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x∈Rn

f(x),

f g(x)
x0 ∈ Rn

xk+1 = xk + sk sk = αkdk k ≥ 0 αk > 0

dk

d0 = −g0, dk+1 = −gk+1 + βkdk, k ≥ 0,

βk ∈ R gk = g(xk)

βk =
gTk+1yk

||gk||2 ,

yk = gk+1 − gk || · || �2

d0 = −g0, dk+1 = −gk+1 + βk dk −
gTk+1dk

||gk||2 yk, k ≥ 0,

dTk gk ≤ −τ ||gk||2, k ≥ 0,

τ > 0

d0 = −g0, dk+1 = −
sTk yk
||gk||2 gk+1 + βk sk −

gTk+1sk

||gk||2 yk, k ≥ 0,
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βk = βk − tg
T
k+1dk

||gk||2 ,

t t

dk+1 = −Hk+1gk+1,

Hk+1 = I − dky
T
k

||gk||2 + t
dkd

T
k

||gk||2 .

Hk+1
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Hk+1 +H

T
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2
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dky
T
k + ykd

T
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||gk||2 + t
dkd
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||gk||2 ,

t

tp,qk = p
||yk||2
||gk||2 + q

�
1
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dTk yk
||dk|| ||gk|| −

||gk||
||dk||

�2
,

p >
1

4
q ≥ −1

Pk+1
t

Pk+1
t

dTk yk > 0



f(xk + αkdk)− f(xk) ≤ δαkgTk dk,
|∇f(xk + αkdk)T dk| ≤ −σgTk dk,

0 < δ < σ < 1

A ∈ Rn×m

(A) = max
x�=0
||Ax||
||x|| ,

A (A) = ||A||
x �= 0 ||Ax|| = ||A|| ||x||

A

Pk+1
Hk+1

Pk+1 n− 2 λ+k
λ−k

λ±k = 1 +
1

2||gk||2
�
t||dk||2 − dTk yk

�
± 1

2||gk||2
�
(t||dk||2 − dTk yk)2 + ||dk||2||yk||2 − (dTk yk)2.

λ+k ≥ 1 ≥ λ−k > 0
||Pk+1|| = λ+k

Pk+1 λ+k vk1
vk1 = γdk + ϑyk

γ =
2(1 − λ+k )||gk||2 − dTk yk

||dk||2 ϑ.

vk1 Pk+1

Hk+1

Pk+1 Hk+1
gk+1

Pk+1

vk1 gk+1
gTk+1v

k
1 = 0

t̄k =
||yk||2(gTk+1dk)2 − ||dk||2(gTk+1yk)2

2(gTk+1dk)
�
(dTk yk)(g

T
k+1dk)− ||dk||2(gTk+1yk)
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t∗k =


max

�
t̄k, ϑ

||yk||2
||gk||2

�
, t̄k ,

ϑ
||yk||2
||gk||2 , ,

ϑ >
1
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Ω = {x ∈ Rn | f(x) ≤ f(x0)}
N Ω f

∇f
t t∗k

α∗ αk k ≥ 0
lim
k→∞

||gk|| = 0

t ϑ = 0.26 (p, q) = (1, 0)

n ≥ 50

t∗k = t̄k










