ���V�T� �* �X�P�V�M�E �V�T�F �N�Z�T�F�M�G �B�T �U�I�F �D�P�N�Q�B�S�J�T�P�O �H�S�P�V�Q�� �*���N �Q�S�F�U�U�Z
�T�J�N�J�M�B�S �U�P �N�Z�T�F�M�G�� �#�V�U �J�U �N�J�H�I�U �O�P�U �X�P�S�L �J�G �U�I�F �D�P���F�F �E�P�F�T�O���U �X�F�B�S �P�� �C�F�U�X�F�F�O �U�I�F �D�P�N�Q�B�S�J�T�P�O�T��

�"�T�T�F�T�T�J�O�H �$�B�V�T�B�U�J�P�O �J�O �3�F�H�S�F�T�T�J�P�O�T

�t �4�P �X�F �T�B�J�E �U�I�B�U �X�F �X�B�O�U �U�P ���O�E �D�P�N�Q�B�S�B�C�M�F �H�S�P�V�Q�T �U�I�B�U �I�B�W�F �E�J���F�S�F�O�U �W�B�M�V�F�T �P�Gx �U�P �F�W�B�M�V�B�U�F �U�I�F �D�B�V�T�B�M
�F���F�D�U �P�Gx�� �8�I�Z �X�P�V�M�E �J�U �C�F �U�I�F �D�B�T�F �U�I�B�U �U�X�P �H�S�P�V�Q�T �B�S�F �O�P�U �D�P�N�Q�B�S�B�C�M�F� �8�I�F�O �U�I�F�S�F �J�T �B �D�P�O�G�P�V�O�E��z��
�G�B�D�U�P�S��

�t �5�P �T�F�F �U�I�J�T� �U�I�J�O�L �B�C�P�V�U �U�I�F �D�P���F�F �F�Y�B�N�Q�M�F�� �4�V�Q�Q�P�T�F �* �U�P�P�L �B�M�M �P�G �N�Z �D�P���F�F �E�S�J�O�L�J�O�H �E�B�Z�T �B�O�E �D�P�N�Q�B�S�F�E
�N�Z �Q�S�P�E�V�D�U�J�W�J�U�Z �U�P �X�I�F�O �* �E�P�O���U �E�S�J�O�L �D�P���F�F�� ���F�T�F �U�X�P �H�S�P�V�Q�T �N�J�H�I�U �O�P�U �C�F �D�P�N�Q�B�S�B�C�M�F �C�F�D�B�V�T�F �P�G
z���G�B�D�U�P�S�� �T�U�S�F�T�T�� �0�O �E�B�Z�T �U�I�B�U �* �B�N �N�P�S�F �T�U�S�F�T�T�F�E �X�J�U�I �X�P�S�L� �* �U�F�O�E �U�P �E�S�J�O�L �N�P�S�F �D�P���F�F�B�O�E�* �U�F�O�E
�U�P �X�S�J�U�F �N�P�S�F �	�C�F�D�B�V�T�F �* �B�N �V�O�E�F�S �B �E�F�B�E�M�J�O�F�
�� ���V�T� �U�I�F �D�P���F�F �E�B�Z�T �B�O�E �U�I�F �O�P�O���D�P���F�F �E�B�Z�T �B�S�F �O�P�U
�D�P�N�Q�B�S�B�C�M�F��

�t �*�O �U�I�J�T �D�B�T�F �U�I�F �S�F�M�B�U�J�P�O�T�I�J�Q �C�F�U�X�F�F�O �D�P���F�F �B�O�E �Q�S�P�E�V�D�U�J�W�J�U�Z �J�T �B �N�F�T�T�Z �D�P�N�C�J�O�B�U�J�P�O �P�G �U�I�F �D�B�V�T�B�M �F���F�D�U
�P�G �D�P���F�F �B�O�E �U�I�F �F���F�D�U �P�G �T�U�S�F�T�T��

�t �)�P�X �E�P �X�F �B�W�P�J�E �U�I�F�T�F �L�J�O�E�T �P�G �Q�S�P�C�M�F�N�T� �8�F �D�P�V�M�E �D�P�N�Q�B�S�F �D�P���F�F �B�O�E �O�P�O���D�P���F�F �E�B�Z�T �P�O�M�Z �X�J�U�I
�M�P�X �T�U�S�F�T�T�� �"�O�E �U�I�F�O �D�P�N�Q�B�S�F �D�P���F�F �B�O�E �O�P�O���D�P���F�F �E�B�Z�T �P�O�M�Z �X�J�U�I �I�J�H�I �T�U�S�F�T�T�� �"�N�P�O�H �M�P�X �T�U�S�F�T�T �E�B�Z�T�
�U�I�F �D�P���F�F �B�O�E �O�P�O���D�P���F�F �E�B�Z�T �B�S�F �D�P�N�Q�B�S�B�C�M�F��

�t ���V�T� �X�F �X�B�O�U �U�P�D�P�O�U�S�P�M�G�P�S �B�O�Z �Q�P�U�F�O�U�J�B�M �D�P�O�G�P�V�O�E�F�S���[���G�B�D�U�P�S�� �8�F �X�B�O�U �U�P �N�B�L�F �T�V�S�F �P�V�S �F���F�D�U �J�T
�I�P�M�E�J�O�H �U�I�P�T�F �D�P�O�G�P�V�O�E�F�S�T �D�P�O�T�U�B�O�U�� �)�P�X �E�P �X�F �E�P �U�I�B�U� �8�F�M�M� �X�F �D�P�V�M�E �K�V�T�U �S�V�O �P�V�S �S�F�H�S�F�T�T�J�P�O �P�O
�M�P�X���T�U�S�F�T�T �E�B�Z�T �B�O�E �E�S�P�Q �B�O�Z �E�B�Z �U�I�B�U �J�T �I�J�H�I �T�U�S�F�T�T�� �#�V�U �U�I�J�T �X�P�V�M�E�O���U �X�P�S�L �G�P�S �D�P�O�U�J�O�V�P�V�T �W�B�S�J�B�C�M�F�T��

�Š



�t �5�P �D�P�O�U�S�P�M �G�P�S �U�I�F�T�F �Q�P�U�F�O�U�J�B�M �[���G�B�D�U�P�S�T� �X�F �O�F�F�E �U�P �J�O�D�M�V�E�F �U�I�F�N �J�O �U�I�F �S�F�H�S�F�T�T�J�P�O�� �*�G �U�I�F �S�F�M�B�U�J�P�O�T�I�J�Q �J�T
�T�U�J�M�M �T�U�B�U�J�T�U�J�D�B�M�M�Z �T�J�H�O�J���D�B�O�U �B���F�S �X�F �J�O�D�M�V�E�F �U�I�P�T�F �W�B�S�J�B�C�M�F�T� �X�F �L�O�P�X �U�I�B�U �U�I�F�T�F �X�F�S�F�O���U �S�F�B�M�M�Z �[���G�B�D�U�P�S�T
�B�O�E �U�I�F�Z �D�B�O�O�P�U �F�Y�Q�M�B�J�O �U�I�F �S�F�M�B�U�J�P�O�T�I�J�Q �X�F �T�F�F�� �*�G �X�F �D�B�O�O�P�U �U�I�J�O�L �P�G �B�O�Z �N�P�S�F �Q�P�U�F�O�U�J�B�M �[���G�B�D�U�P�S�T�
�U�I�F�O �X�F �D�B�O �B�S�H�V�F �U�I�B�U �U�I�F �S�F�M�B�U�J�P�O�T�I�J�Q �X�F �T�F�F �J�T �D�B�V�T�B�M��

�t �$�B�O �X�F �C�F �T�V�S�F �U�I�B�U �X�F �I�B�W�F �F�T�U�B�C�M�J�T�I�F�E �D�B�V�T�B�M�J�U�Z� 

�‹



�1�4�$�Š�ˆ�ˆ�� �-�F�D�U�V�S�F �Š�ˆ

�.�B�U�U�I�F�X �#�M�B�D�L�X�F�M�M

�‰�‰���Š�Ž���Š�ˆ�‰�Š

�4�V�C�T�U�B�O�U�J�W�F �4�J�H�O�J���D�B�O�D�F �3�F�W�J�T�J�U�F�E

�t �)�P�X �D�B�O �X�F �F�W�B�M�V�B�U�F �T�V�C�T�U�B�O�U�J�W�F �T�J�H�O�J���D�B�O�D�F �J�O �B �N�P�S�F �T�Z�T�U�F�N�B�U�J�D �X�B�Z� �8�F�M�M� �X�F �N�J�H�I�U �X�B�O�U �U�P �L�O�P�X
�I�P�X �N�V�D�I �B�U�Z�Q�J�D�B�M�D�I�B�O�H�F �J�Ox �J�O�D�S�F�B�T�F�T �P�S �E�F�D�S�F�B�T�F�Ty�� �6�Q �V�O�U�J�M �O�P�X� �X�F �I�B�W�F �M�P�P�L�F�E �N�P�T�U�M�Z �B�U
�P�O�F���V�O�J�U �D�I�B�O�H�F�T �J�Ox�� �8�F �L�O�P�X �U�I�B�U �B �P�O�F���V�O�J�U �D�I�B�O�H�F �J�Ox1 �M�F�B�E�T �U�P �B! 1 �D�I�B�O�H�F �J�Oy�� �#�V�U �B �P�O�F���V�O�J�U
�D�I�B�O�H�F �N�J�H�I�U �O�P�U �C�F �U�I�B�U �J�N�Q�P�S�U�B�O�U�� �8�I�B�U �J�G �X�F �X�F�S�F �M�P�P�L�J�O�H �B�U �U�I�F �S�F�M�B�U�J�P�O�T�I�J�Q �C�F�U�X�F�F�O �J�O�D�P�N�F �	x�

�B�O�E �I�B�Q�Q�J�O�F�T�T �	y�
�� �8�P�V�M�E �X�F �D�B�S�F �B�C�P�V�U �B �P�O�F���V�O�J�U �J�O�D�S�F�B�T�F �J�O�D�S�F�B�T�F �J�O �B�O�O�V�B�M �J�O�D�P�N�F� ���B�U �J�T� �X�P�V�M�E
�D�B�S�F �B�C�P�V�U �U�I�F �E�J���F�S�F�O�D�F �C�F�U�X�F�F�O �’�•�ˆ��ˆ�ˆ�ˆ �B�O�E �’�•�ˆ��ˆ�ˆ�‰ �B�O�O�V�B�M �J�O�D�P�N�F�T� �/�P� �P�G �D�P�V�S�T�F �O�P�U�� �0�C�W�J�P�V�T�M�Z
�X�J�U�I �J�O�D�P�N�F� �X�F �D�B�S�F �B�C�P�V�U �M�B�S�H�F�S �D�I�B�O�H�F�T �U�I�B�O �U�I�F �T�U�S�B�J�H�I�U�G�P�S�X�B�S�E �P�O�F���V�O�J�U �D�I�B�O�H�F�� �#�V�U �X�I�B�U �J�T �U�I�F
�i�S�J�H�I�U�w �D�I�B�O�H�F �U�I�B�U �X�F �D�B�S�F �B�C�P�V�U� �8�J�M�M �J�U �C�F �E�J���F�S�F�O�U �J�O �E�J���F�S�F�O�U �E�B�U�B�T�F�U�T� �:�F�T� �J�U �X�J�M�M �C�F��

�t �8�F �D�B�O �U�I�J�O�L �P�G �U�I�F�T�F �D�I�B�O�H�F�T �B�T �T�Q�S�F�B�E�� �8�I�Z �E�P �X�F �U�I�J�O�L �P�G �B �P�O�F���E�P�M�M�B�S �E�J���F�S�F�O�D�F �J�O �B�O�O�V�B�M �J�O�D�P�N�F
�B�T �C�F�J�O�H �i�T�N�B�M�M�w� ���B�U���T �C�F�D�B�V�T�F �J�U���T �T�N�B�M�M �S�F�M�B�U�J�W�F �U�P �U�I�F �T�Q�S�F�B�E �P�G �J�O�D�P�N�F�T�� �J�O�D�P�N�F�T �S�B�O�H�F �G�S�P�N �B�T
�’�‰�ˆ��ˆ�ˆ�ˆ �V�Q �U�P �N�J�M�M�J�P�O�T�� �0�C�W�J�P�V�T�M�Z� �B �E�P�M�M�B�S �J�T �T�N�B�M�M �J�O �U�I�B�U �S�B�O�H�F��

�t �*�O�T�U�F�B�E �P�G �B �P�O�F���V�O�J�U �D�I�B�O�H�F� �X�I�J�D�I �N�B�Z �P�S �N�B�Z �O�P�U �C�F �J�N�Q�P�S�U�B�O�U �X�J�U�I �E�J���F�S�F�O�U �J�O�E�F�Q�F�O�E�F�O�U �W�B�S�J�B�C�M�F�T�
�X�F �N�J�H�I�U �X�B�O�U �U�P �M�P�P�L �G�P�S �B�U�Z�Q�J�D�B�M�D�I�B�O�H�F �J�Ox�� ���B�U �J�T� �X�F �N�J�H�I�U �M�P�P�L �G�P�S �B �i�S�F�B�T�P�O�B�C�M�F�w �D�I�B�O�H�F �J�Ox��
�)�P�X �E�P �X�F �E�F���O�F �i�S�F�B�T�P�O�B�C�M�F�w �P�S �i�U�Z�Q�J�D�B�M�w �D�I�B�O�H�F �G�P�S �E�J���F�S�F�O�U �E�B�U�B�T�F�U�T� 

�t �0�O�F �N�F�B�T�V�S�F �P�G �T�Q�S�F�B�E �J�T �U�I�F �S�B�O�H�F� �C�V�U �U�I�J�T �N�J�H�I�U �C�F �U�P�P �N�V�D�I�� �*�G �X�F �X�B�O�U�F�E �U�P �L�O�P�X �U�I�F �T�V�C�T�U�B�O�U�J�W�F
�T�J�H�O�J���D�B�O�D�F� �D�I�B�O�H�J�O�H �J�O�D�P�N�F �G�S�P�N �J�U���T �N�J�O�J�N�V�N �U�P �J�U�T �N�B�Y�J�N�V�N �N�J�H�I�U �C�F �N�P�W�J�O�H �J�U �U�P�P �N�V�D�I�� �+�V�T�U
�M�J�L�F �B �E�P�M�M�B�S �J�T �U�P�P �M�J�U�U�M�F� �N�J�M�M�J�P�O�T �P�G �E�P�M�M�B�S�T �J�T �U�P�P �N�V�D�I��

�t �"�O�P�U�I�F�S �N�F�B�T�V�S�F �P�G �T�Q�S�F�B�E �U�I�B�U �X�F �D�B�O �V�T�F �G�S�P�N �W�B�S�J�B�C�M�F �U�P �W�B�S�J�B�C�M�F �J�T �U�I�F �T�U�B�O�E�B�S�E �E�F�W�J�B�U�J�P�O�� ���J�T �J�T
�B�D�U�V�B�M�M�Z �B �H�P�P�E �N�F�B�T�V�S�F �P�G �B �U�Z�Q�J�D�B�M �D�I�B�O�H�F�� �X�F �L�O�P�X �U�I�B�U �B�O �J�O�U�F�S�W�B�M �P�G �S�P�V�H�I�M�Z �Ž �T�U�B�O�E�B�S�E �E�F�W�J�B�U�J�P�O�T
�	�G�S�P�N ���‹ �4�% �U�P �‹ �4�%�
 �D�P�O�U�B�J�O�T �B�M�N�P�T�U �B�M�M �P�G �U�I�F �E�B�U�B�� �4�P� �B �P�O�F���4�% �D�I�B�O�H�F �J�Ox �J�T �B �Q�S�F�U�U�Z �S�F�B�T�P�O�B�C�M�F
�i�U�Z�Q�J�D�B�M�w �D�I�B�O�H�F �J�Ox�� �"�U �U�I�F �T�B�N�F �U�J�N�F� �B �P�O�F���4�% �D�I�B�O�H�F �J�Oy �J�T �B �G�B�J�S�M�Z �M�B�S�H�F �D�I�B�O�H�F��

�t ���J�T �H�J�W�F�T �V�T �B �H�P�P�E �X�B�Z �U�P �K�V�E�H�F �T�V�C�T�U�B�O�U�J�W�F �T�J�H�O�J���D�B�O�D�F�� �D�P�N�Q�B�S�F �B �P�O�F���4�% �D�I�B�O�H�F �J�Ox �X�J�U�I �U�I�F �4�%
�P�Gy��

�3�F�W�J�F�X

�t �" �D�P�O�G�P�V�O�E�F�S���[���G�B�D�U�P�S���M�V�S�L�J�O�H �W�B�S�J�B�C�M�F �J�T �B �W�B�S�J�B�C�M�F �U�I�B�U �D�B�V�T�F�T �C�P�U�Ix �B�O�Ey�� �-�B�T�U �U�J�N�F �X�F �U�B�M�L�F�E �B�C�P�V�U
�I�P�X �X�F �X�B�O�U �U�P �I�P�M�E �U�I�F�T�F �D�P�O�G�P�V�O�E�F�S�T �D�P�O�T�U�B�O�U �C�F�D�B�V�T�F �J�G �U�I�F�Z �B�S�F �D�P�O�T�U�B�O�U� �X�F �L�O�P�X �U�I�B�U �U�I�F�Z �O�P
�M�P�O�H�F�S �D�B�O �D�B�V�T�F �C�P�U�Ix �B�O�Ey��

�‰



�"�T�T�F�T�T�J�O�H �$�B�V�T�B�U�J�P�O �J�O �3�F�H�S�F�T�T�J�P�O�T

�t �4�P �X�F �T�B�J�E �U�I�B�U �X�F �X�B�O�U �U�P ���O�E �D�P�N�Q�B�S�B�C�M�F �H�S�P�V�Q�T �U�I�B�U �I�B�W�F �E�J���F�S�F�O�U �W�B�M�V�F�T �P�Gx �U�P �F�W�B�M�V�B�U�F �U�I�F �D�B�V�T�B�M
�F���F�D�U �P�Gx�� �8�I�Z �X�P�V�M�E �J�U �C�F �U�I�F �D�B�T�F �U�I�B�U �U�X�P �H�S�P�V�Q�T �B�S�F �O�P�U �D�P�N�Q�B�S�B�C�M�F� �8�I�F�O �U�I�F�S�F �J�T �B �D�P�O�G�P�V�O�E��z��
�G�B�D�U�P�S��

�t �5�P �T�F�F �U�I�J�T� �U�I�J�O�L �B�C�P�V�U �U�I�F �D�P���F�F �F�Y�B�N�Q�M�F�� �4�V�Q�Q�P�T�F �* �U�P�P�L �B�M�M �P�G �N�Z �D�P���F�F �E�S�J�O�L�J�O�H �E�B�Z�T �B�O�E �D�P�N�Q�B�S�F�E
�N�Z �Q�S�P�E�V�D�U�J�W�J�U�Z �U�P �X�I�F�O �* �E�P�O���U �E�S�J�O�L �D�P���F�F�� ���F�T�F �U�X�P �H�S�P�V�Q�T �N�J�H�I�U �O�P�U �C�F �D�P�N�Q�B�S�B�C�M�F �C�F�D�B�V�T�F �P�G
z���G�B�D�U�P�S�� �T�U�S�F�T�T�� �0�O �E�B�Z�T �U�I�B�U �* �B�N �N�P�S�F �T�U�S�F�T�T�F�E �X�J�U�I �X�P�S�L� �* �U�F�O�E �U�P �E�S�J�O�L �N�P�S�F �D�P���F�F�B�O�E�* �U�F�O�E
�U�P �X�S�J�U�F �N�P�S�F �	�C�F�D�B�V�T�F �* �B�N �V�O�E�F�S �B �E�F�B�E�M�J�O�F�
�� ���V�T� �U�I�F �D�P���F�F �E�B�Z�T �B�O�E �U�I�F �O�P�O���D�P���F�F �E�B�Z�T �B�S�F �O�P�U
�D�P�N�Q�B�S�B�C�M�F��

�t �*�O �U�I�J�T �D�B�T�F �U�I�F �S�F�M�B�U�J�P�O�T�I�J�Q �C�F�U�X�F�F�O �D�P���F�F �B�O�E �Q�S�P�E�V�D�U�J�W�J�U�Z �J�T �B �N�F�T�T�Z �D�P�N�C�J�O�B�U�J�P�O �P�G �U�I�F �D�B�V�T�B�M �F���F�D�U
�P�G �D�P���F�F �B�O�E �U�I�F �F���F�D�U �P�G �T�U�S�F�T�T��

