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Hightlights Numerical examples
Efficient preconditioner with hk-independent performance. Domain: Q = {(z,y) € [-1,1]*: x —y < 1}. Let r(z,y) = /2 + y>. Take the exact solution
High-order error estimates assuming high regularity. [Barrett and Liu 1993]; [Cockburn and Shen 2016] as
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- Notations We consider two groups of parameters: (o, p) = (0, 1. o,p) = (7,4).
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Case 1: (o,p) = (0,1.5)
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The p-Laplace equation Sy i’
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Let 2 C R? be a bounded Lipschitz domain, p € (1, +00), and define A(T) := ]T]p_27'. The (a) |lu — wll,s (b) lg — anll;» () llo — ol ;v
mixed and minimization forms of the p-Laplace equations are (1) and (2) respectively. Figure 1. Error convergence history. Parameters: o — 7, p — 4.
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The LDG discretization of (1) for (qy, o, up) is 4 . M
find up, € Vj, s.t. Yo, € Vi, J} (up)(vp) = 0, =N | £ | |
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The equivalent and unisolvent minimization form for u;, (also a LDG discretization of (2)) is A T T Yy T s s e e e s e s i e s e e h w w
up € arg mlfvl Jn(vn). (3) (d) Jn(up), k=6 (e) llwn]|, k=06 (f) p. k=6
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Here, J} (up)(vy,) is the Gateaux derivative of J,(uy,) on vy, direction. SHTE < DTACiEnt GEsCEnt CONVETSEnts Mo, Taramersn. o P
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Nonlinear solver: hk-independent preconditioned gradient descent R B R
(@) llu — wuallL (b) llg — anll 1 (c) llo = ol
For J;,, the (unnormalized) steepest descent direction wy, at uy under ||-|| (to be determined) is Figure 3. Error convergence history. Parameters: o =7, p = 4.
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We choose the following linearized norm that is generalized from [Huang et al. 2007]. N — L L/mesmevele
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Then the scheme for wj, (regularization terms in weights ignored) is an elliptic LDG scheme: | | o
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Define HUHJ,p = (HDDG (v; 0)]|% @) T |[v ]]HLp FoUDD il p>)p_ Assume n = O(1) and C1, = O(1). N | ol o |
Let (g, 0,u) € WP(Q) x (WP (Q) N LY (dlv, Q) x W5tEP(Q)) be the exact solution. Assume e 25 B e ——
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WLOG that s, r % N satisfy s < kandr < k—+1. Let1Uh = [y, u, then (d) Ju(ur). k = (@) [wyl] k =6 () oo =
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Uh = u’ Lr($2) S/ Huh o uhHJ,p + A’ ‘u’WSH’p(Q) ) Figure 4. Gradient descent convergence history. Parameters: o =7, p = 4.
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