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Layout of Linear Acoustics Session
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* Goal of the presentation

« Boundary value problem description

» Strong and weak form

 Code dissection

« Post processing and results



Goal of the presentation
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» Solving complex field problems
* Dealing with two fields in MOFEM

» Pushing Form Integrator in pipelines

Tutorial cIx-0 :
http://mofem.eng.gla.ac.uk/mofem/htmli/tutorial_hembholtz_problem.html




Transducer generator
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() : Domain

//

I’ : Quasi-absorbing

y

|F2: Source boundary




I'Iv- N W Strong form
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The wave equation:

2
w _ 02V2P(x,t) —0 in®O c : Wave speed
ot? 0
Bayliss-Turkel boundary conditions: EI P: Pressure field
0P (x,t
(,gt) C(NVP(X,t))ZO onI’; t . time
: | vect r
Dirichlet boundary conditions: — T N+ normal vectoron 1
2
P(x,t) = cos(wt) onT'y=— w: frequency
Solution by separation of variables (standing wave): p(x): spatially varying
P(x,t) = Re (p(x)e™*") pressure

Alvin Bayliss and Eli Turkel. Radiation boundary conditions for wave-like equations. Communications on Pure and applied Mathematics, 33(6):707— 725, 1980
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The Helmholtz problem:
k2pRe 1+ v2pRe —0 . N - vae 4+ kplm —0 pRe —1
9 T 5 T in 2 . R onI'; : onI'y
k‘p™ +Vep™ =0 N -Vp™ —kp™* =0 p™ =0
For k = w/c, p(x) =p"° +ip™and p"°,p"™ € H'(Q)find p*°and p"™ to solve the W.F.

The discrete weak form

p Z ¢j ~Re pI Z ¢J ~Im

2 f i6440 - f ViVg;d0 i dupar, i
! ? " [12“‘ ] - l : ] + Essential B.C.
p
k fr Wi;dT k2 fﬂ ith;dQ — fﬂ Vs Vap; o) !

F. Inlenburg, |. Babuska, Finite element solution of the Helmholtz equation with high wave number. I. the h-version of the FEM, Comput. Math. Appl. 30 (9) (1995) 9-37.
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MoFEMErrorCode Example::setupProblem() {

MoFEMErrorCode Example::runProblem() { MoFEMFunctionBegin;

MoFEMFunctionBegin;

CHKERR readMesh(); CHKERR simplelnterface->addDomainField(”P_REAL", H1,

AINSWORTH_BERNSTEIN_BEZIER BASE, 1);
CHKERR simpleInterface->addDomainField(”P_IMAG", H1,
AINSWORTH_BERNSTEIN_BEZIER BASE, 1);
CHKERR simpleInterface->addBoundaryField(”P_REAL", H1,
AINSWORTH_BERNSTEIN BEZIER BASE, 1);

CHKERR assembleSystem();

CHKERR solveSystem();
CHKERR outputResults();
CHKERR checkResults();

: CHKERR simplelInterface->addBoundaryField("”P_IMAG", H1,
MoFEMFunctionReturn(o);

AINSWORTH_BERNSTEIN_BEZIER_BASE, 1);

int order = 6;

CHKERR PetscOptionsGetInt(PETSC_NULL, "", "-order", &order, PETSC_NULL);
CHKERR simplelnterface->setFieldOrder(”P_REAL", order);

CHKERR simpleInterface—>setFieldOrder(”P_IMAG", order);

CHKERR simpleInterface->setUp();

MoFEMFunctionReturn(0);

* Field names: P_REAL, P_IMAG

« Space: H' (scalar space)

« Base: AINSWORTH_BERSTEIN BEZIER BASE

«  Number of coefficients per shape function: 1 (scalar field) 7



Implementation

MoFEMErrorCode Example::boundaryCondition{) {

MoFEMErrorCode Example::runProblem() { MoFEMFunctionBegin;

MoFEMFunctionBegin;

CHKERR readMesh(); auto get_ents_on_mesh_skin = [&]() {

Range boundary_entities;
for (_IT_CUBITMESHSETS_BY_SET TYPE_FOR_LOOP_(mField, BLOCKSET, it)) {
std::string entity_name = it-zgetName();
------- tf~entity -mamescompare(¢;-25 "BC") == 0) {
CHKERR it->getMeshsetIdEntitiesByDimension(mField.get_moab(), 1,
boundary_entities, true);
}

}

o=

CHKERR assembleSystem();
CHKERR solveSystem();
CHKERR outputResults();
CHKERR checkResults();
MoFEMFunctionReturn(0);

1
1
4
1
1
1
1
1
1
1
1
1

Range boundary_vertices;

CHKERR mField.get_moab().get_connectivity(boundary_entities,
boundary_vertices, true);

boundary_entities.merge(boundary_vertices);

return boundary_entities;

};

Function continuation




8= Implementation

mofem.eng.gla.ac.uk . . ]
Function continuation

MoFEMErrorCode Example::runProblem() {
MoFEMFunctionBegin;

auto mark_boundary_dofs = [&] (Range &&skin_edges
CHKERR readMesh(); u _boundary_ [&] (Rang in_edges) {

auto problem_manager = mField.getInterface<ProblemsManager>();

auto marker_ptr = boost::make_shared<std::vector<unsigned char>>();

problem_manager—>markDofs(simpleInterface->getProblemName(), ROW,
skin_edges, xmarker_ptr);

CHKERR solveSystem();

