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KAMPON ORANON : DEVELOPMENT OF LOCAL MULTIGRID
TECHNIQUE TO ACCELERATE THE CONVERGENCE OF NUMERICAL
COMPUTATION. THESIS ADVISOR : ASST. PROF. KEERATI

SULUKSNA, Ph. D. 73 PP.

ALGEBRAIC MULTIGRID/ACCELERATION TECHNIQUE/

LOCALIZED METHOD/NUMERICAL METHOD/FAST CONVERGENCE

Numerical methods are usually used to solve large algebraic equation systems
obtained by estimating partial differential equations. Iterative calculations including
with multigrid are used to make numerical methods more effective. However,
calculations are often encountered with slow convergence when an error reaches low-
frequency mode. The convergence of each area on the domain has a different slowness,
a different local behavior. Conventional multigrid operations that compute the entire
domain are wasteful. The research presented the local computational techniques.
By improving the local computation method based on the fast adaptive composite grid
(FAC) method, combined with the algebraic multigrid (AMG) method. It is the so-
called local algebraic multigrid (LAMG) method. With this method, the error was
checked during the calculation cycle. The region with a high defection was calculated
using the LAMG method, while the remaining areas with a defection below
the criterion were omitted. The proposed method can be effectively adjusted to
the calculation area to suit each calculation cycle. Issues of one-dimensional boundary
layer problems that alter rapidly have been evaluated. The assessment evaluated
the effect of the initial conditions as follows: zero, sine and C-grid. The C-grid

condition was found to provide the fastest convergence. The evaluation has been tested



on the effect of temporary boundary condition setting. It is found that the condition
constrain of less than or equal to the converging condition give the more stability than
other rest cases. Determine the computational time, it was found that the proposed
LAMG method can reduce the computational time by 8-53 percent compared to
the conventional AMG method for one-dimensional problems. The test was extended
to a two-dimensional problem and it was found that the computational time was

reduced by 16-40% relative to the conventional AMG method.
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'

<Set ¢3;, =¢(0) on Q" >

v

Smooth A"¢" =b" on Q'

v

A A A YES
Correct ¢" < ¢" + 1), ¢"" Converge? STOP

NO
Smooth A2h¢2h - Iﬁh (b” _Ahg;fr) on O

Y

(\4 YES

e Converge?

NO

Smooth A4h¢4h < I;If: (bjh _A2n¢“2n) on sz

y

Correct a;;zf' «— &Zh +I,j‘fg34h

Qo
=
=D.
[\S)
oe]
2
=3
@
=
=4
<
.
>
i

N3ATINADUMIGIAILININUBTUVDUABINGD (residual norm) VoINIANE IO
NUNTABLIB8A (Brandt, A., 1977) A4d@NNIT (2-16)

< @19

A
o

= 2 S v o A ° ¥
Wiﬂflﬂ\il!’t]illiﬂ ] UBTUDUAUN P ﬂ?’l!’m‘lllﬂﬁﬂﬂ
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Il a@lnlp (2-17)

naz 0.001<e<0.7 91n0anosnuIZNUI1IT MLAT Ha21ulndifesnuas FAC
] <3 1 ) [ a a
(Briggs, et. al., 2000) 88134130014 33 FAC Aoni1unzatlasasadmsumaiiammeying

wazliadesnnlunsauInunn (McCormick, S. and Thomas, J., 1986)

A v A A

2.5 IBNaANIAIBINTAMNA (algebraic multigrid [AMG])

¥ v
a Aa = 3

Y a an o A A Aa A
miﬁiNﬂiﬂWﬂmmm’m3Jaﬂﬂiﬂ‘WuﬁWuﬂjllﬂsl%}mﬂumwﬁﬁlnﬂmﬁ ﬁﬁ)mim:ﬁumﬂ

a [ R a = < § o U 1
n3nnI1INazIIIINNsAazdeavina h iy 2h 4h Geoldawddy msaedeyasening

S o

a [ [ a 4 o a o o a [} e Yy ¥ a
“ljﬂﬂ'iﬂ®1ﬁﬂﬁﬁﬂﬂ1i@ulﬁflﬁi‘wm{’lﬁﬂlllagLﬁ’(ff‘ﬂiﬂ{’lfu ﬂ'liﬂ'lluuﬂ'lﬂ“h’uff!shfllﬂwaﬂﬂﬂﬂﬁﬂ

