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Tém tat: Trong nhitng niam gan day, phuong phap khong lusi RBF-FD
(Radial Basis Function -Finite Difference) giai phuong trinh dao ham riéng trong
khong gian 3 chiéu da nhan dude syt quan tam ciia nhiéu nha khoa hoc. Dé tim
véc to trong s6 RBF-FD, cac tac gid da sit dung noi suy ham co sd ban kinh
Power, khong phu thudc vao tham s6 hinh dang. Bai bao nay trinh bay két qua
nghién ctu viéc st dung noi suy ham co sé ban kinh Wendland dé tinh véc to
trong s6 cho phuong phap RBF-FD giai phuong trinh Poisson trong khong gian
3 chiéu. Két qua thit nghiém s6 cho thay nghiém ctia phuong phiap RBF-FD sit
dung ham Wendland c6 do chinh xac tot so v6i nghiém ctia phuong phap phan
t hitu han (FEM - Finite Element Method).

Tu khoa: Phuong phap RBF-FD; trong s6 RBF-FD; thuat toan duya trén
cac goc khoi; chon gia véc to trong s6; thuat toan chon tam.

1 Giéi thisu

Xét phuong trinh Poisson trong khong gian 3 chiéu vé6i diéu kién bién Derichlet: Cho
mién mé Q C R? va cac ham s6 f xéac dinh trén €, ¢ xac dinh trén 0Q. Tim ham v : Q — R
théa man

Lu=f trong €, (1.1)
u=g trén 09, (1.2)

trong dé L 13 toan ti Laplace trong khong gian 3 chiéu.

Bai toan (1.1)—(1.2) dugc rdi rac héa bsi phuong phap sai phan nhu sau: Gia st © C Q Ia
tap hitu han cac tam roi rac. Goi Oy := ©NQ 1 cidc tam ndm trong mién va 00 := O NN
13 cAc tam nam trén bién. V6i mdi tam ¢ € Oiy, chon tap cac tam héd trg phuong phap
khong luéi O¢ : = {79, 71, ..., T} C O, v6i 7, = ¢. Khi d6 Bai toan (1.1)—(1.2) dugc roi
rac thanh hé phuong trinh

Z We,r Uy = f (C), S € ®inta (13)

TEO
u =g(1), T€EIO, (1.4)
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v6i 4 14 nghiem xap xi clia u va we» € R 1a véc to trong sé duge tim bang noi suy RBF.
Dé tim nghiém xap xi @ ctia bai toan (1.3)—(1.4) thi can gidi quyét 3 van dé: Cach tao bo
tam roi rac ©; Cach chon tap cac tam hé trg O, ¢ € Oyyg; Cach tinh trong s6 we,r € R.

Phuong phap RBF-FD la phuong phap khong lu6i st dung ndi suy ham co sé ban kinh
(RBF) tinh véc to trong s6 wer € R véi cach tiép can dia phuong, dya trén sy roi rac hoa
gibng nhu phuong phap sai phan hitu han dé tinh nghiem xap xi @ tai mot s6 diém roi
rac trong mién Oj,;. Phuong phap khong lugi RBF-FD dugc gidi thiéu lan dau tién vao
nam 2003 bdi Tolstykh va Shirobokov [1] bang viéc st dung noi suy ham co sé ban kinh
(RBF - Radial Basis Function) dya trén cau tric diém ctia phuong phap sai phan hitu han
(FD-Finite Difference) giai bai toan elliptic trong khong gian 2 chiéu. Nam 2006, Wright va
Fornberg [2] tiép tuc dé xuat phuong phap khong luéi RBF-FD trong khong gian 2 chiéu
stt dung noi suy Hermite. Nam 2011, céc tac gid Oleg Davydov va Dang Thi Oanh [3], [4]
da dé xuat phuong phap RBF-FD don diém, da diém va thuat toan chon bo tam hd trg
tinh véc to trong s6 O, § € Oy, thuat todn sinh tap cac tam © thich nghi, thuat toan wdc
lugng tham s6 hinh dang cho noi suy RBF. Nam 2017, nhém téc gid Dang Thi Oanh, Oleg
Davydov va Hoang Xuan Phu [5] tiép tuc cai tién cdc thuat toan chon tam hd trg phuong
phép khong ludi O, ¢ € Ojye, thuat toan sinh bd tam O thich nghi cho cac bai toan cé
ham vé phai c6 ky di va mién hinh hoc phitc tap trong khong gian 2 chiéu. Céac nghién citu
gan day [6 — 8], cac tdc gid da gi6i thieu cac thuat toan chon bo tam O, ¢ € Ojy hd trg
tinh véc to trong s6 cho phuong phap RBF-FD trong khong gian 3 chiéu.

