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Efficiently solving elliptic PDEs

Vo (ug-1) = Aug_y — f = 1%

Direct solve: find u* that solves the linear system Au = f
Minimization problem: find u* that minimizes the quadratic function ¢(u) == uTAu u'f
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At iteration k — 1 .
2/10



Consider m=2, A4 is SPD

Efficiently solving elliptic PDEs V(o) = At — f =~y

Direct solve: find u* that solves the linear system Au = f
Minimization problem: find u* that minimizes the quadratic function ¢(u) == uTAu ulf

Steepest descent
Descent direction =V (ug_1)
Update rule U = Up_q — A1 Vp(Up_1)

Choose scalar « via a minimization problem (line search)

(Drop k — 1 here for simplicity) =
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At iteration k — 1 o
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Steepest descent in a hike
at the Pinnacles National Park
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Consider m=2, A4 is SPD

Efficiently solving elliptic PDEs V(o) = At — f =~y

Direct solve: find u* that solves the linear system Au = f
Minimization problem: find u* that minimizes the quadratic function ¢(u) == uTAu ulf

Steepest descent Conjugate gradient
Descent direction Vo (u,_1) Pr-1
Update rule U = Up—q — A1 VP(Up_y) U = Ug—1 T A—1Dk-1
Choose scalar a via a minimization problem (line search) Choose scalar a via a minimization problem (line search)
(Drop k — 1 here for simplicity) (Drop k — 1 here for simplicity)
B0 (-1 — VO (Use-1) W =0ma= :T:; (AN O + AP-1) - W =0 = a= ;TT—A;

At iteration k — 1



Consider m=2, A4 is SPD

Efficiently solving elliptic PDEs V(o) = At — f =~y

Direct solve: find u* that solves the linear system Au = f L
Minimization problem: find u* that minimizes the quadratic function ¢(u) =- uTAu —ulf
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