9

Yy A A ' o o o Y { 9
LL‘]J‘LITﬂiﬂﬁiNVIﬁWNWiﬂLWNW%@@ﬂﬂJHWﬂh],@Q{MEJ ’mmuﬁmmgﬂmwumuﬁmﬂﬁm f

ee and

15 Tasead e lumsundaym mamuaanialugduudusviadia bigunsorld auiu
= Y o v a A ~ a . .. 9y v o J
lanauiaaniauuuiivndia AMG (algebraic multigrid) AMG 1difisaanudunusveq

{ 9 1o & [ 4 a
doyanudlaninszuuaums  lagluguiudeansivanudunusaeslaseadunialu

s a v

a 9 a [ A aa A
LBINTYNTN Tﬂi\iﬁﬁNﬂﬁﬂ‘ﬁfﬂ’u%%ﬂiﬂtﬂﬁﬂuulﬂ@]']llﬂ?']llllﬂﬂﬁwaﬂlﬂﬂlﬂlﬁlﬂu@]ﬂ@]ﬂﬂu

(Brezina, Falgout, MacLachlan, Manteuffel, McCormick and Ruge, 2005) (Gee, Hu and Tuminaro,

[ a

3| 2 v Y a o & s a
2009) Gl,ummzﬂmﬁmm AMG GlsﬁslgﬂﬂﬁﬂLWﬂﬂﬁuﬁﬁljﬂ 113JllﬁWﬂU?ﬂﬂﬁﬂﬁﬂ?UﬁlumﬁﬂTﬂﬂTW
o a Ady 9 an % [ g}/ v a Aa Aa A A K I [
NITUIUNTITATUIUINAUVUAIIITNINAIUQY muuua@ﬂimmwmﬂmﬁmLﬂuwaﬂmﬂu
v Aa 1q 1 v a A 1 < a a v A
gﬂgm‘ummana (multi-level) ”lu“lcyalugﬂuuumﬁﬂiﬂ ’E)fJ'Nll'iﬂﬁﬁJﬂTiﬂ‘ﬁ“]ﬂﬂmﬂL!ﬂNﬁﬁlm’m

9 a v a Aa ] Y o 9 Y 1 o 9 ax = Y o [ 4
ﬂ?ﬂlﬂﬂuﬂﬂﬁﬁﬂiﬂﬂg%ﬁﬂiﬁ%Wﬂ’JﬁJL"lﬂiﬁlllﬂﬁEJﬂ’N NITAUIUAYIT AMG ‘Nel‘;b'ﬁﬂluﬁﬂklﬂ! I

2 Y A = U

e 1€{0,1,2,... L} Tas | =0 unuszaunsaiudunazideaga ai | =L unuszdunia

an

9 [ 1 Aax A 9 o a d' Y [
HYIIUFA VBUANANTEHINIT MG Lae AMG A8I5 MG “l%mmwmmwm‘ummmaﬂiu

y
g A a

an ° 3 Aax Yad o . Y (v
ADNITATUIUIURT YUENIT AMG Glﬂf?ﬁﬂqu?mjuclquufﬁ’]u 91N Gauss-Seidel LLa’Jﬂi‘Uﬂ?q

]

dmshnsanonlideandesnuilaym (Trottenberg, et al., 2001)
2,51  M3MNIAKENY (coarsening)
)
Y o a a o v J
TUABUNITNINTANBIVAINANA AMG  1HaNUFURUTUITZVVANAT

[

a 9 dy
IHUTU AU

Ag' =b' 50 Y aif =N, (ie Q) (2-18)

jEQI
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A | a ~ o a AA o 1 [ Y
1o Q LW]‘IJL“W]"’UENﬂiﬂﬂuiﬂmu‘ﬂi%ﬂﬂﬂﬁﬂ | nuaruIU n 1909 Iﬂﬂ‘l’iaﬂﬂ”lill,aﬂ