CHKERR outputResults();
CHKERR checkResults();
MoFEMFunctionReturn(9);

return marker_ptr;

i

auto remove_dofs_from_problem = [&] (Range &&skin_edges) {
MoFEMFunctionBegin;
auto problem_manager = mField.getInterface<ProblemsManager>();
CHKERR problem_manager—->removeDofsOnEntities(
simpleInterface->getProblemName(), "P_IMAG", skin_edges, 0, 1);
MoFEMFunctionReturn(@);
HH

MoFEMFunctionReturn(0);
}
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Function continuation

MoFEMErrorCode Example::runProblem() {
MoFEMFunctionBegin;

auto mark_boundary_dofs = [&] (Range &&skin_edges
CHKERR readMesh(); u _boundary_ [&] (Rang in_edges) {

auto problem_manager = mField.getInterface<ProblemsManager>();

auto marker_ptr = boost::make_shared<std::vector<unsigned char>>();

problem_manager—>markDofs(simpleInterface->getProblemName(), ROW,
skin_edges, xmarker_ptr);

CHKERR solveSystem();

CHKERR outputResults();
CHKERR checkResults();
MoFEMFunctionReturn(9);

return marker_ptr;

auto remove_dofs_from _problem = [&](Range &&skin_edges) { \
MoFEMFunctionBegin; ]
auto problem_manager = mField.getInterface<ProblemsManager>(); H
CHKERR problem_manager—>removeDostnEnFitiesi._- !
i

]

I

7

44mpleln$emface->get9xoblemNamei4,,"P_IMAG",:skin_edges, e, 1)
MoFEMFunctionReturn(0); Ve !

boundaryMarker_=_mark_boundary_dofs(get_ents_on_mesh_skin());

MoFEMFunctionReturn(0);

}



8= Implementation

mofem.eng.gla.ac.uk
MoFEMErrorCode Example::assembleSystem() {
MoFEMFunctionBegin;
PipelineManager *pipeline_mng = mField.getInterface<PipelineManager>();

MoFEMErrorCode Example::runProblem() {
MoFEMFunctionBegin;
CHKERR readMesh();
CHKERR setupProblem();

double k = 90;

CHKERR PetscOptionsGetScalar(PETSC_NULL, "", "-k", &k, PETSC_NULL);
auto beta = [](const double, const double, const double) { return -1; };
auto k2 [kl (const double, const double, const double) { return pow(k, 2); };
auto kp [kl (const double, const double, const double) { return k; };

auto km = [k] (const double, const double, const double) { return -k; };

auto integration_rule = [](int, int, int p_data) { return 2 % p_data; };

CHKERR o 1VaSystem)T———"
CHKERR outputResults();
CHKERR checkResults();
MoFEMFunctionReturn(@);

auto set_domain = [&]() {
<. . >
I H

auto set_boundary = [&]() {
<, &« >
I H

CHKERR set_domain();
CHKERR set_boundary();

MoFEMFunctionReturn(0);
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auto beta = [](const double, const double, const double) { return -1; };

auto k2 [k] (const double, const double, const double) { return pow(k, 2); };
auto kp [kl (const double, const double, const double) { return k; };

auto km [kl (const double, const double, const double) { return —-k; };

auto integration_rule = [](int, int, int p_data) { return 2 * p_data; };

auto set_domain = [&]() {
MoFEMFunctionBegin;
pipeline_mng-getOpbomainLhsPipe [Ine#push-backt _ . InvJacH1ForFace
new OpCalculateInvJacForFace(inviac)); getOpDomainLhsPipeline
pipeline_mng->getOpDomainLhsPipeline().push_back( OpSetBe
new OpSetInvlacHlForFace(invJac)); P

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpSetBc("P_REAL", true, boundaryMarker));

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_REAL", "P_REAL", beta));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_IMAG", "P_IMAG", beta));

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_REAL", "P_REAL", k2));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_IMAG", "P_IMAG", k2));

pipeline_mng->getOpDomainLhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

CHKERR pipeline_mng->setDomainLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(®);
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auto beta = [](const double, const double, const double) { return -1; };

auto k2 [k] (const double, const double, const double) { return pow(k, 2); };
auto kp [kl (const double, const double, const double) { return k; };

auto km [kl (const double, const double, const double) { return —-k; };

auto integration_rule = [](int, int, int p_data) { return 2 * p_data; };

auto set_domain = [&]() {
MoFEMFunctionBegin; J_ 1
pipeline.mng=>getQpDomainl hsPipeline().push_back(
new{OpCalculateIanacForFace}Tnv3atﬁﬁ,
pipeline Tmng->getOpDomainlhsPipeline().push_back(
new OpSetInvlacHlForFace(invJac));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpSetBc(”P_REAL", true, boundaryMarker));

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_REAL", "P_REAL", beta));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_IMAG", "P_IMAG", beta));

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_REAL", "P_REAL", k2));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_IMAG", "P_IMAG", k2));

pipeline_mng->getOpDomainLhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

CHKERR pipeline_mng->setDomainLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(®);

o
0X;
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auto beta = [](const double, const double, const double) { return -1; };

auto k2 [k] (const double, const double, const double) { return pow(k, 2); };
auto kp [kl (const double, const double, const double) { return k; };

auto km [kl (const double, const double, const double) { return —-k; };

auto integration_rule = [](int, int, int p_data) { return 2 * p_data; };

auto set_domain = [&]() {
MoFEMFunctionBegin;
pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpCalculateInvJacForFace(invlac));

(Vo);

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpSetBc(”P_REAL", true, boundaryMarker));

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_REAL", "P_REAL", beta));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_IMAG", "P_IMAG", beta));

