NEWTON SOLVER STABILIZATION FOR STOKES SOLVERS IN
GEODYNAMIC PROBLEMS
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ABSTRACT PROBLEM STATEMENT

BENCHMARKING THE NEWTON METHOD

1. We have implemented a Newton solver We are interested solving the Stokes equations: Nonlinar channel flow Spiegelman et al. brick Nonlinear sinker
: Strain rate e —"
for ASPECT (Kronbichler et al., 2012) , : y
v (20 (ew) - 5(V-wi) | +Vp=pg o, - -
2. We only use solver libraries to solve linear o (ou) — 0 . £ A
o e . u) = mn §2, =16
systems (no Trilinos NOX or PETSC SNES) ’ -
, , The weak form of the Newton linearisation: I o &
3. We have implemented line search and ‘ e —— | I— -
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oversolving-prevention ourselves (J b, 7k ) (‘;qk> - (?@) ~ Viscosity ___ Stain-rate
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4. We found that the Jacobian is not always where for the incompressible case the Jacobian T 5 d 5le2
: | o~ . . . S Bi1e-4 Picar S
Symmetric Positive Definite (SPD) elements are (ignoring the pressure scaling): - 2 e
% i %1&8* 1 %1&6
5. We force the Jacobian to be SPD in a chea s ur o On(e(ur), pi y “ie3 oy | e | =
> the ] P ), =y + (s 2(PEBE ) e )eqan) ) -
and optimal way 5 o | edd N - -
an(g(uk) pk) Newton le-14 ewton _ e-10|
: . J.F), = By + <6(902’”),2( ’ so’-’)e(uk)> , P I e At Sttt S o .
6. Th].S allOWS fOI' mOI'e COmpleX I'hEOlOgleS ( g )7,3 / ap / 1 50 1 20 % Ielgnlinearsgeratior?g 70 % % L Nonlinear iterations o Nonlinear iterations
to be used with a Newton solver (Jr"):; = Bij-
L | | BN DEMONSTRATING THE WORLD GENERATOR
7. Our Newton solver also works for com-  This is in general neither Symmetric, nor Posi- ™h b cton is ¢ Iv the Newt lver t lex 3D oeod - cott h tructed
pressible models tive Definite, which can be very bad for solvers. e next step is to apply the Newton solver to complex 3D geodynamic settings, such as constructe

by our World Generator (Fraters et al., in prep), which generates inititial conditions with little input:

nce points = le-5

RESTORING SYMMETRY FOR PRECONDITIONING

Coordinates of the cornerpoints of the polygon
-83:13,-82:14,-76.5:21,-75:24,-73:26,-72:27,-8B3:27; \

Approximate Jacobian with J** ~ B” and R

I
|
| -62.5:13,-62.5:15.5,=-57:16,=57:13; \
ttttttt lantic | Oceanic Plate | | -=76.5:21,-75:24,-73:26,-72:27,-57:27,-57:13,-62.5:13,-62.5:15.5,-63.5:18.5,-64:20,-71:23,-72.5:23.5,=-74:23;
Caribbean Ocean | Oceanic Plate | | -83:8,-82:14,-76.5:21,-74:23,-72.5:23.5,-71:23,-64:28,-63.5:18.5,-62.5:15.5,-62.5:14,-62.5:8; \
South Trench | Subducting plate | M t Spline | -63.5:18.5,-62.5:15.5,-62.5:13; \
th Tr h | Subducting plate | M t Spline | -74:23,-73.5:23.25,-72.5:23.5,-71:23,25,-67.75:21.875,-66.9375:21.53125,-64.5:20.5,-64:28,-63.74:19.75,-63.5:18.5

877(6(’u,k ) ) pkﬁ) an(e(ukﬁ ) 9 pkﬁ ) subsection Continental p'::‘te c c
(J]/:Iu) ZJ ~ (Ak )’Lj _|_ <8<¢;L>7 ( 85 . E(CP;L )) €(Uk) _|_ E(CP;L ), ( 88 . 8(@?)) S(Uk;) set Parameters = \ :Gr:::ehizﬁzz I| Eﬂgérmd'”é::f;;msd'

5
set Temperature parameters = % # Name object | depth | Bottom temperature
_ A | £ u Esynl A&7 > U North America | 150e3 | ;\
- k ’lj 907, 9 k SOJ South America | 1@@e3 |
end
nd
subsection Oceanic plate
set Parameters = %\ # Name object | Temp. mod. | Comp. mod. | Coordimates of ride points
Where E"‘Sym 1 E,? E,: and E,j 2 877(5(u) 7p) North Atlantic | Plate model | None | —64:20,-61:23,-60:22,-57:25; \
— § mnpq pqmn 6 Uk; mnpq — 8 u 1N 88 . Caribbean Ocean | Plate model | None | -9@:8,-91:1
subsection Flate model
set Temperature parameters = % # Name Object | depth | B. temp. | spreading vel.
ttttttt lantic | 95e3 | | 1.3e=2; A\
Caribbean Ocean | 95e3 | | 1.3e-3
|-]l?1 !::;; rt][-| "§ 7r rt][-| end
subsection Subducting plate
set Parameters = \ # Name object | Temp. mod. | Comp. mod. | imtpl. | Start depth | max depth seg. | length segements | thickness segments | angle segments | ref. point
Morth Trench | Plate del | Mone | | @ | 1ep@e3 | 15@e3,2@0@e3,508e3,50e3,100e3,480e3 | 100e3,100e3,100e3:100e3,100e3:1008e3,100e3,100e3 | @:30,30:60,60:908,90,90,90 | -65:80; \
° ° j;. ° 1; ° ° O T WL amm T 50uth Trench | Plate mode 1 | Mone | | @ | 1eepe3 | 150e3 :18@e3 | leee3 | 8:30,30:68 | =58:15
IT] -‘ 7' IT] °
T e pOSltl e de 1n1teness O t e ]aCOblan ].S determlned b -y tensor Ho set Plate detail parameters = %\ # Name object | between coords | length segments | thickness segments | angle segments | ref. point

North Trench | 1:3 | 15@e3,200e3,50e3,50e3,108e3,400e3 | 1080e3,180e3,100e3,1080e3,108e3,100e3 | ©8:30,30:60,60:908,90,90:20,20:10 | -65:80;
North T h | 5:6 | 158e3,2@8e3,58e3,50e3,100e3,4008e3 | 100e3,100e3,100e3:9,0,0:100e3,100e3 | ©:30,30:60,60:98,90,90,90 | -65:88; \

Juu — (5(90?)7 2?7(8(?1'))8(()0;&)) —I_ (8(80;1’), Esym<€(U))€(gp;L)\) set Temperature parameters = \EEEEEEIEE? :I B. templlggggsity:Ii?ég‘ég;vsl.
= (o)) [20(e(u)T © T + E™™(=(w))]

N
= H

We can force tensor H to be SPD by scaling E°Y™ with a factor a:
H* = 2p(e(u)I @ I + aEY™(e(u))

with 0 < a < 1. If a = 0 the Jacobian will always be SPD, but to have optimal convergence we want
a to be as large as possible (max one). It can be proven (Fraters et al., in prep) that the optimal value
for o is (Where a = s(w)and » = 22elx).p)).
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o = 2n(e(u))

. 5 otherwise.
- ey | el Available features: different plate types, faults and variations in curvature and thickness within slabs.