Dic trung ctia phuong phap RBF-FD la st dung ndi suy ham co sé ban kinh RBF dé
tinh véc to trong s6 w., € R. Ddi véi cac nghién cttu trong khong gian 2 chiéu [3-5], cac
tac gid da st dung noéi suy ham Gauss RBF ¢ (r) = e et = |||y, x € R?, trong d6 e
13 tham s6 hinh dang va gi6i thiéu thuat toan tim gia tri tham s6 t6i wu cho ndi suy ham
RBF trong [4]. Trong khong gian 3 chiéu, cac nghién cttu [6-8] da st dung ham Power RBF
o(r) =15 r=|z|yz € R3 uu diém ciia ham Power RBF la khong phu thuoc vao tham
s6 hinh dang. Trong bai b4o nay, ching toi nghién citu va thit nghiém viéc tinh véc to trong
$6 we,r € R bang noi suy ham Wendland RBF, dong thoi ciing cai tién thuat toan dya trén
cac Octant duge dé xuat trong [6] dé cai thién do chinh x4c ctia nghiém xap xi 4 clia bai
toan (1.3)—(1.4).

Bai bdo gom 5 phan: Sau Phan giéi thieu 1a Phan 2 miéu ta noi suy RBF tinh véc to
trong s6 RBF-FD; Phan 3 gidi thiéu thuat toan chon gia véc to trong s6; Phan 4 trinh bay
két qua thit nghiém s6 v Phan cubi 1a két luan.

2 Nbi suy RBF tinh véc tod trong s6 RBF-FD

Trong khong gian 3 chiéu [6-8], véc to trong s6 we » € R duge tinh dya vao noi suy ham
cd s¢ ban kinh RBF, cu thé nhu sau: Cho ham xac dinh duong ¢ : [0,00) — R vA ham co s6
ban kinh ¢ : RY — R théa man ¢ (z) = ¢ (||z[y),z € R?, trong d6 ||, 1a chuan Euclide,
(chi tiét xem [9 — 11]). Goi O, := {71, T2,...,7Tn} C R? 12 bo tam 13i rac vi ham v : R4 — R
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lien tuc. Khi d6 ham noi suy ¢ sG ban kinh s cia ham u duge xac dinh nhu sau

= ZCZ¢ (33 - TZ’) y T E Rda (21)
i=1
s(m)=u(ry), j=12,...,n, (2.2)
trong d6 ¢;,i = 1,2,...,n dugc tim ti diéu kien noi suy (2.2)
Zc@ ) =u(r), j=1,2,...,n
hay
A|@§c: u|9<,
v6i
c:=(c1,c9,.. .,cn)T, u\@g = (u(m),u(m2),... ,u(Tn))T,
¢ (0) p(r—m2) - @(m1—Ta)
p(p—m1)  ¢(0) - P(r2—Tn) n
Ale, = 2: 1 : 2: =107 = 7i)ljim -
¢(rn—11) (T —T2) -+ ¢ (0)

Do ¢ la ham xac dinh duong nén ma tran A\@q la xac dinh duong v6i b tam O, nén ¢
duge xac dinh duy nhét

c= [A|@§rlu|e§. (2.3)

Tu (2.2) ta xap xi toan tit vi phan Lu (x) bdi cong thitc

Lu(z) = Ls(z) = »_¢;Lé (x — 1) = " Lo (z = )| - (2.4)

Thay (2.3) va (2.4) suy ra
n
x) =~ Zwiu (13),
i=1

trong do

w= (Wi ws, )T = [A|®J71.L¢ (x—) (2.5)

O

dugdce goi 1a véc to trong s6 va
Lo(x— ). =Lo(x—m),Lo(x—7),...,Lo(x— 1))

Dé tim trong s6 RBF-FD béi cong thu’c ( 5) trong khong gian 3 chiéu [6-8], cac tac gia
da stt dung ham Power RBF ¢ (1) = r®, r = ||z||,,z € R3, khong phu thuoc tham s6 hinh
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dang, véi L¢ (r) = 20r3. Trong bai bao nay ching t6i st dung ham xac dinh duong chiit
Wendland RBF

w39 (r)=(1- 5r)i (35(€r)2 + 18er + 3) , = |z|y,x € R3,

khi do

Loyz (r) = 5622 (35(er)? — der — 1) (1 er)} |

v6i € 1a tham s6 hinh dang dude chon ¢ dinh € = 0, 1.