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_REAL", "P_REAL", k2));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_IMAG", "P_IMAG", k2));

pipeline_mng->getOpDomainLhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

CHKERR pipeline_mng->setDomainLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(®);

_ 0 0%
- 96 0X;
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auto beta = [](const double, const double, const double) { return -1; };

auto k2 [k] (const double, const double, const double) { return pow(k, 2); };
auto kp [kl (const double, const double, const double) { return k; };

auto km [kl (const double, const double, const double) { return —-k; };

auto integration_rule = [](int, int, int p_data) { return 2 * p_data; };

auto set_domain = [&]() {
MoFEMFunctionBegin;
pipeline_mng->getOpDomainLhsPipeline(),push_back(
new OpCalculateInvlacForFace

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpSetBc(”P_REAL", true, boundaryMarker));

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_REAL", "P_REAL", beta));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_IMAG", "P_IMAG", beta));

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_REAL", "P_REAL", k2));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_IMAG", "P_IMAG", k2));

pipeline_mng->getOpDomainLhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

CHKERR pipeline_mng->setDomainLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(®);

_ 09 0%
- 960X
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auto beta = [](const double, const double, const double) { return -1; };

auto k2 [k] (const double, const double, const double) { return pow(k, 2); };
auto kp [kl (const double, const double, const double) { return k; };

auto km [kl (const double, const double, const double) { return —-k; };

auto integration_rule = [](int, int, int p_data) { return 2 * p_data; };

auto set_domain = [&]() {
MoFEMFunctionBegin;
pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpCalculateInvlacForFace(invJac));
pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpSetInvlacHlForFace(invJac));

pipeline mng—>getOpDomainLhsPipeline().push _back(
new I0pSetBc(”P_REAL' rue, boundaryMarker)D7 _Re
pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_REAL", "P_REAL", beta));
pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_IMAG", "P_IMAG", beta)); 11
2

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_REAL", "P_REAL", k2));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_IMAG", "P_IMAG", k2));

pipeline_mng->getOpDomainLhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

CHKERR pipeline_mng->setDomainLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(®);

16
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auto beta = [](const double, const double, const double) { return -1; }; using OpDomainGradGrad =

auto k2 = [k](const double, const double, const double) { return pow(k, 2); }; FormsIntegrators<DomainEleOp>::Assembly<

auto kp [kl (const double, const double, const double) { return k; }; PETSC>::BilLinearForm<GAUSS>::0pGradGrad<l, 1, 2>;
auto km [k]l (const double, const double, const double) { return —-k; };

auto integration_rule = [](int, int, int p_data) { return 2 * p_data; };

auto set_domain = [&]() {
MoFEMFunctionBegin;
pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpCalculateInvlacForFace(invJac));
pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpSetInvlacHlForFace(invJac));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpSetBc(”P_REAL", true, boundaryMarker));

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainG -2 REAl-t' — 2P REAIS ~Beti) fpmmmm mm - ————————————
mainLhsPipeline().push_back(
new OpDomainGradGrad(”P_IMAG", "P_IMAG", beta));

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_REAL", "P_REAL", k2));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_IMAG", "P_IMAG", k2));

pipeline_mng—>getOpDomainLhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

CHKERR pipeline_mng—>setDomainLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(®);
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auto beta = [](const double, const double, const double) { return -1; };

auto k2 [k] (const double, const double, const double) { return pow(k, 2); };
auto kp [kl (const double, const double, const double) { return k; };

auto km [kl (const double, const double, const double) { return —-k; };

auto integration_rule = [](int, int, int p_data) { return 2 * p_data; };

using OpDomainGradGrad =

FormsIntegrators<DomainEleOp>::Assembly<
PETSC>::BilLinearForm<GAUSS>::0pGradGrad<l, 1, 2>;

auto set_domain = [&]() {
MoFEMFunctionBegin;
pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpCalculateInvlacForFace(invJac));
pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpSetInvlacHlForFace(invJac));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpSetBc(”P_REAL", true, boundaryMarker));

mal}rz\'l_'hsF’lpe'llne'ﬂ pus'h Bac'k'( _/qubzvqudﬂ

new OpDomalnGradGrad("P_IMAG" "P_IMAG", beta));

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_REAL", "P_REAL", k2));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_IMAG", "P_IMAG", k2));

pipeline_mng->getOpDomainLhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

CHKERR pipeline_mng->setDomainLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(®);

18




Implementation

[kl (const double, const double, const double) { return k; };
auto km = [k]l(const double, const double, const double) { return -k; };
auto integration_rule = [](int, int, int p_data) { return 2 * p_data; };

1

auto set_domain = [&]1() {
MoFEMFunctionBegin; :
pipeline_mng—>get0pDomainthPipeline().push_bacq
new OpCalculateInvlacForFace(invJac)); I
pipeline_mng—>getOpDomainLhsPipeline().push_bacK(
new OpSetInvlacHlForFace(invJac)); :

1
pipeline_mng—>getOpDomainLhsPipeline().push_bacK(
new OpSetBc(”P_REAL", true, boundaryMarker)k;

pipeline_mng—>get0pDomainthPipeline().push_bqgﬁ(

new OpDomainGradGrad(”P_REAL", "P_REAL", [DET21) s jm m m mm mm o o o o o
pipeline_mng->getOpDomainLhsPipeline().push_back(

new OpDomainGradGrad(”P_IMAG", "P_IMAG", beta));

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_REAL", "P_REAL", k2));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_IMAG", "P_IMAG", k2));

pipeline_mng—>getOpDomainLhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

CHKERR pipeline_mng—>setDomainLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(®);

using OpDomainGradGrad =

FormsIntegrators<DomainEleOp>::Assembly<
PETSC>::BilLinearForm<GAUSS>::0pGradGrad<l, 1, 2>;

