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Quasi-Newton Methods 

Materials courtesy: B. Poczos, R. Tibshirani, J. Pena 
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Modified Newton Method 
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Modified Newton Method 
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Quadratic problem 
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Quadratic problem 
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Convergence rate (Quadratic case) 

Superlinear in general 

Linear if 

Quadratic if  
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Quasi-Newton Methods 
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Quasi-Newton Methods 
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Secant Equation 
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Secant Equation 
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Symmetric Rank-1 (SR1) method 
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Symmetric Rank-1 (SR1) update 

Let H = B�1.

H+ = H + bzz>

Try updating the inverse Hessian directly. 

We will derive the following SR1 updates that satisfy the secant 
equation: 
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Symmetric Rank-1 (SR1) update 
Secant equation implies 

B+s = y ) s = H+y

s = (H + bzz>)y = Hy + bzz>y
So we get 

(1) 

) s�Hy = bzz>y

) (s�Hy)(s�Hy)>

b
= bzz>yy>zz> = bz(z>y)2z>

) bzz> =
(s�Hy)(s�Hy)>

b(z>y)2

Also from (1) y>s = y>Hy + b(z>y)2

) b(z>y)2 = y>(s�Hy)



14 

Symmetric Rank-1 (SR1) update 
H+ = H + bzz>SR1 update for inverse Hessian 

SR1 update for Hessian 
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Symmetric Rank-1 (SR1) update 

(sk �Hkyk)(sk �Hkyk)>

(sk �Hkyk)>yk
sk = xk+1 � xk yk = gk+1 � gk

(sk �Hkyk)(sk �Hkyk)>

(sk �Hkyk)>yk
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Davidon-Fletcher-Powell (DFP) update 
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Davidon-Fletcher-Powell (DFP) update 
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DFP method 

sk = xk+1 � xk

yk = gk+1 � gk

�Hkyky
>
k Hk

y>k Hkyk
+

sks
>
k

y>k sk
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DFP method 

d>i Qdj = 0,
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DFP update – alternate derivation 
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DFP update – alternate derivation 
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Broyden-Fletcher-Goldfarb-Shanno 
(BFGS) method 
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Broyden-Fletcher-Goldfarb-Shanno 
(BFGS) update 
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BFGS update 