H Y 1 ]
ﬂmﬂﬁwnwnm“lumﬁmammﬂﬁmﬁ@miﬁwmmvﬁ’miwuﬂmmﬂmﬂmﬁammu

U

v 9

=\ d‘ & A ) = (% d‘d a [ 1 dy 1
J1ULTYY (ﬂgﬂ“l/l 2.2) HUADNITATUIUFULTUDATINTQLUING NHANTTHAINANIUISWUIN

U

4
v A

'~ 0 Fon W ldaumaammde (2-15) Tydupuiludsil
Ale' ~0 (2-19)

o Aa 1 a X a A = 4 a 9y
ﬂizmuﬂ1imﬂiﬂﬂ;@1wu%zmﬁuiuwﬁmuwummammmmmﬁau Iﬂﬂﬂ'lii’)llﬂi@ﬁi'l\i
I a ] v A ~ 4 P a o
Lﬂuﬂi@cl?m ﬂ155’JiJﬂu‘Wiﬂiﬂ!15]']ﬂﬂ3'l§JiT]JL§fJ‘UGU’ENﬂ'NllﬂﬁW]Lﬂa@uﬂl@ﬂlﬂlﬁmu@]ﬁﬂgﬁﬂﬂu
% [ v o LY a Q( 1 a . I~
gedunuinumdulszant a; Tuaums 2-18) nanfeninnia i e Q' uaz N, Wuwaves

a 3’, d‘a (% -9 - = | di =3 [ 1 d‘ d’ a
NIANINUANaANU | D1 jENi uag aij daiuntuatngununiou N@Llhl"lJWﬁ]'lim'lu’ﬁﬂ\?

AIANNT (2-20)

~a; > O max|a, | Tas 0<@O<1 (2-20)
1#

d’ S o = a - - A = ! a A A
AnuAmanaauIzlanyae Een UM i— j vie g ~e; (Fenn3a j UonFwaun
] a - A J v 4
AvN3A i (Falgout, R. D., 2006) (Briggs, et. al., 2000) 1IN31# 2.9 WanFunuAaIAAADY

3 ~ PRU= = A < v
s x HueuuNUGsuNnE luanun yaeiuuuny y \unuuduiivaite lvue
ANd Maadensany ldninmssaunsalunuliemie x #1307 2.10 9961 (o) unugane
YoInNInazIven (szAunIa |) diugalilss (O) unugaaeuedniarety (szaunia | +1)

a A o a =2 A = ¢ o
MIsaunIansamsmnIaneuluuny x  3utunsmnIvuaanudveslandu

A ] < " W a Saa Y A @ a

anuaaramaoulunuannu x  eg19lsnaw minadulszansia lndiReanunnianig
1 4 a a I °
HaAIIIANuAAIAAAeULIAMNTIUGoUNNNANI N1TTaunsavzilunuuaiuane

(31 2.100)
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3'1]1/] 2.9 ANUANAUAADULUUINULTIULBINFAMUA (algebraic error) (Briggs, et. al., 2000)

on)o o(;“_)o oCé)o oC;)o ocj)o .O. .A. .. .. .().
eQe oQo o(jo oQo o(jo o o 9 00 o o o o
oé)o o(:)o o(f)o 0(:)0 oé)o ® o |06 0 0 .0 o 0 o o
on)o o(i)o oé- o(i)o on)o . eieo o0 o o o .
o(‘i)o o(i)o o(f;o o(i)o oé)o . e & ® o 0 o o 0}0
*Ce oQo oé)o o(j)o oé)o e o |0 0 0 0 o o o 0
o(i)o 'C;JO o(i‘;o o(;)o o(j)o .<. e 0o o 0 o o .).
e .@. .(’). .@. .b. o o |0 0|00 0 o o o
o(j)o o(ij)o o(i)o o(i:)o o(j)o .Q. o 0 o .0 o o .O.
.Q. .é. .(:). .(‘:). .(j). ®/o 00 0 0 0 0 0 o0
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) FINNTAUUNNY x ) FINIALLUAN AN
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5191 2.10 M1552UNIA

U

9
(4 % =)

WwuniaazBeauulawy Q' vuanuduiui A' gasauilunianey
@nm’?au”leuﬂamﬁﬁwﬁwmmﬂ?@ﬁagjaﬂf‘fuﬁ’aanmi (2-20) ANNFUWUT5THIeNTAYR T
funsaymdn waves n3avzgmir lufmuramedaahmindmivlgiiumms ndderin
Foyaszningania misaunialasmilaafianavesnnusuideuvesnnuaaianaou

] ] A a o a A = o J 3 J
GI)"JEJTH“]J5$ﬁﬂﬁﬂ1wsluﬂ'liﬂ']u'3ﬂ\lﬂuﬂiﬂﬁEJ'I‘U“I/I@ ﬂiﬂ!‘Vll‘]JuﬂWiﬂ'lu'Jﬂ‘lLL‘]JUL%aalﬂuﬂuﬂﬂﬁ'l\i
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(cell centroid method) AADYDINI ANYIVIZOYIZHINNGUIAADVYDINIAAZIDIA N3Oy