Vay véi mdi bo tam ho trg tinh toan véc to trong s6 O, ta tim duge véc to trong s6
tuong ing w. bdi cong thic (2.5). Do chinh xac clia we phu thude vao viec chon bo tam
O.. Cac thuat toan tim O trong khong gian 3 chiéu da dugc gi6i thieu trong [6 — 8|, trong
phan tiép theo chiing toi sé gidi thiéu thuat toan cai tién duya trén thuat toin Octant dudgc
gi6i thieu trong [6] cho phuong phap RBF-FD trong khong gian 3 chiéu.

3 Thuat toan chon gia véc td trong sb

Phuong phap RBF-FD stt dung mién © c6 cac tam phan bd bat ky. Muc tiéu clia cac
thuat toan chon tap cdc tam O, trong khong gian 3 chiéu duge gidi thieu trong [6 — 8] 1a:
V6i mdi tam ¢ € Ojyt, chon tap O¢ : = {70, 71, ..., T} C O, vdi 7, = ¢, xung quanh gbe ,
gan va déu nhét c6 thé. Thuat todn chon ©. thod méan diéu kien gan vé mit khoang cach
duge dé xuat trong [7] va thuat toan thoa méan ca hai diéu kién vita gan vé khoang céch,
vita déu xung quanh goc ¢ duge gidi thieu bdi [6, 8], cac thuat toan nay déu bat dau véi m
(m=100) diém, M := {7, 72 ..., T} xung quanh v gan gdc ¢ nhit, sau d6 phan hoach
m diém nay vao 8-Octant hoidc 16-Octant dyra trén dau clia cac thanh phan toa do clia véc
to ¢#;,4 = 1,2,...,m nhu Bang 1 va Bang 2 trong [6]. V6i thuat toan chia 8-Octant (thuat
toan 1, [6]) chon 2 diém gan nhat trén mdi Octant, con thuat toan chia 16-Octant (thuat
toan 2, [6]) chon mot diém gan nhit trén mdi Octant. Thuat toan 8-Octant va 16-Octant
rat hiéu qua véi mién hinh hoc 13 khéi 1ap phuong ho#ic khdi cau, tuy nhién trén ciing mot
Octant hoic hai Octant lién ké c¢6 thé c6 nhitng diém rat gan nhau dudc chon, nén cac
thuat toan nay chua thyc st hiéu qua véi mién hinh hoc phic tap. Dé khic phuc han ché
clia 2 thuat todn nay cac téc gia da gidi thieu thuat toan cai tién trong [8], loai di cac diém
qua gan nhau hofic qua xa gbc ¢ tai Bude 1.4 ctia thuat toan trong [8], viéc loai di cic diém
qué gan nhau c6 thé dan dén viéc loai di diém t6t, hon nita viéc kiém tra va thay thé diém
ngoai mién ciia m diém ban dau tai Bude 1.2 clia thuat toan trong [8], s& lam tang chi phi
tinh toan ctia thuat toan. Trong phan nay ching toi sé gidi thieu thuat toan cai tién cia
thuat toan dua trén cac Octant, thay vi st dung khoang céch trung binh ctia 6 diém gan
nhat nhu trong [8], chiing toi chi sit dung khoédng cach gan nhat tit ¢ dén tap M va kiém
tra, loai di diém ngoai mién dia phuong trén tap O, khong thay thé diém trén bien. Noi
dung ciia thuat todn nhu sau:

Thuat toan 1: (Cdi tién thudt todn 8-Octant)

Input: Bo tam roi rac ©, ¢ € Ojpt.
Output: Tap tam ho trg O¢.
Cac tham s6: k (s6 tam dugce chon) va m (m > k, s6 tam tng vién ban dau).
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I. Tim m tam M := {r,..., 7} C ©\ {¢} xung quanh <. Khéi tao O, := {s}.

