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Lambda functions pi : M
.

Pl ( # include ccmath > )

aubofunc =[&gLobaNar]Cintx){returnglobalvortx; } ; sing
,

expll ,ccs( 1. absl )

Evallamda functions Max coefficient +  index
X. Unaryexprlfunc ) ; into index ; doablemax . v. maxcoetfllindexli

Iterate 2921,22
, ...

for ( int.i=O
,

icrftti ) into n= 1< < i ; Linspaced Vector for 191,2 . .im

:(
N 't

,
0

,
N )

Vectorldx -
Vectaxd : : Linspacedllen ,

from ,to )

ratrixdmensngnsarow

, ,
... µ )

arragxdx .

Arraoxdiilnsracqdn.tl?.adetnoormm.4mnu

,Aismxn
n= A. cdsc ) EPS

double eps
=sLd : : numeric

.

limits < double ) :

:@
psrlonll ;

Solve A×=b
pretty print

→
FUHPIRLUC hat

.ir/d)B=A.fallPNluC)i
std : ;cout<<stdi : scientific < < stdiisetprecisronlDc <

Stdiisetwkcf

use
if A  is # include ciomanip >

yPobialPNLU<rabixXd>D=A. porbialpivlull ; inedible
4 out < < std : :  endli

Colpnltouseholderoabixxd , D=

t.com#usehdderQr4isLructs

Fail
. . A.faith. . . struct data

.

t {
Triangular Viewctlabrixxd

,
Upper > D= A. triangular View < Upper ) ( li

dafatkonsffes . tlfespace ,
Vector -t&UOi

Lower Lower

tYpedeAErgeniiSparseLUcErgeniiSporserafrindoubleosolv@r.t; numeric .tt ) : feslfespace) , UOCUO )
,

tault ) { }
solvent solver ;

solver
. compute (A) ;

Coord . tvkonstcoord .tl/Yconsb {

Vectorxdb = D. solve ( b) ;
return ( coord.EC ) < < 1. Ztxlo ) ) . finished ;

}
Ctt vectors const fees

.

b& fes ;

stdiivectorcint > v ;
V. push .

back ( 44 :

intm=v[o ] ;
Vector .tl UO ;

Std : :sorb( v. begin ,
v. endllli numeric

.
ttau ;

v. sized ;
" Pop '

back ' "
} data ( foes

,
UO

,
0.1 ) ;

(needs # include < algorithms )

daba.U0supdat@Cdaba.UCtihapcVectorXdsmyNewErgenVectorlv.dataH.r.size4liVedrorcdoablesV2Cmat.data4.mat.data4tmat.rowsC1Amat.cols41iforkeuboitev.beginHiitHv.end

Clinic ){coub<< * it  < < endl ;}

for ( auto t : r ) [ Coutu tccendl ; 3

Triplets
t.rowyt.edu#.ralue4ErgeniiTriplet(

double > tl 3.4.42 )i

Sparse matrices

Sparserabrixcdoable ) A ( nil ;

stdiivectorctriplekdoable > ) triplets ;

triplets
.

reserve ( M ;

triplets . push .
back ( Tripletsdouble > ( 1. 2,42 ))

for ( auto & triplet :triplets ) {

g.

triplet . Triplet < double ) (triplet . rowchfiplet.

@

Khtipletialudltt )i

A. set From Triplets ( triplets.begin4 , triplets .endU ) i

A. make Compressed ( ) ;



Code snippets Schuttler
,
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Compute norm

• template < type name FESPACET
, typename VECTOR

.
T >

Static double Htnorm ( FESPACE &fespace ,
VECTORT &mu){

GalerkinrabixAssemblersAnalyticStiffnessLocal Assembler> Assembler ;

Eigen : Sparserabrix < double > A  = Assembler
.
assemble rabrix ( fespace ,

}

return sqrt ( mu . transpose G * A  * may.

fespaoei 1.0 ) I

• template < type name FESPACET
, typename VECTOR

.
T >

Static doubleLlnorm( FESPACE &fespace ,
VECTORT &mu){

GalerkinrabixAssemblersAnalybi
crassLocal Assembler> Assembler ;

Eigen : Sparseratrix < double > A  = Assembler
.
assemble rabrix ( fespace ,

}

return sqrt ( mu . transpose G * A  * may.