4
o o

szrINgAanIaasoeu lugdanudunusaal

(') =(1]") =ee}* o i Q' uag jeQ™ (2-21)
I 1
T %’ Y] a a = I a ~
MImaaimin o luaums 2-21) fnsanmssuniaazeeadunianeulugli 2.11
a . - - < a Y a '
aveensanenudl j lag je Q™ W i waz k iJunsaaziBoauuszavnia | nazogluwa

Y
VBDINTANYIU j ANUU

z Ay

ket

o =— (2-22)
2. A
p.aet, pq
. 2 o Yy o v o dy
I@ﬂ Galerkin product 535°L|'1Jﬂiﬂ“ﬂfJ’l‘U?f’lll’lfiﬂﬂ’lu’)ﬂ!llﬂﬂ:]f]ﬂ:]’lmﬁllwuﬁ ANU
A|+1 — |I|+1A| |||+l (2'23)
A | 1+1 T g o v v o A a J @ a @
e 1y, :(II ) Wumnuduiuivesdidiuiiumsduaes Tnadunazisansniu
i Ay, k1
______ » PY
1
I @,
aikz : y
1 =
)
k, /
® ®

g 211 anwduiusaumes Tmaduszniensanetunaznsnaziden
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a Aad 9 9 a = v Qdd‘ Y v AaAa A
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u

sin2.12
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—0 : : O : 0 : O :
Ql
H—eo——e— —e—1—CO0—"~1+——®e— H—eo—1—e—1+—e—

A A a o [ aa
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9
[ Y

@ a ~ A 3 a A A A I a s
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(% Y] Y] 4 4 ] a a @
(F) dsnudnius CUF=Quaz CnF =0 Taotiou lude lulinsaneulasgaanu

o o 1Y 1 9 1 a o [ an 1 [ g
wnsngd s vaIteyasziinnsad i vy 1 taeglugdunuaci

e ifieC

(&), =(1e"™) =1 S e, ifick (2-24)
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y

< Set 1=0, ¢' =¢"" on Q' >

»

»

v

Smooth A4 = b, on Q'

YES STOP

NO

For i € €Y Define Sub-Domain (03!)

Where @' ={Vi|J, =5y}

Restrict b, =I""(b_ — A
1+1 ! (I+1 fﬁ) 1(7]4»1
On Sub-Domain o =o'
Smooth A, 4., =b,, ona"
[ <L b2
NO
Cortect ¢ < ¢ +11, 4, ono' o | |11
YES NO
[=0
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32 nsamaaeudmmsuifyri 1 1A

=

A A o a ) J 9 '
ienaaeulszaniammsmuinuesds LAMG 3 1di llisggndaudilamaivey

]
aa ad

nuv 146 PizUn ldvesaumsaruguiionldasaums (3-2) Taevhmsdsziivaloudion

v Aad ) % lg ti' d[ 1 ~ 1 ad v Aa A a ~ a g’}

A% AMG  uupludSvlgeinun deae lvzison3siadnsadeisndiauunna lawy

GAMG (global algebraic multigrid)

d? d
¢ (x) ¢

E——+a(X)—
dx

v +B()9=1 () (% <x<x,) )

¥ I~ J o ] 4

e O<e<luay >0 Tas a(x) B(x) Wulinduaeiiieala quaz ¢(x)=4,
3 4 J ? ! o J ¥ a a &

#(%,) = ¢, Wuenlvmvennsaesiu TaymiinGennlymsuseiisaununs ldnaaeu

a @ a a ~ A = s
madnfulgunamzusne mszwganssuvednamasimsnlasunlauns@euangan
Tupuina minldnia biminzanondwaldwamasiinnugndesd  aumsaiugugn
I ~ [ o w '

tanuauily 4 N3ANATOU A B C 1o D AaauM3 (3-2a) - (3-2d) mua1au wungyrimadou
I Aa 1 I 1 a @ a £

A Buag C dhudymisadu damidym D dudym ludadu Taedulse@ns o(x) gunu

A0 P(X)

nsANAAeY A

d’s dg
o a0 3-2
O dx (3-2a)