IL V6ii=23,...,m.

Néu dist (3, M\ {7;}) < 3|71 — |, hodc |7 — ||, > 15[m1 — ]|, thi M := M\ {7},
trong d6 dist (i, M\ {7i}) := min {7 — ylly,y € M\ {7} }.

III. Phan hoach cac diém cta tap M vao 8-Octant O; = {71,7j2,...},j = 1,2,...,8
tuong ting véi Bang 1 trong [6], théa man |71 — <, < (|72 — <[]y < ---.

IV. V6ij=1,2,...,8
Néu #Oj =1thi . =6.,U {le}, néu #Oj >1thi ©. =6, U {le,’rjg}.

V. V6i mdi 7; € O\ {7;}, néu (¢,75) N 9O # @ thi O, = O\ {75}, trong do (¢, 7;) =
{s+c(15—5):0<c< 1} la doan thang tit ¢ dén ;.

Bing cach tuong tir ta c6 thuat toan cai tién ciia thuat toan 16-Octant khi cai tién Budc
III va IV cta thuat toan nay.
Thuat toan 2: (Cdi tién thudt todn 16-Octant)
Input: Bo tam roi rac ©, ¢ € Oypt.
Output: Tap tam ho trg O¢.
Cac tham s6: k (s6 tam dugc chon) va m (m > k, s6 tam tng vién ban dau).

I. Tim m tam M := {7, ..., 7} C O\ {¢} xung quanh <. Khéi tao O, := {c}.

IL Véii=2,3,....,m

Néu dist (15, M\ {r;}) < %H’ﬁ —¢lly hoac |7 —¢|ly > 15|71 — ]|y thi M = M\ {r;},
trong d6 dist (7, M\ {r;}) := min{||7; — yll5,y € M\ {r;}}.

III. Phan hoach cac diém ctia tap M vao 16-Octant O; = {7j1,7j2,...},j = 1,2,...,16
tuong tng v6i Bang 2 trong [6], thoa man ||7;1 — |, < [|7j2 — <[y < ---.

IV. Vi j=1,2,...,16
Néu #OJ > 1thi @g = @g U {le}.

V. V6i mdi 7; € O\ {7;}, néu (¢,75) N 9O # & thi O, = O\ {75}, trong d6 (s,7;) =
{c+c(r5—5):0<c< 1} la doan thang tit ¢ dén ;.

Trong cac thit nghiém s, tham s6 sit dung trong thuat toan 1, thuat toan 2 134 m=100
va k =17 (gom ci goc ¢). Vi st phan bd tam trén cac Octant c6 thé khong di s6 diém hodc
rong nén bude IV clia cac thudt toan c6 thé chi chon duge sé diém cta tap O nho hon 17,
hon nita bude V ciia cac thuat toan c6 thé loai b6t diém thuoc tap ©, néu n6 khong thuoc
mién dia phuong, do d6 s6 diém ctia tap O, cang nho di.

Budc II clia cac thuat toan 1, 2 sit dung khoang cach gan gbc ¢ nhat trong tap M, trong
[8] céc tac gia c6 sit dung diéu kien nay, tuy nhien lai sit dung gié tri trung binh ctia khoang
cach 6 diém gan ¢ nhat, khi dé c6 thé loai di diém gan nhat dau tien, c6 thé la diém t6t.
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Kiém tra diéu kién céc diém cé thudoc mién dia phuong hay khong, déi véi cac thuat
toan trong [6], [8], cic tac gid déu thay thé diém ngoai mién dia phuong bing diém gan
hon trén bién, tuy nhién viéc thay thé nay sé xuat hién nhitng diém qua gan nhau da co ti
trude nhu trong [6], hogc dé khic phuc duge didu kién nay nhu trong [8] da dé xuat, nhung
cach lam nay toén kém vi kiém tra trén tap m diém ban dau, tuy nhién Budc V trong thuat
toan 1, thuat toan 2 thyc hien viéc kiém tra trén tap ©. da duge Iya chon va loai bé diém
ngoai mién, khong thay thé diém trén bien.

