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• Heavy - ball method

- Quadratic function
- iteration compUnity Ofrk dog (E ))

• Nesterov 's acceleration

( just the idea today )
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lronlhich object goes down Itu ramp faster ?

•• added inertia acts as a smoother and

an accelerator
-



Heavy - ball method or Ely# momentum
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BE Polyak ( 1964 )
"
Some methods of speeding cap convergence of iteration
methods .
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Ita = It - Mt If ( Rt) + Ot ( Zz - It . .)
momentum term
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→ gradient descent

→ heavy - ball method
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Recall If (a) = I (z - zoe )

Gradientde-enl-illzt-z.kz -< ( ¥÷)t H2o -2*112

iteration complexity : 0 ( k log ( Yc ))
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Convergence depends on



Find Mt and 0£ to control the spectrum of Ht

• Suppose Ai is the i th eigenvalue of I

• Spectral radius of Ht
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two eigenvalues are

roots of 92 - ( I -10£ - Mtd ;) A + Ot = 0



• If ( It Ot - Medi )
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then

room have the same magnitude Tot ( imaginary
roots)

• ( it it - MERITS 40T is satisfied if
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Suppose f is a C- Smooth and ee strongly

convene quadratic function
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⇒ e ( Ht ) ← rot
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Theorem :
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Suppose f is a L - smooth and il - strongly convene

quadratic fanclion .
Then Mt = 4-
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and
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Iteration complexity : 0 ( rk log ( Yg ))
suppose condition number is 14=100

10 log (E) I ' 00 log (E)

How about more general convene factions ?



Nesterov 's method :

= =

Yuri Nesterov 1983

¥+1 = It - M If (2T )

Nitti = ¥+1 + ¥3 ( Itu - Yet)

Yet, ,
= It - Mt flat ) : normal

2++1 = It - Mt . ¥ If let) : aggressive

7th = t÷ ¥+1 + I

c- +3
It-4 : average
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