#(-1)=1 ¢(1)=2, £=0.005

nsainAaeY B

2
gd—?+xd—¢=0 (3-2b)
dx dx

#(-1)=1, ¢(1)=2, £=0.0001

nsginaaey C

dx dx 2

#(-1)=1 ¢(1)=2, £=0.01
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nINAaeY D

gﬁ+¢%+0.5|¢|=0 (3-2d)
dx dx

#(-1)=1, ¢(1)=1 £=0.001
v 7 ~ Y I =\ a 4 v Jdo o =
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Zero initialization

GAMG LAMG Time
Node
Cycle Time(second) Cycle Time(second) Save (%)
1000 492 1.26 492 1.02 19.05
2000 1499 6.71 1499 4.98 25.78
4000 5368 44.29 5368 29.84 32.63
8000 19875 308.14 19875 207.47 32.67
Sine initialization
GAMG LAMG Time
Cycle Time(second) | Saved (%) | Time(second) Save (%)
1000 488 1.23 488 1.08 12.20
2000 1476 6.61 1476 5.59 15.43
4000 5266 43.92 5266 34.10 22.36
8000 19397 300.11 19397 238.64 20.48
Coarse-grid initialization
GAMG LAMG Time
Cycle Time(second) Cycle Time(second) Save (%)
1000 162 0.286 162 0.24 16.08
2000 223 1.118 223 0.78 30.23
4000 682 5.79 682 3.54 38.86
8000 2054 32.468 2054 18.72 42.34
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2.5

Exact solution

O GAMG solution

O LAMG solution
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Zero initialization

Node GAMG LAMG Time
Cycle Time(second) Cycle Time(second) Save (%)
1000 86 0.3 86 0.22 26.67
2000 228 1.13 228 0.68 39.82
4000 651 5.62 651 29 48.40
8000 1996 31.62 1996 15.69 50.38
Sine initialization
GAMG LAMG Time
Cycle Time(second) Cycle Time(second) Save (%)
1000 84 0.29 84 0.233 19.66
2000 221 1.11 221 0.76 31.53
4000 635 5.32 635 3.148 40.83
8000 1964 31.18 1964 16.481 47.14
Coarse-grid initialization
GAMG LAMG Time
Cycle Time(second) Cycle Time(second) Save (%)
1000 27 0.14 27 0.12 14.29
2000 78 0.47 78 0.33 29.79
4000 230 2.12 230 1.21 42.92
8000 656 11.19 656 5.23 53.26
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Zero initialization

Node GAMG LAMG Time
Cycle Time(second) Cycle Time(second) Save (%)
1000 3647 9.77 3647 8.5 13.00
2000 11992 54.14 11992 43.7 19.28
4000 37934 318.85 37934 247.69 22.32
8000 115041 1839.49 115041 1441.26 21.65
Sine initialization
GAMG LAMG Time
Cycle Time(second) Cycle Time(second) Save (%)
1000 3635 9.71 3635 8.5 12.46
2000 11944 53.8 11944 45.24 15.91
4000 37746 313.46 37746 253.74 19.05
8000 114167 1760.52 114167 1490 15.37
Coarse-grid initialization
GAMG LAMG Time
Cycle Time(second) Cycle Time(second) Save (%)
1000 2510 6.7 2510 5.95 11.19
2000 7469 32.33 7469 27.95 13.55
4000 19070 150.58 19070 127.98 15.01
8000 7648 119.18 7648 96.09 19.37
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Zero initialization

Node GAMG LAMG Time
Cycle Time(second) Cycle Time(second) Save (%)
1000 730 2.27 730 1.96 13.66
2000 2854 14.82 2854 11.93 19.50
4000 11263 105.16 11263 82.56 21.49
8000 44641 788.16 44641 601.91 23.63
Sine initialization
GAMG LAMG Time
Cycle Time(second) Cycle Time(second) Save (%)
1000 739 2.32 739 2.1 9.48
2000 2861 14.43 2861 12.48 13.51
4000 11237 105.42 11237 86.71 17.75
8000 44432 781.39 44432 631.67 19.16
Coarse-Grid initialization
GAMG LAMG Time
Cycle Time(second) Cycle Time(second) Save (%)
1000 436 1.41 436 1.29 8.51
2000 1623 8.25 1623 7.61 7.76
4000 5996 55.01 5996 47.89 12.94
8000 9080 161.46 9080 123.48 23.52
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