- fﬂ V; VA0
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auto beta = [](const double, const double, const double) { return -1; };

auto k2 [k] (const double, const double, const double) { return pow(k, 2); };
auto kp [kl (const double, const double, const double) { return k; };

auto km [kl (const double, const double, const double) { return —-k; };

auto integration_rule = [](int, int, int p_data) { return 2 * p_data; };

using OpDomainGradGrad =

FormsIntegrators<DomainEleOp>::Assembly<
PETSC>::BilLinearForm<GAUSS>::0pGradGrad<l, 1, 2>;

auto set_domain = [&]() {
MoFEMFunctionBegin;
pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpCalculateInvlacForFace(invJac));
pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpSetInvlacHlForFace(invJac));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpSetBc(”P_REAL", true, boundaryMarker));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_REAL", "P_REAL", beta));

_ new Oppon
" hew Gabona tnoraderag ("p_THAG", B / ViV, dQ
0

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_REAL", "P_REAL", k2));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_IMAG", "P_IMAG", k2));

pipeline_mng->getOpDomainLhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

CHKERR pipeline_mng->setDomainLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(®);

20
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auto beta = [](const double, const double, const double) { return -1; }; using OpDomainMass =

auto k2 = [k](const double, const double, const double) { return pow(k, 2); }; FormsIntegrators<DomainEleOp>::Assembly<

auto kp [kl (const double, const double, const double) { return k; }; PETSC>::BilLinearForm<GAUSS>::0OpMass<1, 1>;
auto km [k]l (const double, const double, const double) { return —-k; };

auto integration_rule = [](int, int, int p_data) { return 2 * p_data; };

auto set_domain = [&]() {
MoFEMFunctionBegin;
pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpCalculateInvlacForFace(invJac));
pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpSetInvlacHlForFace(invJac));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpSetBc(”P_REAL", true, boundaryMarker));

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_REAL", "P_REAL", beta));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_IMAG", "P_IMAG", beta));

pipeline _mng—>getOpDomainLhsPipeline().push_back(
new fapDoma inMass g-"P:P.E.A-Li r=R=REAL" - 23 )5

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_IMAG", "P_IMAG", k2));

pipeline_mng—>getOpDomainLhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

CHKERR pipeline_mng—>setDomainLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(®);
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auto beta = [](const double, const double, const double) { return -1; };

auto k2 [k] (const double, const double, const double) { return pow(k, 2); };
auto kp [kl (const double, const double, const double) { return k; };

auto km [kl (const double, const double, const double) { return —-k; };

auto integration_rule = [](int, int, int p_data) { return 2 * p_data; };

using OpDomainMass =

FormsIntegrators<DomainEleOp>::Assembly<
PETSC>::BiLinearForm<GAUSS>: :0pMass<1l, 1>;

auto set_domain = [&]() {
MoFEMFunctionBegin;
pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpCalculateInvlacForFace(invJac));
pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpSetInvlacHlForFace(invJac));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpSetBc(”P_REAL", true, boundaryMarker));

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_REAL", "P_REAL", beta));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_IMAG", "P_IMAG", beta));

pipeline_mng->getOpDomainLhsPipeline().push back(

new @)DomainMass("P_REAL“ RN ,__k_2:ﬂ-)-:- kz ¢ . ¢ dQ
pipeline_ _mng=>getOpDomainlhsPipeline (). push_back( Y]
new OpDomainMass(”P_IMAG", "P_IMAG", k2)); Q

pipeline_mng->getOpDomainLhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

CHKERR pipeline_mng->setDomainLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(®);
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k, 2); il
» cdnst double] { return ki ;T
auto km = [k]l(const double, const double, canst double) { return -k; };
auto integration_rule = []1(int, int, int p_data) { return 2 % p_data; };
1

auto set_domain = [&]1() { I
MoFEMFunctionBegin; -
pipeline_mng->getOpDomainLhsPipeline().push_back(

new OpCalculateInvJacForFace(invJac));
pipeline_mng—>get0pDomainthPipeline().pu%h_back(
new OpSetInvlacHlForFace(invJac)); :

pipeline_mng—>get0pDomainthPipeline().pu;h_back(
new OpSetBc(”P_REAL", true, boundaryMarker));
|

pipeline_mng—>get0pDomainthPipeline().puéh_back(
new OpDomainGradGrad(”P_REAL", "P_REAL", beta));
pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_IMAG", "P_IMAG", beta));
i

pipeline_mng—>get0pDomainthPipeline().gughﬁback(
new OpDomainMass("”P_REAL", "P_REAL"} k2)&;-

pipeline_mng—>getOpDomainLhsPipeline().push_ _back(
new OpDomainMass(”P_IMAG", "P_IMAG", k2));

pipeline_mng—>getOpDomainLhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

CHKERR pipeline_mng—>setDomainLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(®);

using OpDomainMass =

FormsIntegrators<DomainEleOp>::Assembly<
PETSC>::BiLinearForm<GAUSS>: :0pMass<1l, 1>;

k? /ﬂ b;p;dQ
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auto beta = [](const double, const double, const double) { return -1; };

auto k2 [k] (const double, const double, const double) { return pow(k, 2); };
auto kp [kl (const double, const double, const double) { return k; };

auto km [kl (const double, const double, const double) { return —-k; };

auto integration_rule = [](int, int, int p_data) { return 2 * p_data; };

using OpDomainMass =

FormsIntegrators<DomainEleOp>::Assembly<
PETSC>::BiLinearForm<GAUSS>: :0pMass<1l, 1>;

auto set_domain = [&]() {
MoFEMFunctionBegin;
pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpCalculateInvlacForFace(invJac));
pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpSetInvlacHlForFace(invJac));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpSetBc(”P_REAL", true, boundaryMarker));