4 Thit nghiém s6

Trong thit nghiém s6, ching toi stt dung sai s6 trung binh binh phuong tuong doéi rrms
(relative root mean square) dé danh gia sy hiéu qua ctia phuong phap RBF-FD khi sit dung
cac thuat toan cai tién va st dung noi suy Wendland RBF dé tinh trong sb. Sai s6 rrms
dugc tinh béi cong thic

> (@(s) —u(q)’

SE€EOBing

> (u(e)?

ge@int

rrms =

(4.1)

Ngoai so sanh sai s6 rrms trén tam va trén luéi déu clia mién roi rac, ching toi con so sanh
mat do ctia ma tran hé sé ctia heé phuong trinh (1.3)—(1.4) ctia phuong phap RBF-FD véi
mat do clia ma tran cing cia FEM.

N - X . 2 g 2 . _ 1 ~ X Zs 1a
Bai toan 1 (Phan 6, [13]): Xét bai toan Poisson Au = W trén mien khoi lap
phuong khuyét Q = [ — 1,1]*\[0,1)® nhw Hinh 1(a), v6i diéu kien bién bien Dirichlet dong

nhét u (x,y,2) = 0.

Bo6 tam O ciia bai toan dugce tao bdi PDE Toolbox cia MATLAB tng véi Hmax = 0,25
va cac nit trén ludi déu c6 bude ludi 0,01 véi ludi tho nhat ting véi o 399 diém trong mién.
Trong cac bang va hinh biéu dién két qua thit nghiém s6, cot thit nhat ctia cdc bang la s
tam trong mién O, ky hiéu 14 #0;,.. Két qua ctia phuong phap FEM la “fem”, “oct8” va
“oct16” 1a cac két qua ciia phuong phap RBF-FD stt dung thuat toan 8-Octant, 16-Octant
va stt dung noi suy ham Power RBF dé tinh trong s6 trong [8], “oct8-w” v& “oct16-w” la két
qué ctia phuong phap RBF-FD st dung cic thuat toin cdi tién thuat toan 1, thuat toan 2
va noi suy Wendland RBF dé tinh trong s6.

Bai toan khong c6 nghiém gidi tich, nghiém u ctia bai toan trong cong thic (4.1) la
nghiém tham chiéu dugc cong bod trén website https://math.nist.gov véi 147202 tam. Két
qué thit nghiém sb clia bai toan dugc bicu dién trong Bang 4, Bang 4 va Hinh 1. Sai s6
rrms trén tam duge biéu dién trong Bang 4, Hinh 1(c) va sai s6 rrms trén luéi duge bicu
dién trong Bang 4, Hinh 1(d).

Tu Béang 4, Bang 4 va Hinh 1(c), (d) cho thiy sai s6 rrms ca trén tam va trén ludi
déu ctia phuong phiap RBF-FD “oct8-w” va “oct16-w” nhé hon dang ké ctia sai s6 rrms
clia “fem”, trong khi sai s6 rrms ctia phuong phap RBF-FD “oct8” va “oct16” lai cao hon
dang ké ctia “fem”. Hinh 1(b) biéu dién mat do ma tran hé s6 va cho thiy, mat do clia ma
tran ctng ctia “fem” bing 14,5. Do loai di mot s6 diém khong thuoc mién tai Bude V ciia
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Bang 1: Sai so rrms trén tam ciua Bai todan 1.

Sai s6 rrms

#0600t forn RBF-FD
oct8 oct8-w oct16 octl6-w
399 6,59e-02 9,84e-02 6,35e-02 1,01e-01 6,82e-02
832 5,47e-02 5,56e-02 3,77e-02 7,32e-02 3,77e-02
1767 3,72e-02  5,62e-02 3,57e-02 5,30e-02  3,24e-02
3763 2,55e-02  3,90e-02 2,34e-02 3,55e-02 1,84e-02
7964 1,83e-02  2,30e-02 1,43e-02 2,22e-02 1,22e-02
17219  1,30e-02 1,69e-02 1,17e-02 1,77e-02  8,88e-03
35515  9,35e-03 1,19e-02 7,68e-03 1,30e-02 7,25e-03
72712 7,29e-03  1,05e-02  6,44e-03 1,15e-02 5,98e-03
147237 5,46e-03 7,01e-03 4,43e-03 7,07e-03 4,65e-03

Bang 2: Sai s6 rrms trén ludi cia Bai todn 1.