�t �)�P�X �E�P �X�F �B�W�P�J�E �U�I�F�T�F �L�J�O�E�T �P�G �Q�S�P�C�M�F�N�T� �8�F �D�P�V�M�E �D�P�N�Q�B�S�F �D�P���F�F �B�O�E �O�P�O���D�P���F�F �E�B�Z�T �P�O�M�Z �X�J�U�I
�M�P�X �T�U�S�F�T�T�� �"�O�E �U�I�F�O �D�P�N�Q�B�S�F �D�P���F�F �B�O�E �O�P�O���D�P���F�F �E�B�Z�T �P�O�M�Z �X�J�U�I �I�J�H�I �T�U�S�F�T�T�� �"�N�P�O�H �M�P�X �T�U�S�F�T�T �E�B�Z�T�
�U�I�F �D�P���F�F �B�O�E �O�P�O���D�P���F�F �E�B�Z�T �B�S�F �D�P�N�Q�B�S�B�C�M�F��

�t ���V�T� �X�F �X�B�O�U �U�P�D�P�O�U�S�P�M�G�P�S �B�O�Z �Q�P�U�F�O�U�J�B�M �D�P�O�G�P�V�O�E�F�S���[���G�B�D�U�P�S�� �8�F �X�B�O�U �U�P �N�B�L�F �T�V�S�F �P�V�S �F���F�D�U �J�T
�I�P�M�E�J�O�H �U�I�P�T�F �D�P�O�G�P�V�O�E�F�S�T �D�P�O�T�U�B�O�U�� �)�P�X �E�P �X�F �E�P �U�I�B�U� �8�F�M�M� �X�F �D�P�V�M�E �K�V�T�U �S�V�O �P�V�S �S�F�H�S�F�T�T�J�P�O �P�O
�M�P�X���T�U�S�F�T�T �E�B�Z�T �B�O�E �E�S�P�Q �B�O�Z �E�B�Z �U�I�B�U �J�T �I�J�H�I �T�U�S�F�T�T�� �#�V�U �U�I�J�T �X�P�V�M�E�O���U �X�P�S�L �G�P�S �D�P�O�U�J�O�V�P�V�T �W�B�S�J�B�C�M�F�T��

�t �5�P �D�P�O�U�S�P�M �G�P�S �U�I�F�T�F �Q�P�U�F�O�U�J�B�M �[���G�B�D�U�P�S�T� �X�F �O�F�F�E �U�P �J�O�D�M�V�E�F �U�I�F�N �J�O �U�I�F �S�F�H�S�F�T�T�J�P�O�� �*�G �U�I�F �S�F�M�B�U�J�P�O�T�I�J�Q �J�T
�T�U�J�M�M �T�U�B�U�J�T�U�J�D�B�M�M�Z �T�J�H�O�J���D�B�O�U �B���F�S �X�F �J�O�D�M�V�E�F �U�I�P�T�F �W�B�S�J�B�C�M�F�T� �X�F �L�O�P�X �U�I�B�U �U�I�F�T�F �X�F�S�F�O���U �S�F�B�M�M�Z �[���G�B�D�U�P�S�T
�B�O�E �U�I�F�Z �D�B�O�O�P�U �F�Y�Q�M�B�J�O �U�I�F �S�F�M�B�U�J�P�O�T�I�J�Q �X�F �T�F�F�� �*�G �X�F �D�B�O�O�P�U �U�I�J�O�L �P�G �B�O�Z �N�P�S�F �Q�P�U�F�O�U�J�B�M �[���G�B�D�U�P�S�T�
�U�I�F�O �X�F �D�B�O �B�S�H�V�F �U�I�B�U �U�I�F �S�F�M�B�U�J�P�O�T�I�J�Q �X�F �T�F�F �J�T �D�B�V�T�B�M��

�t �$�B�O �X�F �C�F �T�V�S�F �U�I�B�U �X�F �I�B�W�F �F�T�U�B�C�M�J�T�I�F�E �D�B�V�T�B�M�J�U�Z� 

�3�B�O�E�P�N�J�[�F�E �F�Y�Q�F�S�J�N�F�O�U�T �B�O�E �$�B�V�T�B�M�J�U�Z

�t �8�I�F�O �X�F �S�V�O �S�F�H�S�F�T�T�J�P�O�T �I�P�X �D�B�O �X�F �C�F �T�V�S�F �U�I�B�U �X�F �I�B�W�F �F�M�J�N�J�O�B�U�F�E �B�M�M �U�I�F �Q�P�T�T�J�C�M�F �[���G�B�D�U�P�S�T� ���F�S�F
�D�P�V�M�E �B�M�X�B�Z�T �C�F �M�V�S�L�J�O�H �W�B�S�J�B�C�M�F�T �P�V�U �U�I�F�S�F �U�I�B�U �D�B�V�T�F �C�P�U�Ix �B�O�Ey��

�t �0�O�F �X�B�Z �U�P �F�M�J�N�J�O�B�U�Fz���G�B�D�U�P�S�T �J�T �U�P �S�B�O�E�P�N�M�Z �B�T�T�J�H�Ox�� �#�Z �S�B�O�E�P�N�M�Z �B�T�T�J�H�O� �* �N�F�B�O �U�I�B�U �G�P�S �F�B�D�I �V�O�J�U
�J�O �P�V�S �T�U�V�E�Z� �X�F ���J�Q �B �D�P�J�O �B�O�E� �J�G �I�F�B�E�T� �U�I�F �V�O�J�U �H�F�U�Tx = 1 �B�O�E �J�G �U�B�J�M�T �U�I�F �V�O�J�U �H�F�U�Tx = 0 � � � 8� F � D� B� M� M
�U�I�J�T�S�B�O�E�P�N �B�T�T�J�H�O�N�F�O�U�P�S�S�B�O�E�P�N�J�[�B�U�J�P�O��

�t �8�I�Z �J�T �S�B�O�E�P�N�J�[�B�U�J�P�O �T�P �Q�P�X�F�S�G�V�M� �#�F�D�B�V�T�F �P�O�D�F �X�F �S�B�O�E�P�N�J�[�F� �U�I�F�S�F �B�S�F �O�P �E�J���F�S�F�O�D�F�T �C�F�U�X�F�F�O �U�I�F
�i�U�S�F�B�U�F�E�w �H�S�P�V�Q �B�O�E �U�I�F �i�D�P�O�U�S�P�M�w �H�S�P�V�Q�� �#�F�G�P�S�F� �X�F �N�J�H�I�U �C�F�M�J�F�W�F �U�I�B�U �B �[���G�B�D�U�P�S �J�T �D�B�V�T�J�O�H �X�I�F�U�I�F�S
�Q�F�P�Q�M�F �X�F�S�F �J�O �U�I�F �U�S�F�B�U�F�E �H�S�P�V�Q �P�S �U�I�F �D�P�O�U�S�P�M �H�S�P�V�Q�� �*�N�B�H�J�O�F �O�F�H�B�U�J�W�F �B�E�W�F�S�U�J�T�J�O�H� �G�P�S �J�O�T�U�B�O�D�F�� �8�F
�X�P�V�M�E �C�F�M�J�F�W�F �U�I�B�U �U�I�P�T�F �D�B�N�Q�B�J�H�O�T �U�I�B�U �H�P �O�F�H�B�U�J�W�F �	�U�S�F�B�U�F�E �H�S�P�V�Q�
� �B�S�F �E�J���F�S�F�O�U �U�I�B�O �U�I�P�T�F �X�I�P �S�F��
�N�B�J�O �Q�P�T�J�U�J�W�F �	�D�P�O�U�S�P�M �H�S�P�V�Q�
 �P�O �B �O�V�N�C�F�S �P�G �E�J���F�S�F�U �B�U�U�S�J�C�V�U�F�T�� �N�P�S�F �M�J�L�F�M�Z �U�P �C�F �J�O �D�M�P�T�F �S�B�D�F�T� �N�P�S�F
�M�J�L�F�M�Z �U�P �I�B�W�F �P�Q�Q�P�O�F�O�U�T �U�I�B�U �I�B�W�F �H�P�O�F �O�F�H�B�U�J�W�F� �F�U�D��

�t �8�I�F�O �X�F �S�B�O�E�P�N�J�[�F� �B�M�M �P�G �U�I�F�T�F �E�J���F�S�F�O�D�F�T �E�J�T�B�Q�Q�F�B�S �C�F�D�B�V�T�F �U�I�F�P�O�M�Z�U�I�J�O�H �U�I�B�U �D�B�O �B���F�D�U �C�F�J�O�H
�J�O �U�I�F �U�S�F�B�U�F�E �P�S �D�P�O�U�S�P�M �H�S�P�V�Q �J�T �U�I�F �S�B�O�E�P�N�J�[�B�U�J�P�O�‰�U�I�F �D�P�J�O ���J�Q�� �4�V�Q�Q�P�T�F �X�F �S�B�O�E�P�N�M�Z �B�T�T�J�H�O�F�E

�Š



�O�F�H�B�U�J�W�J�U�Z �U�P �D�B�N�Q�B�J�H�O�T�� ���F�O� �P�O �B�W�F�S�B�H�F� �K�V�T�U �B�T �N�B�O�Z �D�M�P�T�F �S�B�D�F�T �X�P�V�M�E �C�F �O�F�H�B�U�J�W�F �B�T �M�P�Q�T�J�E�F�E
�S�B�D�F�T��

�t ���V�T� �X�I�F�O �X�F �S�B�O�E�P�N�J�[�F� �U�I�F�S�F �N�V�T�U �C�F �O�P �D�P�O�G�P�V�O�E�F�S�T���[���G�B�D�U�P�S�T���M�V�S�L�J�O�H �W�B�S�J�B�C�M�F�T �C�F�D�B�V�T�F �U�I�F�T�F
�I�B�W�F �U�P �D�B�V�T�F �C�P�U�Ix �B�O�Ey�� �#�V�U �T�J�O�D�F �X�F �L�O�P�X �U�I�B�U �O�P�U�I�J�O�H �F�Y�D�F�Q�U �U�I�F �D�P�J�O ���J�Q �D�B�V�T�F�Tx� �U�I�F�O �U�I�F�S�F
�N�V�T�U �C�F �O�P �[���G�B�D�U�P�S�T��

�t �8�I�F�O �X�F �S�V�O �B �S�F�H�S�F�T�T�J�P�O �P�Gx �P�Oy �X�I�F�Ox �J�T �S�B�O�E�P�N�J�[�F�E� �U�I�F�O! �X�J�M�M �C�F �K�V�T�U �U�I�F �D�B�V�T�B�M �F���F�D�U �P�Gx
�B�O�E �O�P�U �E�V�F �U�P �B�O�Z �P�U�I�F�S �D�P�O�G�P�V�O�E�F�S�T��

�t �8�J�U�I�P�V�U �S�B�O�E�P�N�J�[�B�U�J�P�O� �J�U �J�T �W�F�S�Z �I�B�S�E �U�P �E�F���O�J�U�J�W�F�M�Z �D�P�O�D�M�V�E�F �U�I�B�U �X�F �I�B�W�F �F�T�U�B�C�M�J�T�I�F�E �D�B�V�T�B�M�J�U�Z�� ���F�S�F
�J�T �B�M�X�B�Z�T �U�I�F �Q�P�T�T�J�C�J�M�J�U�Z �U�I�B�U �T�P�N�F�P�O�F �X�J�M�M �T�B�Z �X�F �N�J�T�T�F�E �T�P�N�F �D�S�V�D�J�B�M �[���G�B�D�U�P�S�� �3�B�O�E�P�N�J�[�B�U�J�P�O �S�F�N�P�W�F�T
�U�I�B�U �Q�P�T�T�J�C�J�M�J�U�Z��

�&�Y�B�N�Q�M�F�T �P�G �3�B�O�E�P�N�J�[�F�E �&�Y�Q�F�S�J�N�F�O�U�T �J�O �1�P�M�J�U�J�D�B�M �4�D�J�F�O�D�F

�t �-�B�C �F�Y�Q�F�S�J�N�F�O�U�T

�t �#�S�J�O�H �J�O �T�P�N�F �W�P�M�V�O�U�F�F�S�T �B�O�E �S�B�O�E�P�N�M�Z �T�I�P�X �U�I�F�N �F�J�U�I�F�S �Q�P�T�J�U�J�W�F �P�S �O�F�H�B�U�J�W�F �B�E�T �G�P�S �F�J�U�I�F�S �B �S�F�B�M �P�S
���D�J�U�J�P�O�B�M �F�M�F�D�U�J�P�O�� ���F�O �N�F�B�T�V�S�F �I�P�X �N�V�D�I �U�I�F�Z �S�F�N�F�N�C�F�S �U�I�F �B�E�T� �I�P�X �M�J�L�F�M�Z �U�I�F�Z �B�S�F �U�P �W�P�U�F �G�P�S
�F�J�U�I�F�S �D�B�O�E�J�E�B�U�F� �I�P�X �U�I�F�Z �G�F�F�M �B�C�P�V�U �F�J�U�I�F�S �D�B�O�E�J�E�B�U�F��

�t �(�B�N�F �U�I�F�P�S�Z �F�Y�Q�F�S�J�N�F�O�U�T�� �)�B�W�F �Q�F�P�Q�M�F �D�P�N�F �J�O�U�P �U�I�F �M�B�C �B�O�E �I�B�W�F �U�I�F�N �Q�M�B�Z �H�B�N�F�T �G�S�P�N �H�B�N�F �U�I�F�P�S�Z�
�S�B�O�E�P�N�M�Z �B�T�T�J�H�O�J�O�H �E�J���F�S�F�O�U �D�P�O�E�J�U�J�P�O�T�� �'�P�S �J�O�T�U�B�O�D�F� �X�F �N�J�H�I�U �I�B�W�F �U�I�F�N �Q�M�B�Z �U�I�F �E�J�W�J�E�F �U�I�F �E�P�M�M�B�S
�H�B�N�F� �X�I�J�D�I �J�T �B �C�B�S�H�B�J�O�J�O�H �H�B�N�F�� �1�M�B�Z�F�S �‰ �H�P�F�T ���S�T�U �B�O�E �N�B�L�F�T �B�O �P���F�S �G�S�P�N �ˆ �U�P �‰�ˆ�ˆ �P�G �B �‰�ˆ�ˆ �D�F�O�U�T��
�1�M�B�Z�F�S �Š �D�B�O �F�J�U�I�F�S �B�D�D�F�Q�U �U�I�F �E�J�W�J�T�J�P�O �B�O�E �F�B�D�I �H�F�U�T �U�I�F�J�S �T�I�B�S�F �P�S �T�I�F �D�B�O �S�F�K�F�D�U �J�U �B�O�E �O�F�J�U�I�F�S �Q�B�S�U�Z �H�F�U�T
�B �S�F�X�B�S�E�� �1�P�M�J�U�J�D�B�M �T�D�J�F�O�U�J�T�U�T �I�B�W�F �S�V�O �F�Y�Q�F�S�J�N�F�O�U�T �X�I�F�S�F �U�I�F�Z �S�B�O�E�P�N�M�Z �B�T�T�J�H�O �Q�M�B�Z�F�S�T �U�P �Q�M�B�Z �B�H�B�J�O�T�U
�	�G�B�L�F�
 �P�Q�Q�P�O�F�O�U�T �F�J�U�I�F�S �G�S�P�N �U�I�F�J�S �F�U�I�O�J�D �H�S�P�V�Q �P�S �B�O�P�U�I�F�S �F�U�I�O�J�D �H�S�P�V�Q�� ���V�T� �X�F �D�B�O �H�F�U �J�O�T�J�H�I�U �J�O�U�P
�X�I�F�U�I�F�S �F�U�I�O�J�D �H�S�P�Q�V�T �H�F�O�F�S�B�U�F �D�P�P�Q�F�S�B�U�J�P�O��

�t �4�V�S�W�F�Z �&�Y�Q�F�S�J�N�F�O�U�T

�t �'�S�B�N�J�O�H�� �8�F �D�B�O �J�O�T�J�H�I�U �J�O�U�P �I�P�X �Q�F�P�Q�M�F �N�B�L�F �Q�P�M�J�U�J�D�B�M �E�F�D�J�T�J�P�O �C�Z �D�I�B�O�H�J�O�H �U�I�F �G�S�B�N�F �U�I�B�U �X�F �H�J�W�F �B
�T�U�P�S�Z �P�S �R�V�F�T�U�J�P�O�� �'�P�S �J�O�T�U�B�O�D�F� �X�F �N�J�H�I�U �B�T�L �B�C�P�V�U �X�I�F�U�I�F�S �B �/�B�[�J �S�B�M�M�Z �T�I�P�V�M�E �C�F �B�M�M�P�X�F�E �J�O �B �Q�V�C�M�J�D
�T�Q�B�D�F �J�O �%�P�X�O�U�P�X�O �3�P�D�I�F�T�U�F�S�� �*�G �X�F �V�T�F �B �i�'�S�F�F �4�Q�F�F�D�I�w �G�S�B�N�F� �Q�F�P�Q�M�F �N�J�H�I�U �C�F �N�P�S�F �T�V�Q�Q�P�S�U�J�W�F
�P�G �B�M�M�P�X�J�O�H �U�I�F �S�B�M�M�Z �B�O�E �J�G �X�F �V�T�F �B �i�)�B�U�F �$�S�J�N�F�T�w �G�S�B�N�F� �Q�F�P�Q�M�F �N�J�H�I�U �C�F �M�F�T�T �T�V�Q�Q�P�S�U�J�W�F�� �8�F �D�B�O
�S�B�O�E�P�N�M�Z �B�T�T�J�H�O �F�J�U�I�F�S �U�I�F �'�S�F�F �4�Q�F�F�D�I �P�S �U�I�F �)�B�U�F �$�S�J�N�F�T �'�S�B�N�F �U�P �T�F�F �X�I�B�U �U�I�F �F���F�D�U �P�G �G�S�B�N�J�O�H �B
�R�V�F�T�U�J�P�O �J�T �P�O �U�I�F �B�O�T�X�F�S��

�t �'�J�F�M�E �&�Y�Q�F�S�J�N�F�O�U�T

�t �)�B�W�F �B �D�B�O�E�J�E�B�U�F �G�P�S �P���D�F �S�B�O�E�P�N�M�Z �B�T�T�J�H�O �U�I�F�J�S �D�B�N�Q�B�J�H�O �T�U�S�B�U�F�H�Z�� �O�F�H�B�U�J�W�F���Q�P�T�J�U�J�W�F �B�E�T� �O�B�U�J�P�O�B�M���M�P�D�B�M
�B�Q�Q�F�B�M�T��

�t �(�0�5�7�� �S�B�O�E�P�N�M�Z �D�B�M�M� �N�B�J�M� �U�F�Y�U �Q�P�U�F�O�U�J�B�M �W�P�U�F�S�T �U�P �T�F�F �J�G �X�F �D�B�O �J�O�D�S�F�B�T�F �U�V�S�O�P�V�U��
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�1�4�$�Š�ˆ�ˆ�� �-�F�D�U�V�S�F �Š�Š

�.�B�U�U�I�F�X �#�M�B�D�L�X�F�M�M

�‰�‰���Š�Ž���Š�ˆ�‰�Š

�3�F�W�J�F�X �P�G �E�V�N�N�Z �W�B�S�J�B�C�M�F�T �J�O �S�F�H�S�F�T�T�J�P�O

�t �3�F�N�F�N�C�F�S �C�B�D�L �U�P �X�I�F�O �X�F �I�B�E �B �C�J�W�B�S�J�B�U�F �S�F�H�S�F�T�T�J�P�O �B�O�E �X�F �X�B�O�U�F�E �U�P �B�E�E �B �T�J�O�H�M�F �C�J�O�B�S�Z �W�B�S�J�B�C�M�F��
�)�P�X �E�J�E �U�I�B�U �X�P�S�L� �)�F�S�F���T �U�I�F �G�P�S�N�V�M�B �X�F �M�P�P�L�F�E �B�U��

y = ! + " 1x + " 2d

�t �"�O�E �S�F�N�F�N�C�F�S �I�P�X �T�I�P�X�F�E �X�I�B�U �U�I�B�U �N�F�B�O�U�� �8�F �Q�M�V�H�H�F�E �J�O �U�I�F �E�J���F�S�F�O�U �W�B�M�V�F�T �P�Gd �U�P �T�F�F �I�P�X �U�I�F
�S�F�H�S�F�T�T�J�P�O �M�J�O�F �D�I�B�O�H�F�E��

(d = 0) : y = ! + " 1x + " 2 ! 0 = ! + " 1x

(d = 1) : y = ! + " 1x + " 2 ! 1 = ! + " 1x + " 2 = ( ! + " 2) + " 1x

�t �8�I�F�O �X�F �E�S�B�X �U�I�F�T�F �U�X�P �M�J�O�F�T� �X�I�B�U �E�P �X�F �T�F�F� �8�F �T�F�F �U�I�B�U �U�I�F�Z �B�S�F �Q�B�S�B�M�M�F�M�� ���B�U �J�T� �U�I�F �S�F�H�S�F�T�T�J�P�O
�B�T�T�V�N�F�T �U�I�B�U �U�I�F �F���F�D�U �P�Gx �J�T �D�P�O�T�U�B�O�U �B�D�S�P�T�T �U�I�F �H�S�P�V�Q�T�� �*�T �U�I�J�T �C�F�M�J�F�W�B�C�M�F� 

�%�J���F�S�F�O�U �H�S�P�V�Q�T� �E�J���F�S�F�O�U �T�M�P�Q�F�T

�t �8�F �N�J�H�I�U �O�P�U �U�I�J�O�L �U�I�B�U �E�J���F�S�F�O�U �H�S�P�V�Q�T �I�B�W�F �U�I�F �T�B�N�F �T�M�P�Q�F�T�� ���B�U �J�T� �U�I�F�S�F �N�J�H�I�U �C�F �B�Q�P�P�M�J�O�H �Q�S�P�C�M�F�N��
�E�J���F�S�F�O�U �U�Z�Q�F�T �P�G �V�O�J�U�T �B�S�F �C�F�J�O�H �Q�P�P�M�F�E �U�P�H�F�U�I�F�S �J�O �U�I�F �T�B�N�F �S�F�H�S�F�T�T�J�P�O �X�I�F�O �U�I�F�Z �S�F�B�M�M�Z �I�B�W�F �E�J���F�S�F�O�U
�F���F�D�U�T�� �8�F �N�J�H�I�U �U�I�J�O�L �U�I�B�U �U�I�F�S�F �J�T �B �E�J���F�S�F�O�U �S�F�M�B�U�J�P�O�T�I�J�Q �C�F�U�X�F�F�O �F�E�V�D�B�U�J�P�O �B�O�E �J�O�D�P�N�F �G�P�S �N�F�O �B�O�E
�X�P�N�F�O�� ���J�T �D�P�V�M�E �C�F �E�V�F �U�P �E�J���F�S�F�O�U �Q�S�P�D�F�T�T�F�T�� �*�U �D�P�V�M�E �C�F �U�I�B�U �U�I�F�S�F �J�T �B �H�M�B�T�T �D�F�J�M�J�O�H �T�P �U�I�B�U �X�P�N�F�O
�B�S�F �O�F�W�F�S �Q�S�P�N�P�U�F�E �U�P �I�J�H�I�F�S �Q�B�J�E �Q�P�T�J�U�J�P�O �J�O �D�P�N�Q�B�O�J�F�T �X�I�F�S�F�B�T �N�F�O �X�J�U�I �U�I�F �T�B�N�F �F�E�V�D�B�U�J�P�O �B�S�F�
�C�V�U �U�I�B�U �U�I�J�T �E�J�T�D�S�J�N�J�O�B�U�J�P�O �J�T�O���U �B�T �T�U�S�P�O�H �X�J�U�I �M�P�X�F�S �F�E�V�D�B�U�J�P�O �K�P�C�T�� �0�O �U�I�F �P�U�I�F�S �I�B�O�E� �J�U �D�P�V�M�E �C�F
�U�I�B�U �X�P�N�F�O �B�S�F �N�P�S�F �M�J�L�F�M�Z �U�P �E�S�P�Q �P�V�U �P�G �U�I�F �M�B�C�P�S �G�P�S�D�F �U�I�B�O �N�F�O �B�U �B�M�M �M�F�W�F�M�T �P�G �F�E�V�D�B�U�J�P�O �B�O�E �U�I�F�T�F
�X�P�N�F�O �S�F�D�F�J�W�F �O�P �J�O�D�P�N�F� �X�I�J�D�I �C�S�J�O�H�T �E�P�X�O �U�I�F �B�W�F�S�B�H�F �J�O�D�P�N�F �G�P�S �X�P�N�F�O��

�t �8�I�B�U �E�P �X�F �E�P �X�I�F�O �X�F �G�B�D�F �U�I�J�T �Q�S�P�C�M�F�N� �0�O�F �P�Q�U�J�P�O �J�T �U�P �S�V�O �D�P�N�Q�M�F�U�F�M�Z �T�F�Q�B�S�B�U�F �S�F�H�S�F�T�T�J�P�O�T �G�P�S
�F�B�D�I �P�G �U�I�F �H�S�P�V�Q�T�� �$�S�F�B�U�F �T�V�C�T�F�U�T �P�G �U�I�F �E�B�U�B �G�P�S �F�B�D�I �H�S�P�V�Q �J�O �3 �B�O�E �S�V�O �P�V�S �S�F�H�S�F�T�T�J�P�O �J�O �F�B�D�I �T�V�C�T�F�U��
���J�T �X�P�V�M�E �B�M�M�P�X �F�B�D�I �H�S�P�V�Q �U�P �I�B�W�F �B �E�J���F�S�F�O�U �T�M�P�Q�F �G�P�S �F�B�D�I �W�B�S�J�B�C�M�F�� �8�F �D�B�O �F�W�F�O �I�B�W�F �E�J���F�S�F�O�U �T�F�U�T
�P�G �J�O�E�F�Q�F�O�E�F�O�U �W�B�S�J�B�C�M�F�T �J�G �X�F �U�I�J�O�L �Bz���G�B�D�U�P�S �J�T �P�O�M�Z �S�F�M�F�W�B�O�U �J�O �P�O�F �P�G �U�I�F �H�S�P�V�Q�T��

�t �#�V�U �U�I�J�T �B�Q�Q�S�P�B�D�I �M�F�B�W�F�T �T�P�N�F�U�I�J�O�H �U�P �C�F �E�F�T�J�S�F�E �G�P�S �U�X�P �S�F�B�T�P�O�T�� �'�J�S�T�U �	�B�O�E �X�F���M�M �U�B�M�L �B�C�P�V�U �U�I�J�T �O�F�Y�U�
�
�U�I�J�T �X�P�V�M�E �P�O�M�Z �X�P�S�L �G�P�S �E�V�N�N�Z �W�B�S�J�B�C�M�F�T �	�P�S �B �D�B�U�F�H�P�S�J�D�B�M �W�B�S�J�B�C�M�F �X�J�U�I �B �T�N�B�M�M �O�V�N�C�F�S �P�G �D�B�U�F�H�P�S�J�F�T�
��
�4�F�D�P�O�E� �J�U �E�P�F�T�O���U �B�M�M�P�X �V�T �U�P �E�J�S�F�D�U�M�Z �D�P�N�Q�B�S�F �U�I�F �T�M�P�Q�F�T �G�P�S �F�B�D�I �H�S�P�V�Q��

�‰



�t �-�F�U���T �T�B�Z �X�F �X�F�S�F �U�P �S�V�O �U�X�P �S�F�H�S�F�T�T�J�P�O� �P�O�F �G�P�S �N�F�O �B�O�E �P�O�F �G�P�S �X�P�N�F�O �B�O�E �X�F �D�P�N�Q�B�S�F �U�I�F �D�P�F���D�J�F�O�U
�P�O �F�E�V�D�B�U�J�P�O �G�P�S �F�B�D�I�� �*�U �J�T �I�J�H�I�M�Z �V�O�M�J�L�F�M�Z �U�I�F�Z �X�J�M�M �C�F �F�Y�B�D�U�M�Z �U�I�F �T�B�N�F� �C�V�U �F�W�F�O �J�G �U�I�F�Z �B�S�F �E�J���F�S�F�O�U� �X�F
�X�P�V�M�E �M�J�L�F �U�P �L�O�P�X �J�G �U�I�B�U���T �B�S�F�B�M�E�J���F�S�F�O�D�F �C�F�U�X�F�F�O �U�I�F �U�X�P �T�M�P�Q�F�T �P�S �J�G �U�I�F�Z �B�S�F �Q�S�B�U�J�D�B�M�M�Z���T�U�B�U�J�T�U�J�D�B�M�M�Z
�U�I�F �T�B�N�F�� �0�G �D�P�V�S�T�F� �U�I�J�T �T�P�V�O�E�T �B �M�P�U �M�J�L�F �P�V�S �U�Z�Q�J�D�B�M �T�F�U�V�Q�� �X�F �T�F�F �B �E�J���F�S�F�O�D�F �C�F�U�X�F�F�O �U�I�F �T�M�P�Q�F�T �B�O�E
�X�F �X�B�O�U �U�P �L�O�P�X �J�G �U�I�B�U �E�J���F�S�F�O�D�F �J�T �C�J�H �F�O�P�V�H�I �U�P �C�F �S�F�B�M �P�S �J�G �J�T �K�V�T�U �E�P �U�P �S�B�O�E�P�N �D�I�B�O�D�F��

�t �5�P �E�P �U�I�J�T� �X�F �B�S�F �H�P�J�O�H �U�P �J�O�U�S�P�E�V�D�F �B �O�F�X �U�Z�Q�F �P�G �W�B�S�J�B�C�M�F �J�O�U�P �P�V�S �S�F�H�S�F�T�T�J�P�O�� �B�O�J�O�U�F�S�B�D�U�J�P�O �U�F�S�N��
�"�O �J�O�U�F�S�B�D�U�J�P�O �U�F�S�N �J�T �B �W�B�S�J�B�C�M�F �U�I�B�U �X�F �D�S�F�B�U�F �C�Z �N�V�M�U�J�Q�M�Z�J�O�H �U�X�P �P�U�I�F�S �W�B�S�J�B�C�M�F�T �U�P�H�F�U�I�F�S�� �)�F�S�F �J�T
�I�P�X �B�O �J�O�U�F�S�B�D�U�J�P�O �C�F�U�X�F�F�O �B �D�P�O�U�J�O�V�P�V�T �W�B�S�J�B�C�M�F �B�O�E �B �E�V�N�N�Z �W�B�S�J�B�C�M�F �M�P�P�L�T �J�O �B �S�F�H�S�F�T�T�J�P�O��

y = ! + " 1x + " 2d + " 3(x ! d)