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_REAL", "P_REAL", beta));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_IMAG", "P_IMAG", beta));

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_REAL", "P_REAL", k2));
pipeline_mng—>getOpDomainLhsPipeline().push_back(

new ['OpDomainMas-sT”FT_-IT'IT\E", "B _IMAG", K2)ls k-2/ ¢z¢jdﬂ
Q

pipeline_mng->getOpDomainLhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

CHKERR pipeline_mng->setDomainLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(®);
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auto beta = [](const double, const double, const double) { return -1; }; using OpDomainMass =

auto k2 = [k](const double, const double, const double) { return pow(k, 2); }; FormsIntegrators<DomainEleOp>::Assembly<

auto kp [kl (const double, const double, const double) { return k; }; PETSC>::BilLinearForm<GAUSS>::0OpMass<1, 1>;
auto km [k]l (const double, const double, const double) { return —-k; };

auto integration_rule = [](int, int, int p_data) { return 2 * p_data; };

auto set_domain = [&]() {
MoFEMFunctionBegin;
pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpCalculateInvlacForFace(invJac));
pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpSetInvlacHlForFace(invJac));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpSetBc(”P_REAL", true, boundaryMarker));

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_REAL", "P_REAL", beta));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainGradGrad(”P_IMAG", "P_IMAG", beta));

pipeline_mng—>getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_REAL", "P_REAL", k2));

pipeline_mng->getOpDomainLhsPipeline().push_back(
new OpDomainMass(”P_IMAG", "P_IMAG", k2));

CHKERR pipeline_mng—>setDomainLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(®);
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auto beta = [](const double, const double, const double) { return -1; };
auto k2 [k] (const double, const double, const double) { return pow(k, 2); };
auto kp [kl (const double, const double, const double) { return k; };
auto km [kl (const double, const double, const double) { return —-k; };
auto integration_rule = [](int, int, int p_data) { return 2 * p_data; };
auto iset_boundary T
MoFEMFunctIonBegin;
pipeline_mng->getOpBoundaryLhsPipeline().push_back(
new OpSetBc(”P_REAL", true, boundaryMarker));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(
new OpBoundaryMass(”P_IMAG", "P_REAL", kp));
pipeline_mng—>getOpBoundaryLhsPipeline().push_back(
new OpBoundaryMass(”P_REAL", "P_IMAG", km)):
pipeline_mng—>getOpBoundaryLhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

pipeline_mng->getOpBoundaryLhsPipeline().push_back(
new OpSetBc(”P_REAL", false, boundaryMarker));

pipeline_mng->getOpBoundaryLhsPipeline().push_back(
new OpBoundaryMass(”P_REAL", "P_REAL", beta)); 11
pipeline_mng->getOpBoundaryLhsPipeline().push_back(new OpUnSetBc("”P_REAL")); 1

pipeline_mng—>getOpBoundaryRhsPipeline().push_back(
new OpSetBc(”P_REAL", false, boundaryMarker));

pipeline_mng->getOpBoundaryRhsPipeline().push_back(
new OpBoundarySource(”P_REAL", beta));

pipeline_mng->getOpBoundaryRhsPipeline().push_back(new OpUnSetBc(”P_REAL")); R

CHKERR pipeline_mng->setDomainRhsIntegrationRule(integration_rule); I1
CHKERR pipeline_mng->setBoundaryLhsIntegrationRule(integration_rule); 2
MoFEMFunctionReturn(@); ;2(3
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auto beta = [](const double, const double, const double) { return -1; };

auto k2 [k] (const double, const double, const double) { return pow(k, 2); };
auto kp [kl (const double, const double, const double) { return k; };

auto km [kl (const double, const double, const double) { return —-k; };

auto integration_rule = [](int, int, int p_data) { return 2 * p_data; };

OpSetBc
auto set_boundary = [&] () { getOpBoundaryLhsPipeline
OpBoundaryMass

pipeline_mng->getOpBoundaryLhsPipeline().push_back(

new OpBoundaryMass(”P_IMAG", "P_REAL", kp));
pipeline_mng—>getOpBoundaryLhsPipeline().push_back(

new OpBoundaryMass(”P_REAL", "P_IMAG", km)):
pipeline_mng—>getOpBoundaryLhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

pipeline_mng—>getOpBoundaryLhsPipeline().push_back(
new OpSetBc(”P_REAL", false, boundaryMarker));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(
new OpBoundaryMass(”P_REAL", "P_REAL", beta));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(new OpUnSetBc("”P_REAL"));
OpSetBc

getOpBoundaryRhsPipeline

pipeline_mng—>getOpBoundaryRhsPipeline().push_back( OpBoundarySource
new OpBoundarySource(”P_REAL", beta));
pipeline_mng—>getOpBoundaryRhsPipeline().push_back(new OpUnSetBc("”P_REAL"));

CHKERR pipeline_mng->setDomainRhsIntegrationRule(integration_rule);
CHKERR pipeline_mng->setBoundaryLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(@);




Implementation
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beta = [1(const double, const double, const double) { return -1; };
auto = [kl (const double, const double, const double) { return pow(k, 2);
auto = [kl (const double, const double, const double) { return k; };
auto = [kl (const double, const double, const double) { return -k; };
auto 1ntegratlon_rule = [1(int, int, int p_data) { return 2 x p_data; };