Sai s6 rrms

#0Oint fern RBF-FD
oct8 oct8-w oct16 oct16-w
399 1,16e-01  1,44e-01 1,15e-01 1,48e-01 1,20e-01
832 8,60e-02 8,74e-02 7,22e-02 1,03e-01 7,23e-02
1767 5,93e-02  7,61e-02 5,79e-02 7,34e-02 5,47e-02
3763 3,80e-02  4,95e-02 3,56e-02 4,67e-02 3,11e-02
7964 2,58e-02  2,99e-02 2,21e-02 2,91e-02 2,01e-02
17219  1,75e-02  2,10e-02 1,61e-02 2,18e-02 1,35e-02
35515  1,20e-02 1,44e-02 1,04e-02 1,55e-02 9,84e-03
72712 8,88e-03 1,20e-02 8,03e-03 1,29e-02 7,52e-03
147237 6,27e-03 7,81e-03 5,16e-03  7,88e-03 5,40e-03

thuat toan va khéng thém vao diém bién nén mat do ciia ma tran hé s6 ciia phuong phép
RBF-FD “oct8w” va “oct16-w” bang 16,5 va nho hon mot chit so véi mat do ma tran he
s6 ctia phuong phap RBF-FD “oct8” va “oct16” 1a xap xi 16,5.

Bai toan 2: Xét bai toan Poisson Au = 2% +y?+2? trén khéi ciu don vi nhu Hinh 2(a),

Q:{(x,y,z)€R3:x2+y2+22§1},

véi diéu kieén bién Dirichlet thda man nghiém chinh x4c ctia bai toan 1a u (z,vy, z) = 6.
Két qua thit nghiem s6 clia bai toan dude biéu dién trong Bang 4, Bang 4, Hinh 2.
Tu két qua Bang 4 va Hinh 2(c) ta thiy sai s6 rrms trén tam ctia phuong phap RBF-FD
“oct8-w” va “oct16-w” nhé hon tit 1,7 dén xap xi 10 lan két qua ctia phuong phap RBF-FD
“oct8” va “oct16” va cia “fem”. Bang 4 va Hinh 2(d) cho thay sai s6 rrms trén luéi déu véi
buée lusi 0,01 ciia cac phuong phap 1a nhu nhau. Mat do clia ma tran hé s6 ciia cac phuong
phap duge biéu dién trong Hinh 2(b) cho thay, do loai di cdc diém khong thudc mién dia
phuong nén mat do clia ma tran hé s6 ctia phuong phap RBF-FD “oct8-w” va “oct16-w”
xap xi 16,5 va nhé hon mot chit so v6i mat do ma tran hé s6 ctia phuong phiap RBF-FD
“oct8” va “oct16” (xap xi 16,5), trong khi mat do ciia ma tran cing cia “fem” bang 14,5.
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16
1
15
0: b . o %
g 14 -0~ e
05 % ’,O’
4l Lo -o -fem
15 13 L7 - ¥ -oct8
1o & ——oct8-w
. -8 -oct16
2] . . —&—oct16-w
10° 10* 10°
number of interior nodes
(a) Mién Q (b) Mat do ma tran hé s6

-o-fem
-+ -oct8
—+—oct8-w
-8-oct16

10" Sl - e -fem RN
B - = -oct8 107N
- -t —+—oct8-w
-8-oct16

—=—oct16-w

rms error
rms error

102

102¢
10° 10* 10° 10° 10* 10°
number of interior nodes number of interior nodes
(c) Sai s6 rrms trén cac tam (d) Sai s6 rrms trén luéi

Hinh 1: Két qud thit nghiém sé cia Bai todn 1.

Béang 3: Sai so rrms trén tam ciua Bai todn 2.

