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¶ G�3Eb�U8:�583�985�98:�3eU8:�B�T�DX:�B�g�n�:�±

R = (X,⊕,⊗,−∞, 0), X = R ∪ −∞
³ UE3�?E7�n�I�IA:�Y�:�Y�¹º3�9�98:�Qi:°F6B�:H»03�9�I8O.IAT�b^98:H»03E9�IEO�±

x⊕ y = max(x, y), x⊗ y = x+ y

V ;>:�[�F>5�;W7a:�Y�:�Y�¹º3�9�9�]ce:�UE3E?E7�n�I�[�±
I
h%:�b�b�T8587E5�I�;E98:�F>5�g�p ³ UE3�?E7�n�I�I ⊕ I ⊗ DX:�b�b�T8587E5�I�;E9�]�²

I
@^FWF6:�n�I�785�I�;�98:�F>5�g�p ³ UE3E?E7�n�I�I ⊕ I ⊗ 7EFWF>:�n�I�785�I�;�9�]�²

I ¼ I�F>5�?�IEY�T85�I�;�98:�F>5�g�p ³ UE3�?87�n�I�I ⊗ G%I�F>5�?�IEY�T85�I�;E9E7a:�5�98:�F�IE5E3XBgE98: ⊕ ²
I ¶ G�3�b�U8:�583�985�98:�F65�g�p ³ UE3�?E7�n�I�I ⊕ I8G�3�b�U8:�583�985�9E7�K 5Wp 3�p

x⊕ x = x.
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}�7EFWF�b:�5�?�I�b�B�I�983�[�9HT�ÂÃF�I�F>583�b�TWK�G%I�9E7�b^I�D67oDX:�5H:�?8:�[=:�U�I�F�]�;>7E3>58F�O
T�?E7�;E9E3�9�I�3�b^±

z(k) = A(k)⊗ z(k − 1)

A(k)
F�I�b�b 365�?�I�J�9E7HORb 785�?�I�n�7�±

A(k) =

(

αk c

c βk

)

,

A(k)
9E3WF�I�b�b%3>5�?�I�J�9E7HORb%785�?�I�n�7#±

A(k) =

(

αk δk

γk βk

)

.

<%:�F6B�36G�:�;>785836B�g�98:�F>5�IeF6B�T�J�7�[�9�]c°;W36B�I�J�I�9Ä9E3W~>7�;EI�F�I�b�]ÅI=Æ�D6FEU8:�9E3�9�n�I�78B�gE98:
?87�F�U�?E3XG�3XB�3E9�]�p

λ = lim
k→∞

1

k
‖z(k)‖ = lim

k→∞

1

k
E‖z(k)‖.
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É3EDW5H:�?aF>:�F>5H:HO	9�I8O�±
z(k) =

(

x(k)
y(k)

)

.

¶ G�3Eb�U8:�583�985�9E7HOR98:�?�b%7�±

‖z(k)‖ = x(k)⊕ y(k) = max(x(k), y(k)).

j%:�;E] 3´F6B�T�J�7�[�9�]�3=;>36B�I�J�I�9�]�±

Z(k) = ‖z(k)‖ − ‖z(k − 1)‖, Y (k) = y(k)− x(k),

I=~>7�b%3>5�I�b^K%JE5H: ‖z(k)‖ = Z(1) + . . .+ Z(k)Ê´T�9�D�n�I�IÄ?E7�FEU�?E36G�3XB�3E9�IEO�±
Φk(t),Ψk(t)

p
E[Z(k)]

F�cW:HG%IE58F�OËD
E[Z]

KU8:�Æ>5H:�b�T

λ = lim
k→∞

1

k
E‖z(k)‖ = lim

k→∞

1

k

k
∑

m=1

E‖Z(m)‖ = E[Z].
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<^?8:�QS?E7�b�b^]Î�Ï%Ð,ÐÒÑ�p ��K�ÓAÔ8Õ>Ö�×/Ø�L�p Ñ�p�`´:HG�36B�I�?8:�;>7�9�I�3
λ
b%3>5H:HG�:�b

`´:�9H5836NXh�7�?HB�:�p
¼ :�;W3E?�I�583XBgE9�]^[#I�98583E?�;W7HB±

x̄− s√
n
t
n−1

1+γ
2

< a < x̄+
s√
n
t
n−1

1+γ
2

,

`A785�?�I�n�7ÄI�b 3>3>5Ä;�I8G%±
A(k) =

(

αk c

c βk

)

,

<%:�F6B�36G�:�;>785836B�g�98:�F>5�I
αk

I
βk

9E3W~W7�;�I�F�I�b�]ÃI=Æ�D6F�U8:�9E3E9�n�I�7HBgE98:
?87�F�U�?E3XG�3XB�3E9�]�p
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`A785�?�I�n�7�±
A(k) =

(

αk βk

βk δk

)

.
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A(k) =
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