}: using OpBoundaryMass =
FormsIntegrators<EdgeEleOp>::Assembly<
PETSC>::BilLinearForm<GAUSS>: :0pMass<1, 1>;

auto set_boundary = [&]() {
MoFEMFunctionBegin;
pipeline_mng->getOpBoundaryLhsPipeline().push_back(
new OpSetBc(”P_REAL", true, boundaryMarker));
pipeline mng=2get0pRoupdaryLhsPipeline().push_back(
new'OpBoundaryMass?."P IMAGE . \P_ REALY . —kp)d &
plpellne-mngusgetﬁpﬁuuﬁdarthsPlpellne().push back(
new OpBoundaryMass(”P_REAL", "P_IMAG", km)):
pipeline_mng—>get0pBoundarthsPipeline().push_back(new OpUnSetBc(”P_REAL") ) ;

pipeline_mng—>getOpBoundaryLhsPipeline().push_back(

new OpSetBc(”P_REAL", false, boundaryMarker));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(

new OpBoundaryMass(”P_REAL", "P_REAL", beta));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(new OpUnSetBc("”P_REAL"));

pipeline_mng—>getOpBoundaryRhsPipeline().push_back(

new OpSetBc(”P_REAL", false, boundaryMarker));
pipeline_mng->get0OpBoundaryRhsPipeline().push_back(

new OpBoundarySource(”P_REAL", beta));
pipeline_mng—>getOpBoundaryRhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

CHKERR pipeline_mng—>setDomainRhsIntegrationRule(integration_rule);
CHKERR pipeline_mng—>setBoundaryLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(@);
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beta = [](const double, const double, const double) { return -1; };
auto k2 = [k]l(const double, const double, const double) { return pow(k, 2); };
auto kp [kl (const double, const double, const double) { return k; };
auto km = [kl (const double, const double, const double) { return -k; };
auto integration_rule = []1(int, int, int p_data) { return 2 x p_data; };

auto set_boundary = [&]() {
MoFEMFunctionBegin;
pipeline_mng->getOpBoundaryLhsPipeline().push_back(
new OpSetBc(”P_REAL", true, boundaryMarker));
pipeline mng=>geiOpRoundarylhsPipelinel).push back(
newlOpBoundaryMass(”P_IMAG", "P_REAL", kp)i
pipe1iné:mng">get0pﬁuundarythsPipe{ine+i1push:back(
new OpBoundaryMass(”P_REAL", "P_IMAG", km)):
pipeline_mng—>getOpBoundaryLhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

pipeline_mng—>getOpBoundaryLhsPipeline().push_back(

new OpSetBc(”P_REAL", false, boundaryMarker));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(

new OpBoundaryMass(”P_REAL", "P_REAL", beta));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(new OpUnSetBc("”P_REAL"));

pipeline_mng—>getOpBoundaryRhsPipeline().push_back(

new OpSetBc(”P_REAL", false, boundaryMarker));
pipeline_mng->getOpBoundaryRhsPipeline().push_back(

new OpBoundarySource(”P_REAL", beta));
pipeline_mng—>getOpBoundaryRhsPipeline().push_back(new OpUnSetBc("”P_REAL"));

CHKERR pipeline_mng->setDomainRhsIntegrationRule(integration_rule);
CHKERR pipeline_mng->setBoundaryLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(@);

using OpBoundaryMass =

FormsIntegrators<EdgeEleOp>::Assembly<
PETSC>::BilLinearForm<GAUSS>: :0pMass<1, 1>;

k| vip;dly

I'y
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auto beta = [](const double, const double, const double) { return -1; };
to k2 _=_[kl(const _double. const double. const double) { _return pow(k, 2); }
jauto kp = [kl (const double, const double, const double) { return k; };I
300 Km = TRT(const oub Te, " constdoubtle, Tonst double) L Teturh =K}
auto integration_rule = [1(int, int, int p_datd) { return 2 x p_data;
I
auto set_boundary = [&]() { i
MoFEMFunctionBegin; '
pipeline_mng->getOpBoundaryLhsPipeline(). puah back(
new OpSetBc(”P_REAL", true, boundaryMarﬂer))
pipeline_mng—>getOpBoundaryLhsPipeline(). ~back(
new OpBoundaryMass(”P_IMAG", "P REAL"Eui:V }C Tz;.qb ‘C111
pipeline_ mng—>get0pBoundarthsPlpellne().pu§h back( (] 1
new OpBoundaryMass(”P_REAL", "P_IMAG", km)); I'y
pipeline_mng—>get0pBoundarthsPipeline().push_back(new OpUnSetBc(”P_REAL") ) ;

using OpBoundaryMass =

FormsIntegrators<EdgeEleOp>::Assembly<
PETSC>::BilLinearForm<GAUSS>: :0pMass<1, 1>;

pipeline_mng—>getOpBoundaryLhsPipeline().push_back(

new OpSetBc(”P_REAL", false, boundaryMarker));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(

new OpBoundaryMass(”P_REAL", "P_REAL", beta));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(new OpUnSetBc("”P_REAL"));

pipeline_mng—>getOpBoundaryRhsPipeline().push_back(

new OpSetBc(”P_REAL", false, boundaryMarker));
pipeline_mng->get0OpBoundaryRhsPipeline().push_back(

new OpBoundarySource(”P_REAL", beta));
pipeline_mng—>getOpBoundaryRhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