Sai s6 rrms

#0Oint fom RBF-FD
oct8 oct8-w oct1l6 oct16-w
245 3,07e-03  1,10e-03 6,12e-04 9,18e-04  3,90e-04
567 1,61e-03 5,47e-04 4,67e-04 6,82e-04 2,49e-04
1142 1,07e-03  4,04e-04 2,06e-04 4,37e-04 1,34e-04
2523 6,26e-04 2,36e-04 1,23e-04 2,36e-04 6,75e-05
5207 3,62e-04 1,31e-04 5,83e-05 1,78e-04 4,95e-05
10780  2,22e-04 7,52e-05 2,67e-05 9,58e-05 1,92e-05
21730  1,40e-04 4,38e-05 1,49e-05 4,19e-05 1,41e-05
43956  8,84e-05 2,26e-05 7,69e-06 2,08e-05 9,25e-06
88936  5,57e-05 1,51e-05 6,01e-06 1,74e-05 5,75e-06

5 Két luan

Két qua cac thit nghiém s6 cho thay nghiém ctia phuong phap RBF-FD st dung cac
thuat cai tién tu thuat toan 8-Octant, 16-Octant v& noi suy Wendland RBF giai phuong
trinh Poisson trong khong gian 3 chiéu c6 do chinh xac cao hon nghiém ctia phuong phéap
RBF-FD sit dung thuat todn 8-Octant, 16-Octant trong [8] va ctia FEM.
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#Ount fo RBF-FD
m oct8 oct8-w oct16 oct16-w
245 426603 4,120-03 4,12¢-03 4,11e03 4,11e-03
567  2,47e-03  2,40e-03 2,40e-03 2,41e-03 2,41e-03
1142 1,63e-03 1,58e-03 1,58e-03 1,58e-03 1,58e-03
2523 9,71e-04 9,41e-04 9,41e-04 9,42e-04  9,42e-04
5207  5,91e-04 5,84e-04 5,84e-04 5,83e-04 5,84e-04
10780  3,66e-04 3,61e-04 3,61e-04 3,61e-04 3,61e-04
21730  2,35e-04  2,32e-04 2,32e-04 2,33e-04 2,33e-04
43956  1,54e-04 1,53e-04 1,53e-04 1,53e-04 1,53e-04
88936  1,03e-04 1,03e-04 1,03e-04 1,03e-04 1,03e-04
161
15 -2 1
% ,’/ - B
S14r Lo o7
°© % Jad -e-fem
ER . 13+ - *-oct8
[/V o5 ! o —+—oct8-w
sl < -8 -0ct16
e ?"\0; S os —&—oct16-w
' s 10° 10*
number of interior nodes
(a) Mién Q (b) Mat do ma tran hé sb
- o -fem -e-fem
- *-oct8 - *-oct8
109« - Te. R —+—oct8-w —+—oct8-w
. o - 8-oct16 -8 -oct16
§ ‘5*\\‘&~ Soo . —E—oct16-w ,e_ 103 —&—oct16-w
£ 10" < RN - T g
N "
10° w w w w
10° 10* 10° 10*

Bang 4: Sai s6 rrms trén Widi cia Bai todn 2.

Sai s6 rrms

number of interior nodes number of interior nodes

(c) Sai s6 rrms trén cdc tam (d) Sai s6 rrms trén lusi

Hinh 2: Két qud thit nghiém s6 ciua Bai todn 2.

LOI CAM ON: Bai bao dugc tai trg béi Dé tai cip co sd, ma sé T2021-07-11 cta
Truong Dai hoc Cong nghe thong tin va truyen thong - Dai hoc Thai Nguyéen.
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SUMMARY

RESEARCH USING THE WENDLAND RBF
FOR THE RBF-FD METHOD
TO SOLVE THE POISSON EQUATION IN 3D

Ngo Manh Tuong, Nguyen Thi Thanh Giang, Nguyen Thi Nhung
University of Information and Communication Technology, Thai Nguyen University
Received on 23/11/2021, accepted for publication on 17/12/2021

In recent years, the meshless finite difference method based on radial basis functions
(RBF-FD) of solving partial differential equation in 3D has been studied by many scientists.
To find the RBF-FD weight vector, the authors used the Power RBF interpolation, which
does not depend on the shape parameter. This paper presents the research results of using
Wendland RBF interpolation to find the weight vectors for the RBF-FD method to solve
Poisson equations in 3D. The numerical experiments showed that the solution of the RBF-
FD method using the Wendland function has good accuracy compared to the solution of
the finite element method (FEM - Finite Element Method).

Keywords: RBF-FD method; RBF-FD weight; the octant-based algorithm; stencil sup-
port selection; the center selection algorithm.

80



