


minα>0f(xk + αpk)

f() xk k
α pk





f(x) = x2
∇f(x) = 2x





f(x) = x4 + x3 − x2 − x
∇f(x) = 4x3 + 3x2 − 2x − 1







f(xk + αpk) < f(xk)

xk+1 = xk + αpk
α τ

α

f(xk − α∇f(xk)) ≤ f(xk) − cα(∇f(xk))2

https://en.wikipedia.org/wiki/Backtracking_line_search




f(x, y) = 0.33(x2 + ϵ2y2)

∇f(x, y) =
0.66x
0.66ϵ2y

∇2f(x, y) =
0.66 0
0 0.66ϵ2
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[ ]













f(xk + αpk) = f(xk) + αpTk∇f(xk + αpk)

= f(xk) + αpTk∇f(xk) +
1
2α

2pTk ∇
2f(xk + αpk) pk

≈ f(xk) + αpTk∇f(xk) +
1
2α

2pTk ∇
2f(xk) pk



αpk Δ

f(xk + Δ) ≈ f(xk) + Δf ′ (xk) +
1
2Δ

2f ″ (xk)

Δ Δ

0 = f ′ (xk) + Δf ″ (xk) ⇒ Δ = −
f ′ (xk)

f ″ (xk)

xk+1 = xk −
f ′ (xk)

f ″ (xk)



n
Rn

f(xk + Δ) ≈ f(xk) + ΔT∇f(xk) +
1
2Δ

T∇2f(xk)Δ

0 = ∇f(xk) + ∇2f(xk)Δ ⇒ Δ = − ∇2f(xk)
−1∇f(xk)f(xk)

xk+1 = xk − (∇2f(xk))−1∇f(xk)

( )



https://www.maths.ed.ac.uk/~swood34/core-statistics.pdf






Ax = b
A n × n n × 1 x

minx f(x) =
1
2x

TAx − bTx + c

n pTi Apj = 0 i ≠ j

x ∗ =
n

∑
i=1

αipi



x0

r0 = ∇f(x0)
p0 = − r0
k = 0

‖rk‖2 > tol

https://find.library.duke.edu/catalog/DUKE004973775






αk pk
βk+1

βPRk+1 =
∇f(xk+1) ∇f(xk+1) − ∇f(xk)

∇f(xk)T∇f(xk)

( )























https://github.com/greg-rychlewski/nelder-mead