CHKERR pipeline_mng—>setDomainRhsIntegrationRule(integration_rule);
CHKERR pipeline_mng—>setBoundaryLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(@);
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beta = [](const double, const double, const double) { return -1; };
auto k2 = [k]l(const double, const double, const double) { return pow(k, 2); };
auto kp [kl (const double, const double, const double) { return k; };
auto km = [kl (const double, const double, const double) { return -k; };
auto integration_rule = []1(int, int, int p_data) { return 2 x p_data; };

auto set_boundary = [&]() {
MoFEMFunctionBegin;
pipeline_mng->getOpBoundaryLhsPipeline().push_back(
new OpSetBc(”P_REAL", true, boundaryMarker));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(
new OpBoundaryMass(”P_IMAG", "P_REAL", kp));
pipeling -wg=agetQpBoundarykhsRipe Linel ) pushback(
new:OpBoundaryMass("P_REAL“, "P_IMAG", km)ﬁr
pipeline=MTd=~SgETUPBOIHUATYLhS PIPE LIRS () PoTsh-back (new OpUnSetBc(”P_REAL"));

pipeline_mng—>getOpBoundaryLhsPipeline().push_back(

new OpSetBc(”P_REAL", false, boundaryMarker));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(

new OpBoundaryMass(”P_REAL", "P_REAL", beta));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(new OpUnSetBc("”P_REAL"));

pipeline_mng—>getOpBoundaryRhsPipeline().push_back(

new OpSetBc(”P_REAL", false, boundaryMarker));
pipeline_mng->getOpBoundaryRhsPipeline().push_back(

new OpBoundarySource(”P_REAL", beta));
pipeline_mng—>getOpBoundaryRhsPipeline().push_back(new OpUnSetBc("”P_REAL"));

CHKERR pipeline_mng->setDomainRhsIntegrationRule(integration_rule);
CHKERR pipeline_mng->setBoundaryLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(@);

using OpBoundaryMass =

FormsIntegrators<EdgeEleOp>::Assembly<
PETSC>::BilLinearForm<GAUSS>: :0pMass<1, 1>;

—k [ ¢ip;dly

I'y
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auto beta = [](const double, const double, const double) { return -1; };

auto k2 = [k]l(const double, const double, const double) { return pow(k, 2); };
Auto kp_=_[kl(consi_double, counst douhle. const double) { _return ki }i

lauto km [kl (const double, const double, const doubl

Sute” nﬁegr&iﬁﬁ?ﬂTE‘:TTruﬁT'ﬁﬁT'ﬂﬁT'WﬁﬁaT-F?Eﬂﬂﬁ'Z:F' “dataj fr

using OpBoundaryMass =

FormsIntegrators<EdgeEleOp>::Assembly<
PETSC>::BilLinearForm<GAUSS>: :0pMass<1, 1>;

auto set_boundary = [&]() { :
MoFEMFunctionBegin;
pipeline_mng->getOpBoundaryLhsPipeline(). puéh back(
new OpSetBc(”P_REAL", true, boundaryMarHer))
pipeline_mng->getOpBoundaryLhsPipeline().push_back(
new OpBoundaryMass(”P_IMAG", "P_REAL", Kp));
pipeline_mng->getOpBoundaryLhsPipeline().push=back(

new OpBoundaryMass(”P_REAL", "P_IMAG"] km)iry ___lc qb.ql;.(lljl
pipeline_| mng—>get0pBoundarthsPlpellne() ﬁﬁiﬁ “back(new OpUnSetBc(”P_REAL")); r ty]
1

pipeline_mng—>getOpBoundaryLhsPipeline().push_back(

new OpSetBc(”P_REAL", false, boundaryMarker));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(

new OpBoundaryMass(”P_REAL", "P_REAL", beta));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(new OpUnSetBc("”P_REAL"));

pipeline_mng—>getOpBoundaryRhsPipeline().push_back(

new OpSetBc(”P_REAL", false, boundaryMarker));
pipeline_mng->get0OpBoundaryRhsPipeline().push_back(

new OpBoundarySource(”P_REAL", beta));
pipeline_mng—>getOpBoundaryRhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

CHKERR pipeline_mng—>setDomainRhsIntegrationRule(integration_rule);
CHKERR pipeline_mng—>setBoundaryLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(@); :3;2
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beta = [](const double, const double, const double) { return -1; }; )
auto k2 = [k](const double, const double, const double) { return pow(k, 2); }; using OpBoundarySource =
auto kp [kl (const double, const double, const double) { return k; }; FormsIntegratqrs<EdgeEle0p>::Assemb1y<
auto km = [k](const double, const double, const double) { return —k; }; PETSC>::LinearForm<GAUSS>::0pSource<l, 1>;
auto integration_rule = []1(int, int, int p_data) { return 2 x p_data; };

auto set_boundary = [&]() {

MoFEMFunctionBegin;
pipeline_mng->getOpBoundaryLhsPipeline().push_back(

new OpSetBc(”P_REAL", true, boundaryMarker));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(

new OpBoundaryMass(”P_IMAG", "P_REAL", kp));
pipeline_mng—>getOpBoundaryLhsPipeline().push_back(

new OpBoundaryMass(”P_REAL", "P_IMAG", km)):
pipeline_mng—>getOpBoundaryLhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

pipeline_mng—>getOpBoundaryLhsPipeline().push_back(

new OpSetBc(”P_REAL", false, boundaryMarker));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(

new OpBoundaryMass(”P_REAL", "P_REAL", beta));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(new OpUnSetBc("”P_REAL"));

pipeline_mng—>getOpBoundaryRhsPipeline().push_back(
new OpSetBc(”P_REAL", false, boundaryMarker));

pipeline_mng->getOpBoundaryRhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