fespaoei 1.0 ) i

Loopingover entities
• Loop overall boundary edges

using

itsct-t-ethiigridiilntersectioncbetL2irVdume2dGridiihybrrdiigridTraitssistdivectorcconstitsct.txtoboundarg-intersiforkonstautol@tgridVieW.t

emplate entities ( o ) (1) {

for ( consbaubot inter : grid View
.  intersections (d) ) {

z

if ( inters
. boundary C)) boundary . inters

. push ( tinkers ) ;

for
(const auto & inters : boundary -

inters ) {

comb auto & el sinkers → inside C) i 11 master element

}
Constant & geom = inters  → geometry C) ;

• Basic Loops

For ( auto eonot  element & : fespaoe ) {

for ( auto dot : fespace .
 indices ( element) ) {

auto local Index  s dof
.

local U ;

auto global Index . do A. global C) ;

}
}

for ( auto et it  . fespece
. begin 4 ;  d- it !

 
← Fespace .

end C) ittetitl {

for ( auto dof .
it  = fespece

. begin ( * d- it ) ; do f.  it !  
= fespcce .

 endl * d. it);

+ + dot . it ) {

auto local Index  s fespace
.

local Index (dot
.

ib
,

*  d- it ) ;

g.

g

auto global Index . fespace . global Index Cdof
. ill ;

for ( const  auto element & : gridView
. template entities co > (1) { }



DETL Schuttler
, sanih

Quadrature

templabeCenumebhiibasevRefELTgpeRETG@ometrgobjecfl3.7.42.p

364 ) ebhiibaseiisrgned .

TNUGPOMB > class Quadrature

Constant dimfrom getlampointsl)
Constant dimto getrefflc )

Type gridtraits .
t get Points C)

Vedortypeglobalcoordt

get Weights C)

Vector type locakoord
.

t

gebScaleGlntegortgpesize.tgpegetR@fDim4rebhodsize.tgpemapCornersGrethodglobaKoord.tmapCornerCinbDGebhodgridTraits.tiictgpe-tVolumeGhebhadglobalCoord-tCenkerGGeometricenbitgobjectC3.7.28.p

251 )

refELTypeGP01NTiSEGhENT.TRlA.QUADiTftRA.geomebry4intcountSub8nbibresccodimsC1EnbrtgPtrsubEntrtyccodimsCinblocidd1ndexsebindexSetRef.tsetlgv.indexsetlDindex.tindexlconsbEnbrkyHtemplahecC0DlGdindex.bsablnd@xCconrb8ntitycGRlD.TRAlTsiOJbdementisi2e.t

gpelocidx )

Intersection object ( 3.7.47
, p 267 )

boot boundary C)

bool neighbor C)

geometry C)

Inside 4

Outside C)

indexlnlndidel )

mdexln Outside C)

Ffspace ( 3.7.72
, p 279 )

begin )
,

end C)

begin (e) iendl e)

dofsOnElemenbUglobal1ndexldHerJlocal1ndexldIterietfiLtercCOD1GsCqinlersecbron1ndex1fiLterAlllqinhersecbion1ndex1filter1ndicesCqinlersectionlndex1indicesCqinlorsecbion1ndex1indiceiCe1numDofsGnumElem@nbsGNPDEGaterkinhabrixAssemblemLoadVechorAssembterAnalykkstiAnessLoealAssemblor.A

nalybic # Local Assembler
,

Local Vector Assembler



Initialization Example Code

Using

grid-tsvolume2dgridiihybridiiGridiusrngethiigridiiGridViewTypesviewsebhiigridiiGridViewtypesiiLeafViewiUsinygridView-t-tgpenameethiigridiigridViewcgrid.tiigridTraits.tiitemplateviewTraits_tcviewniusinygrddTraits.t.gridView.tiigridTraits.tiusmggmdCreakr.t.GnidCreatorcgrid.t.viewsiusinggridFactoryctsgrodCreator.tiigridFactery-tiUmgitsct_b-ethiigrrdirln1ersecbioncbetl2ivdume2dGridiihybridiiGridTraitssconotstdirsfrihgbasename-tt.lhex1ltstdiito.sbringL5libetl2.iinpubigmshiilnputinputlbasenameticonibgridFactory.tgridFactorg.gridCreator.tUlinpaHicoastgridView-tgridView.gridFactory.gebVi@wCliUsingfebasis.t-feiiFEDasiscfeirLinean.feiiFtDasisTypeiiLagrangesilusingdotItandler.tsfeilDof1tandlerCfebasis.t

