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GS Smoother : Grid 1 e
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for (label celli=0: celli<nCells: celli++)
{

A Start and end of thiz row
fStart = fEnd:
fEnd = ownStartPtrlcelli + 11:

A Get the accumulated neighbour side
pzii = bBPrimePtrlcelli]:

A Accumulate the owner product side
for {label facei=fStart: Facei<fEnd: Facei++)
1

pzii -= upperPtr[facei l#pziPtrluPtr[faceill:

Pij = li1Qi_1j + Uir1Pit1 missed

+i_1@ij1 U 1941

d :
a1 Pr o misplaced
k+i—1i+1

l#j—1j+1
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DILU Smoother : Grid 1 /=

for (label face=0: face<nFaces: face++)

rAPtr[uPtr[face]] —= lowerPtrlfacel*psiPtr[1Ptr[face]]:
2 rAPtr[1Ptr[face]] —= upperPtrlfacel*p=iPtruPtr[face]l:

label nFacesMl = nFaces - 1:

4 @ 9 @ 14 @ 19 @ 24 rf %= rD_: Eor {label face=rFaceshil: F;aa):(): face--)

label nFaces = matrix_,upper(),sizel): label 1 = 1Ptr[face]:

Eor {label face=0: face<nFaces: face++) rAPLr[1] == rOPtr[1]%upperPtr[Facel*rfPtr[UPtr [face]l:
o e @ @ @ label u = uPtr[face]: '

raPtr[ul -= rIPtr[ul#lowverPtr[face ]#raPtr[ IPtr[Face]]: pEi += P

1DGr; = xi-)ll » 1L G = xi- )l

Ax; = B; 1D (e = xi- DIl > U Cx; = xi-o)l

A(x; —x;-1) =B; — Bi4

(D+L+U)(x —x-1) =B —Bj4

x; —xj—1 = D™(B; — Bi_1)

x; = Xj—1 + D7'L(x; — ;1) + DU (x; — x_1) = D7'(B; — Bj_1)

X; = xi_4 +D7'(B; — Bi_y) —D7'LD™*(B; — B;_1) = D™'UD™'(B; — B;i_1)
rA=D"'(B; - Bi_y)

x; = xi_41+rA—D7LrA— D lUrA

rAPtr[u] —-= rDPtr[ul*lowerPtr[Face 1%rAPtr[ 1Pte[Face]]:

rAPER[1] —= rIPtr[1]%upperPir[face l#rAPtr[uPtr[face]]:
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Other Smoothers

DILUGaussSeidel solver

di luSmoother_, smooth{psi, source, cmpt, nSweeps):
geSmoother_,smoothipsi, source, cmpt, nSueeps):

symGaussSeidel solver

for (label celli=0; celli<nCells: celli++)
{

/A4 Start and end of this row

fStart = fEnd:

fEnd = ownStartPtrlcelli + 1]:

/¢ Get the accumulated neighbour side
psii = bPrimePtr[cellil:

/¢ Bocumulate the ouner product side
for (label facei=fStart: facei<fEnd: facei++)
{

psii —= upperPtr[facei J#%pziPtr[uPtr[faceill:
/¢ Finish current psi
psii /= diagPtr[cellil:

/¢ Distribute the neighbour side uzing current pzi
for {label facei=fStart: facei<fEnd: facei++)

bPrimePtr[uPtr(faceil]l -= lowerPtr[faceil#psiis

psiPtrlcellil = p=ii:

¥

fStart = ownStartPtr[nCells]:

fStart = aunStartPtrnCells]:

Eor (label celli=nCells-1: celli»=0: celli--)

/¢ Start and end of this row
fEnd = fStart:
fStart = ownStartPrrlcellils

/¢ Get the accumulated neighbour =ide
psii = bPrimePtr[cellils

#¢ Accumulate the owner product side
for [label facei=fStart: facei<fEnd; faceit++)

psii -= upperPtr[facei l¥psiPtrluPtr[faceills
/¢ Finish psi for thiz cell
psii /= diagPtrlcellil:

/¢ Distribute the neighbour side using psi for this cell
for {label facei=fStart: facei<fEnd: faceit++

bPrimePtr[uPtrlfacei]l]l -= lowerPtr[faceil#psii:

peiPtrlcelli] = psii;

OO
y) = / © Pz
£

l}.“..
f(t)dt

3

nonBlockingGaussSeidel solver

for (label celli=03 celli<blockStart: celli++)
{

£ Start and end of this row

fStart = fEnd:

fEnd = ounStartPtrlcelli + 11;

/¢ Get the accunulated neighbour side
curPsi = bPrimePtrlcellils

/¢ Accumulate the owner product =ide
for (label curFace=fStart: curFace<fEnd: curFace++)

curPsi -= upperPtrlcurFace J#psiPtr[uPtr[curFace]]:
/¢ Finish current psi
curPzi /= diagPtr[cellil:

A¢ Distribute the neighbour side using current psi
for (label curFace=fStart: curFace<fEnd: curFace++)

bPrimePtr[uPtrcurFace]] -= lowerPtr[curFace *curPsi:

psiPtrleelli] = curPsiz

» Based on GaussSeidel solver

for (label cellizblockStart: celli < nCells: celli++)
{

/¢ Start and end of this row
fStart = fEnd:
fEnd = ownStartPtrlcelli + 1]:

/¢ Get the accumulated neighbour side
curPsi = bPrimePtrlcellils

/¢ Aocumulate the owner product side
for (label curFace=fStart: curFace<fEnd: curFace++)

curPsi -= upperPtr[curFacel#pziPtr[uPtrcurFace]]:
/¢ Finizh current psi
curPsi /= diagPtrlcellil:

/¢ Distribute the neighbour zide uzing current pzi
for (label curFace=fStart: curFace<fEnd: curFace++)

bPrimePtr[uPtrlcurFace]] -= lowerPtr[curFace JécurPsi:

pziPtrlcellil = curPsi:
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v rlancey

v -

for (label celli=0: celli<nCells: celli++)
{

A Start and end of thiz row

f5tart = fEnd:

fEnd = ownStartPtrlcelli + 1]:

A Get the accumulated neighbour zide
psii = bPrimePtrlcellil:

£ Accumulate the owner product zide
for (label facei=fStart: Facei<fEnd: Facei++)
1

psii —= upperPtr[faceil#psiPtr[uPtr[facei]ll:

Qij =li19i1j + Uir1Pir1

+i_1@ij_1 U 1Pij41



v rlences

GS Smoother : Grid 2 o — LT

0 1 2 3 4 5 6 7 3 9 1 1 12 1B ¥ 15 % 17 18 ® n An n B M
0 3208 ] ] ] [] [] [] [] [] 0 0 0 [] [] [] [] [] [] [] [] [] [] 0 0 0 1] 0 ]
1 0 3208 ] ] ] ] ] ] ] 0 0 0 ] ] ] ] ] ] ] ] ] ] 0 0 0 1] 0 1
2 ] o 3208 ] ] ] ] ] ] 0 0 0 ] ] ] ] ] ] ] ] ] ] 0 0 0 0 0 2
3 ] ] o 3208 ] ] ] ] ] 0 0 0 ] ] ] ] ] ] ] ] ] ] 0 0 0 0 0 3
4 ] ] ] 0 3208 ] ] ] ] 0 0 0 [ [ [ [ [ [ [ [ ] ] 0 0 0 1] 0 4
5 -ooos ] ] ] o 3208 ] ] ] 0 0 0 [ [ [ [ [ [ [ [ ] ] 0 0 0 1] 0 5
6 0 -ooos ] ] ] o 3208 ] ] 0 0 0 [ [ [ [ [ [ [ [ ] ] 0 0 0 1] 0 3
7 ] o 0008 ] [] [] 0 3208 [] 0 0 0 [] [] [] [] [] [] [] [] [] [] 0 0 0 0 0 7
8 ] ] o 0008 [] [] [] 0 3208 0 0 0 [] [] [] [] [] [] [] [] [] [] 0 0 0 1] 0 8
9 ] ] ] 0 0008 ] ] ] 0 3208 [ [ [ [ [ [ [ [ [ [ ] ] [ [ [ (1] 0 9
10 ] [ [ [ 0 0008 ] ] ] 0 3208 0 ] ] ] ] ] ] ] ] ] ] 0 0 0 1] 0 10
1 ] ] ] ] [] 0 -0008 [] [] 0 0 3208 [] [] [] [] [] [] [] [] [] [] 0 0 0 1] 0 1
12 ] [ [ [ [ [ 0 -0008 [ 0 0 0 3208 [ [ [ [ [ [ [ ] ] [ [ 2 12
13 ] ] ] ] [] [] [] 0 -0008 0 0 0 0 3208 [] [] [] [] ] ] [] [] 0 0 0 13
14 ] ] ] ] ] ] ] ] o -0.008 0 0 o 0 3208 ] ] ] o ] ] 0 0 0 0 14
15 ] ] [ [ [ [ [ [ [ 0 0008 0 [ [ 0 3208 [ [ [ [ [ ] 0 0 0 0 15
16 ] ] [ [ ] ] ] ] ] 0 0 ] 0 3208 ] ] ] ] 0 0 0 16
17 0 0 0 0 (] (] (] (] (] 0 0 (] Dm amsm (] [} 0 0 00024875 0 17
18 ] ] ] ] [] [] [] [] [] 0 0 [] [] [] 0 3208 [] [] 0 0 0 18
19 ] ] [ [ [ [ [ [ [ 0 0 0 [ 0 -0008 [ [ [ 0 3208 ] ] 0 0 0 0 19
20 ] ] [ [ ] ] ] ] ] 0 0 0 ] ] 0 0008 ] ] ] 0 32 ] 0 0 0 0 20
21 ] ] ] ] [] [] [] [] [] 0 0 0 [] [] [] 0 -0008 [] [] [] 0 32 0 0 0 2
22 ] ] [ [ [ [ [ [ [ 0 0 0 [ [ [ [ 0 -0008 [ [ ] o 32 0 0 22
23 ] ] [ [ ] ] ] ] ] 0 0 0 ] ] ] ] ] 0 0008 ] ] ] 0 32 0 23
24 ] ] ] ] [] [] [] [] [] 0 0 0 [] [] [] [] [] [] 0 -0008 [] [] 0 [ ¥ 1] 0 24