�t �8�F �D�B�O �X�P�S�L �U�I�S�P�V�H�I �U�I�F �S�F�H�S�F�T�T�J�P�O �M�J�O�F �G�P�Sx �G�P�S �F�B�D�I �H�S�P�V�Q�� �'�J�S�T�U� �M�F�U���T �M�P�P�L �B�Ud = 0 ��

(d = 0) : y = ! + " 1x + " 2 ! 0 + " 3(x ! 0) = ! + " 1x

�t �8�I�F�Od = 0 � �U�I�J�T �J�T �K�V�T�U �B �S�F�H�S�F�T�T�J�P�O �M�J�O�F �X�J�U�I �J�O�U�F�S�D�F�Q�U! �B�O�E �T�M�P�Q�F" 1��

�t �/�P�X�d = 1 ��

(d = 1) : y = ! + " 1x + " 2 ! 1 + " 3(x ! 1)

= ! + " 1x + " 2 + + " 3x

= ( ! + " 2) + ( " 1 + " 3)x

�t ���V�T� �X�J�U�Id = 1 � �X�F �I�B�W�F �B �O�F�X �S�F�H�S�F�T�T�J�P�O �M�J�O�F� �X�J�U�I �B �E�J���F�S�F�O�U �J�O�U�F�S�D�F�Q�U� �	! + " 2�
 �	�M�J�L�F �C�F�G�P�S�F �X�I�F�O
�K�V�T�U �I�B�E �B �E�V�N�N�Z �W�B�S�J�B�C�M�F�
� �C�V�U �O�P�X �X�F �B�M�T�P �I�B�W�F �B �E�J���F�S�F�O�U �T�M�P�Q�F� �	" 1 + " 3�
�� �/�P�X� �X�F �D�B�O �T�F�F �U�I�B�U �X�F
�D�B�O �I�B�W�F �E�J���F�S�F�O�U �F���F�D�U�T �J�O �F�B�D�I �H�S�P�V�Q��

�t ���J�T �J�T �T�V�Q�F�S �D�P�P�M�� �/�P�X �P�V�S �H�S�P�V�Q�T �I�B�W�F �E�J���F�S�F�O�U �T�M�P�Q�F�T� �C�V�U �J�U���T �J�N�Q�P�S�U�B�O�U �U�P �S�F�D�P�H�O�J�[�F �U�I�F �J�O�U�F�S�Q�S�F��
�U�B�U�J�P�O �P�G �F�B�D�I �D�P�F���D�J�F�O�U��

�o ! �� �U�I�F �J�O�U�F�S�D�F�Q�U �X�I�F�Od = 0 ��

�o " 1�� �U�I�F �T�M�P�Q�F �X�I�F�Od = 0 ��

�o " 2�� �U�I�F �D�I�B�O�H�F �J�O �U�I�F �J�O�U�F�S�D�F�Q�U �C�F�U�X�F�F�Od = 0 �B�O�Ed = 1 ��

�o " 3�� �U�I�F �D�I�B�O�H�F �J�O �T�M�P�Q�F �C�F�U�X�F�F�Od = 0 �B�O�Ed = 1 �� ���J�T �J�T �U�I�F �D�P�F���D�J�F�O�U �P�O �U�I�F �J�O�U�F�S�B�D�U�J�P�O �U�F�S�N
�B�O�E �J�U �N�F�B�T�V�S�F�T �I�P�X �E�J���F�S�F�O�U �U�I�F �T�M�P�Q�F�T �B�S�F �C�F�U�X�F�F�O �U�I�F �H�S�P�V�Q�T�� �*�G �U�I�J�T �J�T �ˆ� �U�I�F�O �U�I�F �T�M�P�Q�F �G�P�S
�C�P�U�I �H�S�P�V�Q�T �B�S�F �U�I�F �T�B�N�F�� ���V�T� �X�F �D�B�O �G�P�S�N�V�M�B�U�F �B �‘�•�p �D�P�O���E�F�O�D�F �J�O�U�F�S�W�B�M �G�P�S �U�I�J�T �D�P�F���D�J�F�O�U
�B�O�E �T�F�F �J�G �J�U �J�T �E�J���F�S�F�O�U �G�S�P�N �ˆ�� �*�G �J�U �J�T �T�U�B�U�J�T�U�J�D�B�M�M�Z �T�J�H�O�J���D�B�O�U� �U�I�F�O �X�F �L�O�P�X �U�I�B�U �F�B�D�I �H�S�P�V�Q �I�B�E
�B �E�J���F�S�F�O�U �T�M�P�Q�F�� �U�I�F �F���F�D�U �W�B�S�J�F�T �C�F�U�X�F�F�O �U�I�F �H�S�P�V�Q�T��

�t �8�I�F�O �X�F �J�O�U�F�S�Q�S�F�U �U�I�F �T�U�B�U�J�T�U�J�D�B�M �T�J�H�O�J���D�B�O�D�F �P�G �B�O �J�O�U�F�S�B�D�U�J�P�O �U�F�S�N� �X�F �V�T�F �B �T�M�J�H�I�U�M�Z �E�J���F�S�F�O�U �Q�I�S�B�T�J�O�H
�U�I�B�O �C�F�G�P�S�F�� �8�J�U�I �P�U�I�F�S �W�B�S�J�B�C�M�F�T �X�F �T�B�Z �U�I�B�U �B �P�O�F���V�O�J�U �D�I�B�O�H�F �J�Ox �M�F�B�E�T �U�P �B" 1 �V�O�J�U �D�I�B�O�H�F �J�Oy��
�)�F�S�F �X�F �B�S�F �H�P�J�O�H �U�P �V�T�F �T�M�J�H�I�U�M�Z �E�J���F�S�F�O�U �M�B�O�H�V�B�H�F�� �8�F �T�B�Z �U�I�B�U �U�I�Fd = 1 �H�S�P�V�Q �I�B�T �B�O �F���F�D�U �U�I�B�U �J�T
" 3 �M�B�S�H�F�S���T�N�B�M�M�F�S �U�I�B�O �U�I�F �F���F�D�U �G�P�Sd = 0 ��

�t �"�M�M �P�G �U�I�J�T �T�U�B�Z�T �F�Y�B�D�U�M�Z �U�I�F �T�B�N�F �X�I�F�O �X�F �B�E�E �N�P�S�F �J�O�E�F�Q�F�O�E�F�O�U �W�B�S�J�B�C�M�F�T �B�T �J�O �B �N�V�M�U�J�Q�M�F �S�F�H�S�F�T�T�J�P�O��

�Š



y = ! + " 1x1 + " 2x2 + " 3(x1 ! x2)

y = ! + " 1x1 + " 2x2 + " 3(x1 ! x2)

= ! + (" 1 + " 3x2)x1 + " 2x2

x1 (" 1 + " 3x2)
x1 x2 x2

" 2 y " 3 x1

x1

! x2 = 0

" 1 x1 " 1 y x2 = 0

" 2 x2 " 2 y x1 = 0

" 3 x2 " 3 x1

" 3

" 3 x1 " 3 x2

x1 x2



�1�4�$�Š�ˆ�ˆ�� �-�F�D�U�V�S�F �Š�‹

�.�B�U�U�I�F�X �#�M�B�D�L�X�F�M�M

�‰�Š���•���Š�ˆ�‰�Š

�*�O�U�F�S�B�D�U�J�P�O�T �C�F�U�X�F�F�O �U�X�P �E�V�N�N�Z�T

�t �-�F�U���T �S�F�W�J�F�X �X�I�B�U �X�F �E�J�E �M�B�T�U �U�J�N�F �C�Z �U�B�M�L�J�O�H �B�C�P�V�U �B �T�Q�F�D�J�B�M �D�B�T�F �P�G �J�O�U�F�S�B�D�U�J�P�O�T�� �U�X�P �E�V�N�N�Z �W�B�S�J�B�C�M�F�T��

y = ! + " 1d1 + " 2d2 + " 3(d1 ! d2)

�t ���F�S�F �B�S�F �G�P�V�S �Q�P�T�T�J�C�M�F �X�B�Z�T �B �Q�F�S�T�P�O �D�P�V�M�E �I�B�W�F �U�I�F�T�F �U�X�P �E�V�N�N�Z �W�B�S�J�B�C�M�F�T��(0, 0), (1, 0), (0, 1), (1, 1)��
�8�F �D�B�O �T�F�F �I�P�X �F�B�D�I �P�G �U�I�F�T�F �E�P�F�T �U�P �P�V�S �S�F�H�S�F�T�T�J�P�O��

(0, 0) : y = ! + " 10 + " 20 + " 3(0 ! 0) = !

(1, 0) : y = ! + " 11 + " 20 + " 3(1 ! 0) = ! + " 1

(0, 1) : y = ! + " 10 + " 21 + " 3(0 ! 1) = ! + " 2

(1, 1) : y = ! + " 11 + " 21 + " 3(1 ! 1) = ! + " 1 + " 2 + " 3

�t ���J�T �H�J�W�F�T �V�T �U�I�F �G�P�M�M�P�X�J�O�H �J�O�U�F�S�Q�S�F�U�B�U�J�P�O�T �P�G �U�I�F �D�P�F���D�J�F�O�U�T��

�o ! �� �U�I�F �J�O�U�F�S�D�F�Q�U �X�I�F�O �C�P�U�Id1 �B�O�Ed2 �B�S�F �ˆ��

�o " 1�� �U�I�F �F���F�D�U �P�Gd1 �X�I�F�Od2 = 0 ��

�o " 2�� �U�I�F �F���F�D�U �P�Gd2 �X�I�F�Od1 = 0 ��

�o " 3�� �U�I�F �D�I�B�O�H�F �J�O �F���F�D�U �G�P�Sd1 �X�I�F�Od2 = 1 �0�3 �U�I�F �D�I�B�O�H�F �J�O �F���F�D�U �P�Gd2 �X�I�F�Od1 = 1 ��

�7�B�S�Z�J�O�H �T�M�P�Q�F�T �B�D�S�P�T�T �B �D�P�O�U�J�O�V�P�V�T �W�B�S�J�B�C�M�F

�t �8�I�B�U �J�G �U�I�F �F���F�D�U �P�G �P�O�F �W�B�S�J�B�C�M�F �E�F�Q�F�O�E�T �O�P�U �P�O �B �E�V�N�N�Z �W�B�S�J�B�C�M�F� �C�V�U �J�O�T�U�F�B�E �P�O �B �D�P�O�U�J�O�V�P�V�T �W�B�S�J��
�B�C�M�F� 

y = ! + " 1x1 + " 2x2 + " 3(x1 ! x2)