,

feiiFESConbinuikgiiGntinnougrrdFactory-tSidofHandler.tdhidh.distributeDafsCgridFachoryliautomu-sowe1mpedanceDVPldh.fespaceG.gridViewiboundaryitesliSolvetemplate2typenameL1NsPACE.typenamelNTERSdErganiiVectorXdsolvelmpedanceDVPGonstL1NSPACElfesieonotgridView.t8gYconst1NTERslboundary.inkers1SconstawtofsHCconibcoords.tIxfretarnstdiicosQ.normLDitfitypedefNPDEii2ocalVectorAssembherRhsAssemblor-titypedeANPDEiiLoadVectorAssomblercRhsAssombkr.tdlinearForm-tilrnearFormtlinearFormiC0ndbGrgeniiVeckorXd4rhsslinearFom.assembleRhslfEsiAlitypedeANP0tiiAnalyticStrffnessIocalAssembterLocaHatAssembleer-titgpedefNPDtiiGalerkinGatrixAss@mblordoadhatAssemblor.tsDilinearFormtiDilinearForm.t

bilinear Form ;

Auto A- trips  s bilinear Form
.
assemble Tripkethabrix ( Fes

,
fes

, gv ) ;

const aubo gamma - [ ] ( const  coord.tl × ) { return 1.0 ; }

typedeANP0EiiLaplRobinLoalha6rixAssembberLocalhatAssembler2.titypedeANPDEiilnhersectronGalhatAssecLoealhatAssemblar2tdDiLmearForm2tiDitinearform2.tbdlinearForm2iauboA2.tnps-bilihearform2.ass@mbleTripletka6ixlfes.f

 es ,

gamma ,
boundary . inters ) ;

A. trips .  insert ( A. trips
.
end C)

,
A 2. trips . begin C)

,

A2.trrps.endlHiErgeniiSparsehafrixCnam@riC.t2AUes.nltmDofsChfes.numDofsNiA.setFromTripletslA.brips.begind.A

. trips .
 end (1) ;

type def frgeniiSparse LU ( Eigeniispasekadrix ( numeric
.

to > solver .
ti

solver
.
b solver ;

solver
. compute (A) ;

z
return solver

.

solve ( rhs ) ;



FORMULAS Convection Diffusion @puaffon ,
sohlittlerianoh

2nd order
,

diffusive tstorder
,

convective
First Green nfjovdx - ifdivjvdxtgfinvds

- dirckpu ) + divcp # a) - f

Gauss fsdivjdxsgfjnds Vjeklpwcr))d - KIU + PWOU s f ( divvso )

- EAU + WDU s f ( ddrv - of

Fourier 's law jcx ) .  - KKIDUK ) dtlpu) + dirt . KPUTPWU ) s f

joys
- KUYDUAHVQIDUK ) i - Eau t YOU s f ( divv - 0 )

Energy conservation gfjnds . ffdx

Trapezoidal rules

a§fdxabF(fCa)+fCb

))

afbfdxrtz.¥,hel flxadtfke ))

{ fdxa # ( flaytflaytfca ' ))

Composite Gidpointatfdxe .I!hef( 4M¥ )

Energies kinetic ztmciii ) . tzaiirait

elastic facie ,i ) . EMOTAMT

Taylor flxrh ) . fK)+DfCx)htO(h4 h→O

Fcxtsxiytsy ) . FG ,y)+2×FG,y)8×t

+ 2yFK,y)Sy+£2.in/,y)8x2+22yFCx,y)8xSg

+ tzsgtdyfk ,g)sy+O( 18×13+1188113)

Inequalities µuvdxt2< flupdx . ✓ lvpdx

Icu ,w| < HUHHVH
(4)

Huolhqr,Ediam(R)H0UoH< qr ,
( PFD

HU*H[qr){ ( diam(r)H0U*Hµ(r ( PFZ)

Hultqgrttcllulkqrjllullayr ) HYDE
.
)

Explicit Euler Ultltttusuttfct ,U)

Implicit Euler Ytltttu . u+Tf( t
,

Ytitttu )

Implicit hidpoint Ulttttusk
, ksuttfftttzt,

htdt)

Rungekubtd kisflttcin.at#.aijkj) c A

!1!tiottasutneszbiki bt

Rewriting Zndorder ODES

ii. glt ,w)←→is ( %) . ( gY↳w, ) . fltiu )


