Notation:

Want to minimise a function f: R? — R, possibly with equality constraints ¢;(x) = 0,i € &,
and inequality constraints ¢;(x) > 0,i € 1.

Lagrangian:

Lagrange parameters A;,i € E U 7,

L) = f(x) = D Aiei(x) = D Aici(x)

€& iel

Penalty and barrier functions:

Quadratic penalty function: Q) = f(x) + 12_1 Z ci(x)?
ic&
Logarithmic barrier function: B(x;B)=f(x)-p Z ln(ci(x))
iel
Augmented Lagrangian: Lalx, Asp) = f(x) — Z Aici(x) + 12_1 ZHQ(X)Hg
i€e& i€e&

Line search methods:
Iteration x4 = xi + axpx with search direction py € R? and step length a; > 0.

Line search conditions:

Armijo: fxe + arepr) < fxi) + crax{Vf(xk), pr)
Weak curvature: (Vf(xx + arpi), pr) = c2(Vf(xx), pr)
Strong curvature: (V£ (xk + awpr), pi)| < 2| (V£ (xie), pie)|

Quasi-Newton updates:
Search direction pr = —Hy V£ (xx) with:

Sk = Xiet1 = Xk Vi = Vf(xrs) = VI (xe).
H H,
DFP: Hiyy = Hy — (Heye) ® (Heyk) | sk ® sk
(Vs Hie i) (Vi Sk)
BFGS: Hk+1 = (I — PkSk ® yk)Hk(I - PkVik ® Sk) + Sk @ Sk with Pk =

(Vk» Sk)
(sk — Hiyk) ® (sk — Hiy)

SR1: Hp, = H +
" (& — Hic Yk, yk)

Non-linear CG updates:
Search direction pr4; = —Vf(xk41) + Pr+1px with

Vi(x 2
Fletcher—Reeves: B = M

IV f (i) lI3
Polak-Ribiere: Brs1 = (VS (), VI (eierr) = V()
V£l
Hestenes—Stiefel: Biest = (Vf(xk41), Vf (xk1) = VI (xx))

(Vf(xk1) = Vf(xx), pr)