�t �8�F �D�B�O �S�F�X�S�J�U�F �U�I�J�T �U�P �T�F�F �I�P�X �U�I�F �J�O�U�F�S�B�D�U�J�P�O �X�P�S�L�T��

�‰



y = ! + " 1x1 + " 2x2 + " 3(x1 ! x2)

= ! + ( " 1 + " 3x2)x1 + " 2x2

�t �-�P�P�L �D�B�S�F�G�V�M�M�Z �B�U �I�P�X �X�F �X�S�P�U�F �U�I�J�T� �O�P�X �U�I�F �F���F�D�U �P�G �B �P�O�F���V�O�J�U �D�I�B�O�H�F �J�Ox1 �E�F�Q�F�O�E�T �J�T(" 1 + " 3x2)��
�:�P�V �D�B�O �T�F�F �U�I�B�U �U�I�F �F���F�D�U �P�Gx1 �E�F�Q�F�O�E�T �P�O �U�I�F �W�B�M�V�F �P�Gx2�� ���V�T� �B �P�O�F���V�O�J�U �D�I�B�O�H�F �J�Ox2 �M�F�B�E�T �U�P �B
" 2 �V�O�J�U �D�I�B�O�H�F �J�Oy�  � C� V� U � B� M� T� P � B" 3 �V�O�J�U �D�I�B�O�H�F �J�O �U�I�F�F���F�D�U�P�Gx1��

�t �*�Gx1 �J�T �U�I�F �N�B�J�O �W�B�S�J�B�C�M�F �X�F �D�B�S�F �B�C�P�V�U� �X�F �D�B�O �J�O�U�F�S�Q�S�F�U �U�I�F �D�P�F���D�J�F�O�U�T �J�O �U�I�F �G�P�M�M�P�X�J�O�H �X�B�Z��

�o ! �� �U�I�F �J�O�U�F�S�D�F�Q�U �X�I�F�Ox2 = 0 ��

�o " 1�� �B �P�O�F���V�O�J�U �D�I�B�O�H�F �J�Ox1 �M�F�B�E�T �U�P �B" 1 �V�O�J�U �D�I�B�O�H�F �J�Oy �X�I�F�Ox2 = 0 ��

�o " 2�� �B �P�O�F���V�O�J�U �D�I�B�O�H�F �J�Ox2 �M�F�B�E�T �U�P �B" 2 �V�O�J�U �D�I�B�O�H�F �J�Oy �X�I�F�Ox1 = 0 ��

�o " 3�� �B �P�O�F���V�O�J�U �D�I�B�O�H�F �J�Ox2 �M�F�B�E�T �U�P �B" 3 �V�O�J�U �D�I�B�O�H�F �J�O �U�I�F �F���F�D�U �P�Gx1��

�t �/�P�U�F �U�I�B�U �X�F �D�P�V�M�E �J�O�U�F�S�Q�S�F�U" 3 �J�O �U�I�F �P�Q�Q�P�T�J�U�F �X�B�Z��

�o " 3�� �B �P�O�F���V�O�J�U �D�I�B�O�H�F �J�Ox1 �M�F�B�E�T �U�P �B" 3 �V�O�J�U �D�I�B�O�H�F �J�O �U�I�F �F���F�D�U �P�Gx2��

�t �"�H�B�J�O� �X�F �I�B�W�F �U�P �C�F �D�B�S�F�G�V�M �J�O �I�P�X �X�F �J�O�U�F�S�Q�S�F�U �P�V�S �D�P�F���D�J�F�O�U�T�� ���F �F���F�D�U�T �P�Gx1 �B�O�Ex2 �B�S�F �O�P �M�P�O�H�F�S
�i�I�P�M�E�J�O�H �B�M�M �P�U�I�F�S �W�B�S�J�B�C�M�F�T �D�P�O�T�U�B�O�U�w �C�F�D�B�V�T�F �U�I�F�Z �E�F�Q�F�O�E �P�O �F�B�D�I �P�U�I�F�S��

�*�O�U�F�S�B�D�U�J�P�O�T �J�O �3

�t �8�I�F�O �X�F �H�P �U�P �B�E�E �P�V�S �J�O�U�F�S�B�D�U�J�P�O�T �U�P �P�V�S �S�F�H�S�F�T�T�J�P�O �N�P�E�F�M �J�O �3 �P�O�M�Z �S�F�R�V�J�S�F�T �P�O�F �D�I�B�O�H�F�� �U�I�B�U �X�F
�B�E�E �B�O�P�U�I�F�S �W�B�S�J�B�C�M�F �X�I�J�D�I �J�T �K�V�T�U �U�I�F �U�X�P �W�B�S�J�B�C�M�F �O�B�N�F�T �D�P�O�O�F�D�U�F�E �C�Z �B�:�� ���B�U �J�T� �X�F �T�I�P�V�M�E �V�T�F �U�I�F
�G�P�M�M�P�X�J�O�H �T�Z�O�U�B�Y��

�m�y�m�o�d �<�- �l�m�(�d�e�p�v�a�r �~ �i�n�d�v�a�r�1 �+ �i�n�d�v�a�r�2 �+ �i�n�d�v�a�r�1�:�i�n�d�v�a�r�2�, �d�a�t�a �= �m�y�d�a�t�a�)

�t �)�F�S�F �X�F �K�V�T�U �B�E�E�F�E �P�O�F �N�P�S�F �U�F�S�N �X�I�J�D�I �J�T �U�I�F �J�O�U�F�S�B�D�U�J�P�O �U�F�S�N��

�t �8�F �D�B�O �J�O�U�F�S�B�D�U �U�X�P �E�V�N�N�Z �W�B�S�J�B�C�M�F�T� �B �E�V�N�N�Z �W�B�S�J�B�C�M�F �B�O�E �B �D�P�O�U�J�O�V�P�V�T �W�B�S�J�B�C�M�F� �P�S �U�X�P �D�P�O�U�J�O�V�P�V�T
�W�B�S�J�B�C�M�F�T��

�Š



�1�4�$�Š�ˆ�ˆ�� �-�F�D�U�V�S�F �Š�Œ

�.�B�U�U�I�F�X �#�M�B�D�L�X�F�M�M

�‰�Š���‰�ˆ���Š�ˆ�‰�Š

�8�I�B�U �J�G �B�O �F���F�D�U �J�T �O�P�O���M�J�O�F�B�S� 

�t �8�I�F�O �X�F �M�P�P�L �B�U �B �S�F�H�S�F�T�T�J�P�O� �U�I�F �F���F�D�U �P�G �B�O �J�O�E�F�Q�F�O�E�F�O�U �W�B�S�J�B�C�M�F �J�T �M�J�O�F�B�S�� ���B�U �J�T� �J�Gx �D�I�B�O�H�F�T �C�Z �‰�
�U�I�F�O �U�I�F �F���F�D�U �J�T! �B�O�E �J�Gx �D�I�B�O�H�F�T �C�Z �‰�ˆ�ˆ �U�I�F�O �U�I�F �F���F�D�U �J�T100! ! ��

�t �%�P�F�T �U�I�J�T �B�M�X�B�Z�T �N�B�L�F �T�F�O�T�F� �1�S�P�C�B�C�M�Z �O�P�U� �U�I�J�O�L �P�G �U�I�F �F���F�D�U �P�G �F�E�V�D�B�U�J�P�O �P�O �J�O�D�P�N�F�� �E�P �X�F �U�I�J�O�L
�U�I�B�U �‰ �Z�F�B�S �P�G �F�E�V�B�U�J�P�O �J�O �I�J�H�I �T�D�I�P�P�M �I�B�T �U�I�F �T�B�N�F �F���F�D�U �B�T �P�O�F �Z�F�B�S �P�G �F�E�V�D�B�U�J�P�O �J�O �D�P�M�M�F�H�F �P�S �C�F�Z�P�O�E� 

�t �4�P�N�F�U�J�N�F�T �F�D�P�O�P�N�J�T�U�T �D�B�M�M �U�I�J�T �E�J�N�J�O�J�T�I�J�O�H �N�B�S�H�J�O�B�M �S�F�U�V�S�O�T�� �U�I�F �F���F�D�U�T �P�G �T�P�N�F�U�I�J�O�H �U�F�O�E �U�P �H�F�U
�T�N�B�M�M�F�S �B�T �X�F �D�P�O�T�V�N�F �N�P�S�F �P�G �J�U�� ���J�O�L �P�G �I�P�X �H�P�P�E �U�I�F ���S�T�U �Q�J�F�D�F �P�G �D�B�L�F �J�T �D�P�N�Q�B�S�F�E �U�P �U�I�F �U�I�F �‰�ˆ�U�I
�Q�J�F�D�F �P�G �D�B�L�F�� �*�U���T �Q�S�P�C�B�C�M�Z �U�I�F �D�B�T�F �U�I�F �F���F�D�U �P�G �D�B�L�F �P�O �Z�P�V�S �I�B�Q�Q�J�O�F�T�T �D�I�B�O�H�F�T �P�W�F�S �U�J�N�F��

�t �8�I�Z �E�P �X�F �D�B�S�F �B�C�P�V�U �U�I�J�T� �#�F�D�B�V�T�F �T�P�N�F�U�J�N�F�T �U�S�Z�J�O�H �U�P ���U �B �M�J�O�F �X�J�M�M �I�J�E�F �B �S�F�M�B�U�J�P�O�T�I�J�Q �U�I�B�U �J�T �T�U�S�P�O�H�
�C�V�U �O�P�O���M�J�O�F�B�S��

�"�E�E�J�O�H �B �O�P�O���M�J�O�F�B�S �U�F�S�N �U�P �B �S�F�H�S�F�T�T�J�P�O

�t �)�P�X �D�B�O �X�F �B�M�M�P�X �U�I�F �F���F�D�U �P�G �B �W�B�S�J�B�C�M�F �U�P �D�I�B�O�H�F �B�U �E�J���F�S�F�O�U �W�B�M�V�F�T �P�G �U�I�B�U �W�B�S�J�B�C�M�F� �*�U �N�J�H�I�U �T�F�F�N
�T�U�S�B�O�H�F� �C�V�U �X�F �I�B�W�F �B�M�S�F�B�E�Z �M�F�B�S�O�F�E �I�P�X �U�P �M�F�U �U�I�F �F���F�D�U �P�G �B �W�B�S�J�B�C�M�F �D�I�B�O�H�F �J�O �S�F�T�Q�P�O�T�F �U�P �B�O�P�U�I�F�S
�W�B�S�J�B�C�M�F�� �X�F �J�O�U�F�S�B�D�U �U�I�P�T�F �U�X�P �W�B�S�J�B�C�M�F�T��

�t �8�I�F�O �X�F �X�B�O�U �U�P �T�F�F �I�P�X �U�I�F �F���F�D�U �P�G �B �W�B�S�J�B�C�M�F �D�I�B�O�H�F�T �B�D�S�P�T�T �J�U�T�F�M�G� �X�F �K�V�T�U �J�O�U�F�S�B�D�U �U�I�B�U �W�B�S�J�B�C�M�F
�X�J�U�I �J�U�T�F�M�G��

y = " + ! 1x + ! 2(x " x)

�t �-�F�U���T �K�V�T�U �S�F�X�S�J�U�F �U�I�J�T �G�P�S�N�V�M�B �U�P �T�F�F �X�I�B�U �J�T �H�P�J�O�H �P�O��

y = " + ( ! 1 + ! 2x)x

�t �8�I�B�U �E�P�F�T �U�I�J�T �U�F�M�M �V�T�� �*�U �T�B�Z�T �U�I�B�U" �J�T �U�I�Fy���J�O�U�F�S�D�F�Q�U �B�O�E �U�I�B�U �U�I�F �F���F�D�U �P�Gx �	! 1 + ! 2x�
 �E�F�Q�F�O�E�T �P�O
�U�I�F �W�B�M�V�F �P�Gx�� �4�P �U�I�B�U �J�Gx = 0 � �U�I�F�O �U�I�F �F���F�D�U �X�J�M�M �C�F! 1�� �"�O�E �G�P�S �B �P�O�F���V�O�J�U �J�O�D�S�F�B�T�F �J�Ox �U�I�F �F���F�D�U �P�G
x �D�I�B�O�H�F�T �C�Z! 2��

�‰



�t �4�P �J�G! 2 < 0 �B�O�E! 1 > 0� �U�I�F�O �U�I�F �F���F�D�U �H�F�U �T�N�B�M�M�F�S �B�O�E �T�N�B�M�M�F�S �B�Tx �H�P�F�T �V�Q� �V�O�U�J�M �B�U �T�P�N�F �Q�P�J�O�U� �U�I�F
�F���F�D�U �C�F�D�P�N�F�T �O�F�H�B�U�J�W�F �B�O�E �U�I�F�O �H�F�U�T �N�P�S�F �B�O�E �N�P�S�F �O�F�H�B�U�J�W�F�� ���J�T �N�J�H�I�U �T�P�V�O�E �G�B�N�J�M�J�B�S �C�F�D�B�V�T�F �J�U
�M�P�P�L�T �M�J�L�F �B�O �J�O�W�F�S�U�F�E���6 �T�I�B�Q�F �P�S �B �Q�B�S�B�C�P�M�B��

�t �*�O �G�B�D�U� �X�F �D�B�O �U�I�J�O�L �P�G �U�I�J�T �B�T �N�P�E�F�M�J�O�H �U�I�F �F���F�D�U �P�Gx �B�T �B �Q�B�S�B�C�P�M�B� �J�O�T�U�F�B�E �P�G �B�T �B �M�J�O�F��

y = " + ! 1x + ! 2x2

�t ���J�T �J�T �F�Y�B�D�U�M�Z �U�I�F �T�B�N�F �B�T �U�I�F �F�R�V�B�U�J�P�O �G�P�S �B �Q�B�S�B�C�P�M�B �G�S�P�N �B�O�Z �P�M�E �B�M�H�F�C�S�B �D�M�B�T�T� �X�I�F�S�F �X�F �I�B�W�F �S�F�Q�M�B�D�F�E
" �! 1�  � B� O� E! 2�  � X� J� U� Ic�b�  � B� O� Ea��

y = ax2 + bx + c

�t ���J�T �H�J�W�F�T �V�T�F �T�P�N�F �M�F�W�F�S�B�H�F �P�O �I�P�X �U�P �R�V�J�D�L�M�Z �J�O�U�F�S�Q�S�F�U �U�I�F �Q�B�S�B�N�F�U�F�S�T��! 2 �	�U�I�F �D�P�F���D�J�F�O�U �P�O �U�I�F
�T�R�V�B�S�F�E �U�F�S�N�
 �U�F�M�M �V�T �J�G �U�I�F �Q�B�S�B�C�P�M�B �J�T �G�B�D�J�O�H �V�Q �	�6���T�I�B�Q�F�E�! 2 > 0�
 �P�S �E�P�X�O �	�J�O�W�F�S�T�F���6 �T�I�B�Q�F�E�
! 2 < 0�
��" �U�F�M�M�T �V�T �X�I�B�U �U�I�F �Z���J�O�U�F�S�D�F�Q�U �J�T �B�O�E! 1 �J�T �B �M�J�U�U�M�F �N�P�S�F �D�P�N�Q�M�J�D�B�U�F�E�� �*�U���T �U�I�F �T�M�P�Q�F���F���F�D�U �G�P�S �B
�T�N�B�M�M �D�I�B�O�H�F �B�S�P�V�O�Ex = 0 �� �*�O �H�F�O�F�S�B�M� �J�U �U�F�M�M�T �V�T �I�P�X �T�U�F�F�Q �U�I�F �Q�B�S�B�C�P�M�B �J�T �B�S�P�V�O�Ex = 0 ��

�t �0�O�F �M�B�T�U �Q�P�J�O�U�� �X�F �D�B�O �V�T�F �U�I�F �S�F�H�S�F�T�T�J�P�O �U�P �U�F�M�M �V�T �J�G �U�I�F�S�F �S�F�B�M�M�Z �J�T �B �O�P�O���M�J�O�F�B�S �D�P�N�Q�P�O�F�O�U �P�S �J�G �U�I�F
�F���F�D�U �M�P�P�L�T �S�P�V�H�I�M�Z �M�J�O�F�B�S�� �8�F �E�P �U�I�J�T �C�Z �D�I�F�D�L�J�O�H �U�I�F �T�U�B�U�J�T�U�J�D�B�M �T�J�H�O���D�B�O�D�F �P�G! 2�� ���J�T �J�T �C�F�D�B�V�T�F �J�G
! 2 = 0 � �U�I�F�O �X�F �K�V�T�U �H�F�U �C�B�D�L �U�I�F �P�S�J�H�J�O�B�M �S�F�H�S�F�T�T�J�P�O� �X�J�U�I �B �M�J�O�F�B�S �F���F�D�U�� ���V�T� �X�F �D�B�O �V�T�F �U�I�J�T �U�P �D�I�F�D�L
�U�P �T�F�F �J�G �B �W�B�S�J�B�C�M�F �I�B�T �B �O�P�O���M�J�O�F�B�S �F���F�D�U �P�Oy��

�t �$�I�F�D�L�J�O�H �T�V�C�T�U�B�O�U�J�W�F �T�J�H�O�J���D�B�O�D�F �J�T �B �M�J�U�U�M�F �E�J���F�S�F�O�U �I�F�S�F �U�P�P�� �4�J�O�D�F �U�I�F �F���F�D�U �E�F�Q�F�O�E�T �P�O �U�I�F �W�B�M�V�F �P�G
x� �Z�P�V �I�B�W�F �U�P �Q�J�D�L �B �W�B�M�V�F �P�Gx �B�O�E �B �D�I�B�O�H�F �J�Ox �B�O�E �F�W�B�M�V�B�U�F �J�U�� �'�P�S �J�O�T�U�B�O�D�F� �Z�P�V �N�J�H�I�U �Q�J�D�L �U�I�F
�N�F�B�O �P�Gx �B�O�E �T�F�F �I�P�X �B �P�O�F���4�% �D�I�B�O�H�F �J�Ox �X�P�V�M�E �J�O�D�S�F�B�T�Fy��

(ö" + ö! 1(øx + SD) + ö! 2(øx + SD)2) ! (ö" + ö! 1øx + ö! 2øx2)

�/�P�O���M�J�O�F�B�S �F���F�D�U�T �J�O �3

�t �*�O �P�S�E�F�S �U�P �S�V�O �B �S�F�H�S�F�T�T�J�P�O �X�J�U�I �B �O�P�O���M�J�O�F�B�S �U�F�S�N �J�O �3� �X�F �I�B�W�F �U�P �B�E�E �B �T�M�J�H�I�U�M�Z �E�J���F�S�F�O�U �W�B�S�J�B�C�M�F �U�P
�U�I�F �N�P�E�F�M�� �8�F �I�B�W�F �U�P �V�T�F �U�I�J�T �T�Z�O�U�B�Y��

�m�y�m�o�d �<�- �l�m�(�d�e�p�v�a�r �~ �i�n�d�v�a�r �+ �I�(�i�n�d�v�a�r�^�2�)�, �d�a�t�a �= �m�y�d�a�t�a�)

�t �8�I�B�U���T �H�P�J�O�H �P�O �I�F�S�F�� �'�J�S�T�U� �O�P�U�F �U�I�B�U �U�I�F�I�(�i�n�d�v�a�r�^�2�)�B�E�E�T �U�I�F �O�P�O���M�J�O�F�B�S���R�V�B�E�S�B�U�J�D �U�F�S�N �U�P �U�I�F �S�F��
�H�S�F�T�T�J�P�O�� �6�O�G�P�S�U�V�O�B�U�F�M�Z� �X�F �D�B�O���U �K�V�T�U �B�E�E�i�n�d�v�a�r�^�2� �C�F�D�B�V�T�F �3 �E�P�F�T�O���U �L�O�P�X �X�I�B�U �U�I�F�T�F �N�F�B�O�� �:�P�V
�I�B�W�F �U�P �X�S�B�Q �J�U �J�O �U�I�F�I�(�)�G�V�O�D�U�J�P�O �	�U�I�F �D�B�Q�J�U�B�M �J�T �J�N�Q�P�S�U�B�O�U�
��

�t �0�O�D�F �Z�P�V �I�B�W�F �U�I�F �T�V�N�N�B�S�Z �P�G �U�I�F �N�P�E�F�M� �Z�P�V �D�B�O �V�T�F �B�M�M �U�I�F �V�T�V�B�M �U�P�P�M�T �U�P �D�I�F�D�L �T�J�H�O�J���D�B�O�D�F� �F�U�D��

�Š


