
Conjugate Gradient (Polak–Ribière+)

input : starting point x⃗0, tolerance Es

output: x⃗∗, estimate of a local minimizer

k ← 0
p⃗0 ← −∇f(x⃗0) // first step is steepest descent

while ∥∇f(x⃗k)∥ > Es do
αk ← line search along p⃗k
x⃗k+1 ← x⃗k + αk p⃗k

βk+1 ← max

(
0,
∇f(x⃗k+1)

T
(
∇f(x⃗k+1)−∇f(x⃗k)

)
∇f(x⃗k)T∇f(x⃗k)

)
p⃗k+1 ← −∇f(x⃗k+1) + βk+1 p⃗k // bend by the old direction

if ∇f(x⃗k+1)
Tp⃗k+1 ≥ 0 then

p⃗k+1 ← −∇f(x⃗k+1) // not downhill: restart

end
k ← k + 1

end
return x⃗∗ = x⃗k