Code Analysis of GS VA

zcalar peii:

label fStart: Eb 14 @
label fEnd = ounStartPtr[0]: —— start owner face at each cell O]
For (label celli=0y cellidnCellss celli++) © 13 &
1 €
A Start and end of thiz row
fStart = FEnd: —» start owner face at present cell ? 12 QP
fEnd = ownStartPtr[celli + 11 —— start owner face at next cell Y20
£ Get the accumulated neighbour side QL 11
peii = bPrimePtr[cellil:
18
¢ Accumul ate the owner product zide D 10
for {label facei=fStart: facei<fEnd: facei++) e \ #
1
pzii -= upperPtr[faceil*pziPtr[uPtr[facei]l]: facelndex
— psi at cell of owner faces cellindex
fStart/ownStart fEnd
A Finizsh p=i for this cell
peii #= diagPtrlcellil: 0 0 2
1 2 4
A Distribute the neighbour zide uzing pzi for thiz cell
for {label facei=fStart: facei<fEnd: facei++) 2 4 6
1
bPrimePtr[uPtr[Faceil] -= lowerPtr[faceil®psiit 3 6 :
¥ — psi at cell of neighbour faces 4 8 J
psiPtrcellil = psii: > 9 11
6 11 13




Code Analysis of GS

zcalar peii:
label fStart:
label fEnd = ownStartPtr[0]: —— start owner face at each cell

for (label celli=0: celli<nCells: celli++)
1

A4 Start and end of this row
fStart = fEnd: — start owner face at present cell
fEnd = ownStartPtrlcelli + 11: —— start owner face at next cell

£ Get the accumulated neighbour =ide
peii = bPrimePtr[cellil:

¢ Accumul ate the owner product zide
for {label facei=fStart: facei<fEnd: facei++)
1

pzii -= upperPtr[faceil*pziPtr[uPtr[facei]l]:
— psi at cell of owner faces

A Finizsh p=i for this cell
peii #= diagPtrlcellil:

A Distribute the neighbour zide uzing pzi for thiz cell
for {label facei=fStart: facei<fEnd: facei++)
1

bPrimePtr[uPtr[Faceil] -= lowerPtr[faceil®psiit

¥ — psi at cell of neighbour faces

peiPtrlcelli] = psii:

g rlancien

o —

3

. l\..‘

© P

f(t)dt\r._'.
3

cellindex facelndex
fStart/ownStart fEnd

0 0 1

1 1 .
2 > 3
3 3 -
4 6 -
5 6 .
6 8 10




g rlenciey

Stabilization of GS o — LT

for{label celli=0fcelli<nCellsicelli++) psiPtrlcellil] = BPrimePtr[cellil/diagPte[celli]s
for(label facei=0tfacei<nFaces:facei++)

psiPtr[IPtr[facei]] —= upperPtr[facei l*psiPtr[uPte[facei 1]/ diagPter[ 1IPtr[facei]]:
peiPtr[uPtr[faceil] —= lowerPtr[faceil#psiPtr[1Pte[facei 11/ diagPte[uPtr[Facei]]:

Pij = (Li-1@Qi-1j T Uir1Pir1j

+i_1Qij-1 + W 19Pijr1)/Di
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sdena ey » .
Performance of correctedGS /s

O GS
= DILU
O correctedGS

} ;

30

N
()]
LB —
e
(=

L
£
b= —
E — (a) correctedGS solver — . (b)GS solver —
O o0t - I =
et L L. 1 =
qo)o r — — | —_—
< i _' = —
S 15 E L s — |
o — -
% ; E = . = = '- =
0 1 ] 1 1 : : : :
ccM_X CCM_Y PW_X PW_Y — I i .
grid case — — — —
» GS solver :‘_ -~ - :
efficient but unstable depending on face-ordering — — —
» DILU solver

stable but inefficient

> correctedGS solver
efficient and stable