CHKERR pipeline_mng->setDomainRhsIntegrationRule(integration_rule);
CHKERR pipeline_mng->setBoundaryLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(@);
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beta = [1(const double, const double, const double) { return -1; };
auto = [kl (const double, const double, const double) { return pow(k, 2); };
auto = [kl (const double, const double, const double) { return k; };
auto = [kl (const double, const double, const double) { return -k; };
auto 1ntegratlon_rule = [1(int, int, int p_data) { return 2 x p_data; };

using OpBoundarySource =

FormsIntegrators<EdgeEleOp>::Assembly<
PETSC>::LinearForm<GAUSS>: :0pSource<l, 1>;

auto set_boundary = [&]() {

MoFEMFunctionBegin;
pipeline_mng->getOpBoundaryLhsPipeline().push_back(

new OpSetBc(”P_REAL", true, boundaryMarker));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(

new OpBoundaryMass(”P_IMAG", "P_REAL", kp));
pipeline_mng—>getOpBoundaryLhsPipeline().push_back(

new OpBoundaryMass(”P_REAL", "P_IMAG", km)):
pipeline_mng—>getOpBoundaryLhsPipeline().push_back(new OpUnSetBc(”P_REAL"));

pipeline_mng—>getOpBoundaryLhsPipeline().push_back(

new OpSetBc(”P_REAL", false, boundaryMarker));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(

new OpBoundaryMass(”P_REAL", "P_REAL", beta));
pipeline_mng->getOpBoundaryLhsPipeline().push_back(new OpUnSetBc("”P_REAL"));

pipeline_mng—>getOpBoundaryRhsPipeline().push_back(
new OpSetBc(”P_REAL", false, boundaryMarker));
pipeline.-nhg==getQpBoundaryRhsPipelinel).push_back(
newlOpBoundarySource("P REAL", beta))h - @bi(iljl
plpellne'mﬂprsgeTUpBGUﬂﬂarthsPIveitne(ﬂ'push back(new OpUnSetBc(”P_REAL")); r
1

CHKERR pipeline_mng—>setDomainRhsIntegrationRule(integration_rule);
CHKERR pipeline_mng—>setBoundaryLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(@);
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fauto beta = [1(const double, const double, const double) { return -1; }”
Tauto k2 = ﬁJTaﬁEfTﬁmBTE:EamﬁfHoﬂﬂeTTEﬁEFTEuEﬁﬂ {WQEGHTBEJHF'Z)
auto kp = [k](const double, const double; const double) { return k; };
auto km = [kl (const double, const double| const double) { return -k; },
auto integration_rule = [](int, int, int:p_data) { return 2 % p_data; };
1
auto set_boundary = [&]() { :
MoFEMFunctionBegin;
pipeline_| mng—>get0pBoundarthsPlpellné() push_back(
new OpSetBc(”P_REAL", true, bounddryMarker));
pipeline_mng—>get0pBoundarthsPipelin () .push_back(
new OpBoundaryMass(”P_IMAG", "P_RQAL", kp));
pipeline_mng—>getOpBoundaryLhsPipeline().push_back(
new OpBoundaryMass(”P_REAL", "P_IMAG", km));
pipeline_mng—>get0pBoundarthsPipelin%().push_back(new OpUnSetBc(”P_REAL") ) ;

I
pipeline_mng—>get0pBoundarthsPipelini().push_back(

new OpSetBc(”P_REAL", false, boundaryMarker));
pipeline_mng->getOpBoundaryLhsPipeling().push_back(

new OpBoundaryMass(”P_REAL", "P_REAL", beta));
pipeline_| mng—>get0pBoundarthsPlpellné() push_ back(new OpUnSetBc("”P_REAL"));

plpellne_mng—>get0pBoundarthsPlpellne().push_back(
new OpSetBc(”P_REAL", false, boundaryMarker));
pipeline_| mng—>get0pBoundarthsP1peLLn64) push_back(
new OpBoundarySource(”P_REAL", 'betaﬂJ,
pipeline_| mng—>getOpBoundarthsPlpetinE() push_back(new OpUnSetBc(”P_REAL"));

CHKERR pipeline_mng->setDomainRhsIntegrationRule(integration_rule);
CHKERR pipeline_mng->setBoundaryLhsIntegrationRule(integration_rule);
MoFEMFunctionReturn(@);

using OpBoundarySource =

FormsIntegrators<EdgeEleOp>::Assembly<
PETSC>::LinearForm<GAUSS>: :0pSource<l, 1>;

— | hdIy
'y
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Meshes used
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Coarse Moderate Fine
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Influence of order choice
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For all results: k = 180, coarse mesh

order = 1 order =2 order =3

In‘rensrry
0.0e+00 0.5 1 3.6e+00

- — |

order =4
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Influence of k
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For all results: order = 8, coarse mesh

k=90 k=180 k = 360 k=720

- e _§

Intensity k = 90 Intensity k = 180 Intensit k =360 Intensity k =720
0.0e+001 2.5e+00 0.0e+00 23.5e+00 0.0e+00 4.8e+00 0.0e+00  6.8e+00
- | | |
L F e F e B
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Mesh density influence
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For all results: k=720, order = 8

coarse mesh medium mesh

Intensity k =720
00e+00 2 3 4 5 6.8e+00

fine mesh
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For: k=180, order = 8, fine mesh

Wave propagation in post-processing

P(x,t) = pR®cos(wt) + p"™sin(wt)
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Summary
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Solution of the Helmholtz problem

Example of how to treat two fields in MoFEM

Pushing Form Integrator in pipelines

Influence of h- and p- refinement
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